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1 Process for the renoval of endocrine disrupting
conpounds The present invention relates to a process
for the renoval of endocrine disrupting conpounds, to
the use of surface-reacted lcal ci um carbonate in such a
process, a 5 conbination with activated carbon and a

conposi t S\ ' :
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onto activated carbon. Minicipal wastewater treatnent

l.ants are construcied in ord 0 renmoye.organic 10 .
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and heavy netals are renoved by precipitation or are
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OB S0 kD R BB E. PRRPLDD Baserbdddng hitvated
| @kfngr oup of chem cal cl asses, many of which possess
pot ent bi ol ogical activity. One group of 15 PPCPs in

focus are the endocrine disrupting conmpounds (EDCs). )
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i mmunol.ogi cal and neurol ogi cal dysfuncfi {n humans.
THRBSEsdn Baevs arsetje spddsFing dispae comppEgs (EDTS)
environnental |y rel evant concentrations of 0.1-20
ngdnB. Thanks to the continuously decreasing detection
2thierd i anfindeaSing canberh aboutuinclabiguignaf BYCabbwhateker origin in the

avai ) ability and effect of these conpounds.in.the
e OVt e giepfrwsfen eadine Shgtiiye Of hefompounds
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end up I n the aquatic environnent via sewage, the nost )
| ilkalhging therlwemonal BDbslanee (fernindatign) rnd ateeadieprodpetiie sugcess in

SO0 T N TEREN e T e —

Pragd PedstdcandedsSwell As infmiRAGESA AMd heurbRgital dysfunctions in
humans. These events may occur at relative low, environmentally relevant
concentrations of 0.1-20 ngdm™. Thanks to the continuously decreasing detection
limit of EDCs, a better understanding about the availability and effect of these

compounds in the environment is possible.

Because, e.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
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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on the renoval of these conmpounds by nunicipa

wast ewater treatnment plants (WIPs). Many of the

i nvestigations so far have focused on the renoval
capacity of - 2 - EDCs by conventional WPs and
advanced techni ques such as reverse osnosis or photo
catal ysis, which however require a considerable
techni cal equi pnent and costs. Well-known adsorbents
such as activated carbon or bentonite have the genera
5drawback that they are very difficult to separate
after the adsorption of the substance to be renoved

fromthe mediumdue to their finely divided state .
CERSschyegoniventionpleWa Ps and ad et iss i quRssHCl & TeVefie eyBesis or
effective tre or. 1. b Gl |

G Bty SRLTIBLEF pb Ry BN BB LR S en and coss
wast ewat er. 10 The above obj ect has been solved by a
process for the renoval of EDCs _froman a

] eous
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c o . e
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geehd mimdvbdfirot the meaidum dde &t th2d fideiysdiidedistate i nt o
contact with the EDC contai ning 15 medium the
surface-reacted natural cal cium carbonate being the
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car and one or nore acids. The water, which
c affidient rereastab df mpsteheesgiked3Cs Hiomtwaseikssawnicipal wastewater.
i nvention, generally is any water containing EDCs,

e.g. urban waste water, industrial waste water,

dirhBkboe dfectBhSBoen 30FeE u%r talfradesy RS iR 10B100E] GRED@sfrém an
water from breweries or other beverage jndustries, The

s aqicaue nedhum, exherein arsutfacsateastodmeturab stlaiuem ¢asbansta (SREC) or an

in the process of the S ' Nt i [ [
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Wigkdater than 6.0 measured at 20 °C is brought into contact with the EDC containing
medium, the surface-reacted natural calcium carbonate being the reaction product of

a natural calcium carbonate with carbon dioxide and 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
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formed in situ by the acid treatnment and/or is
supplied froman external source. Preferably, the
natural cal cium carbonate is selected fromthe group
conprising a marble, a chalk, a calcite, a dolomte,

l'i mestone and m xtures thergof In a preferred 30
enbodi ment, the natural cal cium carbonate is ground
prior to the treatnent with an - 3 - acid and carbon
di oxi de. The grinding step can be carried out with any
conventional grinding device such as a grinding ml|l

known to the skilled person. Preferably the . )
s aeitizod cobar diaxidmiThe grindiap stepieer he Gomiae Qut with any, genyentional

in.. of. .5 [ AV s j epar ed
g le e el oo P R AP RLREY pEwL P00
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Al'ternatively, the aqueous suspension can be dried and
t Iperifiod bpedding said equevas suspengien o thenwetar b el pssitiisrp modify

into contact with the .water js.in .o r, f ro .0,

¢ R P Dt reay o gpanetsiph prpp ot (RIS e WhEE Blhe fhrified, e
Plyldludioy ditadafiodsloniter. AlfaaiatiGeld), thelgaepuesiispemsion can be dried
tréatment with an acid and carbon dioxide is 15 ne

C . eded
t eng thpgugface-reacted mpled cplsain serberate bivehbinlomioatast Wi e water
havi ng the.benef.i ¢i ' n ' '
ey i i R T i Bl o T B BRI RR A I BRI AT b oo
t RelR P eRsater SR SURBquehb® thatmemtlwitnircacidrachedrooradiexide is
either finely divided, such as by grinding, o

. ot, |
s msedadde grovidethe warage-repied ealaiym car %étes‘}aml\g;}ﬁ%g%“e?m?
C . ] : j carbonate within the range
01(21 ﬁ%o‘?ﬁl%o érggglgﬁ%%ﬁ?rébf%&%@éf erably Swvvt OAI) to 60 wt %g

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
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t Iveatarc Prtférsblyy thé shiatyl has sebatenteof rfatwah caldiyh gatbenate wdthin the
hydrochlori¢c agcid, or m Xxtpr hereof .. 1 £, th I C a
DRI 6 Sbwscmof el P SN 000 Ky pyd Pt vl
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t I%)er eof.” The one or nore acids can be added to the
suspensi on as a concentrated solution or a nore

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, H3POy4, oxalic acid or mixtures thereof. The one or

more acids can be added to the suspension as a concentrated solution or a more
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- 4 - diluted solution. Preferably, the nolar ratio of
the acid to the natural calciumcarbonate is fromO0.05
to 4, nore preferably fromO0.1 to 2. As an
alternative, it is also possible to add the acid to
the water before the natural 5 cal cium carbonate is
suspended. In a next step, _yhe natural cal cium
carbonate is treated with carbon dioxide. If a strong
acid such as sul phuric acid or hydrochloric acid is
used for the acid treatnent of the natural cal cium
carbonate, the carbon dioxide is automatically forned.

10 Al ternati ve!q?/ or additionally, the carbon di oxli de
c iutsd salyppn.iPseferabbmthemeler Etiof thoafid o thagpagyral calcium

CSRLROL. A0 AR, Hchbunpihanodi@yl de can be

carri ut si mul taneousty IS the case when a
strong acid is used. It is also possible to carry out
acid 15 treatnent first

g €. i th. di t
adsanikeTAE Ve b elsprporsible 6 Aikisracis to dhomaiet Pefpitofi parurel
b}éalEfu?r?fdi‘F&Haté"fstsﬁ%feﬁ?é@n di oxi de supplied froman

re

external source. erably, the concentration of
gaseous carbon dioxide in the suspension is, in terns

of volunme, such that the ratio (vol L

ot Brtsy TG aiong sedotde by B FEw Sk ppan diogidssita

t Qtrdng2ibid SYBhs ¥RIpBuRE §6i8 LARYI0dhilBriOeill % dsed forl the acid treatment
preferred enbodi ment, the acid treatnment step and/or

t bétheanrabual aglobun ¢arbonates the parben digxideds peigautieallyformed.
| east_once, . f er abl i .
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t kgateent, the pH of the aqueous suspension, neasured
at 20C, naturally reaches a value of greater than 6.0,
preferably greater than 6.5, nore preferably greater

E %3?%%&%6&9’&%&&%&?%& RS %Hnydigﬁia?g%r bd Qa"?ﬂenr ot sfmultaneously

y prepari e surface-reac natural cal cium
C e tie: @se aherguronsacd sneeadilois dsvpasgible tpidawy out acid
greater than 6.0, preferably greater th 6.5, 30
D enEieat g FEYS PRV Sneg R aToIee: PR mige OF 0 fo 2.5,
IR M@&nﬁelﬁ'vai@h Edifon 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 COy) 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
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- 5 - aqueous suspension is allowed to reach

equilibrium the pHis greater than 7. A pH of greater
than 6.0 can be adjusted without the addition of a

base when stirring of the aqueous suspension is

continued for a sufficient tine period, preferably 1

hour to 10 hours, nore preferably 1 to 5 hours. 5

Al ternatively, prior to reaching equilibrium which

occurs at a pH greater than 7, the pH of the aqueous
suspensi on may be increased to a value greater that 6

by addi ng a base subsequent to carbon di oxide

treatnment. Any conventional base such as_sodi um

hyduesxs desporsiqroisadlomaninieasly squikbrivan, the PHde greatey thapiFy A pH of
t he proc e j oy ' -

¢ SIS0 PUEREadlFRE bERuTRENRsidn B BIEL Sen tirng of the
Paglcuabhspensddh Bjoutiusdrfor a suffivichatimae pedod, pd-famblyr lahour to 10
cal ci um carbonate_i s _obtained havi ng good adsorption
phepsy mpepreisrabbbbdo § JOWS: r enpved from an aqueous

medi um 15 Further details about the preparation of

t he surface-reacted natural cal cium carbonate are
disdetesiedyi pricio 0ScBRz22udibdiuis whihid@0m0o4 2 @HAgreater than 7, the
whereip the surface:reacted.natural calcium.carbonate,..

| FLglshs apequssRensian BeY Py incriase o AANCSFFEhaL f By Bdding a
c %Qée%i)s&{%leﬁths $5rbbA URERCES NN BokRinfiond] BadcUdier ab Bodium
the present application. 20 In a preferred enbodi nent
ohytiogideroe patassinmrhydfoxtideecaghefused- r eact ed nat ur al

cal ci um carbonate, the natural cal cium carbonate is
reacted with the acid and/or the carbon dioxide in the

PRERE HeDHréfesdbtepLdsstriiiieaboOaTRUAGd Srehteht drehfgumt tith carbon
group consisting of silicate, silica, alumnium

hylitade and, prsaratly aphk adjustmentriarsarfacestrapted Satisal icaleivm caronate
pot assi um al.um naf e ' j ]

P e Rfe T PR §soREN G POERCR g B KR from an
sah@sus thedfudn an al umi nium silicate, a cal cium

silicate, or an earth alkali metal silicate. These

conmponents can be added to an agueous suspension

CQRh LRS! iBh 6! 0 Ref.pi SarRARH Bitbonat

R 5y i Um0l e e Gt
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 thereof. 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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- 6 - Alternatively, the silicate and/or silica and/or
al um ni um hydr oxi de and/or earth al kali alum nate
and/ or nmagnesi um oxi de conponent(s) can be added to

t he aqueous suspension of natural cal ci um carbonate
while the reaction of natural calciumcarbonate with

an acid and carbon dioxi de _kas al ready start ed.

Further details about 5 the preparation of the
surface-reacted natural cal ciumcarbonate in the
presence of at |east one silicate and/or silica and/or
al um ni um hydr oxi de and/or earth al kali alum nate
conponent (s) are disclosed in WO 2004/ 083316, .the

c dicanatively, theisdicpterandion sHich apdar alvmpaipmdidaeidganl/orparth
th r ' ' : =

n kel e ARBL EREhATm bRigkUBHAGT LEREARK o the aqueous
oplispensibn yf hattiraheslcismadaidnatedviiie the diaspen ebmitural calcium
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C auPuiE sl LR lnsed st WRE OB GERAEE EONERof s
?éfgfeﬁi:&h&mtﬁﬁangﬁ&@u&ﬁ ih I BresdiR bblicati@0 n2/ g, nore

< .
preferably 20 n2/g to 80 nR/g 20 and even nore
preferably 30 n2/g to 60 n2/g, neasured using nitrogen

a t he BET hod according tao,l 77, F [ .
" Atp stipceripted il STRLOL G AT ARG in ol 6 tionally
C Fhriticy SlabRIEOBRE QisPasandt. TBaVengibAdl Wishersarts khowh td therskilled
0.1 to 50 gm nDreipreferany fromO0.5.to 25 gni, even
2 person eatpbassd ad pyeferred dispermint inpel¥aardér 2dor ding to
the sedi nentati on nmethod. The sedi nentation nmethod is
an anal ysis of sedinentation behaviour in a
grAdérRivelyG thieiaghebus Shspensios desribad aboveranbe dritd thereby
Sedi graphTM 5100 of Mcronerjtics | nstru ngq
cebigBring thsuriasrarcagted satuial galchen pa1 ?I}Me i i gopples ora
gg?&gglskilled person and are commonly used to
erni

ne grain size of fillers and pignments. The - 7

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 um, more preferably from 0.5 to 25 pm, even
more preferably 1 to 10 m, measured according to the sedimentation method. The
sedimentation method is an analysis of sedimentation behaviour in a gravimetric
field. The measurement is made with a Sedigraph™ 5100 of Micromeritics
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
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measurenent is carried out in an aqueous sol ution of
0.1 wt % Na4P207. The sanpl es were di spersed using a

hi gh speed stirrer and supersonic. In a preferred
enbodi nent, the surface-reacted natural cal cium
carbonate has a 5 specific surface area within the
range of 15 to 200 nR/g and7a nmean grain dianeter
within the range of 0.1 to 50 pm More preferably, the
specific surface area is within the range of 20 to 80
n2/ g and the nmean grain dianeter is within the range
of 0.5 to 25 m Even nore preferably, the specific

surface area is wthin the range of 30 to 60 nﬂlgﬁ{éd
t n@aqam@melgrlaca}ma# aian ep afecays seiuHor RO FrigeNad 87 Ahegamples

elr&dt|{§ﬁ1§91rkﬁ ?pctieﬁ stlfr aIerS% glbnitnvention, the

RTBAC ciumc rbonate IS added to
the EDCs cont ai ni ng aqueous nedi um by any conventi onal
feedi ng neans known &P t he skil

Gl
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%e@iﬁtﬁ%ﬁﬁ@%g‘rﬁ WSREIEL PUhee®rds 1 D) AEPAAS @an dgraln diameter

SCr | ove. 15Alternatively, it can be ad
sefithih therangeef§.1 torﬁOt;,tm; Morenproferaplyibd specidic sarfpcjmj‘ea is within

or in the form of, ke. Wthi.n the cante
th@§éFﬁe PERPIASO A /g ?It the mgag grajp dianpater 13 8'1%%'3? aaélgsr?f 0.5t0

| ISR e E@Zﬁg@?ﬁlk ShOGodclyt: %H{)fé@g%? I‘i@@ﬁ%ﬁ%@%ﬁé 8k 30 to 60

m Cca runni

t BQugk th@indan praRbdib@eph&seithia.the ranpe bhe. 7o 7 pnaf a
cake or |ayer, conprising the surface-reacted natural

cal ci um 20 carbonate, the water to be purified running

£ B}?\ﬁ Irocggst (gt} thggpe?ét{t ?m{%ﬁﬁgr? F;drlge- F\.L) L r & a‘lee{cgggﬁi %rﬁf:&ﬁcﬁ dafbonate

PH fided tethEPDICContaing aguaays erdiinnbyl anmmm/eamig»nas fe:edmg
to a value of greater than 6.0, nore p efer

bI .
gﬁ@a@%knmfﬁ the skillegRereane § ho sunfreaepstes patals 1éP€’a<iaé‘P°nate
t DA adlel b B adiRob{SsAGlidd, 1 e shlienSidh RS RibERAEIRY
na caIC|u car onat e depends on
t Niemaneelyf it Eﬂfhe iddethén sediofoed, e.Prieftke fopnyof gﬁm@sm’ a powder
102 to 109 ti

dded in d ht - b d
f‘ AEite BrBy oltkeke R HOha Py es of he PSS SAREP i also
Sgsﬁﬁ%!b%r J’lﬁé ah @ml%obﬁ@ ghasé coRprisEIhe Wiaebr&RRedRRtural

noved e process the present invention are
calc1um 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
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selected fromthe group conprising, e.g. endogenous
hor nones such as 170-estradiol (E2), estrone (El),
estriol (E3), testosterone or dihydro testosterone;
phyto and myco hornones such as P-sitosterol,

geni stein, daidzein or zeral eon; drugs such as 17a-
et hi nyl estradi ol (EE2), nesgranol (M),

di et hyl stil bestrol (DES), and industrial 10 chem cals
such as 4-nonyl phenol (NP), 4-tert-octyl phenol (OP)
bi sphenol A (BPA), tributyltin (TBT), nethylnercury,
pht hal ates, PAK or PCB. It has furthernore been found

that the renoval of EDCs from an aqueou ' i S, . .
e spbenai¢ figpeady er thevnme fHdCs webeslﬁm%é(e Prsf%f[%gl ? QBIQSQ}S&ﬁlfi@d mn

4
CROBARP S AR 0O BE A RSy 2 10
Wb ardnave ppderebly 1943 bt , havi ng however the

drawback that the adsorption very often is not very
fast and that its renoval fromthe nediumto be

t ﬁﬁ@g?tnegh}éﬁrcﬁn E tdrh Gl tyAHE pidRedstoT thd ﬁ}%séiﬁ't Hivehtih 4r8

It now has “been found t
s stléaedfromaht grbup abmiprising e . omddgenoos h«mmhqnes/ guop as 17B-estradiol

b G 2)asomo LB D). ol E hi o sie Btdrp Yot BByo dd myco
!381[}&?3 a3 smbés tBaEito‘E‘Fetrélv e&%%%ﬁgéum S1bds dildseady a@ﬁ?oc—
sorped su a as

nces su onto Its Surface.

l éthid}@és&ﬁ@le(m)mBﬁﬁlnal dME}:} rdédftley stébestriob QolE $e and mkius;thel
present invention, that activated c

D ek icels snehasiaenyl phenoh ENR)y Aagtochi aﬁ%nﬂl (GPy bisphenska
(BPA %tgfﬁ?x ﬂgtl‘?dm&ﬁ#}lﬂ%?&ﬁ? FhIREs, PAdedr PCB,

S|nul ’aneo lor to or after the addition of
t he surface-reacted cal ci um carbonate. The use of

2 e SRt G B G eRIENL pa bny B Adfequs edium is
eE{eCiafP erBURR] RhbPheQlrf2tDeh&tBe 8fcRubEarBénaldiss&int he

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

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

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.
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excel | ent adsorption properties of both of the

adsor bents, and on the other hand additionally

i nproves the renovability of activated carbon by
form ng conposites therewith, also if it has already
subst ances adsorbed onto its surfaces, resulting in a
further inproved renmoval of gEDCs due to the
synergistic interaction between 10 surface-reacted
cal ci um carbonate and activated 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

Bl aetiveradoertosateisen he afdadsimpltanchusly witha pror e g pler the
N23AR of B Shittle I RRALLONEL R caltbnh@l s embodiment, the
r rally 11rst a

essen sorbed to the activated
carbon and the resulting conposite is essentially

subsequent |y adsorbed by the surface-reacted cal ci.um
c ahe Brafsugpeseartsg CPISW%WPW%R?&%‘E%W@% agifyarqdycagion on the

t B géélttd: ﬁ\fgflggs %851%%& efADEnd eﬂﬁ(()ﬁ% oPbIRGREA shbe ﬁsﬁEDCs tby the

resp activated carbon known in the ar
c axcetientusiestption ploperics o £bathof therradsqrbersts,randiomtbeothenhand

Ex | es, of activated car.pons. useful in the.present .
AR s e A TP @ AP OTAH sation B GRS Gmposites
a[ﬁehﬁhﬁk 'élgo i ﬁ&@alﬁeﬁdﬁ‘ sutfs@inc&Cadseibad Bn®l ikSufacest fes@ltibg in a
nmm  bu

ensity 410 kg/nB), fromAldrich such as
afitrther enprowtbrembB4NGEEIGS destp the Bmergistic iptergidion bgtwden

5ok Pl RSB A o 40 AR st
gg%igg%hﬁlyséeﬁﬁhblefff&mh@a dedus@ediiaen (article No.

purum granul ated), or Lurgi Hydrafin CC 8 x 30
(Donau Carbon GrbH & Co. KG Frankfurt am Main,

r gan or..acti ' f E
OB FRHo R YA AR R AR R LEAHE M o e
a@%ﬁeoa& aldiad Pee tpalid ddditeh afahe hafeeacytai mtshlzalaim
0.1 gmto 5nm preferably 10 gmto Z,Hu, 0.1 tQ
0cgbRRte.dn dhis omBodient, FRFRCa Breyessanally iy pitsorkitd t the
t he. f - I i
A RN B A DSBS ot b
peief srfabd-seatted kabiuin tarb@titc proexiercfonkbh ynpdved tamdar@bility of the

or 20:1 to 50:1, e.q..30;1 or 40; 1. tiopally,
adetivefefearbonnansbthg th@%}ﬁ"rﬁ@hﬁﬁfoe Fes??g eBr ‘to be
treated. These might include agents for pH adj ustnent
and conventional flocculants such as 10 pol yal um ni um
c Angractiested cavborckioovti metheart ghmbé nsedrin shel prheass 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).
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In a preferred enbodi nent, a natural cal cium carbonate
whi ch has not been surface-reacted as described above
is added as well. 15 After the adsorption is conpleted
the conposites of surface-treated cal ci um carbonate,
EDC, and, optionally activated carbon can be separated
from the aqueous nedi um by _ggnventional separation
nmeans known to the skilled person such as
sedimentation and filtration. 20 In an alternative
approach, the liquid to be purified is preferably
passed through a perneable filter conprising the

surface-reacted natural calcium carbonate and bejng

c Hpmesampls, thesacsivatied garbon aamicles cenbavgss gain si75e0f 0.1 pm to Smm,
[ Ll t id 1 &l iquidis
pggegée%&?' ﬁrﬁ&%gﬁo %%’rdg/ y‘?d;n'g?@iﬁ ’ %%é’e'{?ﬁg%cuum and/ or

under pressure. This process is called "surface

filtration". 25 In another preferred techni.que known
aBrefergbly, the veight ireip OféLF SfaceITRRfted 1&?“88%“?@?1&65@?‘3@ to the
n £ : ) WibROfrSineI TR 16°80: RNpeciall
cgﬁﬂg{g"&?‘{%ﬁ"gﬁg ?‘é#ﬁ} Egé ?er(gﬁ’?fltgllfeeﬁga%y [r%gfl:recul ar and/ oIr)ecwl Y
ell@dtto 704l orf20r ctlesSOa eqy. BDrigprtdfel.i npurities onto the
surface-reacted natural cal cium carbonate which is
present within said passages, and/or by size

el‘)‘é)'tiHﬁdl&[‘ addifil& dah B8 K toTRaHvhicY sR@BIE kEbE Fredtéd. THRYe might
are too°large to pass through the entire filter |ayer

t mchideagents ToreH adjhstimgueandafonsiensionalf floccplants suchnat

f il Lon. ddi ti l.1.y b mbi ned b
" by P PR b SRR TR0 e

filter; this configuration presents the advantage that
those particles that m ght otherw se bl ock the surface

f in 2 preferodesmbadéimentt ainsitel palciumecasegnate Which has nejipeen surface-
! . i i depth filtrati
| RElea 0P Qobde RN, 2 007 opend &

10fl occulating aid in the liquid to be filtered,

allowng this aid to subsequentl_¥ d?ca?t .
After the adsorption is completed the composites of surface-treated calcium

ot

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,
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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 alluviumfiltration system Optionally, an initia

| ayer of the depth filtration material may be
pre-coated on the surface fijhter prior to comrencing
alluviumfiltration. 15 Due to the excellent
adsorption properties of the surface-reacted cal ci um
carbonate with respect to EDCs as defined above, its
use for the renoval of EDCs from an aqueous nmediumis

a further aspect of the present _invention 20 In this
r exfechy sizhexclisionofetainingdbeimpaiy partickes & they #arte0 ageto pass

conbi nat i. on..W. t.h ' ed carbon as defined above
0‘%%2‘*'*‘?8WH\‘7§1“6‘6¥3YE@&¥?§8m an aqueous nediumis an
especially preferred enbodi nent. A further aspect of

the present invention_ is the comhination of, . .
S e bsho sescaf depefiation d Satoer Hlfvear Spwadditigally be

?géljnpﬁgd ; ?%gtifi’ﬁl gPQ%B%V@ oit ﬁgg‘)&h @8 stigdderatdrahRve

nova roman aqueous medi um .
Femefiduyationipeesenisplsadventagé thetitioae particlas thetimeght othemvise block

car bonat e_as defi ned above and o or. mpr e EDCs
a&?oﬁ“bfgﬁe filternorss g g’tadn?%‘l“ttﬁ% 3@9&@ ﬁé‘&mgﬁa Fre

i nvention, optionally 30 also including the activated
carbon as defined above. - 12- The follomﬁng figures,
eOmrpiptsn enidtrodisxes: deptH filtlation fayar ento e surfagefilter is to suspend a

R0 o PSR igh L i BN o
S hshitienedaptdtdl st faihOmipuitied 4t & dupositedsin’ alirilce
on SRCC for different equilibration tines. 10 Figure 2

s fibws thanebyafosningtthodeptls Gitrasiondayesr Thinis kagwsapenp ghugpm

1Za-et hi nyl estradi ol on. ¢ '

AT RoDb Gl RLp RGP RL L REM ARt oy v
apRUESatedl ontls SuiliRRtfilterpeor © cdnghaisingt dievas filtptioon

i sotherns for the adsorption of 17a-ethinyl estradi ol

on 15SRCC, activated carbon and manganese di oxide in
U Huld%o ﬁIe &Q1eAd §c%roﬁﬁfé)n 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

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
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

also including the activated carbon as defined above.
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amount per surface area of adsorbent. Figure 4 shows
the turbidity reduction by the adsorption of activated
carbon by SRCC 20 Figure 5 shows a SEM i nage of
activated carbon. EXAMPLES: 25 A Materials A
suspensi on of approximately 25 wt.-% based on the dry
wei ght of finely divided natyral calcium carbonate
originating from Oney, France, was prepared. The
slurry thus forned was then treated by slow addition
of phosphoric acid at a tenperature of 30
approximately 55C. - 13 - The resulting slurry had a
BET specific surface area of 60 nR/g according to | SO
standard 92777, and a d50 of about 7 gnlneasured by

n%%ﬁ/b? dﬁlh %gi%gor 3 on O?Jf%gﬂa\tl a[%e %& 2 ﬁclﬁJMtIOHSbut are

1%t mitdnidey teelsmft alth lver(tionZh afp wa%o pu re) was used,
which is supplied by Sigma Aldrich (Bormem Belgium
(article No. EA4876). a) Preparation of the test

MU Richathefiandar d experiment was performed using
the—%qq—f‘cw—n'g—péucedure

Figure 1 shows the adsorption behaviour of 17a-ethinylestradiol on SRCC for

different equilibration times.

Figure 2 shows the adsorption isotherms for the adsorption of 17a-ethinylestradiol on
SRCC, activated carbon and manganese dioxide in terms of the adsorbed

amount per amount of adsorbent.

Figure 3 shows the adsorption isotherms for the adsorption of 17a-ethinylestradiol on
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.
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0.4 g SRCC suspension having a solids content of 25
CGew. -% was added to 7 ml of 17a-ethinylestradio

sol ution having different concentrations of 50, 100,
200, 500 and 1000 ag/1 and shaken for 30 mn., 1 h, 2
h and 24 h at 25 C. 20 b) Determ nation of the

equi | i brium concentration i.qsthe adsorption of

17aet hi nyl estradi ol onto the surface of SRCC For the
determi nation of the equilibriumconcentration of
17a-ethinylestradiol with 25 respect to the adsorption
onto the surface of SRCC, the initial and fina
concentration after the addition of SRCC was neasured
at certain concentrations and treatnment (shaking)

ti . C ' g ;
adBe el Tl FRET pEQR iyl irch el focprding 6 150
SReRdWd 92927, \anll asl, dfubonid’ ghamemsurabyabems wé theafedigragi™
m nutes for any concentration, which indicates that
t BA0Q froBy MiGremeraesiGui | i bri umis reached after 30
m nutes, independently fromthe concentration. - 14 -
The concentration was determ ned by the well-known
mB. IMethod HPLC (Col um: Genmini 5 urn C18 / ODS C18;
Eluent A: Water (45 % ; Eluent B: Acetonitrile 55 %
El uent Type: Isocratic; Flow Im/mn; Tenp. 25 C
Dat RatdrBAon bMM-&hiRsEalibON 5 @205 nm c)

erm natron of adSorption isotherns of
17a-ethinyl estradi ol for SRCC and activated carbon 10

F det.erm nin fddocl en f 17 ' k
oAU ST G P el bt Rkt T prfSd RS
AiA18ficH (BorRét] Bélfub) MadicleNo tEM876RCC i s separated from
the |liquid phase by settling, filtration or
centrifugation. The concentration in the upper liquid
ph i s determ y the above descri bed HPLC
n@?%%%ﬁar? %nu?]{tlﬁ%%??'ﬁgx?%’g equi li brium concentration.

The |l ower solid phase is isolated by decantation of

t he supernatant phase. The SRCC |s.djssolved jn a

¢ & SaARdhra FERAmEaE W BeRRIe s ety Soq § piocodut:
concentration neasured with the above nentioned

met hod, resulting in the adsorbed anount per anount
SBRCe SRCC suspension having a solids content of 25 Gew.-% was added to 7 ml of

170-ethinylestradiol solution having different concentrations of 50, 100, 200, 500
and 1000 pg/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 170~
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-

ethinylestradiol 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.
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20 Based on the findings above, an equilibriumtinme of

1 h was used for the determ nation of the adsorption

i sotherm of 17a-ethinylestradiol with respect to SRCC.
25 Furthernore, the adsorption isothermfor activated
carbon acting as the adsorbent was determ ned. The

data for the activated carbqp._were neasured after 16
hours. The activated carbon used was the comercially
avai | abl e Lurgi Hydrafin CC 8 x 30 (Donau Carbon GrbH

& Co. KG Frankfurt am Main, Germany). It has a grain
size of 0.5 to 2 5 mMmand a density of 480 50 kg/nSB.

- 15 - Fromfigure 2, it can be taken that in terns of

t he adsorbed anmobunt of 17aet hinyl estradi ol per anount

o . t ! , _
 ESSRR Mo Jaf i R AEL SR OmERA0] bR Cofinn:
oGearsiad o BVQIDE if8; Elenied hWaydr €43 PgdEbkentiRr Asatorfiide 55 %;

area of adsorbent iven in fi L. 1L C en ..
¢ FRenSREs JrsRact RO AR ErRo S o6 PEieali; Uy vis ABSStption
ﬁégﬁgg LRyl estradi ol adsorption, which is markedly

rgher

than that of activated carbon. These fi ndi ngs
show that | ess activated carbon in terns of weight

ampunt mi ght be needed for adsorbing. .

R Bl e adipgrongithe ey st leediolfy SRGG @nd
| ACHVEACAEPO t s surface area, i.e. although it has a

| ower specific surface area, nore estrogen per surface
aFendéterniningrtheefficiencyraf 1 Heethinlestradio hedBormsion dha asprption

t he ,use of S%QC t.oget her with activated carbon shows
af?of}}?%gffee %rffﬁ% gy. 2. Adsorption of activated

carbon 20 As nentioned in the description, activated
carbon cannot be separated easily from water, However

Shdier e eapilrive dmar the PREC iseeparsied foapthsdquidigenty sifling,
igfiedbn S hditgalin e REBAHALLRTh Ak upB6: 18ftkd Yase is determined

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.

Based on the findings above, an equilibrium time of 1 h was used for the
determination of the adsorption isotherm of 17a-ethinylestradiol with respect to

SRCC.

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’.
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25 Activated carbon, which is comercially avail able
fromFluka (article No. 05112 (p.a. for gc; grain size
0.3 to 0.5 mm bulk density 410 kg/ n8) and the SRCC
were subjected to the following treatnent: - 16 -
0.02 g activated carbon was added to 30 g water. Then,
0.2g SRCC was added, and thgsresulting m xture was
shaken for 2 nm The mi xture was allowed to settle.
Subsequently, the upper phase was separated by
decanting. 5 FromFigure 4, it can be taken that
turbidity of the upper |iquid phase could be
significantly reduced. The turbidity of pure activated
carbon was constantly above 1000 NTU which is the
nEscoigured, itecanfbi ttket drnt e torma ofithe @dsirbed ampunt @6\ ee

c Bt rad Ll BubLENI GO B Gk B Ay Blton js qoperior in

197dFeGiiryRestragioOudsogptDEM | mage of activated carbon. 17
CLAI M5 | . A process for the renmoval of endocrine

di srupting compounds (EDCs) from an aqueous nedi um

\Qﬁ%%/%{/& fh A GERILHRE bEDuRA TRl eBRY Y a(gl PORRIE afla of

aqueols suspension conprising a sur -reacted
cadsotbert segibaniat figaad, ihaan bgsean thdt GRET growshthais@ndlevel of

measured. at_20 C is b ht jnto cor |
ciiciEnRy %17a-ethinylés§raglro ?elljcgsorpt{o& whic Tst I%(ei;ke\(li\fythqglt1(=,r11 %ha%%at of

activated carbon.

These findings show that less activated carbon in terms of weight amount might be
needed for adsorbing 17a-cthinylestradiol, but that SRCC is more effective in terms
of its surface area, i.c. although it has a lower specific surface area, more estrogen

per surface area is adsorbed.

Furthermore, it was found that the use of SRCC together with activated carbon

shows an unexpected synergy.

2. Adsorption of activated carbon

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.

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:
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medi um wherein the surface-reacted cal ci um carbonate
is a reaction product of natural cal cium carbonate

wi th carbon di oxi de and one or nore acids, wherein the
carbon dioxide is fornmed in situ by the acid treatnent
arid/or is supplied froman 10external source. 2. The
process according to claim.}g. characterised in that
the surface-reacted natural cal ciumcarbonate is
prepared as an aqueous suspension having a pH of
greater than 6.5, preferably greater than 7.0 and 15
nost preferably 7.5, nmeasured at 20C. 3. The process

according to claims 1 or 2, characterised in that the
n8103rgactiyated iceboe A aAdeddoi 3 swptsk Idgns (- 23oRRE ‘@?So%@ed’ and

c i Si- p | i . i
DA oo SRS K82 g UGl st
peabegaeats thedipper piasanys separadd tyhdecpntiedi ng cl ai ns,
characterised in that the acid has a plc, at 25C of

2.5 or |less. 5. The process according to claim
4erdR FEARE Ak Bl Bedkél D Ribilie oAl dPpaIRuRLHIREE 86uld be
fromt group conprising hydrochloric acid,” sul phuric
asigdificantlytedncads The hutbidity o pstel getimated cahos phs constantly @bove

0 ' i d. and m xture hereof. - 18 - .
B0 RaBbbicRiE R iy iRk o bs Fiesypabuih gy device @
CEaLAB10G RO AGHEHIR&S)I n that the natural calcium
carbonate is reacted with the acid and/or the carbon
dThx ireelting cohpopitassan de casilyssepirated: e.ariey Blimationt e

and/ or silica, alum nium hydroxide, earth al kali netal

al urni nate, magnesi um oxi de, or m xtures thereof. 5

Figure 5 shows a SEM image of activated carbon.



7. The process according to claim®6, characterised in
that the at | east one silicate is selected fromthe
group conprising alumniumsilicate, calciumsilicate
and al kali netal silicate. 108. The process according
to any one of the preceding clains, characterised in
that the surface-reacted nattdral cal ci um carbonate has
a specific surface area of from5 n2/g to 200 nR/ g,
preferably 20 n2/g to 80 n2/g and nore preferably 30
n2/g to 60 n2/g, measured using nitrogen and the BET
nmet hod according to |1 SO 9%@7. éS 9. The process
according to any one of t ’ﬂM cedi ng cl ai s,
characterised in that the surface-reacted natura

cal cium carbonate has a nmean grain dianeter dm of from
0.1 to 50 m preferably fromO0.5 to 25 m nore
preferably 0.8 to 20 m particularly 1 to 10 m

measur edl. accapohicesy farchd femosa of ensiot@id disruptivg lsompoydds (EDCs)

10.. The process .accordi ng to. an t he. '
ol Aion BHEREEeaRe S R e Bl BB BPERRG oo
sof agidohearpéneian tedprisiiga aikfacadeadtietoatcaun carbdnatei apd having a pH

stabilised with on r nore dispersants. . 1.The ...
pr GERLE aﬁ&é\yﬁﬂ‘?aﬁb‘e? B&Qn go ﬁﬁé‘“‘gg&ﬁ?ec °Btf“ét3"é§1|5‘ﬁegE§?§ PRgining
ChaheGin€ MiteRsh the sirhé-rdabed saltiimearbosacisadeddbnipratiuct of
cal ci um carbonate is, seg in )Ezgwde formand/or .in.t H}e

f ofgtus c@}pxawlﬂaxggpate yvitg carbon dioxide and one or more acids, wherein the

carbon dioxide is formed in situ by the acid treatment and/or is supplied from an

10  external source.

2. The process according to claim 1,
characterised in that the surface-reacted natural calcium carbonate is prepared as an
aqueous suspension having a pH of greater than 6.5, preferably greater than 7.0 and

15  most preferably 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.
20
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,
25  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,
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to clai

12. The process according to any one of the preceding

claims, characterised in that the surface-reacted

cal cium carbonate is added i n dosages (wei ght-based)

of 102 to 109 tinmes the nmass of EDCs, preferably 2
.104 to 106 and nost preferably 104 to 3 .105. 5

13 The process according tggany one of the pr ecedi ng

claims, characterised in that the pH of the pitch

cont ai ni ng aqueous nediumis adjusted to a value of >

6, nore preferably > 6.5, nore preferably > 7 prior to

the addition of the surface-reacted natural cal ci um

carbonate. 10 14. The process_according to any
one of 6t he Bhepwgessgeeardingdo apnangel e prseding Clagas.

E are.sel ar o C

SRR LTS3 o il P GLE Mo B AR BRI KL oA IO SR R o
eﬁk{ daﬂion((jcﬁ&)lde trﬁtﬁé pedsencend ableastidny dil wateestlos sidicaradyminium
phyto an co hornones such as -sitostero

G By rcarthoealqBeAl IR, SIAGERIT, O . S fojyss thereof
17a-et hi nyl estradi ol (EE2), nestranol (M),

di et hyl stil bestrol (DES), and industrial chemnicals

such ag. 4- nThy propbwsraotor(iR)te clrimtéer t - oct yl pheno

gﬁogq)gmc?pé‘fsgg SE tohaﬁﬁgeh%ﬂ %e{sggrtler sif;i,ﬁm Lt is%g{eg%thﬁ%oup comprising
%ﬁ?ﬁﬁﬁlﬁ?ﬁﬁ@i’tg'cﬁ&dﬁi’ sific¥e @Re aHJahtrﬁEQaleElﬁ,@%dl ng clains,

aracterised in that activated carbon is addltlonally
added to the aqueous nedium 16. The process according

I8.ms 1§he process according to any one of the preceding claims,
characterised in that the surface-reacted natural calcium carbonate has a specific
surface area of from 5 m%/g to 200 m’/g, preferably 20 m?/g to 80 m’/g and more
preferably 30 m”/g to 60 m?/g, measured using nitrogen and the BET method
according to ISO 9277.

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 pm, more preferably 0.8

to 20 pm, 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.
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characterised in that activated carbon is added to the
aqueous nediumprior to the 25 addition of
surface-reacted cal cium carbonate. 17. The process
according to any one of clainms 15 or 16, characterised
in that the activated carbon particles have a grain
size of 0.1 gmto 5mm prefgpably 10 mto 2 nm 0.1 mm
to 0.5 M e.g. 0.3 mMm 20 18. The process
according to any one of clainms 15 to 17,

characterised in that the weight ratio of the
surface-reacted natural cal cium carbonate to the
activated carbon is from1l:1 to 100'éf nnrg_pr ferably
from 5:12. t o Thgprocesseaspeiding toyany gne of e precedige Cg‘é)‘.“ﬁa to
SQh%rac?ergsed?h? t t%c{ §0 e-rea‘cted calctum 'd8®ofthte idRided in dosages
surface-reacted natural calcium carbonate as def|ned6

i weight-bisetinef 16 20 b8’ timésathd makoof EDEs,peeiorebly 2f10EBRCE0® and
froman aqueous nedi um 1020. The use according to
cmgshpreteraindP st dil0sed in that the surface-reacted

nat ural cal cium carbonate is used in conbination with
acti vated carbon as defined in one of the clainms 15 to
18. 13.  Thé prddsss asfomdingdnising an¢ ofithefpreceding claims,

suface-reagt tural. cal.cium car.bonate 1 Y
cehpisteriseddn e BT Robibg MlSys el i adigted o
CaLRAR &S 6lehd %gefélrd‘tl)jlgsrﬁ/ﬁg NRoff prefecably Bi7friok %o the allBition of the
for the renoval "of E from an aqueous medi um

2 aurfaceersagiod natarab taleiyns eagonateact ed nat ural cal ci um
carbonate as defined in any one of the clains 1 to 14

and one or nore EDCs renoved from an aqueous 20

medi umi4,  The Bfocesd Wcodinpasiahg ot oDthdipigretimg@laiing 22

further conprising activated carbon as defined in ang

o¢hapgcteniseddn h €s pig s¢kgcted from the group comprising endogénous
hormones such as 17B-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 170-ethinylestradiol (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 0of 0.1 um to

5mm, preferably 10 pm to 2 mm, 0.1 mm to 0.5 mm, ¢.g. 0.3 mm.
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18.  The process according to any one of claims 15 to 17,
characterised in that the weight ratio of the surface-reacted natural calcium
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.

I9. 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. Useofa combinationof 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.



