Met hod of marking a product , marked product resulting
thereof, and nethod of identifying sanme. Field of
WO posnbioen The present invention is directed tBCT/EB2004/005391

mar ki ng of commerci al bul k products, so as to all ow
for the verification of the génu ine nature and the
absence of dilution of said products. It dis closes a
nmet hod for the invisible in- product marking, as well

Metlasd coff resyicinly ng prbdest| cabrkedpppodduteseatd tiBgnthereos,

which are_par ticularly suitable for tield audits.
§E§$ﬂﬁihﬁé12£LiE§LffLY%FELﬁﬁmﬁff- the - field precise
| aboratory verification of adulteration |evels of the
said marked bul k products is also given. Background of
Fieldheof nmveniohonn a gl obal econony,, which facilitates
the trans -boundary nove nent of commercial goods,
there is an increasing need, fromthe side of tax
The goit St | Bsvamndibhand awretsedf 86 tREhEESKahbowENgokRercial
control the genuine nature of nerchandise. In the
bully REGRFEFr 2R 2D LOURKLPY ofioEt BhesViehlAscarsonl pédthe genu-
ine HLONOIL L0 DENE 8088 BOLE LGP PR 1B 521 PREfPBLBLLERS. 1t ais-
and the like, nost counterfeiting I's actua
cloges formethdy fepl boenentisibaduintepaddontoharkéng, as well as

original contents,.whjle recycling original packaging.
Cor AR T ST Or BT R WP o AP SIUT S gBREr APanar BAGED are par-
ticwigery sohitk®le| fari €igRseshal s Whirehtaee, hangdkedoBY for the
vol une, or by weight. Material-based security solutions
offvheriiekd Revetss labprakpoyraerdfinebipnkefandulteration
[ r | Q1S i Nt j cess :
B e R e O it
fromcounter -feit one. However, a genui ne packagi ng
alone is po warranty by itself for that the product
Bac%ﬁﬁﬁ%ﬁé ?E 5%%u+%%e¥Bb¥nProduct adul teration, i.e. the
Adilution' of a genuine product with a | ow grade
counterfeits is hereby of particular concern. For
In axaghal eceneryi | ediahchhollttpeserblge, tfanswhpovhdehy move-

men€Q§F%xmm@rcial goods, there is an increasing need, from the

side of tax authorities and brand owners, for methods allowing

to control the genuine nature of merchandise.

In the particular case of bulk products, such as distilled alco-
holic beverages, perfumes, medical preparations, and the like,
most counterfeiting is actually performed by replacement or
adulteration of the original contents, while recycling original
packaging. Bulk products or bulk materials, in general, are di-
vided solid or ligquid materials which are handled by volume or

by weight.

Material-based security solutions (overt and covert), incorpo-
rated into inks and applied through various printing processes,

efficiently allow to distinguish genuine packaging from counter-



have been paid, mght be subsequently diluted to a
certain ex tent wwth an al coholic back - yard
wo prosgeB3 nmanuf actured out of tax. Such adul t BCEEPIN4/005391

causes inportant |losses to the state and can al so have

consequences to public health, in.case where the back-

yard' al cohol of poor quality contains |arger anmounts

of met hanol and/or other toxic contam nants. State of
feittPﬁga{LHEhegbm;psodeahimarpamya@ﬁ@gthéqmaIﬂaﬂnaxnannanty by
' of bu roducts is the object of numeraus disclosures
itsedf £RE BRROr LAEL PrOSUETo665E SHiaciBEL TRE HE¥Ki ng of

petrol eum products with [atent dyes (added at the

| evel of parts per mllion) , which can be
prodsghbiseduéntkptionealied -t heugidid wWéionr iafy & eitiige Rrxpduct

... 5980593 di.scl oses.the use af_ lat f :

with, g gg?”s_,gr eSEQ@%grt%ﬁé&ussgLso aeﬁeeu%yr ésfég{aﬁﬁs%gﬁelrasr, -
For bQhmphe,sangipiiposel alkehisse ofbdNeRafesorfimgtorch the taxes

em tting colourless dyes as markers, ha Eyr thernore .
havepBeRdPeRos B O S SSRSSIBIENS OYasET U do A, 2in o%-
tentOwithed 3%1@%%og§£58§%@%1 ahe Bithads anthraofEaMsd out of

proposed in the cite prlg? art, al though they are
tax.s\Suiokd afdol tiehre trimrk iqay sofs pletyasiteanh praotaig sto dilee iptate and

appropriate for incorporatiaon .i.nt cts. f upBL
can 9 &0 rSEAY A A &Shét 1‘.llrbcl ce\?n ee%gllgtg{sj’, J?)ne'rc%)éusrrgs Ihe® the
‘badBdiaGA’ RNRRAA! i podOrqueeMaral coreasions: 1drdde amounts of

products are either not soluble or do not chemcally
me thaindis e@sd 6 o el JeI¥i @RS gA Yomment , such as

pro vided by products for human application; ii) the

transparent recipients (glass bottles, etc.) in which
Statsudt prteduetts are often conmerci ali sed do not

sufficiently protect the organic marker from

phot o- degradation; and iii) the addition of nmarkers to

The 8 -9 QUG D1 305 AN ¥hOT He wisht Tt ide epnphlRnproducts
wth public health and the prescrip tions of
is tleyuikitery dodiereneh &bSEhRSWRS o/ Bre theiarFart: US
5156653 discloses the marking of petroleum products with latent
dyes (added at the level of parts per million), which can be
subsequently revealed through a colouring reaction. US 5980593
discloses the use of latent fluorescent markers, US 5498808 the
use of fluorescein esters, all for the same purpose. The use of
NIR absorbing or emitting colourless dyes as markers has fur-

thermore been disclosed in US 5525516, US 5998211, US5804447, US
5723338 and US 5843783.

The methods and colorants proposed in the cited prior art, al-
though they are suited for the marking of petroleum products,
are not appropriate for incorporation into products for human
application, such as alcoholic beverages, perfumes and medical

preparations, for several reasons:



bureau, which is not the case for nost of the cited
mar ki ng substances of the prior art. The docunents US
wo3Ads93nnd US 5776713 di scl ose bi ol ogi ¢ mar KPCTgP2004/005391

agents, to be detected with speci fic, nonocl ona
anti body. The technol ogy suffers, however, from
certain limtations, too: a) The preparation of
nmonocl onal antibodies to specific marker nolecules is

i) CoBtl yrapdctsnere ednhemi ngt isohubilel og ad astt dlerigelly
of code' to a new marker and detecti,on system_b.) the
albtihetandmipker lﬁﬁssﬁynﬁgpesgspfe@éféﬁonf%ﬁ&x f&%rﬁ% P

Faueden(oLogngctar £o8 Wikskeuppaanaha dahserved with

the hel p~of nmodern anal ytical tools such as GC-Ms and

ii) HPhE, tamdsphirsntheeeapientss (gdats sndHddSe&ifirndn which
that . no sim | ar chem_, cal s _shaoul ' C i
pFB&HCPISQPﬁgstﬁgen§F§§P,99%§é%é%é¥%$%fZﬁﬂgfﬁ;gqg?lClently
"bebesktt @hbi deghe ot ee'ke rC)f ridie pircaposkd whetascidon and

.. systemis only of qualitative nature, able to dggect

1ll)tﬁ@epﬁ§§éﬁé@nopfam&§%%%§fQﬂta(ﬁOQﬂhHQQHQHQQNﬁer umery prod-
%tctﬁo%h’sth%%e\é% 1hhe capaly Iy 1f ARt fardigHdi@rescrip-
degree of adulteration . The docunent US 20020048822
ditdoheses treguimrticinyg bofdie productassthie FRmraaed/or the ATF
nol ecul e whi,ch can _b l.ect rochem ¢ r :
oxI'dicSed. Wrbrlé%_ eride ™4 detg}ﬁ)lﬁﬁseoffg%gﬁérr%tr kogfu:&gg &lted marking
eleeidtehes & lohdeieidd neet with the hel p of
anperonetric or coulonetric el ectrodes. The proposed
preferred authentication nethod is liquid

The gogc%%nq%reﬁ]ﬁgéél?gl@ %ﬁp%ﬁtémﬁﬁmﬂ@ci@s@%iologic mark-

ectroc tector, ich 1s however not
ing Sir?etraﬁ e a5 e fdelabtqbriith e aspetitfie, imetechemel antibody.
The nethod recpo nds as well that the prod .
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a) THENS-dPYrHe 40 of HGSdcIiondl dentNgodiee toThgecific marker
ocunments US 5981283 and US 5474937 di scl ose the

e of 13 i et idey BnchorineT g vEEtPYe 18BHRPFENg 2 fast
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b) the amount of marker which must be present (e.g. 20 ppm in
"Eau de Cologne" or in Whiskey) can be observed with the help
of modern analytical tools such as GC-MS and HPLC, and this
the easier as both methods recommend that no similar chemi-
cals should be present in the product aside the marker, i.e.
that there may be no "forest to hide the tree”;

c) the proposed detection system is only of gualitative nature,
able to detect the presence of a counterfeit or adulteration,
without, however, the capability of quantifying the degree of

adulteration.

The document US 20020048822 discloses the marking of a product
with a marker molecule which can be electrochemically reduced or
oxidised. Presence and amount of the marker is electrochemically

determined with the help of amperometric or coulometric elec-



fectly hidden. Only sub-ppm anounts of markers are
furthernore required, i.e. typically parts per billion
W@ pb)o393drhe aut henti cation is perfornmed by nPABEEP2004/005391

anal ytical tools, conprising A gas - chr omat ogr aphy

(GC) or electro-spray nmass-spectroscopy (M)

separation step, followed by a classical fragnentation
-mass - spectroscopy (MS) anal ysis step. However, even

trodds .s Tpprmanto sad freref o |awihent bpatien )maheod is liquid

del i berat.e addition of_ isotopicall k .
R T Y
detdleF atigdi By TeRdwddy Bt hoiitaebe &s)atheetaspootable au-

~ isotopic marking conpounds is rather high, al though
Gitine SH Bt o R CRRHPRN FEC TR RBSt 25 WPt eSRatcthe prod-

ucﬁ:%?ﬁﬁ%gin§§tff | 0P, o Ye G 1 M5 P52 MBs M, cQfpBRRGRMOUNES that

ers Is tinme - consumng and requires expensive
thedeaboratios ynedui queesit andhhdghtlye skieéé®d operating
personnel, which makes it unsuitable for rapid field
audits. It is an object of the present invention to

The QYSEGREE: & hes shogtoePmg ©F theappTofiatiospr oMedinagking of
~ for in-product marking neth ods and neans for branded
liqwids dxedd bt kagborit ihe chsakePsai FeEPPBRdAunERe marker is of

. licatl . t] LL 4 he o] h -
confPRLLARLLOD.AD, BOC hAUhate L b8 ARcebhephactatierus be ves
fectef otdaed. neabg $ab-polenandynhg dfiemavkhest et yuahermore

the genuine pature of al coholic peyerage .
e ot ¢l PYEHER ALY GREECARBPEi RLL ReoHar RPRY el Suchenti-
cat £ P? §§§f£¥méﬂcﬁ¥pﬁéééﬁﬁ ERY10tXERY ©hoD¥, comprising a

di ssolution) into the said bul k products, are robust

gasagarosatagueply ¢RV) rennehechre-FPERY, a6 -ABECAFPEFOPY (MS)
sep%?%ﬁﬁéﬁgg£%%?ﬁg%i%8We&aﬁ eaagg?ggfkgl Eg?bggngﬁgﬁgg—mass—

ave any negafive | npac

spebeabsBopy (h8) consuyeis abdpal Howefrer, aegeal thasi epproach
and quanti _tative determ nation of the |evel of

suffeust EFali oAMLFet+SR8 furt her object of the present

a) tH¥enLh 9Bt QBT Q¥L9Ri8n of isotopically marked compounds into
food or beverage products is increasingly less tolerated by
regulatory authorities;

b) the cost of isotopic marking compounds is rather high, al-
though the choice of such compounds is almost limitless;

c) the authentication, by GC-MS or MS-MS, of ppb amounts of
markers is time-consuming and requires expensive laboratory
equipment and highly skilled operating personnel, which makes

it unsuitable for rapid field audits.

It is an object of the present invention to overcome the short-
coming of the prior art, providing for in-product marking meth-
ods and means for branded or taxed bulk goods which are suited

for human application.



met hod of identifying and roughly assessing a
correspondi ngly marked product, which is particularly
W@ oseas98dr the screening in the field, and whPCIERZIN4/005391

be backed by nore precise |akoratory analyses . These

obj ects are solved according to the feature of the

i nde pendent clainms. Summary of the invention The

mar ki ng met hod and nmeans for identifying the ,

In pagthentlagit ytadd ehe ofoRdthehdthy CIEFSTHe Preenton to pro-

. o nventi . i : i al St 1 £
VldeI ia&uilg‘gq%rl%gi%vhgggagglb ?Afls% h:}é%% ?Lﬂogrnge%ﬁa%%ﬁ%ﬁ on tal%yelrng the
autheolturd tor aoial ahpegeneiiglt reesere The aietdiorlic lpawerages, per-
ticularly suited for bulk material s, whi.ch ang{destined

fumesy @%ﬁl@%}@ai ALEHRT Sys WHHE S Giarking means can
pe RRANNAGEIHIGRIr IRPAAL HPNSI Y SOYPLd G Iyndiicd:s) Theo the

met hod consi'sts in theé incorporation of at |east one
said dmlds prravhrdisr, iareo ndh gl clilRingto RIRk N ViFenment and

. rker ion aqr,.aqns.for_the i d appljcat] t :
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natural ly occurring simlar_ions, and q§g§ina,ble in

healighw i e s Wls G0 Ghbidtatt ons 6t ‘etie and quanti-
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such as ed al coholic beverage or an Eau de
Col ogne, or a solid such as a pharnmaceutica

pre ati.on or_.a cosneti.c product. .T r.(o :
It 1§ fggulft&h%r £ epci‘zcefo aols ¥ %So?lgp%rla{kzed i n{ﬁg %ée‘gJé%Y%lde a
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nmar King of the product are preferably selected in
analagsss dance with a conposition of an already naturally

occurring material, i.e. sea water. This assures that

there are no reqgul atory concerns about the marking,

These objects are solved according to the feature of the inde-

pendent claims.
Summary of the invention

The marking method and means for identifying the authenticity
and the genuine nature of the present invention applies to bulk
materials, that means ligquids or divided solids which are han-
dled on a per volume or on a per weight base. The method is par-
ticularly suited for bulk materials which are destined to human
application, such as food & drink, pharmaceutical preparations

or cosmetic products.

The method consists in the incorporation of at least one ion as
a marker into the product to be marked. The marker ion or ions

for the said applications must be: inexpensive, robust, food



because sea water is an environment which is
conpatible with hu man and animal health for already
worRdokioasss3 of years. Neverthe | ess, the additi OPCDEP2004/005391

i ncor poration of such conpougds and the resulting
concentration has to conply Wwith the various and nu
merous | egal requirenents in force for food, drugs,
cosnetics etc. like for exanple the | aws and

gradd egudaitalisy cnroerimg dmmkdengtwan@t ryhecanegniagpry con-

cern LB COIPOSLL L on 20 spect L1 4, ADeb gL XL UBL, gecina-

ble ﬂ?trﬁéﬂz@ldefé’fé&ﬁj@C]t:ej@@nobec@ﬂﬁh_hatkeﬁk af Regs.toxic
[evel sin case the marked material or product is

|ntended for human or animal use. In the context of

The %go% %?SSQ% kq¥§@é£9Q1 SEéngérﬂa§§§d“@Eﬁrbbs dﬁfgﬂgé such as

e average conp03|t|onal values liste
a dideibledlabebiowl iFabbeetayef ersahoEssadeatedogaspl e a solid
taken fromthe North Pacific,and havin I|n|t

such3ag0f aREATR2EEREACRE ORF ERETAFLPEI 8T 0f %8§W5yuk| &ﬁgt The

mark%? R?ﬁ €P§¥§;°ngéaa9é FE%@@@%bQQCanM@bor@téEdintoSthe said

St ee Tur ekl an,, Academ ¢
bulka&Serl&DOlly thEFaIDEéD§ ofEst MAEkaaInERAPESdAdoe containing

themTigg%E §%§°2§eZLPégﬁggl%%%n%§1%g0n1c El ement Speci es

n nunber tribution
concentration (ng kg"1l) 1 Fydrogen H20 2 Hel i um
Di ssolved gas. C 7.6 3 LithiumLi C 180 x 10 4
The BapgRitigh BEAPRSed RNQTHE eLé@&r el ?‘%% SORPPEAE 1 GiFPeT

c1a1%¥C@5Q°E8£E§feeﬁbeuﬁdQJ%wlc%7dQé<uH@@ N thegethrking of the
ol've C 8.3 x 10 " n 0.42 x 106
product are preferably selected in accordance with a composition

of an already naturally occurring material, i.e. sea water. This
assures that there are no regulatory concerns about the marking,
because sea water is an environment which is compatible with hu-
man and animal health for already millions of years. Neverthe-
less, the addition or incorporation of such compounds and the
resulting concentration has to comply with the various and nu-
merous legal requirements in force for food, drugs, cosmetics
etc. like for example the laws and regulations concerning drink-
ing water. The amount of marking composition and especially the
individual concentrations of the ions incorporated in the marked
material or product can be easily kept at non-toxic levels in
case the marked material or product is intended for human or

animal use.

In the context of the present invention, standard sea water is
defined as having the average compositional values listed in Ta-
ble 1 below. Table 1 refers to sea water samples taken from the
North Pacific and having a salinity of 3.5% and is taken from

the article of Yoshiyuki Nozaki in the Encyclopedia of Ocean



8 Oxygen Dissolved Q2 inverse n 2.8 x 106 9 Fluorine

F' s 1.3 x 10b 10 Neon Dissolved gas C 160 11 Sodi um
WONa0w5003h83 78 x 109 12 Magnesium M g C 1.28 x 1BPgT/EB2004/005391

Al um num Al (OH) 3 S 30 14 Silf'con HS On 2.8 10b 15

Phosphorus NaHPO 4 "
10b 17 Chlorine d ™

n 62 x 10 16 Sul fur
C 19. 35 «x.

(M) 210 Cr(OH) 3 (I11)

s

C 898 x

10 18 Argon Di ssol ved
gas C 0.62 x 10 19 PotassiumK C 399 e 10b 20 Cal ci um

Scie@aep Wodt. & 4F2s10b S21 ASc dlidingra ;ST .GH) S deslitn) K.K. 2Rurekian,
Ti tanium Ti ( s#n 6.5 23 Vanadi um HaHFO "

Acadsing Cq Pfﬁsf'dgrfygr}i%m cro

2 25 Manganese M2+ S 20 26 Iron Fe(OH) 3 s#n 30 21

Al npost s
r #s

Cobalt Co(OH) 2? S 1.2 28 ickel Z n 480 29 Copper CuCO
Tablg d#nEpsgmeded HearnoFrepndsn Pnaadiyaih Gy the#mlements
1.2 32 Germanium H4GO n 5.5 33 Arsenic HASO4 (V) ri#n
Atomicl|Flemex Species Type of dis~ |Oceanic mean
number tribution® concentration
(ng kg™)
1 Hydrogen H,0
2 Helium Dissolved gas c 7.6
3 Lithium Li* c 180 x 10°
4 Beryllium BeOH" S +n 0.21
5 Boron B (OH) 3 c 4.5 x 10°
6 Carbon Inorganic & CO; |n 27.0 x 10°
7 Nitrogen Dissolved N, c 8.3 x 10°
NO3~ n 0.42 x 10°
8 Oxygen Dissolved O inverse n 2.8 x 106
9 Fluorine F c 1.3 x 10°
10 Neon Dissolved gas c 160
11 Sodium Na* c 10.78 =x 10°
12 Magnesium Mg®* c 1.28 x 10°
13 Aluminum Al (OH) 3 s 30
14 Silicon H;Si0, n 2.8 = 10°
15 Phosphorus NaHPO,~ n 62 x 10°
16 Sulfur S0, c 898 x 10°
17 Chlorine ci c 12.35 =z 10°
18 Argon Dissolved gas c 0.62 x 10°
19 Potassium K* c 399 x 10°
20 Calcium ca®* Almost c 412 =x= 10°
21 Scandium Sc (OH) 3 (s#n) 0.7
22 Titanium Ti (OH) 4 s#n 6.5
23 Vanadium NaBHvO, ™ Almost ¢ 2.0 = 1i0°
24 Chromiuwn Cr0” (VI) 210
Cr(OH)s (III) r#s 2
25 Manganese Mn®* s 20
26 Iron Fe (OH) 3 s#n 30
27 Cobalt Co(QOH) 7 s 1.2
28 Mickel Mist n 480
29 Copper CuCOs3 s#n 150
30 Zinc Zn** n 350
31 Gallium Ga (OH) 4~ s#n 1.2
32 Germanium H4GeO4 n 5.5
33 Arsenic HASO,*™ (V) ri#n 1.2 x 10°
As(OH)s (III) ris 5.2
34 Selenium Se0,”” (VI) rin 100
Se0;%” (IV) r#n 55
35 Bromine Br~ c 67 x 10°




As (OH3 (I11)

1

00 Se(3 2"

(I'V)

r#s 5.2 34 Sel eniua SeQ "

r#n 55 35 Brom

(VI

ne Br" C 67 X

) r#n

wa emE0ysON Di ssol ved gas C 310 Rubi di um Rbo+ CQPOT/ER2084/005391

10b Strontium Sr

+ Alnost ¢ 7.8 x 10b Yttrium YCO3 n

17 Zirconium Zr (OH) 5 s#n 15 i obi um Nb(OH) 6 < 5

Mol ybdenum MoO4 -

C 10 x 10- Technetium TcO4 *

Rut heni um RUO 4 " < 0. 005 Rhodi um Rh(OH) 3? n 0.08

36 Ratdvaiarn PAC 4 52 a5+ Sdver (AgA 2 " n 2 Cadm um

37 Qidbidium0 Tndgpgh TN(OH) 3 S 0.J&L T n SN OF)[ 9318 Ux510°

38 A IBHA w0 [ 37 200 Tel T ur i U ie@d e © T #3 70505 10°

39 I;ﬁ@g(j—b -3 ‘Ydd‘é@b Fodimme—168- n Armost—c—58 )ffr% f

40 \'Z5% corium Zr (OH) s~ s#n 15

41 Niobium Nb (OH) ¢~ ? <5

42 Molybdenum Mo0,*” c 10 x 10°

43 Technetium TcO, * *

44 Ruthenium Ru0,4” ? < 0.005

45 Rhodium Rh (OH) 3? n 0.08

46 Palladium PAC1,” ? n 0.06

47 Silver AgCl,™ n 2

48 Cadmium CdcCl, n 70

49 Indium In(CH) s s 0.01

50 Tin SnO (OH) 3~ s 0.5

51 Antimony Sb (OH) 6~ s? 200

52 Tellurium Te (OH) ¢ r#s 0.05 0.02
TeO (OB) 3~ r#s

53 Iodine I0s" Almost ¢ 58 x 10°
I (r#s) 4.4

54 Xenon Dissolved gas c 66

55 Cesium Cs” c 306

56 Barium Ba‘* n 15 = 10°

57 Lanthanum LaCos" n 5.6

58 Cerium Ce (OH) 4 s 0.7

59 Praseodymium |PrCOs’ n 0.7

60 Neodymium NdCo5;* n 3.3

61 Promethium * * *

62 Samarium SmCOs™* n 0.57

63 Europium EuCO03” n 0.17

64 Gadolinium GdCOs”* n 0.9

65 Terubium ThCOs* n 0.17

66 Dysprosium DyCO3" n 1.1

67 Holmium HoCOs" n 0.36

68 Erubium ErCos” n 1.2

69 Thulium TmCOs” n 0.2

70 Ytterbium YbCO3* n 1.2

71 Lutetium LuCos” n 0.23

72 Hafnium Hf (OH) 5~ s#n 0.07

73 Tantalum’ Ta (OH) 5 s#n 0.03

74 Tungsten WO4°~ c 10

75 Rhenium ReQ,” c 7.8

76 Osmium 0s0y4 Almost ¢ 0.008

77 Iridium Ir (OH)3 s? 0.00013

78 Platinum PtCl,~” c 0.05

79 Gold AuOH (H,0) c 0.02

80 Mercury HgCl,*" (s#n) 0.14

81 Thalium T1* n 13




Xenon Di ssolved gas C 66 Cesium Cs C 306 Bariiai E Ba n

15 a 10 Lanthanum LaCO 3 + n 5.6 Cerium Ce(OH) 4 S 0.7
w@e@s®eadysi um PrCO 3 + n 0.7 Neodym um NdCO 3 RCTYEB2084/005391
Promethium* * Samarium SmCO 3 + n 0.57 Europi um EuCO
3 + n 0.17 Gadolinium GICO 3% n 0.9 Terubium ThCO 3 +
+n

n 0.17 Dysprosium DyCO 3 1.1 Hol mum HoCO 3 + n
0.36 ErubiumErCO3 + n 1.2 ThuliumTmCO 3 + n 0.2
tiu

82 Yt L.eahi um YbCO 3}?1@(3031 2 Lute AtCGES 2.7

83 Bismuth i (CH) 3 S 0.03

84 Polonium PoO(OH)3' s *

85 Astatine * * *

86 Radon Dissolved gas c *

87 Francium Fr’

88 Radium Ra®* n 0.00013
89 Actinium AcCos* n *

90 Thorium . Th (CH) .4 s 0.02

91 Protactinium |Pa0, (OH) s *

92 Uranium U0, (COs) 2~ c 3.2 x 10°
93 Neptinium NpO2* * *

94 Plutonium Pu0, (CO3) (OH)~ (r#s) *

95 Americium AmCOs* (s#n) *

a

si

c, conservative; n, nutrient-like, s, scanvenged; r, redox sen-

tive; anth., anthropogenic.

The method of marking a material, preferably a liguid comprises

the steps of

a) identifying at least one ion comprised in the said material
at a concentration level of below 50 ppm in the unmarked
state;

b) selecting a marking composition comprising at least one ion
as ildentified in step a), and preferably selecting a said ion
from the groups of ions being comprised in standard sea wa-
ter;

c) incorporating the marking composition of step b) into the
said unmarked material;

wherein the concentration level of the said at least one ion in

the marked material is increased in step ¢) by at least the fac-

tor of 3, preferably of 5 and even more preferred of 8 as com-
pared to the concentration level of the ion present in the un-

marked material.

The amount of marking composition or ions, respectively which is
added to the unmarked material defines an altered concentration
level of the at least one ion in the marked product. This con-

centration level is either measured or calculated and thus de-




+ n 0.23 Hafnium H (OH) 5 " s#n 0.07 Tantalum Ta(OH) 5
s#n 0.03 Tungsten wo ~ C 10 Rhenium ReO 4 " C 7.8
wW@0500896%5 0O Al nost ¢ 0.009 IridiumlIir(OH 3 S?POr/@BHAB005391
PlatinumPtd/ C 0.05 Gold AUOH(H 20 ) C 0.02 Mercury
HgCl / (s#n) 0.14 Thalium Tl +'A 1382 Lead PbCO 3
anth.#s 2.7 83 Bisnmuth Bi(OH) 3 S 0.03 84 Pol oni um
PoQ(OH) 3 S 85 Astatine 86 Radon Di ssol ved gas C 87
finekr anGef@reht<8&aRadi Wr R m: 100 kD Actdwd WhdClXrter au-
3.n* 90 Thorium Th(OH) 4 S 0.02 91 ProtactlnlumPaO
thengicefylog ofgzhg amnkaUB e iEd HRrduEy x 10 93
Nepti nium NpQ2 + * 94 Pl utonium Pu®2 (CQ3) (OH)" (r#s)
* 95 Anericium AnCO 3 + (s#n) * ac, conservative; n,
The metthioghtfor makdkirg sschniviEngedying rddo@wsdrenticity of mate-

rial, preferably an agueous or non-aqueous liquid, comprises ad-

ditionally to the already described steps of marking the steps

of:

d) measuring in the marked material the individual concentration
of the said at least one ion by the means of a sensor; and

e) comparing the measured value with at least one reference

value and indicating the result of the comparison.

. The identification of suitable ions for marking can be based on
information which are provided for example by the supplier of
the material as a kind of list of ingredients or ionic contents
or a laboratory analysis performed by a third party on request

of the customer.

The assessment of the specific ions and their concentration in
the unmarked bulk product can also be performed by suitable ana-
lytical methods, preferably by ion chromatography, atomic ab-
sorption, Ion Selective Electrodes or mass spectroscopy. Based
on these results the selection of ions or ionic compounds is

done afterwards.

A definition of an upper limit for the concentration levels of
the ions which are suitable for the use as a marking compound in
the marking composition is advantageous since this allows a lar-
ger variability of the amount of marking composition added to
the unmarked material or product. Further, there are no large
risks that someone is violating a law or regulation in case an
addition of huge amounts of marking composition is necessary due

to an originally high concentration level of the ion used for



sitive; anth. , anthropogenic. The nethod of marking a
material, preferably a liquid conprises the steps of
w@oosmesss fyi ng at | east one ion conprised i n POEEBENG005391
material at a concentration |evel of below 50 ppmin
the unmarked state; b) sel ect ng a mar ki ng conposition
conprising at |least one ion as identified in step a),
and preferably selecting a said ion fromthe groups of
markiogs Bei ngppeanyicrs etridersiardarrd 1Sed tweof €50 ©)m has found to

i ncotporating the marking conposition of step b ) into
be SPH%ag%ed i EPEEE IS L Ao e . tPatRppiuct to

be ma@%Rld @hitsheppaid 1a_tmllte%%1n e dHEtdy the Hmdked values, like
material is increased in step c) by at Ieast the fa

150 pem o 3.00pmeercabltyy dfovdrantklevesn roirke p?rféfmmwroifo &pm.
S m to the.con nt t| on,.l evel_ -of t i on.
Slnc% gg%nfgﬁh%ilégh%lﬁ% g? é%wzﬁCheﬁﬁfﬁﬁnﬁﬁ1so¥s is around 1

partn@relﬁ rd. 1Qdimo Sipiphon mifc do¥samy /A8N6Ctihe lyppdit cdonSentration
added to the unnarked mat eri al defines an altered
1imikodO&nEPatiodn SHFEP 16 f%e URe |1dnst MAfdcinh GoRition is

hlgh”%h%%%hp%Qﬁ%%%qu“éSééyé‘Haﬁéfﬂlﬂgtldﬂ“%f'Ehé”é&ﬁgentratlon

measured or cal cul ated and thus defines a reference
of apaliva ¢h tame umarlkienpdamhtadiods the latter au

thentication of the marked mat.erial or product. The

nmet hod for marking and identifying the authenticity of

Prefﬁ&b@l@ alal 1preefosieatilon sA VAL Qlisr O la R URRUSion around 1
qui,d, conprises ad ditionally to the alread

ppb &éséﬂﬂ.g@@df sthepd aoatsl 1§y Hate i3 Br:tead %a@qﬁ%@lal
mark'erz}st he, g@l;elt‘%n%txecr R ttﬂ'éea/ | dugly SanGeNt r(%r%m?é‘r@{ally

he sal | east one ion he means of a sensor;
avaléra@l@) edemracidey Hre nsasurled cwqialcéLaMctfh drttd Esiironesuch low
conc%gu%%r nce Yalllilz%o%r’]cd tlhnedlnceaetci %the prreesuclotncoefnttlhatlon of the
samples (whlch of course, is also a feasible option in diffi-
cult cases, using one of the evaporation- or accumula-

tion/stripping methods known to the skilled in the art).

The marking composition may comprise at least one salt of the

group comprising an inorganic or an organic salt. The selected
ion may be an inorganic or an organic anion or cation. In case
of é liquid product, the marking composition is preferably cho-

sen to be completely soluble in the product.

In particular said ion may be an anion selected from the group
comprising fluoride, chloride, bromide, iodide, borate, carbon-
ate, nitrate, phosphate, sulfate, and selenate, or an anion se-
lected from the group of anions comprising the anions of the
formula [MyOy(OH),]" , wherein M is an arbitrary chemical element
of the periodic system, and x, y, z, and n are positive inte-

gers, and x being greater or equal to 1. Suitable ions are also



The identification of suitable ions for marking can be
based on informati on which are provided for exanple by
wo b@ssops i er of the material as a kind of |ispPCDEP2004/005391

i ngredients or ionic contenti or a |aboratory analysis
performed by a third party o 2request of the custoner.
The assessnent of the specific ions and their

concentration in the unmarked bul k product can al so be

carbpenfldrarRCdy =814 tsafllfeordna A3, catidethodss, pweteeabl g is an

by, i on ch onatogg? hy, atomic ab sorption. lon
OrJaEH eSS YS &t &E’é"%“'.mass spectroscopy. Based on
The tkeSendeslds e @latd We 1 QNSr A 11 Cglf&{x‘??&g}gérising
| o]

is done afterwards. A definition of an upper
ammopfendgnoe Atirdtiivgn( 1) ev elosliom (e imoisa sdiwh(Br e rubidium(+),

Suj t.able for t.h as mar ki conpound. i n e
CeSl?rlt&aHr(fﬁﬁ g %}:acﬂ%peossllut%ll g%%i’s i vca?é%%{g%%% % %%%%W gé-gh JORE ™
ium(@H)ar igein vig+/d@)l,i tookefl ¢ (B )gmouint kel (3wey Kidspper (2+), and
_ c& osition added to _the unmarked material or product.
ZINCHGErYhePT théide '&fe S0 9% ge T Ik hhAr Qe ssing the ca-
tiond JRALHY @@ Lr M 89t} 1188 | frCASen o addLfi QEBchrary
huge anmounts of marking conposition I's necessary due
chemigadn edremgintaldfy thieghpesdctin ratstoam] eved 0f Yhezi amd n are
S f.or.mar ki ng. upper_ion cqncentration limt q
pos 18V ARG DO a1e ST GG HaL b e
suiteblieheamiceld alredlcoil@uc icdtd digs Mkad 44 SuP8im (+) and
limt can be shifted to higher values, |ike 150 ppmor
the prgemsm G igwelenigiafdyes iNGs 26 ppeiBrR18Sppm organic

; QiRce A éyﬁgggj on limt of electrochem cal sensors
re51is arou2§71 art per billion (ppb; mcrograns/kg) ,

t he upper concentration limt for an ion suitable for

use i,n_a rking conpqgsition is high enqugh to ensure, ,
B tyRLEate THeTerIR MATIEST IOf The CoridbitidR (GFTH S THHF 13PRs in
a wedll WRAitreedJmteripgl udnef anablistad loft RASE 1 PNSions, the
whi ch have a concentration around 1 ppb or higher in
numbery oda ik isdd ngatcenbina tdginsed sad it sl tarddefer imany
markﬁ%% Qggggxt of the present invention. Commercially

The minimal 3~fold excess concentration of the added ion in the
marked product in comparison to the concentration in unmarked
product or material ensures that the difference is high enough
to exceed the value of the standard deviations of measurements
methods used. The excess of the ion concentration may preferably
be at least five- or better at least eight-fold of the concen-

tration of the ion in the unmarked product or material.

The concentration of the marking composition or the ions com-

prised in the marking composition, respectively which is added
to the unmarked product is determined, either by measurement or
by calculation based on the added amount and stored at suitable

locations like database, production reports etc.. The reference



avai |l abl e el ectrodes are usually capabl e of
determ ning such | ow concentrations wthout the need
wo 0005a0998% - concentration of the sanpl es (whiBOT/ERP{004/005391

course, is also a feasible OP§i0n in diffi cult cases,

usi ng one of the evaporation = or accunula

tion/stripping nethods known to the skilled in the

art). The marki ng conposition may conprise at | east
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, organic_salt. The sel ected. ion may be an inorganic or
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product, the marking conposition is preferably cho sen
to be conpletely soluble in the product. In particular
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vicu 3Py, Suder 18 8t onehl® mieiiete dirife cpoman o

animaél epallécaqroain caniue®, sénl eatred dulem e flected from
ani ons conprising the anigns of the fornula [ MkOy
the gEAPp) RL, PRREMETER FOMBT4S180hRLcaNP Idife Revar agiasiremer fumes,
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positive inte gers, "and x being gr
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B mefaR DEn  SPRs ey "5l S8BT IeA o ke S romespe-
cialllkeagmatip ré @IPihsichg waBMRarkEata ccdddifidmd the AR de-
(+), potassiunm(+) , rubidium/(+ cesiun(+), nmagnesi um
SCIl%?d)? QXPCFQWPE4F?53FPGU§F@E§(Eiy, bar ium(2+) , iron
a) pbéHidthg ¢eBalln(2tka1likekels 63 ecWPREe (B ctised in a
zi nc (ZE), or a cation selecte romthe group
meokpnigs icegpisé tdant wanshohatshéskeor maded Moyt heOaR]arial ;

wher ei.n is.,an arbitrary chem cal el ement .of the

2 mﬁ@FFE&P@NE ngﬁlmﬁﬁ&sx9fy? 7 S&nE n 3 1503] 4&%% Concentra-
tiBheger sr ar@ox belkendoar eat er mtaqual dP vk i@dified, the
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SERPOANRSLRG GPPaRle AMBRPEMIGOD VAT conwrataiat ton
vglhésa%foE%%nH%nic compound; and

c) comparing the measured value with at least one reference

value and indicating the result of the comparison.

The reference values are either provided to the authorized per-
sonal by the manufacturer of the product who has marked the
product or the reference values are already available in form of
a code for example applied on the container of the marked mate-
rial. Beside these ways there are still other ways known to the

skilled person to provide reference data.

Said measurement on said marked bulk material is preferably per-
formed in-the-field, as a field-audit, using an electrochemical
sensor, preferably an ion-selective electrode, or a multi-ion-
selective electrode, or an ion-selective Field Effect Transis-

tor. Such field-auditing allows for a gquick checking of liquid



resi due or hydrogen. A typical narking conposition may
include three to four ions in a well defined ratio. By
waigiosgoioBe ratio of various ions, the nunber OPCT/EP2004/005391

exi sting conbinations is bi gl nough to offer many

mar ki ng keys. The m ni nal %ol d excess concentration

of the added ion in the mar ked product in conparison

to the concentration in unmarked product or materi al
mercBASyL €8, t hatinghe dibfer enaadi-aehidghbendceglyfroveresed nstru-
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of tH@”ﬁéEﬁ@dpr@d@TctlsS 1@epaiaticnath] veiptdreaio tmedreasiir erfenthelp of

cal cul ati on based on the added a nd stored
e Lecaroohienabid Rosaens 45 KB dpache Madnad op ¥ Sre. The

te r efer. val e
corFSBEEIESR Smginy AP IRt Sl e e o
dellkreadahkr@sftoanmﬂdlattel(yatal mmﬂmomwmwm‘for a se-

nmet hod acc i.ng t he. pr esent | nve ar
lectede drzy My tg’u hfegl]p ﬁ%’lﬁ g Ul ¥ Pr od{Lﬁ d%slfl N i ke
sorsh%@%@fﬁééﬂﬂdﬁﬂsémaﬂﬁiﬁﬁléﬂédﬁrdﬁﬁs |mu1ﬁﬁiimnﬂﬁwlectlve
products selected fromthe group of products

C¢@‘l¢1§3ﬁ|58| ﬁ@rms{ﬁimméf%év@r e L5t 13t jqtc. and are
rod Jraceutical preparations. A nethod of
e&e?ﬁt C"’F@’ ngﬁtqhe aut'hentl city of a material, espe
cially a material which was marked according to the
met hod de scrj bed abov c rises the st eps. o

The grFAnditRy retlerehe S ¥t st ne |o‘£r‘1blfqty o meas-

ure Ctg?éﬂo?%ﬂtﬂ:a%f&{ k[Ml]g &@@Qﬁéﬁkﬂﬂ; whighihasibeenith the help
to the material; b ) nmeasuring by the neans of a
of sewlEctve refi ac dieede cotiednt sl et loivof S hectEades opge known in

the a£¥ an&iavafiagﬂetfkéﬁ’éégqgﬁg §ﬁbpif§rs for a large .number

of ions and molecules. During the measurement, the electrode is
part of an electrochemical element, comprising a reference elec-
trode (giving a standard potential reference), & working elec-
trode (which is the selective electrode) and an electrolyte

(which is the ligquid to be analyzed).

The electrochemical element obeys the Nernst Equation, which re-
lates the measured electric potential difference AE to the
sought concentration [M] in the electrolyte:

AE = AEpes — 0.059*% log[M]

as known to the skilled in the art.

Ton-selective electrodes are widely used for the assessment of
aqueous solutions in environmental analysis (both in the field

and in the laboratory), in the food & beverage industry, as well
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ref erence val ue and indicatiﬁg the result of the
conmpari son. The reference values are either provided
to the authorized per sonal by the manufacturer of the
product who has marked the product or the reference
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Transistors, etc. and are commercially avail able. The

(EdS-riy ént BoF S @Nickd: - Ras BAGIERE s ity e t$RnBhi 1989 t o

neas ure the concentration [M of a marking ion in
situ with the help of a selective electrode. Such
Despsdleeotfi éeelrectonopesiagrieork fown dm exclusive use of these ion

selective electrodes in aqueous solutions, we surprisingly dis-
covered that the ion-selective electrodes can reliably work in
alcoholic beverages containing as much as 50% ethanol, as well
as in perfume containing up to 63% ethanol, provided that some

care is taken during and after the measurements.

Another suitable electrochemical sensor for determining the au-
thenticity and the genuine nature of marked products in the
field according to the invention is the ion-sensitive-field-
effect-transistor (ISFET). This type of technology offers the
advantage of a sensor manufactured by conventional semiconductor
technology, allowing for a high level of integration and minia-

turisation of the sensors.



the art and available fromvarious suppliers for a
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el ectrochem cal el enent, congrising a reference el ec
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and to S2 ions); and c) those based on 1on - exchange
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- Noegpldditaedailn refllegenase i ddodeke tiitstisd PEGOMPast. system

- TP she R L PR, kel usi v use of
- Not késetironle-filling solution needed

e Virtually unbreakable

- Can be left dry for long periods

- Long lifetime

- Relatively low cost

Combination electrodes can also be obtained from other suppli-

ers, including Metrohm, Analytical Sensors Inc. or Jenway.

For the reasons mentioned, said type of ionic sensor is pre-
ferred. However standard ISE sensors can also be used to embody
the present invention, provided that a reference electrode is

also present.
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ow ng advantages for their integration into a_,
ple por tatsumflatial aldithe -to® AkIdie dPalupefeRdREe? Tirst set of

con P et SampaetpYaERse doal dfborpiire)  and
migsddd | (epeedasi) under a second set of conditions, pushing
the sensitivity to the parts-per-billion (ppb) level. Corre-
sponding equipment is available from Metrohm, Dionex, and oth-
ers. It is expected that future field-portable ion chromatogra-

phy equipment will even more enhance the capability of the

herein disclosed marking and authentication method.

In a first embodiment of the present invention a distilled alco-
holic beverage, having an ethyl alcohol concentration of 20 to
60 Vol% is marked with an marking composition comprising ionic
markers. The major constituent of the beverage is water. The
preferred marking composition in this case is an inorganic salt

or a combination of inorganic salts containing different ions.



- Virtually unbreakable - Can be left dry for |ong

periods - Long lifetime - Relatively |ow cost
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suppli ers, including Metrohm Analytical Sensors Inc.

or Jenway. For the reasons nent i oned, said type of

ionic sensor is pre ferred. However standard | SE

sensors can al so be used to enbody the present

Thuslnﬂ?@ié@ﬁedpiaﬂgdggetBﬁbs@nraﬁehgnceeebeoUpodempglaus@ fluo-
present.ln addition to the field - auditing
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and conbi nati ons thereof. Al these nethods
the Maammumoadmetékdlﬂ@@eﬁnfpﬁetéﬁtS@ﬂdaﬁénﬁyﬁquﬂrlnklng water.

chem stry and need not be further described here. The
sensitivity limt of ion chromatography (1C) in
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chloride, nitrite, trat t it
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ter @B@n}nart@rﬁg_ﬁg 4$ing canductisvidanedetye @dﬂlihgﬁltdﬁlhﬁcable

colum outlét. O certain types of colums, pre -

(sprdordemertat orm vadieni Goes vy i Masiges Renpaiage £F ethyl

alcobﬁ San] l% aC%%?%!a d.ale tﬁgfééggégﬁ I%ﬁé%”ﬁﬂg‘flnal al-

Sonditions (gerne ol ce of

coho&@.'cV%fétve&%@et eeRraitute) he ated vEd)rdxies a(]smmi;at@@)taln some
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commgindri By Tod harts et R A ey (i) e efeason it
igx%r & an:orf: iPrE A5 aval e Q:cfrﬁﬁéﬁﬂvﬂif ofe alcoholic

onex, rs. It is expected that future

proofuoa:l @mmnactd mamrrsj’}r drmataggter to choose the most appropri-
ate marker ion or combination of marker ions. The natural pres-
ence of ions in the to-be-marked product could be seen, at first
instance, as a difficulty to implement a marking according to
the present invention. However, all to the contrary, it allows,
in combination with a carefully chosen marker ion or set of
marker ions, to improve the solidity of the marking system, as

the already present ions can be taken as forming an integral

part of the marking, or as a camouflaging of it.

The ionic marking composition is added in a small proportion,
ranging between hundreds of parts per million (ppm) down to 0.1
part per million. The ionic salt (s) can be made up first, but
not obligatorily, into an aqueous solution, i.e. a "concen-
trated" or stock solution which may contain up to 10 % solid
contents. Said stock solution is subsequently introduced into

the liquid to be marked, so as to reach the appropriate concen-



phy equi pnment will even nore enhance the capability of

the herein disclosed marki ng and aut henti cati on
woreakoaso3d n a first enbodi nent of the present POWEPL0OMS3II

a distilled alco holic beverage, having an et hyl

al cohol concentration of 20 %0 60 Vol %is marked with

an mar ki ng conposition conprising ionic nmarkers. The
maj or constituent of the beverage is water. The

trat Poef e&8Us nar ki vgs compesahbanti Bt heskeads) |§rament in the
inorganic salt or a conbination_of |norg§n 3 M
alcokohiai RERGTAPEf @Rt PFBASIRRGLY, PEFUFER ﬁs aP ppm. More
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ver ages are normally dil uted
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ge. This is do addi n rinkahle (s t _
seleFElSPdélette&tllQBcﬁ tﬁ§ 8§S|afné°gl &r Cent'age ﬁrefg%ﬁ S elec
trol?k%0h0| (e.g. 40 %. It is therefore expected that the

i nal al coholic beverage product to be marked does
al ready contain sone common ions, present in the

Wlthdk%%%%p yat ek FQr. Lhi g,/ ?&ghﬂtofS%Hénﬂyééﬂﬂttfhventlon,

t he natural ion content of the alcoholic

the Re@tdel oFf mrkiogmamki/og, diderdriderino wdhoesshdnt sty of the
appropri _ate marker | or, conhi nation of marker ions.
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- Field inspection to determine the genulne nature of the

traded product, or, if the case, its adulteration level using
a portable sensor unit, such as an electrochemical sensor, or
portable chromatography equipment, such as Ion chromatogra-
phy.

-  Off-the-field laboratory inspection to confirm the results on
suspect samples and to precisely guantify their adulteration

level.

A second embodiment of the present invention is directed to an
ionic marking of perfumes. The preferred marking composition in
this embodiment is a salt or a combination of salts containing
many different ions. As perfumes are products which are not des-

tined to be ingested, the amount and nature of useful ions in



part of the marking, or as a canouflaging of it. The
ionic marking conposition is added in a snal

wW@r@po09BHN, rangi ng bet ween hundreds of part SPEEEP2004/005391
mllion (ppm) down to 0.1 part per mllion. The ionic
salt(s) can be made up first2% but not obligatorily,
into an aqueous solution, i.e. a "concen trated" or
stock solution which nay contain up to 10 % solid

the ROPkENGSisSahdgetotkasolint the ifsrstubsepvedikeyt. Care must be
introduced into the liquid to be marked, sqQ ?s t.o
takepcheWevhE APpFOPPR&EetBBNERRTSFPRPPGRYI 78IS 161 hns.
The amount of nmarker (s) present in the alcoholic
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eCtive detection of trace anmounts of ions
present in an elec trolyte. Wth respect to the first

The RAPRERGIAAH GFS BERCLTSI R e &R R PG D {Rets can be

donePuhbniBtel 3bnienghndas aflsoldiwmE syt e fietsar enaid iofent .
of thé natural ionic content in the alcoholic beverage
for the proposed marker. |n-product marking of the

al.cohalic.b rage a | Qni
tn {08 LhENGEREC o LR o disaal: At g R et roact
to bRERIredaliny erafyst be tohaded qenoduc], iorgradidries casspecially
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- the - field |laboratory inspection to confirmthe
taimdiesutesiyoniifferent ions. Similar as in the embodiments be-
fore a typical marking includes three to four ions in a well de-
fined ratio. By using the ratio of various ions, the number of
existing combinations is large enough to create many marking

keys.

As pharmaceutical products are destined to be ingested, care
must be taken to choose the nature and amount of ions so as to
be health compatible and not perturbing or inhibiting the thera-

peutic effect of the main active ingredient in the drug.

The ionic marking composition is added in a small proportion,
ranging between thousand parts per million (ppm) down to 0.1
part per million, preferably between 1000 and 0.1 ppm, and even
more preferably between 600 and 1.0 ppm. Said addition of mark-
ing composition can be performed by using a pre-formed, appro-

priately concentrated stock formulation, in which the ionic



suspect sanples and to precisely quantify their
adulteration level. A second enbodi nent of the present
WO noos100396h i s directed to an ionic marki ng of PET/EPIBE005391

The preferred marking conposition in this enbodi nent

is asalt or a conbination off salts cont ai ni ng many

different ions. A s perfunes are products which are

not des tined to be ingested, the anbunt and nature of
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examples and figures.

stage

Figures

Figure 1: shows a schematic representation of the marking and

identification method; and

Figure 2: shows an example of a portable field audit equipment.

Exemplary embodiments

A schematic overview over the method for marking and determining
the authenticity and genuine nature of a bulk product is shown

in Figure 1.



part per mllion, preferably between 1000 and 0.1 ppm

and even nore preferably between 600 and 1.0 ppm Said
wa@eaasises of mark i ng conposition can be perf oPOEEPIIY4/005391

using a pre - forned, appro:$riately concentr at ed

stock formul ation, in which e ioni cmar ki ng

conposition is pre-mxed with the pharmaceutica

product at a concentration of a few percent. This

stock formulation is then added to the fina

phar maceut i cal fornulatlon at the re guir

d,
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soluappﬂoprlﬁp@ﬁ?r ﬁéféﬁepéﬁ?aéﬁéctrochenlcaI measur enent s
can be nade. The various ele nents conposing the field
measur enent equi pment and the various marking and ,
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representation of the marking and identification

nmet hod; and Figure 2: shows an exanple of a portable

field audit e t enp 1§ﬁggxgéggﬂé%/g tested
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SO tained list a selection i's made of ions which

propnnane|aqujpmant The result 22 indicates identity, forgery

or adulteration of the distributed batch.

If the result 22 indicates any kind of manipulation on the dis-
tributed batch 20, a sample is taken for an laboratory analysis

30 in order to confirm the result 22 of the field audit test.

The portable field audit equipment according to Figure 2 com-
prises the components:
(1) a marked reference solution standard cuvette for calibra-
tion;
(2) a de-ionised water cuvette for electrode initial condition-
ing;
(3) a sample-to-be-audited cuvette;
(4) a stand for the sensor(s);
(5) a combination ISE sensor;

(6) a temperature sensor;



mar ked product at a concentration |evel below 50 ppm
Suitable salts of these ions are m xed and thus a pre
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A pre - fabricated stock solution or powder 10 is
bl ended with the bul k product® 11, resulting in a
mar ked bul k product 12. The bul k product 12 is further
processed and distributed (not shown) . At a later
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|t test. The portable field audit_ equipnent
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anal ysi s software.” The marked
the madyuﬂ@MEﬁnﬂutlon 1 is a reference sanple of the

genui ne marked alcohol. It is contained in a 30 n
cuvette and enables for a proper calibration of the

The SERSR -fohe Hie-sdriyyZed walerteaaitgose coftal nswiley for
ionized water with ionic marker in a

identical, reproducible immersion of the sensors in the cu-

vettes. The electrochemical sensor 5 is a combination ISE elec-
trochemical for instance of the type Fluoride directION, manu-
factured by SENTEK, Braintree, Essex, UK. Its technical specifi-

cations are as follows:

Ton: Fluoride (F7)
Slope: -57mV / decade in concentration
Range: 0.2 to 1900 ppm

Znalog electrodes exist from the same supplier for iodide (Io-
dide directION), bromide, chloride, sodium(+), potassium(+),

calcium(2+), strontium(2+), copper(2+), etc.

The temperature sensor 6, such as a thermocouple, provides in-
formation to the analysis software for the compensation of tem-
perature influence in the calculation of the concentration value
from the measured electrochemical potential. The millivolt-
meter 7, which measures the electrochemical potential, prefera-
bly includes an analog-to-digital converter, such as the Meter-

Less ELIT™ computer interface, allowing the user to link the Ion



30 ml cuvette which serves the purpose of
conditioning the sen sor prior to an initia
wore@so®aent . The sanple cuvette 3 is a 30 nl PCWEP1064/005391

containing the sanple to be audited. It is pre ferred

that the cuvettes 1, 2 and F4re identical and that

they contain identical volunes of fluid, to increase

the precision of the neasurenent. The stand for the
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reproduci bl e i mrersion of the sensors in the cu
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Countemferisat/i endudftetrerniper”at ure i nfl uence in the
cal cul ation of the concentration value fromthe
neasured el ectrochem cal potential. The mllivolt -

AltePel8r ve1 WhisGh 1 whitde @l etraeeigeadhpotenipment can
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interface, allowing the user to link the lonSpecific
El ectrode (s) directly to any type of Laptop PC
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pH-neter. The portable | aptop conputer 8 contains. the
appropriate, dedicated analysis software, to cal cul ate

The QﬁﬁaﬁgﬂPQﬂ%{fgiéHhﬂgnﬂrEhr@ﬁ&@%i&é)iﬁrtﬁ@ebﬂ&ﬂﬁyeﬂo be marked
product

fromthe neasured potential value (s), using
was e soredspoin iy Plhyest e - Tehebe ket t v nil eetsedp and was

determined to be below the detection limit (0.2 ppm) of the ISE
sensor. Fluoride was consegquently determined as being suitable

for the marking of the commercial brandy.

A concentrated agqueous stock solution of the marking composition
was prepared by dissolving 0.1 % w/w of sodium fluoride in high
purity distilled water. 0.5 g of the above stock solution was
then added to 999.5 g of a commercial brandy to prepare a refer-

ence marked brandy having a fluoride concentration of 0.5 ppm.

To simulate criminal adulteration, the reference marked brandy
was subsequently "diluted" with non marked brandy to various ex-

tend, making up brandies A to E as can be seen in Table 2.

Before starting the authentication measurements, the field de-

tector was activated by dipping the fluoride ISE electrode



as the Nernst law. The result can be presented either
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pOteéEtlLF orrbl Q‘tn e; ec%% e]d.ﬁl{ﬂf mtf%vﬁﬁetlﬁgrked alco-

Ads onve & to conput er
hol.activation is only necessary i f t he conbi nati on
electrode is left dried for a few hours. The |ISE
fluoride detectors was then calibrated by using 20 m|

The %af]l@r r &S it SNCe ddketh bigddyamdhe Notd agewst PHénaheasured.
e conbination |ISE fluoride el ectrode was neasur ed

The \Gant irea BldrT elrememcamelaf:cme:dss@qu@ e 20nBi nagmphaes and
che SHEELEHS 00200 L PEGLEN S AR 03 wich -
i on Masdi e 3¢ tdndledry ot zefl v egl astrdoy i bgtivaehetheenamples is
also required. The measured potential value are reported in Ta-
ble 2 with the corresponding extrapolated and computed concen-
tration level (from Nernst law and calibration measurement). The

results obtained are then compared to theoretical values.

From the results it is concluded that sample A is genuine marked
alcohol, sample B is counterfeited alcohol and sample C, D, E

are genuine marked products which have been adulterated to vari-
ous extent. The field audit system is precise enough to detect a

10% adulteration level (sample E).

Table 2

Brandy A B C D E

Th. Fluoride concentra- 0.5 0.0 0.2 0.3 0.45
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the calibration is then
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wo alosmedoexl and t he average potenti al
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0.5 0.0 0.2 0.3 0.45tion (ppm Measured

Vol tage (mV) 341.25 227.29 317.82 327.66 338. 34
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feit;

* k k-

*

d) Mezkingonéent cammen clppnpndsky wifh d.ozbide Iens.
0.45 (Field Audit) Status report (Field Au * * dit)
Adul ter at ed

The natural ionic content in Iodide in the whisky to be marked

was measured using a Iodide Ion Selective Electrode and was de-

termined to be below the detection limit

(0.06 ppm) of the ISE

sensor. Iodide was conseguently determined as being suitable for

the marking of the commercial whisky.

A concentrated agqueous stock solution of the marking composition

was prepared by dissolving 0.1

1.

purity distilled water.

o)
°

0

w/w of potassium iodide in high

g of that stock solution was then

added to 999.0 g of a commercial whisky to prepare a reference

marked whisky having an iodide concentration of 1.0 ppm.

To simulate criminal adulteration, the reference marked whisky

was subsequently "diluted"”

with non marked whisky to various

extent, making up whiskies A to D as can be seen in Table 3.

Before starting the authentication measurements,

the combination

iodide ISE electrode (SENTEK Iodide directION) was activated by

dipping it for 30 minutes in 10 ppm agqueous potassium iodide so-

lution.

The combination electrode is also connected via the ELIT

AD converter to the Laptop computer. This activation step is




Exanple 2 : Marking of a commercial whisky with iodide
ions. The natural ionic content in lodide in the
woniskysosd be marked was nmeasured using a | odi PET/EPIV04/005391
Sel ective El ectrode and was de term ned to be bel ow
the detection limt (0.06 ppfj of the I SE sensor.
| odi de was consequently determ ned as being suitable
for the marking of the commercial whisky. A
onlyCQREAALEAl €¢ 2HUeRUH LI HAEK os0llldct cafe tie Iefkidigied over a
conmposi tion was prepared by dissolving 0.1 % w w of
few potigssiumiodide in high purity distilled water. 1.0 g
of that stock solution was then added to 999.0 g of a
commercial whisky to prepare a reference marked whi sky
The hawW ngddde ddicdetoanceants ataldm aftet @ayppmiﬂrp 20 mil % the

crimnal adulteration, the referenc rkec i sk
refe§@@§@qﬁ@ﬁ$ﬁ9 W@gﬁ&ﬁéd-hﬁtwpﬁ%ﬁg éiéﬁ%Mﬁ l%%% KImyBPat 1on

IsE ddiees eq)étc%%de”%é‘gné&sd%oﬁ kies thd EIIBSicsrfece after
seen In 3 . Before starting the authentication

dlpmmh@mmlmmmmmmﬁﬁ iiguitdee |TSE PIRee P le, stir-
ring d.ENT }J<:m|ag gig dif %6; | )y aS, x?lcr{% at ed- by, di %dfe]%d)t . This

SHpm aqueous pot assi um i o
proddduren wa'Bie:epas?ﬁtﬁerwta animd eotiddecd e Bl s oyworhecaguing (4

via the ELIT A D convert to L
SeCorHlss) é@t’qk\/éjtel‘d-r?r{é’t I%eéji/ q.rg%ﬁ;;@ﬁ? fxf ﬁ%ef@ween measure-
ment‘]:% rg%; c@éﬂ ?Y%%erﬁ@ 15st efirdl igsk Qveran rﬁ@é(\éllfﬂ@etﬁénts are

tectors was calibrated by usin
withoifn tdte dieffenmme mirteedcakiiskat i dhel  oFreigevali @?e%t and the

t he co ati.on |de ctr nEpAasyL e
aveRGHE HF I}rkrﬁaelrfé%%ﬁ% le[%Jblf%% %% co mauygon{;laMélfll as the
cal Bl estiederd nd e efies engeksamnplechstir ring it for a

few seconds and leaving it at rest for 60 s . This

procedure was repeated 5 tines with careful quick

TheWﬁ§€ﬁ{@ d4 . seeonds) o ywith des ionizedawabep Rad €h¥hNleasured.

Ween neasure rrents Provided that the |ast three
The pé@Niialemegswrenints wae petHomeds o f desenseedt peove for
calibration is then validated and th

exaTiRARnt1 AFXGICE He T ast ¢ hT GL RBastF enEht "T8 aken 3Eter ©0°-

Tabid€3 1ists the measured potential Values together with the
corresponding extrapolated and calculated concentration level
(from Nernst law and calibration measurement) and the comparison

values with the theoretical wvalues.

Table 3

Whisky A B C D

Iodide concentration (ppm) 1.0 0.0 0.5 0.9

Measured Voltage (mV; Field)|-126.54| -35.02 | -94.69 [-121.36

trati
Extrapolated concentration 1 02 0. 03 0 30 0 83
(ppm) (Field Audit)

Status report (Field Audit) * *x *kk * ko

*: Genuine; **: Counterfeit; ***: Adulterated



calibration value for the marked al cohol. The marker
concentration in the sanple Ato D was then neasured.
wab@smoexrsur ement procedure was perforned as deBCT/EPR®d4/005391

above for exanple 1, except that t he vol t age out put

was taken after 60s. Table F9ists the neasured

potential values together with the correspondi ng

extrapol at ed and cal cul ated concentration | evel (from
FromNEROSibbAW apgd1gahibrat repuleasitefrentpnaiddeke that sample A

conpari son val th th h
e o0n Vefuee e (e thearellcal valies Cble s oo
'sampgi %Ngﬁauéiggg é%ﬂggnE”MarEb@|§}odué2§ Ghich3ha@2 been adul-

trapol ated concentration 1.02 0.03
tera0ed0t6. SSrippH)egﬁeetd Audit) Status report (Field
Audit) * ** * © Genuine; **: Counterfeit;
Adul t er at edFrom the above field audit results it is
concluded that sanple A is genuine nmarked al cohol,
sanple B is counterfeited al cohol and sanple C and D
are genui ne marked products which have been adu

ExamggéaéedM%?kXQ QS o extd ré@ﬁi é%f%méwﬂégduhéﬁcdlogne) with
Pf Urte eau e col ogne) wi th iodide ions.
The natubdhdeoﬁxnmnontent of lodide in the perfune to

be marked was neasured using a lodide lon Selective
El ectrode and was de ternined to be bel ow the

The &k&GE101 Jniid tco(r&é}ﬁ: R efi dehe d $hes qresofumé o dee marked
was consequently determ ned as beanISU|tabIe

was meelsiurgdotising corrsHidal I PerFaRe N Indent Ty %or"‘n‘51 was de-
ternggxgeéio%s %bo%glsbqj Ugﬂeorhé)ffeéﬂ%wlﬂnﬂg CONPOShhthPNofashe ISE

ssolving 0.1 % w w of potassium i odide

sensd}fﬂﬂﬁﬁﬂﬂﬂWﬁasChdﬁséim&hm&yedeteymﬁqﬁdﬁasrkﬁlggo%ultable for
sol ution was .t hen
the marking of the commerc1al perfume.

A concentrated aqueous stock solution of the marking composition
was prepared by dissolving 0.1 % w/w of potassium iodide in high
purity distilled water. 5.0 g of that stock solution was then
added to 995.0 g of a commercial perfume to prepare a reference

marked eau de cologne having an ilodide concentration of 5 ppm.

To simulate criminal adulteration, the reference marked perfume
was subsequently "diluted" with non marked product to various

extent, making up perfume A to D as can be seen in Table 4.

Before starting the authentication measurements, the combination
iodide ISE electrode (SENTEK) was activated by dipping it for 30
minutes in 10 ppm agueous potassium iodide solution and con-

nected via the ELIT AD converter to the Laptop computer.



added to 995.0 g of a commercial perfunme to prepare a
reference marked eau de col ogne having an i odi de
wa@oesemysat i on of 5 ppm To simulate crim nal PCT/EP2004/005391

adul teration , the reference_parked perfunme was
subsequently "diluted" with Adn nar ked product to
various extent, making up perfunme A to D as can be
seen in Table 4. Before starting the authentication

The TBESUbetelRt sie tidre cxomkinatdlondadidedsirelrett®dthe calibra-

(SENTEK) was activated by dipping it for. 30 mnutes in
tlonl@rﬁﬁr% Febfs PaEhamaRTiUd FolHABH amd LorePt that 20

ml oFeghed r‘é'f%rteli‘l%eEHa-E Y &ld &lotdydd1ardaptofeg.
conmput er, The |1 SE 1 0odi de detector was cali brated
accordlng to the calibra tion procedure as described

e for exa exce t hat 20 I of t he
The RadiEs SorfatiRr b A B aamid & P Wi thepgpeasured.
The &@@@@&teh@&ﬂtowdtémémaﬁ & derita da Wass td@bmw@ﬂ example

- The neasurenent procedure was identical_ as describ
2. Tﬁ@rlee%aﬁwﬁﬁ@sz theraaswrad Rof e afe SR ERP pfo?%’%fe%lr with the

1
b L R A
(froandﬂeaanlstbrlam @mdmmlwrksrasmqfl areck siheenporparasdntval cesparison

W th.the reti Tabl e 4 Eau de col ogne A
Val%scwétlho&ﬁt“& %@oﬁ?cre%lr‘%ﬁa% () 5.0 4.0 2.0 0.0
Measured Vol tage (mV; Fiel d) 167.09 - 160.25 - 140.69

- 38.63 Extrapol ated concentration 4.97 3.81 1.77 0.03
Tabl@pﬁn) (Field Audit) Status report (Field Audit) k * k

ofenlerle

\xllul e, . \JUUIILEI | E| |. i /'\UL“ lel d.l. eu |_| Ol
Eau d¢e SHGERFi el d audit results At | $ coﬁscl uded _thlat D

sammla A 1| S aanul ne nmmrlcad Qllnhnl

IOd@&WQ%%%OWﬁ;ﬁauﬁan%i%WB anél HI r ug%;%i ng 0-0

Mea SRSE Y AIL TE T T Ve ’i%eirlo@‘]“l-l%‘é@‘se‘@—i%.69 -38.63

varl ous extent.

Extrapolated concentration

(ppm) (Field Audit)

4.97 3.81 1.77 0.03

Status report (Field Audit) * *xx * ok * %

*: Genuine; **: Counterfeit; ***: Adulterated

From the above Field audit results it is concluded that sample A
is genuine marked alcohol, sample D is counterfeited alcohol and
sample B and C are genuine marked products which have been adul-

terated to various extent.

Example 4: Marking of a commercial drug tablet (paracetamol,

acetaminophen) with iodide and potassium ions.

The natural ionic content of Iodide and potassium in the drug

tablet to be marked was measured using a Iodide and a potassium
Ion Selective Electrode (by "dissolving" 10 % of the drug in wa-
ter). Both ionic contents were determined to be below the detec-

tion limit of the two ISE sensors, namely 0.06 ppm for the Io-



Exanple 4 : Marking of a commercial drug tablet
(paracetanol , acetam nophen) with iodide and
W@ea0aseiossn i ons. The natural ionic content of POOER®04/005391

and potassiumin the drug ta éet to be marked was

nmeasured using a |odide and pot assi um |l on Sel ective

El ectrode (by "dissolving" 10 % of the drug in wa ter)

. Both ionic contents were determned to be bel ow the
didedetesotr and iOnidtd @fort Hert whe BB tserssions,saraaet y odliide and

m for the |odi de sensor, and Q.04 m.for the |,
POt GBS 1S G oG o A FIOIEEL [AmRng Suitable for the
mark§0BS eqUeRk! - Aflidlied @y heiesui table for the
marki ng of the commercial drug tablet. A concentrated

powder stock product containing the marking com

2 " VX . W _— )
2 col3Ehb L ARt BRI SR AT, Sttt lly AR iR ng con
posiptiew eusl pridpzaled Gyushied ny tih 2a wiv | potthsmiimriodide with
0. 60Q of that stock powder was then added to 9.4Qg of
COMMETEa e EIA HEhIAC AICR V6 N5 Th st €38 Lo et

crusﬁ%ﬁk%qtﬁa%a?ﬁtﬂ@ PRRI -t h canceptd@ £l onssiafc16Qhbwder
ppm K+ and . To sinmulate crimnal Tadulteration, the

was rteksr edeednmiick €d ddioupives csuiysstuient Ing xadts tanalt etkblet to
prepfih NOLAIYAE RAACH A0l AR QAL L T Oh e ra-

A“T0 Cas can be nin ef ore
tionst @it i0Q tipen &It Baat tcati on nmeasurenents, the
conmbi nation iodi de and potassium | SE el ectrodes

(SENTEK) were activated by di pping themfor 30 mnutes
To sifui@Q PRPIFAYLAUS ROLASSIUM odifle SOtMd Q0 ab-ked drug was

connected via the ELIT AD converter to the Laptop
subsegment-dly. athe HeSEtiagti de tdn chquo teesrsi aon et avd tarso arewder

h li.b d [ 0 f th f d
Prodifity BoIcR pit Tad " & So G T SE0 § ee o

dei oni sed water. The further calibration procedure was
carried out as described above for exanple 2 ex cept _
Beforige siige tgndh W (RUEGIEISH G Gra e Wi eite L the g kggmbination

10diBRNGEY UL il 1 SATE SodP eiesed PaR MBS &hted by

dipping them for 30 minutes in 100 ppm aqueous potassium iodide
solution and connected via the ELIT AD converter to the Laptop

computer.

The ISE iodide and potassium detectors were then calibrated by
using 2.0 g of the reference marked drug powder partially "dis-
solved" in 18.0 g of deionised water. The further calibration
procedure was carried out as described above for example 2 ex-

cept the use of a solution of the marked drug.

The marker concentration in the sample A to C was then measured.
The combination electrode are immersed in a solution made of 2.0
g of paracetamol powder from a crushed tablets and 18.0 g of de-
ionised water. The measurements were performed as described

above. Table 5 lists the measured potential values together with



The conbi nation el ectrode are i Mmersed in a sol ution
made of 2.0 g of paracetanol powder from a crushed
wo awseo®3and 18.0 g of de ionised water. The PCT/EP2004/005391

measur enents were perforned g;{ descri bed above. Tabl e

5 lists the neasured potenti val ues together wththe

correspondi ng extrapol ated and cal cul at ed

concentration | evel (from Nernst |aw and calibration
the @@amﬁ@m:ﬂimgamummnqmrambmaﬂatuﬂatmtchomtmtratlon

heqreti cal_val ues owder A B Clod

Levegoddetht o {55 aieet L0 00 G5 H oy | iR debe com-
pariSens Ok 1ue34ikh +rl 3 ret@01 Meas ed Vol tage (V)

(Field) Extrapol ated concentration 59.0 26.3 0.09 (I

ppm (Fi el d Audit) Potassium concentration (ppn) 60.0
Tab1a050 0.0 Measured Voltage (nV) (Field) 78.54 50.53 -

38. 20 Extrapolated concentration 60.1 20.10 0.63 (K+

Drugpeg)ﬂd@@ eld Audit) Status [reporty (Fielid Audigg) G [* *:
Genui ne; **: Counterfeit; [***: Adulterlfated Fromthe
IodidBO¥enteehd AUF T EFIES [T 1S conclyded that sanpre
A i s genuine marked drug tlabl e60.sanplie C 8.0 00.0
tiondpmderfei ted drug and sanpl e B is a denui ne nmarkagd
‘Wltlﬁnaa Heer—addt-t atet—t+ag-50%-w-th—atheh
mar ked Sroduct Caims 1. A Ifgql 1f r|marki;ng & -69.01
Measigter vallt apfeef @vabl (i 1ld)qu the metlhod conpri sijng
the steps of: .
Extrapolated concentration
_ . 59.0 26.3 0.09
(I" ppm) (Field Audit)
Potassium concentration (ppm) 60.0 30.0 0.0
Measured Voltage (mV) (Field) 78.54 50.53 -38.20
Extrapolated concentration
X _ _ 60.1 20.10 0.63
(K" ppm) (Field Audit)
Status report (Field Audit) G* A*Hk C**

*: Genuine; **: Counterfeit; ***: Adulterated

From the above Field audit results it is concluded that sample A
is genuine marked drug tablet, sample C is counterfeited drug
and sample B is a genuine marked product which has been adulter-

ated to 50% with a non marked product.



a) identifying at | east one ion conprised in the said
mate rial at a concentration |evel of below 50 ppmin
wo b@soososar ked state; b ) sel ecting a marki ng PCT/EP2004/005391

conmposition conprising at |east one ion as identified

in step a), and preferably sefTecting a said ion from

the groups of ions being conprised in stan dard sea

wat er; c) incorporating the marking conposition of
Claigisep b ) into the said unmarked material; wherein the

concentration level of the said at | east one ion in

the marked material is increased in step c) by at

1. heasthidee dactRirdhgd.a piefanahly fe e Lven 1Mifd, the
preferred of E as conpared to the concentration |evel
BethRe compiesast the shersn®drked material . 2. A

t le I i ' isf Vi . henticity. o
A7 e He 10 ey U SN U NGD LR el mae
i quiichl tate aretdrateronmgiriicsi Ngetdle «f epsl@f :5@)ppm in the un-
identiH%#P%iat | east one ion conprised in the said

mat &5 taf<oncentration level of bel ow 50 ppmin

bie sen kel Stal8iidy Jechlaotd Neh a-dmE K Hhg at least one
conposi tion ‘conprising at l'east one ion as identified

i n S8 &), 1dand ifriefcerlablat efeladot ignf pxaferioly fseohecting a
t he gr. f 4 ' rised in.stan dard sea .

wat S%l%éﬁoﬁncforf%grjgﬁ :ég"otqﬁ%orroar kllonﬂgS c%enjbﬁ]o%i??%rlo?ed in stan-
st eplard dad avateer;unnmarked material, the altered
%gnqentration |l evel of the at |east one ion_being

f RGP RO TR tdifc PaAH I HORRSrIdy o6 TP b) into the

mar ked dredgid Aled heiddidiavi dual concen tration of the
said at | east one ion by the nmeans of a sensor; and e)

voepaiinn ¢ hehearsssiired ival Jewsilt fattHesstidbrg least one ion
E%f%agn%%rked material is increased in step c¢) by at least

the factor of 3, preferably of 5 and even more preferred of 8
as compared to the concentration level of the ion present in

the unmarked material.

2. A method for marking and identifying the authenticity of ma-
terial, preferably an agueous or non-aqueous liguid, the
method comprising the steps of:

a) identifying at least one ion comprised in the said mate-
rial at a concentration level of below 50 ppm in the un-
marked state:;

b) selecting a marking composition comprising at least one
ion as identified in step a), and preferably selecting a
said ion from the group of ions being comprised in stan-
dard sea water;

c) incorporating the marking composition of step b) into the
unmarked material, the altered concentration level of the

at least one ion being defined as a reference value;



val ue and indicating the result of the conparison;

wherein the concentration | evel of the said at |east
wor@sioei3s n the marked material is increased i PCHERPOL)05391

by at | east the factor of 3, _preferably of 5 and even

nore preferred of 8 ' as conﬁgred to the concentration

| evel of the ion present in the unmarked material. 3.

A net hod according to one or nore of clains 1 or 2,

uhemeiasurhmiconnt ¢hst emrked tttas:mraﬂerﬁhaum\Ier ofoncen-

at [ east. one n in th rk materi a
det SPR A A P e ¢ iR anegns of a

clag@&sbrtoa%d_whereln sai d mar ki ng conposition
conprises at | east one salt of the1§{oup conpri sing

?hor:@gmac—'lm fthiea e agiugms &a§a4q $iE) X Merardd one reference
ACCQAIA iy AN xR (B bt Gk JOSILLILo W

sai on i §$ an inorganic anlon cor
Whemeénomhmocen@énmtamﬁanlMbydi\Mﬁﬂﬁhd1sﬁmdiaﬁnleaSﬁﬂbne ion

ani selected from,t rqu rising fluo ride,
IRl BPEaBa TN TG S G dS JBGTERRE Sk s b C Inik dite, Least

phesphater o4l kat erezada e ge%%t%-éﬁd‘%dgﬂlﬂﬁ¥e preferred of 8
according to one or nore of clains 1 to b, wheréin

' 8ai gompAriesl ae ither gamcendaritdpn d.evalmstthdd e« gron present in

gﬁrkhﬂﬁanE%t%B%%E1 gcordlng to claim7, wherein said
I'S an cation selected fromthe group conpri sing

annonlun(+) [ithium+), sodium (+), potassiunm(+) ,
rubi di un( +), cesjium(+), magnesi um (2+), caIC|un(2+

&t PEREPEnRCSPF dipgr to P&ﬁ( ®F) MGLE P yﬂ/agxp)s S3ald, wherein,
b2ihr Rbckel p( %*;) t%%p@%&w(e%ﬂpaﬂ% le eI %*ﬁ at9 1ehst one ion

net hod according to one or nore of clains 1 to

éhathe UQﬂmgé@dlmatbanaﬂheamMaaenmlneﬁ.an alcohollc
beverage, a per fune, a cosnetic product, a drug or
pharmaceutical ingredi ent. 10. A nethod of

ndeathby Bgcoheiagt kentne oy aford ot &liadns theeo 3, wherein

said marking composition comprises at least one salt of the

group comprising inorganic salts and organic salts.

A method according to one or more of claims 1 to 2, wherein

said ion is an inorganic anion.

A method according to one or more of claims 1 to 5, wherein
said ion is an anion selected from the group comprising fluo-
ride, chloride, bromide, iodide, borate, carbonate, nitrate,

phosphate, sulfate, and selenate.

A method according to one or more of claims 1 to 6, wherein

said ion is an inorganic cation.

A method for marking a material according to claim 7, wherein
said ion is an cation selected from the group comprising am-

monium(+), lithium(+), sodium(+), potassium(+), rubidium(+),



mat eri al bei ng marked according to a nmethod accordi ng
to one or nore of clains 1 or 3 to 9, the nethod
W@ ows00®BNg the steps of: a) providing refereneer/Ertonesos3ol
of at |east one ion conprised,in a marking comnposition
whi ch has been added to the terial; b ) measuring
by the neans of a sensor an individual concen tration
of at least one ion in a material to be identi fied,
Clee isen(sor, Ieiong sdapelil+e ofcateasum {2 i rehi norduiabm (2+) , bar-

concentrat,i on val ues .of the ionjc compaund; and c
G g L o e A e Tt (he Sdpper (2+),
sekeramee Mgl .ue and indicating the result of the

conmparison. 11. The nethod of one or nore of the
clainse 2 to 10, character ised in that the sensor is
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b) measuring by the means of a sensor an individual concen-
tration of at least one ion in a material to be identi-
fied, the sensor being capable of measuring individual
concentration values of the ionic compound; and

c) comparing the measured value with at least one reference

value and indicating the result of the comparison.

The method of one or more of the claims 2 to 10, character-
ised in that the sensor is an electrochemical sensor, pref-

erably an ion-selective electrode.

The method according to claim 11, characterised in that the

ion selective electrode is a multi-ion-selective electrode.

. The method according to one or more of claims 2 to 10, char-
acterised in that the sensor is a ion-selective Field Effect

Transistor.



14.

15.

16.

17.

thereof. 17. A marked material, preferably a marked
foodstuff or drink, a marked pharmaceutical or a

woeogmes9e s et i ¢ product, obtai ned accordi ng t BCHEP2004/005391

nmet hod according to one or e of clainmse 1 or 3 to
10, characterised in that thé concentration of the
ions incorporated in the marked material, the said
ions being comprised in said.marki ng conposition, is
non - toxic with respect to human or ani mal use.

The method according to one or more of claims 2 to 13, char-
acterised in that the measuring step is performed as a field

audit analysis.

The method according to one or more of claims 2 to 14, char-
acterised in that the method further comprises the step of an

off-the-field laboratory analysis for confirmation of a field

audit analysis.

The method according to claim 15, characterised in that the

off-the-field laboratory analysis is performed by analytical
methods comprising atomic absorption spectroscopy (AAS), ion
chromatography (IC), mass spectrometry (MS), or combinations
thereof.

A marked material, preferably a marked foodstuff or drink, a
marked pharmaceutical or a marked cosmetic product, obtained
according to a method according to one or more of claims 1 or
3 to 10, characterised in that the concentration of the ions
incorporated in the marked material, the said ions being com-
prised in said marking composition, is non-toxic with respect

to human or animal use.



