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procedures and nmeans which are par- ticularly suitable for field audits.
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corresponding authentication procedures and means whlch are par-

ticularly suitable for field audits. Further, a method for the
off-the-field precise laboratory verification of adulteration

levels of the said marked bulk products is also given.

Background of the invention

In a global economy, which facilitates the trans-boundary move-
ment of commercial 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 liguid 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-

a opfodtiet | i mhrked eprodubabaraiditd nee rildmeaif on of
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itself for that the product content is genuine too. Product adulteration;
i.e. the "dilution" of a genuine product wth a | owgrade counterfeits is

her eby of mpasidoguésess concern. For exanple, a distilled al hbda rage,
for which the taxes have been paid, mght be subsequentl;%gpﬁtteéks%?a

certain ex- tent with an al coholic 'back-2yard' -product, manufactured out of
tax. Such adulteration causes inportant |osses to the state and can al so
have consequences to public health, incase where the 'back-yard' alcohol of
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mar kers has fur- thernore been disclosed in_ US 5525516, US 5998211,
US580444F0T LEXaBR>8338 dA8tLE1sG45iEPhotHE RaTRiRIandt 2bl Bhafksthrobasesd in
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methanol and/or other toxic contaminants.
State of the art

The in-product marking and the authentication of bulk products

is the object of numerous disclosures of the prior art: 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 5525316, 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:



ii) the transparent recipients (glass bottles, etc.) in which such products
are often &g J’@Lg ised do not sufficiently protect the organi c marker

f rom phot o- gg&ﬁ atron; and iii) the addition of markers REIVEPTOHSIUr ug or
perfunery prod- uct nust be conpliant wigh public health and the prescrip-
tions of regulatory bodies such as the FDA and/or the ATF bureau, which is
not the case for nost of the cited marking substances of the prior art. The
docunents US 5942444 and US 5776713 discl ose biologic mark- ing agents, to
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The documents US 5942444 and US 5776713 disclose biologic mark-
ing agents, to be detected with a specific, monoclonal antibody.
The technology suffers, however, from certain limitations, too:
a) The preparation of monoclonal antibodies to specific marker
molecules is costly and time-consuming, inhibiting a fast
‘change of code’ to a new marker and detection system;

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-



chr omat ogr aphy (HPLC) separation coupled to an el ectrochenmi cal detector,

whi ch is however not suitable as a field-portable au- diting instrunment. The
met hod r ecovom®osiensess wel | that the prod- uct shoul d be freeTab20miieszon

el ectroactive conpounds, i.e. that there may be no "forest to hide the
tree". The docunments US 5981283 and US 5474937 discl ose the mar ki ng of

| i qui ds by non-radi oactive isotopic conpounds. The marker is of simlar
nature as the product to be marked and can thus be per- fectly hidden. Only
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required, i.e. typically parts per billion (ppb). The authenti-

cation is performed by modern analytical tools, comprising a

gas-chromatography (GC) or electro-spray mass-spectroscopy (MS)

separation step, followed by a classical fragmentation-mass-
spectroscopy (MS) analysis step. However, even this approach
suffers from limitations:

a) The deliberate addition 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.



vide an invisible marking nethod and neans for identifying the authenticity
and the genui ne nature of al coholic beverages, per- funmes, and nedi cal
prepar ati oNS20%WPP%EPn the marking neans can be easily i FCHVBROGOIY by

m xing or by dissolution) into the saidsbulk products, are robust against
aqueous environnment and |ight, doe not alter the properties (i.e. taste and
snell) of the marked products, do not have any negative inpact on the

health of the consuner,.and allow for, a qualitative_and_quant.i- tative
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It is a further object of the present invention to provide a
method of identifying and roughly assessing a correspondingly
marked product, which is particularly suited for the screening
in the field, and which can be backed by more precise laboratory

analyses.

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 liquids or divided sclids 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
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many different keys or conbinations of keys. The product (bulk

material) to be marked can be a liquid such as a distilled alcoholic

bever ag
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preparation or a cosnetic product. The narker (or trace) ions are
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"he invention is based on the idea that the compounds, espe-
cially the ionic compounds which are used for the marking of the
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 Encyclcopedia of Ocean

{



Academ c Press, 2001). Table 1: Estinmated nean oceani c concentrations of the
el ements Atom c El enent Species Type of dis- Oceanic nmean nunber

tributi onaveems®as3ati on (ng kg 1) 1 Hydrogen H20 2 Hel iRGHER28&H1068A gas c
7.6 3 LithiumLi C 180 x 10 4 BerylliunzBeCH+ S+ n 0.21 5 Boron B(OH) 3 ¢
4.5 x 10 6 Carbon Inorganic & CO2 n 27.0 x 10 7 Nitrogen Di ssolved N2 c
8.3 x 10 N8B n 0.42 x 106 8 Oxygen Dissolved Q2 inverse n 2.8 x 106 9
Fluorine F ¢ 1.3 x 10 10 Neon Dissolved gas ¢ 160 11 Sodi um Na+ c¢ 10.78 x
10 12 MagresieumVioX. 16 28Ecs 10 S13A A Thenper AP(BH) 8teeld@;1&. 8.l iToore¥4Si 04 n
2.8 x 10 15 Phosphorus 04 n 62 x 10 16 Sulfur S04 - c 898 x 106 17

Chl ori né<@ _enblclfé)r S5, 49°1h8 Argon Dissolved gas ¢ 0.62 x 10 19 Potassium
K+ ¢ 399 x 10 20 CalciumCa + Alnbst a 412 x 10 21 Scandi um Sc(CH) 3 (s#n)
0.7 22 Titanium Ti (OH) 4 s#n 6.5 23 Vanadi um NaHVOA- Alnost a 2.0 10 24

Chromi uma®Xe I BatDiotead (1oehB ¢ceapic#soncentrations of the elements

Atomic |Element 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°
NO;~ n 0.42 x 10°

8 Oxygen Dissolved 0» 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 (CH) 3 s 30

14 Silicon H 8104 n 2.8 = 10°

15 Phosphorus NaHPO,~ n 62 x 10°

16 Sulfur S04 c 898 x 10°

17 Chlozrine cl” c 12.35 = 10°

18 Argon Dissolved gas c 0.62 x 10°

19 Potassium K* c 329 x 10°

20 Calcium ca®t Almost c 412 =x= 10°

21 Scandium Sc(OH) 3 (s#n) 0.7

22 Titanium Ti (OH) 4 s#n 6.5

23 Yanadium NaBVO,” Almost c 2.0 = 10°

24 Chromium Cx0,” (VI) 210
Cr(OH)s (III) r¥s 2

25 Manganese Mn*®? s 20

26 Iron Fe (OH) s s#n 30

27 Cobalt Co(OH) .7 s 1.2

28 Nickesl Nitt n 480

29 Copper CuCO; s#n 150

30 Zinc Zn“* n 350

31 Gallium Ga (CH) 4~ s#n 1.2

32 Germanium H4GeOy n 5.5

33 Arsenic HAsO, ™ (V) ri#n 1.2 x 10°
As(OH)s3 (III) r#s 5.2

34 Selenium Se0,*” (VI) rin 100
Se03%” (IV) r#n 55

35 Bromine Br~ c 67 x 10°




25 Manganese Mh s 20 26 lron Fe(OH)3 s#n 30 27 Cobalt Co(OH)2? s 1.2 28

ATi ckal

Ga( OH) 4-
10 As(OH) 3

N + n 480 29 Copper

NG

20050005933

(M) r;n 100

Se031- (1V)

55 35 Brom ne Br c 67 x 10 WD 2005/ 005938 PCT/ EP2004/ 005391 8 36 Krypton
Di ssol ved gas ¢ 310 37 Rubidium Rb+ ¢ 0.12 x 106 38 Strontium Sr+ Al npost c

7.8 x 106 39 Yttrium YCOB8+ n 17 40 Zirconium Zr ( OH) 5-

s#n 15 41 Ni obi um

CUCC3 s#n 150 30 Zinc Zn + n 350 31 Gl lium
Germani um H4GeX4 n 5.5 33 Arseni ¢ HASE¥prioWd/odsBom 1. 2 X

r#s 5.2 34 Sel eni um Se042- r#n

Nb ( g—7< ‘i‘r%p“ hyuuen bvggn\ éqﬂd )é 10 ’C4?P’Fitimet el 13"' SO 44 Ruthrenmjum
Ru04- —H05 S—Rhoedi oo —A46—Pat+attuPaEH4—=2 J@-G—Gﬁ
47 Si 1_35231 A PRygbidiym 4o -~ R r‘dmo n_7n €49 ndiumlndCE %51 |
Tin 9f§ o) 3[Strpnkium an Sﬁnnv Sh(CH) 6. <HRImast c 7.8 x 10

39 Yttrium YCO5”" n 17

40 Zirconium Zr (OH) s~ s#n 15

41 Niobium Nb (OH) ¢~ ? <5

42 Molybdenum MoO,*” c 10 x 10°

43 Technetium TcO,” * *

44 Ruthenium RuO, ? < 0.005

45 Rhodium Rh(OH)3? n 0.08

46 Palladium PdC1,%” ? n 0.06

47 Silver AgCl,™ n 2

48 Cadmium CdcCl, n 70

49 | Indium In(OH)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 (OH) 3~ ri#s
53 Iodine I0s Almost c 58 x 10°
I (r#s) 4.4

54 Xenon Dissolved gas c 66

55 Cesium cs’ c 306

56 Barium Ba‘* n 15 x 10°

57 Lanthanum LaCos” n 5.6

58 Cerium Ce (OH) 4 [ 0.7

59 Praseodymium |PrCO5’ n 0.7

60 Neodymium NdCO3* n 3.3

61 Promethium * * *

62 Samarium SmCOs” n 0.57

63 Europium EuCO0s” n 0.17

64 Gadolinium GdCOs” n 0.9

65 Terubium TbCOs" n 0.17

66 Dysprosium DyCOs5" n 1.1

67 Holmium HoCOs* n 0.36

68 Erubium ErCos” n 1.2

69 Thulium TmCO3” n 0.2

70 Ytterbium YbCOs5* n 1.2

71 Lutetium LuCos* n 0.23

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

73 Tantalum’ Ta (OH)s s#n 0.03

74 Tungsten W04~ c 10

75 Rhenium ReOQ,” c 7.8

76 Osmium 0s0y4 Almost ¢ 0.00°

77 Iridium Ir(OH); s? 0.00013

78 Platinum PLCl1,~ c 0.05

79 Gold AuOH (H,0) c 0.02

80 Mercury HgCl, (s#n) 0.14

81 Thalium T1* n 13




52 Tellurium Te(OH)6 r#s 0.05 0.02 TeO(OH) 3 r#S 53 lodine 103 Alnost ¢ 58 x
10 |- (r#s) 4.4 54 Xenon Dissolved gas ¢ 66 55 Cesium Cs+ ¢ 306 56 Barium
Ba + n 15WO 2@5/08®33 ant hanum LaC03+ n 5.6 58 Ceri um Ce( ®AFEPZ0F/0953959
Praseodym um PrC03+ n 0.7 60 Neodym um NJCO3+ n 3.3 61 Pronethium 62
Samari um SmCO3+ n 0.57 63 Europium Eu + n 0.17 64 Gadolinium GdCO3+ n
0.9 65 Terubium TbCO03+ n 0.17 66 DysprosiumDyCO3+ n 1.1 67 Hol m um
HoCO3+ n 0.36 68 ErubiumErCB8+ n 1.2 69 Thulium Tn03+ n 0.2 70

Ytterpgzm YbQ03adn 1.2 71]kpteti um LuC03+ naftBR3#s72 Haf jpum HF(OH)5 On
0. 07 g3 Tanighgpl:tha( O 5 gﬁqog 03 74 Tungsten W41- c 1@ 0&5 Rhéenium
ReO4- 7.8 .M 050 € 0. 009 7 TridiumIT(eH 3357 000013
78 Pl gnunlrig%ZifhﬂhGS EgbggﬁaéﬁUCh('cu fc 662 Sﬁ*htubﬁly Hg€H4—(s#n)
0.14 ne

86 Radon Dissolved gas c *

87 Francium Fr*

88 Radium Ra*? n 0.00013

89 Actinium AcCOs* n *

90 Thorium . Th (OH) 4 s 0.02

91 Protactinium [PaO, (OH) s *

92 Uranium U0, (COs) 5~ c 3.2 x 10°

93 Neptinium NpO,* * *

94 Plutonium Pu0, (CO3) (OB) ™ (r#s) *

95 Americium AmCO5” (s#n) *

8c, conservative; n, nutrient-like, s, scanvenged; r, redox sen-

sitive; anth., anthropogenic.

The method of marking a material, preferably a liquid 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 identified 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 c) 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-
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mar ki ng conposition conprising at least one ion as identified in step a),
and preferably selecting a said ion fromthe groups of ions being conprised
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sai d at diedst prefdabliy an aqueous 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



the marked material is increased in step c) by at |east the fac- tor of 3,
preferably of 5 and even nore preferred of 8 as com pared to th
concent r atVQHOFBYEP3 of the ion present in the un- mar kedpﬁﬁfFé’lz?(Hfoo’”he
amount of marking conposition or ions, kgespectively which is added to the
unmar ked material defines an altered concentration I|evel of the at |east
one ion in the marked product. This con- centration level is either neasured
or cal cul ated and thus de WO 2005/ 005933 PCTI EP2004/ 005391 10 fines a
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El ectrodes or nmass spectroscopy. Based on these results the selection of
ions or ionic conpounds is done afterwards.

Preferably, all those ions which have a concentration around 1
ppb or higher in standard sea water are suited as potential
markers in the context of the present invention. Commercially
available electrodes are usually capable of determining such low
concentrations without the need for a pre-concentration of the
samples (which, 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 [M:Oy(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



A definition of an upper Ilimt for the concentration |levels of the ions’
which are suitable for the use as a marking conpound in the marking
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amount of marking conposition added to the unmarked material or product.
Further, there are no large risks that Bbneone is violating a | aw or
regulation in case an addition of huge anmounts of narking conposition is
necessary due to an originally hi gh concentration | evel of the ion used for
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residue or hydrogen.

A typical marking composition may include three to four ions in
a well defined ratio. By using the ratio of various ions, the
number of existing combinations is big enough to offer many

marking keys.

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



sen to be conpletely soluble in the product. In particular said ion may be
an anion selected fromthe group conprising fluoride, chloride, brom de,

i odi de, bwatmsoeasbon- ate, nitrate, phosphate, sulfatepCamamaebessat e, or
an anion se- lected fromthe group of ag%ons conprising the anions of the
formula [MOy(OH)z]'-, wherein Mis an bitrary chem cal elenent of the
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cially a material which was marked according to the method de-

scribed above comprises the steps of:

a) providing reference values of at least one ion comprised in a
marking composition which has been added to the material;

b) measuring by the means of a sensor an individual concentra-
tion of at least one ion in a material to be identified, 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 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 quick checking of liquid



met hods used. The excess of the ion concentration may preferably be at

| east five- or better at |east eight-fold of the concen- tration of the ion
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or by calculation based on the added anount and stored at suitable

| ocations |ike database, production reports etc.. The reference WO
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formof sors comprise ion-selective electrodes, multi-ion-selective
electrodes, ion-selective Field-Effect-Transistors, etc. and are

commercially available.

The invention relies, as already stated, on the ability to meas-
ure the concentration [M] of a marking ion in situ with the help
of a selective electrode. Such selective electrodes are known in
the art and available from various suppliers 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), a 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 = AEfes — 0.059* log[M]

as known to the skilled in the art.

Ion-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



a code for exanple applied on the container of the marked mate- rial. Beside
these ways there are still other ways known to the skilled person to
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el ectrochem cal sensor, preferably an #on- sel ective el ectrode, or a
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tor. Such field-auditing allows for a quick checking of liquid WO
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eleCtqu§9 fﬂggé”b§%§5t5£|¥6§—exchange or complex-forming resins. Know-

ing an insoluble salt of, or a selective complex former for a
determined ion, it is thus always possible to obtain a selective
electrode. The working principle of a selective electrode is
very well described and explained in "Electrochemical Methods"”

(Eds.: A. Bard and L.R. Faulkner, Wiley and Scons, 1980).

Despite of the recommendation for an 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.
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ion or molecule concentrations in the solution. The measurement
is taken against a standard reference electrode, as in the case
of an ISE. Manufacturers of ISE such as SENTEK Ltd. (UK) offer
Combination-ISE sensors, with a reference electrode already in-
cluded in the sensor. This type of device offers the following
advantages for their integration into a portable field audit:
- No additional reference electrode needed = compact system
- Ideal for unskilled operating persons
-~ No electrode-filling solution needed

- 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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f%e sensf%f%ity l{h{E og ion chromato rapgy %IC? %n agueous sam-

ples for common ions such as fluoride, chloride, nitrite, ni-
trate, sulfate, lithium, sodium, ammonium, and potassium is in
the parts-per-million (ppm) range, using conductivity detectors
at the column outlet. On certain types of columns, pre-
concentration techniques may furthermore be used, i.e. the sam-
ple is accumulated at the top of the column under a first set of
conditions (generally choice of solvent and temperature), and
migrated (separated) 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 disclesed 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.
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ter the maturing stage. This is done by adding drinkable

(

(spring) water in order to reach the desired percentage of ethyl
alcohol (e.g. 40 %). It is therefore expected that the final al-
coholic beverage product to be marked does already contain some
common ions, present in the diluting water. For this reason it
is important to analyse the natural ion content of the alcoholic
product prior to marking, in order 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 thé 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-
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of the alc c product prior to marking, 1'n order to choose
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ence of ions in the to-be-marked product could be seen, at first instance,
as a di f¥5kN%S- to i npl enent a marking according to the present invention
However, all to the contrary, it allows,

With respect to the first embodiment of the present invention,

the method of marking and/or identifying the authenticity of the

bulk material includes following steps:

- Determination of the natural ionic content in the alcoholic
beverage for the proposed marker.

- In-product marking of the alcoholic beverage with at least
one ionic compound at the ppm level.

- Field inspection to determine the genuine 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 quantify 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



in conbination with a carefully chosen marker ion or set of nmarker ions, to
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nature o
done along the same lines as given for the first embodiment.

In a third embodiment of the present invention the bulk product
to be marked are drugs or pharmaceutical ingredients, especially
in form of tablets or powders. The preferable marking composi-
tion in this embodiment is a salt or a combination of salts con-
taining many different 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



traded product, or, if the case, its adulteration |evel using a portable
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enbodi nents be- fore a typical marking includes three to four ions in a well
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solid, it must be dissolved or dispersed appropriately, before
any electrochemical measurements can be made. The various ele-
ments composing the field measurement equipment and the various
marking and identification steps are similar to the ones de-

scribed in the embodiments before.

The invention is now described in more detail with the help of

examples and figures.
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.
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bulk product 11, resulting in a marked bulk product 12. The bull

product 12 is further processed and distributed (not shown).

At a later point in time the distributed batches are tested
whether they are still in their genuine condition or if they
have been counterfeited or adulterated. A distributed batch 20
is selected and a field audit analysis 21 is done using the ap-
propriate equipment. 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 egquipment 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:;



Figure 1. shows a schematic representation of the marking and
identification nmethod; and Figure 2: shows an exanple of a portable field
audi t equi woe0bs/005838enpl ary enbodi nents A schemati c over vpEpwrpxBindshs et hod
for marking and determning the authenticity and genuine nature of a bul k
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reference sol ution standard, cuvette for calibra- )
30 ml cuvette containing the sample to be audlted It is pre-
ferred that the cuvettes 1, 2 and 3 are identical and that they
contain identical volumes of fluid, to increase the precision of

the measurement.

The stand for the sensors 4 has the purpose of allowing for
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:

Ion: Fluoride (F")

Slope: ~57mV / decade in concentration

Range: 0.2 to 1900 ppm

Analog 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



(2) a de-ionised water cuvette for electrode initial condition- ing; (3) a '
sanpl e-t o- be-audited cuvette; (4) a stand for the sensor(s); (5) a
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for instance of the type Fluoride directlON, manu- factured SENTEK,
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Counterfeit / Adulteration”.

Alternatively, field-portable ion chromatography equipment can

also be used for the field-audit in appropriate environments.
Example 1: Marking of a commercial brandy with fluoride ions.

The natural ionic content in Fluoride in the brandy to be marked
was measured using a Fluoride Ion Selective Electrode and was
determined to be below the detection limit (0.2 ppm) of the ISE
sensor. Fluoride was consequently 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
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difference, the calibration is then validated and the average
potential is taken as the calibration value for the marked alco-

hol.

The marker concentration in the sample A to E was then measured.
The combination electrode is immersed in the 20 ml samples and
the voltage output taken after 120s. A careful washing with de-
ionized water and drying of the electrode between the samples 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

o\°

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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el ectro@m nmeasured via the ELI fdce
conbi nfati on_el ectrode for 120 s iln the Heferenca sannle ThIS p ocedur e was
repeat jathl hreent¢emesawddh (ppmpf gl washi pg with fde-ioni zpd water| and dryji ng
in betihween.. Provided that the thrdbe %l if blatdlon] mPaglr efreft-S0arle @i &hi nf 1%
differeﬁﬁ%ﬁlﬁh%u@h¥]bratlon i's tFen val i glated anfl the avprage pptentiallis
t aken v t T themgrked—atto—hot 7 Themarker
conceng %#%% ?%b¥%€ gFié?E"%ﬁ E was then aweaspredsx The coabi natd-on
electrpgiet) s inmrersed in the 20 i sanpl ¢s and he vol t age out put taken
after 0120s__ A careful washi ng-witlth de- |onized water_andidrying lof the
el ect r otie Gemwies; t hb: sGapnEerisital 43 *reddulderanad measured potentia
value are reported in Ta- ble 2 with the correspondi ng extrapol ated and
conput ed concen- tration |evel (from Nernst |aw and calibration
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Fromthé results it is concluded that sanple A is genui ne marked

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. Jodide was consequently 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 % w/w of potassium iodide 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 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 wvarious

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



al cohol, sanple B is counterfeited al cohol and sanple C, D, E are genuine
mar ked products which have been adulterated to vari- ous extent. The field
audi t systWMm2085/96%33i se enough to detect a 10% adul t er atRCmEP®YEH0s§RAND] €
E). Table 2 Brandy AB CD E Th. Fluoride concentra- 0.5 0.0 0.2 0.3 0.45
WD 2005/ 005933 PCT/ EP2004/ 005391 26 ti%n (ppm) Measured Vol tage (nV)
341.25 227.29 317.82 327.66 338.34 (Field) Cal. concentration (ppm 0.50
0.01 0.20 0.30 0.45 (Field Audit) Status report (Field Au * ** *** s%x% sxx

dit) *: Genpinguideq CountRLfebhninatioAduhberabad Exanplre My gy of a
commercial whisky with iodi-de ions. The natural ionic content in lodide in
t he whi slgw tltoouss mar ked was neasured using a |odide lon Selective El ectrode
and was de- termned to be below the detection [imt (0.06 ppm) of the ISE
sensor. |odide was consequently determ ned as being suitable for the

mar ki ng ©fe ther coraed€i @t 8B SKY¥ - wAsCeRteRkEatadbgquaauy ooek $& wHeon of
the marking conmposition was prepared by dissolving 0.1 % w w of potassium

i odi de irefexgncpurdrkedivhiskpd Bheevolitagegovtpuhabtsttdek coplhuitmadmioms
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dipping the combination electrode in the reference sample, stir-
ring it for a few seconds and leaving it at rest for 60 s. This
procedure was repeated 5 times with careful gquick washing (4
seconds) with de-ionized water and drying in between measure-
ments. Provided that the last three potential measurements are
within 2% difference, the calibration is then validated and the
average potential of the last three measurement is taken as the

calibration value for the marked alcohol.

The marker concentration in the sample A to D was then measured.
The measurement procedure was performed as described above for
example 1, except that the voltage output was taken after 60s.
Table 3 lists 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 values.

Table 3

Whisky A B C D

Icdide concentration (ppm) 1.0 0.0 0.5 0.9

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

Extrapolated concentration

1.02 0.03 0.30 0.83
(ppm) (Field Audit)

Status report (Field Audit) * * % * %k * % %

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



To simulate crimnal adulteration, the reference marked whi sky was
subsequently "diluted" with non marked whi sky to various extent, making up
whi ski es Aw@20058659658N be seen in Table 3. Before starti .
aut henti cati on neasurenents, the conbination iodide |ISE g?g@gﬁgggongNTEK
| odide directl ON) was activated by dipgeng it for 30 mnutes in 10 ppm
aqueous potassiumiodide so- lution. The conbination electrode is al so
connected via the ELIT AD converter to the Laptop conmputer. This activation
step is 2005/ 0 33 PCT{ EP20Q4/0 27.only r i i e
conbi nat‘%l]\g e&eéctarqg%éeigl?égt g'gg%{édgg\%gr}tg ZFe?ﬁhS&?@ﬂ%l%&?oﬁ%le A
det ect or5s Wesn€ahé bfiat esd byl o6hoy, 28afiblef Bt he coahtrearfen ted kelcoghobskindThe
vol tage output at the conbination |SE iodide electrode was neasured via the
ELIT i nteampte Gfard Ddrppi aenuheecBabKagt PERIECES Wod€h Ma e heseradue-
sanple, stir-_ki | a econds and leaving it at rest for 60 s.
Thi s pf%% %E?%'§§é$% b%% e%Qgg%?hes with careful quick washing (4 seconds)
with de-ionized water and drying in between. nmeasure- nments. Provided that
the last three potential measurenents are wthin 2%difference, the
calibration is then validated and the average potential of the last three
measurenent is taken as the calibration value for the marked al cohol. The
mar ker concentration in the sanple Ato D was then neasured. The
measur eneximpl @ CBOIwLr Wasg peff ar cesimasciedcpekddmeboead ae exXbogphe) lwith
except that the voltage output was taken after 60s. Table 3 lists the
nmeasured potential ¥2fL@8 £8B&ther with the corresponding extrapol ated and
cal cul ated concentration |level (from Nernst |aw and calibration
nmeasurenent) and the conparison values wth the theoretical values. Table 3
The natural ionic content of Iodide in the perfume 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 consequently determined as being suitable for

the marking of the commercial 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 iodide 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 aqueous potassium iodide solution and con-

nected via the ELIT AD converter to the Laptop computer.



Whisky A B C D 1lodide concentration (ppm) 1.0 0.0 0.5 0.9 Measured Vol t age
(nV; Field) -126.54 -35.02 -94.69 -121.36 Extrapol ated concentration 1.02
0.03 0. 30 WO2805/40p%$4) (Field Audit) Status report (FieldPATAERZPOHO0SIIL* ** %
*: Cenuine; **: Counterfeit; ***: Adulterated WO 2005/ 005933

PCT/ EP2004/ 005391 28 From the above fiel'd 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 nmarked products which have been adul -
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sensor. | odide was consequently determ ned as being suitable for the

mar ki ng of the commercial perfune. A concentrated aqueous stock sol ution of
the markin mposition

co was, prepared. by dissolyin .1 % w.w of potassium
odi de | HRTIERER TS SR SERF PG SA RS BEEYSob hal St k80l SR
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mar ked eau de col ogne having an iodide concentration of 5 ppm To simul ate
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by dipping it for 30
values with the theoretical values.

Table 4

Eau de cologne A B C D

Iodide concentration (ppm) 5.0 4.0 2.0 0.0

Measured Voltage (mV; Field) 167.09 | -160.25|~-140.69| -38.63

Extrapolated concentration

4.97 3.81 1.77 0.03
(ppm) (Field Audit)

Status report (Field Audit) * *k ok *dk * %

*: 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-



m nutes in 10 ppm aqueous potassium i odi de solution and con- nected via the
ELIT AD converter to the Laptop conputer. WO 2005/005933 PCT/ EP2004/ 005391

29 The ISFqugd;g{ﬁbggt ector was calibrated according to trﬁ;ﬁﬁmm/@(mhl on
procedure as descri bed above for exanple 2 except that 20 nl of

reference marked eau de col ogne were usef. The marker concentrati on in the
sanple Ato D was then neasured. The neasurenent procedure was identical as
descri be for exanple 2. Table 4 lists the neasured potential val ues

t oget her GA1d egPoRdbog extr 2ng! Eﬁqs%a%mca;e%gﬁ Lo gangentLation
| evel (%ron1 st aM/and C brati on asurenent ‘he conpari’son

val ues Wdtasdiam hm'eata:@mteqaéuﬂy dabéemdnBdu ade b@ojmggrzeukﬂs]fé Xot othee
concentration (ppm. 5.0 4.0 2.0 O. Measu Vol tage (mV; Field) 167.09
~160. 25 NAAE-T6H O3S CEPRRFHRAL @auaoﬁéEi? ation 4.97 3.81 1.77 0.03
(ppm (Field Audit) Status report (Field Audit) * *** **x x* *- Genui ne;
**: Counterfeit; ***: Adulterated Fromthe above Field audit results it is
concl uded ddradersargied Apowdegentibok prokedtakoatainisayte bhdsking com-
counterfeited al cohol and |l e B and C are genui ne marked products which
have beé?PSani}IQn t‘”é?%\tfé‘ﬂel%r9grgﬁu@l§%?€nﬂ °EX’6{WpI°éf POW%% Jcﬁdi'dje with

comer ¢l alufliiig 4008l (PabRCELAURL oy AGGLABAARRS, WD ofilepnd

potaSS|un1|ons e na ura Ionic content o Iod
drug t ahhethdd waiet hrea kpﬁlmas grdsmoetansi 0g 68 lg)@hﬂ]letkami satqaﬂt assydex | on
Sel ective H ctroqf g dlsz8IV|ng 10 % of tqg dr ug
was en adde g of“a commercia paracetam tablet to
prepare a reference marked paracetamol powder with concentra-

tions of 600 ppm K" and I-.

To simulate criminal adulteration, the reference marked drug was
subsequently adulterated with non marked paracetamol powder

product, making up drug A to C as can be seen in Table 5.

Before starting the authentication measurements, the combination
iodide and potassium ISE electrodes (SENTEK) were activated 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



ter). Both ionic contents were determned to be below the detec- tion limt
of the two | SE sensors, nanely 0.06 ppmfor the 1o WO 2005/ 005933

PCT/ EP200 W@0®30059380 Bi de sensor and 0.04 ppm for the p8CAEIRUHEEE0r .

| odi de and potassium were consequentlyideternmi ned as being suitable for the
mar ki ng of the commercial drug tablet. i concentrat ed powder stock product
containing the marki ng com position was prepared by mxing 1 % w w of

pot assiumiodide with comrercial drug tablets which have been previously
finely tteusedeaspcnding |43 ramol aioed aand 0cHDcgl @t ethabnseatkapdwter was

t hen added to Q.40 f a.c rcial racetanol tablet to, prepare a
referen gvﬁér k& Dﬂgr‘\%cré}satnmoﬁfgrcgﬂkﬁr%%h%%nIP?ﬁguF?Bﬁgte)f a@%o GeM-and
1", To sipulsaie vanijiali Bduieratioret 1661 refenesce marked drug was _
subsequéently adulterated with non nmarked paracetanol powder product, making
up drug Ato C as can be seen in Table 5. Before starting the authentication
neasuregg&é%, t he conbination iodide and potassium | SE el ectrodes (SENTEK)
were acti eé by dipping themfor 30 mnutes in 100 ppm aqueous potassi um

i odi de [_solut] on, and connected via the ELT'T, AD COpverter to the Laprop
corrputérD.ru’ﬁthq &2% odi de and pot assi ufn det €etors pere then calibrated by
0

usi ng Z of—the—referenceratrkefd—drug—ponwder—ppar-t+aty—et-p—sotlved—i n
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out as |dgsky( above for exanple 2 ex- cept the|use of a so|lution of the
mar ked |drug. "The marker concentrationiin the sanple Ato C_was then

nmeasur gdodifee s=orAnimat i on el ectrode ar eaé)ggeiged in gbgozgti DN n?gepgf 2.
g of pdaracetano er f a, grushed tabfets®and 18<6°g=of ge-"PonPsed
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Extrapolated concentration

=

LA
o

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

60.1 20.10 0.63
(XK' ppm) (Field Audit)
Status report (Field Audit) G* Ax** 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.



above. Table 5 |lists the neasured potential values together with WO
2005/ 00. 5933 PCT/ EP2004/ 005391 31 the correspondi ng extrapol ated and
‘cal cul ated concentration level (from Nernst |law and calibration
measurenent) and the com parison valygs with the theoretical values. Table
5 Drug powder A B C 1lodide concentraftion in solu 60.0 30.0 00.0 tion(ppm

| odi de sensor -234.16 -213.45 -69.01 Measured Voltage (nV) (Field)

Ext rapol ated concentration 59.0 26.3 0.09 (I- ppm (Field Audit) Potassium
concent gatheed(epaims0. 0 30.0 0.0 Measured Voltage (nmV) (Field) 78.54 50.53
-38.20 "Extrapolated concentration 60.1 20.10 0.63 (K ppm (Field Audit)
Status report (Field Audit) G A*** C* Cenuine; **: Counterfeit; ***:
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I S a genui neatbbkedtheotethodhicomplrds imeenhaduslitees- oft:ed to 50% with a non

mar ked product. 32 Anended Clainms 1. A nethod for marking a bulk materi al
desti ned toahuﬁgﬁngﬂﬁmlng 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) from the groups of ions be-
ing comprised in standard sea water;

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 étep c) by at least

the factor of 3, as compared to the concentration level of

the ion present in the unmarked material.

2. A method for marking and identifying the authenticity of a
bulk material destined to human application, the method com-
prising the steps of:

a) Marking said material according to the method of claim 1,
the altered concentration level of the at least one ion
being defined as a reference value;

b) measuring in the marked material the individual concen-
tration of the said at least one ion by the means of a
sensor; and

c) comparing the measured value with at least one reference

value and indicating the result of the comparison.

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

prior to step a), the concentration level of at least one ion

in the unmarked material is determined.



cation, the nethod conprising the steps of: a) identifying at |east one ion
conprised in the said mate- rial at a concentration |evel of below 50 ppmin
the un- marked state; b) selecting a marking conposition conprising at | east
one ion as identified in step a) fromthe groups of ions be- ing conprised
in standard sea water; c) incorporati®g the marking conposition of step b)
into the said unmarked material; wherein the concentration | evel of the
said at least one ion in the marked material is increased in step c) by at

least the haGle¥hdd abcHaGHPES ashd o MbroedTaihdm | 8¥eh , ofhetleni on
present in the unmarked material. 2. A nethod for marking and 1dentifying

t he aut hent isgiitdy mFrkind BN PRILrieR FRERTHRERP ta- hieRst appei-eattonf the
met hod com prisi . St eps. of ; i jd i ording to the
met hod of clq-%orﬁspl?&r% eléajrrfirleﬁ) % %%leér\fér%jt{%n ev%ﬁ[@%!?ﬂf‘ ﬁéeagﬁgreast one ion

bei ng defined as a reference value; b) nmeasuring in the marked material the
i ndi vidual concen- tration of the said at |east one ion by the neans of a
sensor; %and X )NeGshraerP i NG ekl YBlTereieh ataisast ohe2r eVBpALe

val ue and i ndi.catin I%e [e .the ¢ arison. 3. A nethod according to
one or rmresoq‘lcillla?r?rsl Bt %?%]\EA?I%ﬁleﬁgnjEm%gipor to step a), the concentration
| evel of at least one ion in the unmarked nmaterial is determned. 33 4. A
met hod according to one or nore of clainms 1 or 2, wherein said marking

conposi t§ on A JMPHedsa@eoTdiRy BReOBAl oT oFOXRCT grbapme olpPF sRngWhABEHENI C
salts andtmgggﬁcigﬁjig.an anion selected from the group comprising fluo-

ride, chloride, bromide, iodide, borate, carbonate, nitrate,

phosphate, sulfate, and selenate.

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

said ion is an inorganic cation.

8. 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(+),
cesium(+), magnesium(2+), calcium(2+), strontium(2+), bar-
ium(2+), iron (2+/3+), cobalt(2+), nickel (2+), copper(2+),

and zinc(2+).

9. A method according to one or more of claims 1 to 8, charac-
terised in that the material is an alcoholic beverage, a per-

fume, a cosmetic product, a drug or pharmaceutical ingredi-

ent.

10. A method of identifying the authenticity of a bulk material
destined to human application, the material being marked ac-
cording to a method according to one or more of claims 1 or 3

to 9, the method comprising the steps of:



5. A method according to one or nore of clainms 1 or 2, wherein said ionis
an inorganic anion. 6. A nmethod according to one or nore of clains 1 or 2,
‘wherein said ion is an anion selected fromthe group conprising fluo- ride,
chl oride, brom de, iodide, borate, carbonate, nitrate, phosphate, sulfate,
and selenate. 7. A method according té%one or nmore of clains 1 or 2, wherein
said ion is an inorganic cation. 8. A nethod for marking a materi al
according to claim7, wherein said ion is an cation selected fromthe group

conprising am p'f@ﬂ"l'ﬂ[(ﬁt_:g rd idhtntd Walseidiah) ,1aitaseheni dn, cdsmz:ﬂéé’cﬂ‘( +),
cesiun(+), magnesiun(2+), calciun(2+), strontiun(2+), bar- iun(2+), iron
(2+/ 3+), cobal tife8) mazikilg (@@mposidpisEr (which hafy beer (2ddedoto Athethad
according to one qr. ,more of claims 1 to 8, charac- terised in that the
material is an §1c5Hdlic beverage, a per- fune, a cosnetic product, a drug

or phar macew)i ¢Rladuigneflioy eiie mdhnsA detdhaserador dent iAdiwgdhhe eshbenticity
of a bulk material destined to human application, the materjal being marked
ac- cordi ng to tFattivPaciorkFatf (FOnCHrihG aferial ngoiberidentd-9, the

ot hod Compr | SigiLd NGl eps 8l A ng)AIAN 810 felstenss Yahusragly o
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| east one ion conpri in a markin ion een added to the

ma- terial; b) Jeasantdrg:ivn thel weanst ofhe sensercapomddyi gal concen-
tration of at least one ion in a material to be identi- fied, the sensor
bei ng capabl® cTOMRAEERT g e TRITWRE VEbir amttationl saPtesnsf refereBARC

compound; and ), GRIMAALY "Ghd 6a (RAS WiRd Yalur Wi Ne R LERASL 08T ef erence

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

erably an ion-selective electrode.

12. The method according to claim 11, characterised in that the

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

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

Transistor.

14. The method according to one or more of claims 2 or 10, char-
acterised in that the measuring step is performed as a field

audit analysis.

15. The method according to one or more of claims 2 or 10, char-
acterised in that the method further comprises the step of an
off-the-field laboratory analysis for confirmation of a field

audit analysis.

16. 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



val ue and indicating the result of the conparison. 11. The nethod of one or
nore of the clains 2 or 10, character- ised in that the sensor is an
el ectrochem cal sensor, pref- erably an ion-selective electrode. 12. The

nmet hod according to claim 11, characterised in that the ion selective
electrode is a multi-ion-selective el®trode. 13. The nethod according to
one or nore of clains 2 or 10, char acterised in that the sensor is a
ion-selective Field Effect Transistor. 14. The method according to one or
nore of cl agABoRalhgilpheNarnc)achiisss epelct ot MBS W b Bkt ons
perfornmed as a fle|8 audit analysis. 15. The nethod according to one or
more of clathergodr 10, char- acterised in that the method further conprises
the step of an off-the-field | aboratory analysis for confirmation of a
field audit analysis. 16. The nethod according to claim15, characterised
in that 1yhea phikbRephil®l chaltalydral destamaldy Hcs Hisnare gy Iiath thyorgnadyd i cal

met hods conprising atom c absorption _spectroscopy (AAS), ion 35
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mar ked bul k terial .desti.neq.t na qggli t.i.on - .tained according to
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concentrati @ated the thenmared pertdrilad ithd hainrikats B 8id adompPessdi d

ions being conprised in said marking conposition, is non-toxic with respect
'to hu- nman én Spildamagykdng composition, is non-toxic with respect to hu-

man or animal use.





