(19 DANMARK (19 DK/EP 2777062 T3

(12) Overseettelse af
europeeisk patentskrift

Patent-og
Varemaerkestyrelsen

(51) Int.Cl.: H 01 J 49/00 (2006.01) G 01 N 21/00 (2006.01)
(45) Overseettelsen bekendtgjort den: 2017-09-18

(80) Dato for Den Europeeiske Patentmyndigheds
bekendtgarelse om meddelelse af patentet: 2017-07-05

(86) Europaeisk ansggning nr.: 12791709.4

(86) Europeeisk indleveringsdag: 2012-11-05

(87) Den europaeiske ansggnings publiceringsdag: 2014-09-17
(86) International ansggning nr.: EP2012071861

(87) Internationalt publikationsnr.: WO2013068320

(30) Prioritet: ~ 2011-11-09 GB 201119352

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE S| SK SM TR

(73) Patenthaver: Advanced Sensors Limited, 8 Meadowbank Road , Carrickfergus, County Antrim BT38 8YF,
Storbritannien

(72) Opfinder: THABETH, Khalid, 5 Treetops Lane, Doagh Road, Newtownabbey, County Antrim BT36 6LX,
Storbritannien
TAYLOR, Stephen, 100 Childwall Road, Liverpool, Merseyside L15 6UX, Storbritannien

(74) Fuldmaegtig i Danmark: Zacco Denmark A/S, Arne Jacobsens Allé 15, 2300 Kebenhavn S, Danmark

(54) Benaevnelse: Indretning og fremgangsmade til at bestemme maengderne af to eller flere substanser tilstede i en
veeske

(56) Fremdragne publikationer:
EP-A2- 0 259 951
WO-A1-2007/096179
US-A1- 2011224 516
US-B2- 7 460 981



DK/EP 2777062 T3



DK/EP 2777062 T3

DESCRIPTION

[0001] This invention relates to an apparatus and method for determining the amounts of two
or more substances present in a liquid, and in particular, to the identification and measurement
of the amount of each of two or more different compounds, including at least one hydrocarbon
compound, in a liquid, particularly water.

[0002] There are many applications that require the determination of the presence of, and
amount of, oil or other substances or additives present in a liquid. For example, in pipes
leading from oil production or refining facilities it may be required to identify and measure the
amount of oil that is present in the liquid flowing in the pipes.

[0003] Many hydrocarbon compounds and other substances have a natural fluorescence.
Therefore it is known to measure the amount or concentration of a particular oil or other
fluorescent substance in a liquid by the detection of fluorescence. Devices that detect and/or
measure fluorescence are commonly referred to as fluorometers. A fluorometer usually
includes a light source for causing excitation of a target substance and a detector for
measuring the resultant fluorescence of the target substance at a predetermined wavelength.
EP 1991856 discloses a fluorometer for determining the amount of a fluorescent substance, in
a liquid, such as water.

[0004] One problem with existing fluorometers is that there can be a vast difference in the
amplitude of measured fluorescence between different fluorescent substances at the same
concentration. Therefore a known fluorometer calibrated for one type of oil or other fluorescent
substance will produce inaccurate results when a different type or oil or substance is present in
the liquid. For example, when a fluorometer is calibrated for a QAV medium, a concentration of
650ppm will be indicated with Salted Petroleum, even though only 10ppm is actually present,
due to the much greater amplitude of fluorescence of Salted Petroleum compared to QAV
medium. This becomes an even bigger problem when a mixture of two or more fluorescent
substances are present. A second problem is that such known fluorometers are unable to
detect the presence of non-fluorescent compounds in such mixture and thus may give a highly
inaccurate determination of the total amount of oil, other substances or additives in a liquid,
such as water, where the liquid contained a mixture of fluorescent and non-fluorescent
substances.

[0005] Mass spectrometers can be used to identify each compound present in a mixture and
can determine the amount of each compound present (based upon calibration data obtained
from sample testing). However, the analysis of a mixture using mass spectroscopy is relatively
slow, expensive and difficult to carry out outside of a laboratory environment and is therefore
generally unsuitable of real time monitoring of the presence and amounts of contaminants or
additives, such as oil, in liquids. By contrast, fluoroscopy is a relatively fast, robust and effective
way of measuring the amount of a fluorescent substance present in a liquid in real time, albeit
with the abovementioned limitations.
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[0006] WO 2007/096179, US 7,460,981, EP 0,259.951 and US 2011/224515 disclose known
examples of fluorometers and mass spectrometers.

[0007] An objective of the present invention is to provide a method and apparatus for
determining the amounts of two or more substances present in a liquid that combines the
accuracy of mass spectroscopy with the speed and robustness of fluoroscopy.

[0008] According to a first aspect of the present invention there is provided an apparatus for
determining the total amount of two or more substances in a liquid, such as water, at least one
of said substances comprising a fluorescent substance, said apparatus comprising :-

a mass spectrometer device
a fluorometer device, and
a processing means

wherein said mass spectrometer device is adapted to obtain a periodic measurement of the
total amount of said two or more substances in the liquid,

said fluorometer device being adapted to detect the fluorescent response of said at least one
fluorescent substance in said liquid to an excitation signal,

said processing means being programmed to determine a calibration factor by comparing a
measurement obtained by the fluorometer device with said periodic measurement of the total
amount of said two or more substances present obtained by the mass spectrometer device,
the processing means subsequently using said calibration factor to determine measurements
representative of the total amount of both fluorescent and non-fluorescent substances present
in the liquid based upon the fluorescent response detected by the fluorometer device, wherein
said apparatus is adapted to obtain further periodic measurements of the total amount of said
two or more substances in the liquid by periodic operation of said mass spectrometer device to
update said calibration factor at selected intervals.

[0009] Preferably said mass spectrometer device both identifies each of said two or more
substances present and provides a measurement the amount of each of said two or more
substances present in the liquid, said processing means subsequently determining the amount
of each of said two or more substances present as a function of the measurements obtained
by the fluorometer device and the relative proportions of said two or more substances in said
liquid determined by the mass spectrometer device.

[0010] The data obtained by said mass spectrometer device is thereby subsequently used to
deconstruct or interpret the spectral response data obtained by said fluorometer device, due to
the fluorescent response of said at least one fluorescent substance present in the liquid, to
determine the amount of each of said two or more substances, comprising both fluorescent
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and non-fluorescent substances, present in said liquid from the data obtained by the
fluorometer device. Thus the fluorometer device can be used to determine the amount of a
non-fluorescent substance present in the liquid based on the assumption that the relative
proportions of each of said two or more substances present in the liquid does not change, or
only changes slowly, over a period of time between periodic measurements obtained by said
mass spectrometer device.

[0011] The periodic data obtained by the mass spectrometer device may be updated by
periodic operation of the mass spectrometer device at intervals selected to reflect the expected
rate of change of the relative proportions of said two or more substances present in the liquid
over time.

[0012] Preferably said processing means includes memory means for recording data obtained
from the mass spectrometer device to enable said data to be subsequently used to interpret
the spectral response date obtained by the fluorometer device. Preferably said memory means
is also adapted to record data obtained by the fluorometer device over time.

[0013] The mass spectrometer is able to periodically recalibrate the fluorometer device by
determining the identity and proportions or and/amounts of said two or more fluorescent
substances so that the output of the fluorometer device can provide an accurate determination
of the amounts of each substance present.

[0014] Preferably the mass spectrometer device comprises a membrane introduction mass
spectrometer (MIMS) having a permeable membrane through which said two or more
substances present in the liquid, in particular hydrocarbons, can pass to be ionised within the
mass spectrometer device. Preferably the mass spectrometer device is provided with an
evacuated chamber, said membrane being associated with an entrance port of the evacuated
chamber whereby said two or more substances may pass through the membrane to be
introduced into the mass spectrometer device.

[0015] Preferably the membrane comprises a hydrophobic membrane.

[0016] Preferably the apparatus includes an ultrasonic transducer for applying ultrasonic
energy to the membrane, preferably via the liquid adjacent the membrane, to keep the
membrane clear from dirt and blockages. The ultrasonic transducer may be associated with
the fluorometer device such that a viewing window of the fluorometer device is kept clean by
means of the ultrasonic transducer. Such arrangement may be as described in WO
2007/096179. The exposure of the liquid to ultrasonic vibrations may also provide a
homogeneous uniformly representative sample for analysis by the apparatus.

[0017] The membrane may define a wall portion of a sampling chamber. Alternatively the
membrane may be provided at an end of an evacuated tube extending into the sampling
chamber. Preferably the membrane is located adjacent a measurement window of the
fluorometer device formed in a wall of the sampling chamber.
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[0018] In one embodiment, said fluorometer device may be associated with a primary
sampling chamber for receiving a liquid to be analysed whereby the fluorescent response of
said liquid can be determined and analysed, said mass spectrometer device being associated
with a secondary sampling chamber arranged in parallel with said primary sampling chamber
so that said liquid to be analysed may be periodically diverted to said secondary sampling
chamber to enable periodic determination of the identify and relative proportions of said two or
more substances by said mass spectrometer such that the data from the mass spectrometer
used to interpret the data from the fluorometer device can be periodically updated. One or
more valves maybe provided for periodically diverting said liquid to be analysed to the
secondary sampling chamber.

[0019] According to a further aspect of the present invention there is provided a method for
determining the amounts of two or more substances, preferably in the form of organic
compounds, in a liquid, such as water, said method comprising the steps of determining the
total amount of said two or more substances in said liquid by means of a mass spectrometer
device, exposing said liquid to an excitation source for exciting said two or more fluorescent
substances, and detecting the fluorescent response of the substances within the liquid, and
determining the total amount of said two or more substances present in the liquid based upon
the fluorescent response of the substances calibrated as a function of the total amount of
substance present determined by the mass spectrometer and comprising the further step of
obtaining further periodic measurements of the total amount of said two or more substances in
the liquid by periodic operation of said mass spectrometer device to update said calibration
factor at selected intervals..

[0020] The present invention comprises the combination of two orthogonal sensing
technologies, namely mass spectrometry and fluorescence and/or absorption spectroscopy, to
provide a novel method of oil in water composition determination, detection and monitoring.

[0021] Embodiments of the present invention will now be described, by way of example only,
with reference to the accompanying drawings, in which:-

Figure 1 is a schematic view of an apparatus for determining the amount of two or more
substances in accordance with an embodiment of the present invention;

Figure 2 is an example of the data obtained from the mass spectrometer of the apparatus of
Figure 1; and

Figure 3 is an example of data obtained from the fluorescent response measured by the
fluorometer as interpreted by the data recorded by the mass spectrometer.

[0022] In an embodiment of the present invention as illustrated in Figure 1, the apparatus
includes a fluorometer 10 for measuring fluorescence in a liquid comprising an in-line
fluorometer for incorporation, in use, into a pipe or conduit through which a liquid (e.g. water)
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including two or more other substances (e.g. two or more types of oil) flows. In the following
description, the liquid is assumed to comprise water and the other substances are assumed to
comprise two or more distinct types of oil, although it will be understood that that the invention
is not limited to these.

[0023] The apparatus comprises a primary measurement chamber 12, which may be
provided by a section of pipe or conduit that is separately formed from the pipe or conduit but
is adapted for in-line connection therewith using any suitable conventional connectors (not
shown). The fluorometer 10 may be of the type shown in EP 1991856 and therefore need not
be described in more detail herein, although the fluorometer is preferably of the type
incorporating an ultrasonic transducer 14 for cleaning a measurement window 16 of the
fluorometer 10. The fluorometer 10 comprises an excitation source 18 in the form of a 3mw
laser diode module of 405nm wavelength and a detector 20 for detecting the fluorescent
response of a target substance over a range of frequencies/wavelengths to produce a
response spectrum for the substance.

[0024] The apparatus further comprises a membrane introduction mass spectrometer 30
having an evacuated chamber 32 communicating with an inlet duct terminating in the
measurement chamber. A permeable hydrophobic membrane 34 is provided at a distal end of
the inlet duct to be located within the measurement chamber. Said membrane may form a
portion of a wall of the measurement chamber of the apparatus such that hydrocarbon
compounds within a liquid, such as water, contained within, or flowing through, the
measurement chamber may pass through the membrane to be ionised within the evacuated
chamber of the mass spectrometer such that the relative proportions of each hydrocarbon
compound within the liquid may be determined. However, in the embodiment shown in Figure
1, the membrane 34 is located at a distal end of the inlet duct adjacent the measurement
window 16 of the fluorometer 10 so that the membrane is exposed to ultrasonic waves from
the ultrasonic transducer 14, such that the ultrasonic waves prevent the membrane from
becoming blocked by contaminants. The membrane 34 is preferably formed from a
hydrophobic material so that water does not pass through the membrane. A suitable material is
polydiemthylsoloxane (PDMS).

[0025] In an alternative embodiment, the entrance port of the mass spectrometer may be
provided in a further measurement chamber preferably connected to said pipe or conduit to be
arranged in parallel to the primary measurement chamber. Valves may be provided for
periodically diverting at least a portion of the liquid flowing through the pipe or conduit to flow
through the further measurement to enable periodic determination of the presence and relative
proportions/concentration of fluorescent substances, and other compounds, present in the
liquid flowing through said pipe or conduit to provide data to be used, in combination with the
data from the fluorometer, to determine the amount of each of said two or more fluorescent
substances present in the liquid.

[0026] In membrane introduction mass spectrometers (MIMS) hydrocarbon compounds (and
other compounds) present in water are transported to the mass spectrometer by a three stage
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process termed pervaporation. The compounds are first transferred from the liquid to the
surface of the membrane, diffuse through the membrane and are evaporated from the other
side, either directly into the mass spectrometer vacuum system or into a stream of inert gas
which transports the analyte to the ion source. The membrane may comprise a Silicone
(polydimethysiloxane) membrane. However, a variety of other membrane materials may also
be suitable. The data from the mass spectrometer identifies each compound present and
determines the relative proportions or concentrations of the compounds contained in the liquid.

[0027] The apparatus further comprises a processing means, in the form of a microprocessor
40, which receives data from both the mass spectrometer and the fluorometer.

[0028] In a first stage, the mass spectrometer is operated to identify each substance present
within the liquid and to determine the amount of each substance within the liquid based upon
calibration data for each substance identified. This data is recorded in a memory store of the
microprocessor 40 as a record of the amount of each substance and the sum total amount of
material present in the liquid.

[0029] In a second stage the fluorometer is operated to determine a fluorescent response
resulting from excitation of the mixture in the measurement chamber 12. The microprocessor
40 interprets the fluorescent response and determines the total amount material present from
previous calibration data as a function of the fluorescent response. This result is compared to
the amount determined from the first stage and a calibration factor is determined to correct the
result to match that determined from the mass spectrometer.

[0030] This calibration factor is applied to subsequent measurements of the fluorescent
response to determine an accurate measurement of the total amount of material present in the
liquid based upon the fluorescent response of the fluorescent substances present in the liquid.
The fluorometer 10 can therefore be operated continuously to provide a real time assessment
of the amount of each substance present in the liquid in the measurement chamber 12 based
upon the detected fluorescent response data as interpreted by the recorded data from the
most recent operation of the mass spectrometer 30.

[0031] This calibration factor can continue to be used for as long as the relative proportions of
substances present in the liquid, in particular fluorescent substances and non-fluorescent
substances, do not change. After a predetermined period of time the first stage of the process
may be repeated to provide an accurate measurement of the total amount and relative
proportions of the substances present in the liquid. This is again compared to the total amount
of material present as determined from the fluorescent response and the calibration factor is
adjusted if necessary.

[0032] As well as determining the sum total amount of fluorescent and non-fluorescent
substances present in the liquid from the fluorescent response measured by the fluorometer,
the apparatus enables the individual amount of each substance present to be determined from
the fluorescent response based upon the total amount of substance determined and the stored
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data in respect of the relative proportions of each substance present in the liquid, as measured
by the mass spectrometer.

[0033] The data obtained from the mass spectrometer is used by the processing means of the
microprocessor 40 to deconstruct the data obtained from the fluorometer 10 so that the
fluorometer can be used to determine the amount of each compound present in the water,
including both fluorescent and non-fluorescent substances.

[0034] The mass spectrometer 30 is more sensitive to the harsh environment in which the
apparatus may be used, particularly in analysing oil in water in an offshore environment, when
compared to the fluorometer 10, and thus the intermittent use of the mass spectrometer 10 to
periodically provide updated data to be used to deconstruct and interpret the data repeatedly
or continuously obtained from the fluorometer 10, prolongs the life of the mass spectrometer
30, and in particular the membrane 34 thereof.

[0035] Figure 2 shows a typical reading from the mass spectrometer 30, wherein the total
amount of hydrocarbons present in a liquid is measured at 1000 parts per million, made up of
the six different substances.

[0036] Figure 3 shows five subsequent consecutive readings from the fluorometer 10. In the
first the fluorescent response is calibrated to record the same total amount of hydrocarbons
present as recorded by the mass spectrometer 30. The amount of each individual hydrocarbon
is determined from the relative proportions present as measured by the mass spectrometer 30.
Subsequent readings of the fluorometer show the total amount of hydrocarbons present falling
to 500 ppm in the fifth reading. Again, the amount of each hydrocarbon present can be
determined from the relative proportions as determined from the mass spectrometer 30.

[0037] After a predetermined period of time the mass spectrometer 30 can be used to take a
new reading to effectively recalibrate the fluorometer 10.

[0038] It is envisaged that a single mass spectrometer may be used with several fluorometer
devices for simultaneously analysing multiple streams, each stream being analysed by a
respective fluorometer device and each stream being periodically diverted to and separately
analysed by the mass spectrometer to provide data to be used by the processing means to
deconstruct and interpret the date obtained from the respective fluorometer.

[0039] By using the mass spectrometer to identify the compounds/substances present and the
total amount of each and the proportions in which such compounds/substances are present,
such data can subsequently be used to deconstruct and interpret the spectral response data
obtained by fluorescent spectroscopy. The required information regarding the amount of each
compound present in a liquid sample is present in the spectral response data obtained from
the fluorometer. However, the data obtained from the mass spectrometer is required to extract
such information from such spectral response data. Thus the combination of the data sets from
the two orthogonal sensing techniques enables the required information to be extracted from
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the fluorescent response of the mixture of two or more fluorescent compounds in water.

[0040] It is envisaged that such technique of identifying and determining the relative
proportions of two or more compounds in a liquid sample may also be applied to deconstruct
and interpret spectral response data obtained from absorption spectroscopy techniques.

[0041] The apparatus in accordance with the present invention may also enable the amount
of non-fluorescent substances, in particular aliphatic hydrocarbons, present in the water to be
determined by the use of the data from the mass spectrometer. The data from the mass
spectrometer will identify the presence of such non-fluorescent compounds and the relative
concentration of such compounds with respect to the concentration of fluorescent compounds,
in particular aromatic compounds. Thus the determined amounts of the fluorescent
compounds determined by the fluorometer can be used to estimate the amounts of said non-
fluorescent compounds based on the relative concentrations of non-fluorescent and
fluorescent compounds determined by the mass spectrometer.

[0042] The invention is not limited to the embodiment(s) described herein but can be
amended or modified without departing from the scope of the present invention as defined in
the appended claims.
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Patentkrav

1. Indretning til at bestemme den samlede maengde af to eller flere substan-
ser i en vaeske, hvor mindst én af substanserne omfatter en fluorescerende
substans, hvor indretningen omfatter:-

en massespektrometerindretning (30),

en fluorometerindretning (10), og

et forarbejdningsmiddel (40),

hvor massespektrometerindretningen (30) er indrettet til at opna en periodisk
maling af den samlede meengde af de to eller flere substanser i veesken,

hvor fluorometerindretningen (10) er indrettet til at detektere den fluoresce-
rende reaktion af den mindst én fluorescerende substans i vaesken pa et ex-
citationssignal,

hvor forarbejdningsmidlet (40) er programmeret til at bestemme en kalibre-
ringsfaktor ved at sammenligne en maling, der er opnaet af fluorometerind-
retningen (10), med den periodiske maling af den samlede maengde af de to
eller flere tilstedeveerende substanser, der er opnaet med massespektrome-
terindretningen (30), hvor forarbejdningsmidlet (40) efterfalgende anvender
kalibreringsfaktoren til at bestemme malinger, som repreesenterer den sam-
lede maengde af bade fluorescerende og ikke-fluorescerende substanser til-
stede i vaesken pa basis af den fluorescerende reaktion detekteret af fluoro-
meterindretningen (10), kendetegnet ved, at indretningen er indrettet til at
opna yderligere periodiske malinger af den samlede maengde af de to eller
flere substanser i veesken ved periodisk drift af massespektrometerindretnin-
gen (30) for at opdatere kalibreringsfaktoren ved udvalgte intervaller.

2. Indretning ifglge et af de foregaende krav, hvor forarbejdningsmidlet (40)
omfatter hukommelsesmidler til registrering af data opnaet fra massespek-
trometerindretningen (30) for at ggre det muligt at anvende dataene efterfgl-
gende til at tolke spektralsvardataene opnéet med fluorometerindretningen
(10).
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3. Indretning ifglge krav 2, hvor hukommelsesmidlet ogsa er indrettet til at
registrere data, der er opnaet af fluorometerindretningen (10) over tid.

4. Indretning ifglge et af de foregaende krav, hvor massespektrometerindret-
ningen (30) omfatter en membranintroduktion-massespektrometer (MIMS)
med en gennemtraengelig membran (34), hvorigennem de to eller flere sub-
stanser tilstede i vaesken, isaer kulbrinter, kan passere for at ioniseres i mas-

sespektrometerindretningen (30).

5. Indretning ifelge krav 4, hvor massespektrometerindretningen (30) er for-
synet med et temt kammer (32), hvor membranen (34) forbindes med en
indgangsébning af det temte kammer (32), hvor de to eller flere substanser
kan passere gennem membranen (34) for at introduceres i massespektrome-

terindretningen (30).

6. Indretning ifglge krav 4 eller krav 5, hvor membranen (34) omfatter en hy-
drofobisk membran.

7. Indretning ifglge et af kravene 4 til 6, hvor membranen (34) definerer et
veegafsnit af et prgvningskammer (12).

8. Indretning ifglge et af kravene 5 til 7, hvor membranen (34) er tilvejebragt
ved en ende af et temt ror, der straekker sig ind i prgvningskammeret (12).

9. Indretning ifglge krav 8, hvor membranen (34) er anbragt graensende op til
et malevindue (16) af fluorometerindretningen (10), som er dannet i en vaeg
af prevningskammeret (12).

10. Indretning ifelge et af de foregaende krav, omfattende en ultralydstrans-
ducer (16) til at anvende ultralydsenergi til membranen (34) for at holde
membranen fri for skidt og tilstopninger.
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11. Indretning ifalge krav 10, hvor ultralydstransduceren (16) er indrettet til at
udbrede ultralydsenergi til membranen (34) via den vaeske, der graenser op il

membranen (34).

12. Indretning ifglge krav 10 eller krav 11, hvor ultralydstransduceren (16) er
forbundet med fluorometerindretningen (10), saledes at et beskuelsesvindue
(16) af fluorometerindretningen (10) holdes rent ved hjeelp af ultralydstrans-

duceren.

13. Fremgangsmade til at bestemme maengderne af to eller flere substanser i
en vaeske, hvor fremgangsmaden omfatter trinnene med at bestemme den
samlede maengde af to eller flere substanser i en vaeske ved hjaelp af en
massespektrometerindretning, udseette vaesken for en excitationskilde for at
seette de to eller flere fluorescerende substanser i beveegelse, og detektere
den fluorescerende reaktion af substanserne i vaesken, og bestemme den
samlede maengde af de to eller flere substanser tilstede i veesken pa basis af
den fluorescerende reaktion af substanserne, der kalibreres som en funktion
af den samlede meengde af tilstedevaerende substans bestemt af masse-
spektrometeren, kendetegnet ved trinnet med opna yderligere periodiske
malinger af den samlede maengde af de to eller flere substanser i veesken
ved periodisk drift af massespektrometerindretningen for at opdatere kalibre-
ringsfaktoren ved udvalgte intervaller.
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DRAWINGS

4o




PPM
Ethene 572.40
Ethane 240
Methanol 346.90
Propene 0.70
Propane 77.30
Ethanol 0.30
Totaimydrotarbons] 1000.00
Present
Figure 2
Measurment |SecodaryTechnigef!
TotalPPM Ethene Ethane Methanol | Propene Propane | Ethanol
1 1600 572.4 2.4 345.9 Q.7 77.3 0:3
2 900 515.16 2.16 31221 063 69.57 027
3 800 457.92 1.92 277,52 0.56 51.84 0.24
4 700 400:68 1.68 242.83 019 5411 0.21
5 500 286.2 1.2 173.45 035 3865 015

Figure 3
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