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analysis This invention relates to the collection of body fl ui gé']gmﬁ{]lgytzﬂg‘s

anal ysi s \ob olgllélst?)%jy fluids. Mirre specifically this invent i’ﬁf’/dB%&/@%ﬁE to the
of "bo

collection o sweat and to the anal ysis of sweat. The analysis dy
fluids, of animals or humans, nmay be of value in the detection of disease,
or substances, such as drugs, absorbed by a subject. 10 Bl ood, saliva,
urine, and sweat have all been used for auch anal ysis. Al though blood is
the nost comonly tested fluid, sweat probably provides the nost

i nexpensi ve, safe, and conveni ent source of a nunber of analytes. Devices
used to collect sweat, are ﬁgnnngly referred ta as sweat patches. 15 In
addition to water and el ect roP9¥ Huld coleetionangiaaly$isce el enents such as
zinc, cadmumand | ead. The trace elenents found in sweat probably

originate from bl ood seru Labile netals can digsociate from proteins

under the inf Hh@n'@éeBtFOQ a%%éh?ﬁﬁﬁ?%&?'@?ﬁ%‘?@nﬁwgii%ﬁ Wg{hgc"’}’%g}és‘%lo od 20

capil laries, apdy didifisismordrspegliicalie RRPidveatign walldiesi tot thd elisswat ofl ands.

O her substances haé tq}hﬁ%/%%#%en identified in sweat include: ascorbic acid,
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t hi ami ne, ri b8VFEVEN VS & PY*%ni no acids, ethanol, antipyrine,
creatinine, thiourea, |actate, theophylline, parathion,

t et rahydrocanpnabi nol , .25 _and insulin. Exanples of disease that, have, been
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PCT/ GB02/ 0373 4nalytes. Devices used to collect sweat, are commonly referred o as sweat

patches.

15
In addition to water and electrolytes, sweat coniains trace elements such
as zinc, cadmium and lead. The trace elements found in sweat probably
originate from blood serum. Labile metals can dissociate from proieins
under the influence of the concentration gradient existing across blood

20  capiliaries, and diffuse through the capillary walls into the sweat glands.

Other substances that have been identified in sweat include: ascorbic acid,
thiamine, riboflavin, nicotinic acid, amino acids, ethanol, antipyrine,
creatinine, thiourea, lactate, theophylline, parathion, tetrahydrocannabinol,

25 and insulin. Examples of disease that have been linked to the increased
presence of a particular chemical in sweat include: pronounced uremia,
leukaemia, and diabetes.

Typically a patch is used to collect the substance of interest, from the
30 sweat of a person being tested. The patch is adhered to the skin of the
person to he tested for a period of time, and sweat is absorbed into a
fibrous pad. The pad is then analysed for the substance. '

An example of a prior art sweat patch, generally indicated by 11, is shown



2 in figure 1. In addition to the storage neans which conpris g‘gﬁ
pad 12, the patch conprises a sem perneabl e nenbrane 13 and a gic’%ﬂ‘{]‘j 9%06

|l ayer 14.wohgoeaski ng layer 14 is formed into a receptacl @chRigoblgrshi br ous
pad 12 and has an adhesive surface 15 for bonding the patch to the skin 5

16 of the patient or person being tested. The sem perneabl e nenbrane 13
separates the fibrous pad 12 fromthe dermal surface and may control

whi ch, and the rate at which, analytes enfer the receptacle. The design of
sweat patches is a conplex process. It is desirable that the 10

envi ronment ofn fipereski im additon dmihe siosade rasans twhieh atdraptises as filwsgsbl e by

the presence gha (e Babalty SHERLLI0, WUl ARRULORRBARIT oI BOTEEN o

order to test swea guan anal'ysi's esiTa
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storage nean I ; Sit and 15
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st orage neans St b I

contact with smgmqéigh%ﬁm?{)%l ov(iln ?lga%%'l{:‘utr}?en 39{.‘5] %1")( egt%gst Pé)){glgar(%rﬂ c%] t he
background t owhigh, gpddbenate ﬁWhmhoanalyJSSEﬁrﬂéBthBZEpemcm 756, 314; GB
2,303,847 A, B 2,324,866 A, and JP 10080266 A. A nunber of different
devices are described in US 5,203,327. The Main 25 thenme comon to these
devi ces i s thdhprdaségrcef eWveat paivbentis at ¢anplzymeotdrst lais| damirablethat the
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bi oactive silicon, resorba hpatible silTcon
JANUARY 2006 WDVOBED 1he3ahie/ Gaoelidsslo be relatively constant. The storage

means used to collect the analyte should have a composition and

15  construction such that an appropriate technique may be deployed for
separation a_nd analysis of the sweat contents. It is desirable that the
storage means comprise a material that is reasonably stable when in
contact with sweat.

20 The following documentis each relate to part of the background io the
present invention: US 5,203,327; US 4,756,314; GB 2,303,847 A;
GB 2,324,866 A; and JP 10080266 A.

A number of different devices are described in US 5,203,327. The Main

25 theme common to these devices is the presence of a concentration zone
that allows the concentration of a sweat component to be increased for
testing.

The main problem addressed by US 4,756,314 is the farge variation in
30 sweat uptake that may occur from individual to individual. The disclosure
suggests that this variation may be reduced.

GB 2,303,847 A relates to bioactive silicon, resorbable silicon, and
biocompatible silicon.



3 GB 2,324,866 A relates to an anal ytical device for analysi ng,
materials such as blood and bile. 5 JP 10,080,266 A this docune%tjwlfgg‘ggts

equi pmentwhQpiisge®bi | i sation of a biopol ymer or organi smpcifcgoso#Bi
objective of the present invention to address at |east sone of the above

mentioned issues. 10 According to a first aspect, the invention provides an
attachabl e body fluid collection device conprising at | east one storage
nmeans for, when in use, storing a body §luid sanple secreted by a body
fluid secreting surface, characterised In that the or at |east one of the
storage nmeans conprises 15 silicon. Preferably the silicon, fromwhich the

or at |east ﬁas 32&%6355&@?% ox?@ %yﬁ&%gé\%e H‘?lr ¥ Js%gﬂ%‘?olo@%ﬂp”ses

silicon that been par erab e or | east
one of the stmatg@iseacisasdbimd artbde.20 st orage sarrpl e of porous silicon,

t he sanpl e of por ous silicon being parti al Iy oxidised. For the avoi dance
of doubt the term"partially oxidised" is used, in the specification, to
describe & maiRAPAI8026E AHhls deaumentidisdeses eaBpERNEIZIMmabiisatonal art of

the materi al %ggg,&%r%grggé sllny unoxi di sed. Therefore a sanple of porous
silicon that had been partrally oxidi sed woul d conprise porous silicon in

a conpl etely unoxi di sed state. Advantageously the silicon, fromwhich the

or at |east opgsQf tg\f[écﬁ\taés)ﬁg% pl%%e'ﬁ? n‘tiéneﬂ) ARf8ds B@Téds\( sbdBflthe

conprises silicon that “been partially oxidised in such a manner that a
nonat onmi ¢ | ay@rowsf mentiererhisisge$ormed on at | east part of the surface of
the sili cpn. Mre advant ageously the or at |east one of the storage neans

conprises a storage sanple of porous silicon, the sanple of porous silicon
bei ng parti al Agcaskingi @e@lflurﬁ aspest. dhednvRstionHievides paeliashaiinBoRoTe 015636

PCT/ GB02/ 0373dgifkction device comprising at least one storage means for, when in use,
storing a body fluid sample secreted by a body fluid secreting surface,
characterised in that the or at least one of the storage means comprises

15  sijlicon.

Preferably the silicon, from which the or at least one of the storage means
is at least partly formed, comprises silicon that has been partially oxidised.
More preferably the or at least one of the storage means comprises a

20 storage sample of porous silicon, .the sample of porous silicon being
partially oxidised.

For the avoidance of doubt the term “partially oxidised” is used, in the
specification, to describe a material that has been oxidised in such a

25 manner that part of the material remains completely unoxidised. Therefore
a sample of porous silicon that had been partially oxidised would comprise
porous silicon in a completely unoxidised state.

Advantageously the silicon, from which the or at least one of the storage
30 means is at least partly formed, comprises silicon that has been partially
oxidised in such a manner that a monatomic layer of silicon is formed on at
least part of the surface of the silicon. More advantageously the or at least
one of the storage means comprises a storage sample of porous silicon,
the sample of porous silicon being partially oxidised in such a manner that




a nonatom c |ayer of silicon is formed on at |east part of thezsg}i 2506
the silicon. The or at |east one of the storage neans conprises

sanpl e ofwoIsp¥eess silicon, the sanple of porous siliconppgigigepsii ally
oxi dised in such a manner that between 0.1% and 99% of the porous silicon

atons are bonded to oxygen. The or at |east one of the storage neans
conprises a storage sanple of porous silicon, the sanple of porous silicon
being partially oxidised in such a manngr that between 0.1% and 10% of the
10 porous silicon atons are bonded to oxygen. The or at |east one of the

st orage neans cowpataeis daygtroraigeilisamplie fofmpdr @ns & Ilpasin, Parheokalisl e  of
porous silic I rtdally oxidised in such a manner that between 0.1%
and 50% of t%@r%%%%gtﬁtgfsfﬁ:cghh atons are bonded to oxygen. 15 The or at

| east one of the storage neans nmay conprise silicon oxide. The or at |east

one of the SUYHAGPIFANG IR of HIPLISaP MM Elrhbalt B didfageAsbiAploageous! y

the or at |east one o he storage neans conprises a 20 storage sanple of
porous si Bi carrobmsilicas, theesamplstalaiorguspsiligps dging partighy oxidised BxiUiised
porous i | i can oAt YehyEon 1 ANtinG YL {1RNpBIAR sHiBEK dtbmbSare
substantially un-corroded after contact wth sinulated human sweat for a
period betwedronledi taudeyognd Theyaraat least phe ©f 4% SHRA§BONSRNS CABPHESREA | east

one of the stgQ 98 gglg.{ﬁe gﬁ”B{)rLo?%SSi%coﬁ,t ?&E@Qﬁanﬁﬁ_@pbﬁ pRtolOPkDnS bkingon t hat

has been partialTy oxi di sec partially oxidised Rprous silicon having
a structure apattiehmosidisedin sush a tazanart thag between i # % Y (% Rfr Bifed

after conpact, y [ FBdndRWeR! okRier? TR ioPthibiRbween e Sofminaut es
and 1 rmmoh. %dgbéf@etﬁh%}rigg va%’ltrlagegusl y tﬁe%(r)er at Igast one ﬁ{?et he gorage

means conprisierge RESNAFOMPIPESe §i0TAER Sa8E I9f AWROYH AL ICARS NFeBAMB ti al | y

oxi di sed, 1 heoiblial dilfedi beirngepameNp\ekidibdd GOBUBR' REarmes HRHE bififoeand
conposition such that 1t 1s substantially un-corroded after contact wth 25
JANUARY 2006 GtPond 58¥ssef theyarpapsitigen gtoms are bonded to oxygen.

15
The or at least one of the storage means may comprise silicon oxide. The

or at least one of the storage means may comprise porous siticon oxide.

Advantageously the or at least one of the storage means comprises a
20 storage sample of porous silicon that has been partially oxidised, the
partially oxidised porous silicon having a structure and composition such
that it is substantially un-corroded after coniact with simulated human

sweat for a period between 5 minute and 1 year,

25  More advantageously the or at least one of the storage means comprises a
 storage sample of porous silicon that has been partially oxidised, the
partially oxidised porous silicon having a structure and composition such
that it is substantially un-corroded after contact with simulated human
sweat for a period between 5 minutes and 1 month.
30
Yet more advantageously the or at least one of the storage means
comprises a storage sample of porous silicon that has been partially
oxidised, the partially oxidised porous silicon having a struciure and
composition such that it is substantially un-corroded after contact with




5 human sweat for a period between 10 m nutes and 10 days. Ev
advant ageously the or at |east one of the storage neans conpr?gg@;iIFARYm%

storage sg@RkRi1fhs Porous silicon that has been partially Bce@Xgdbpsd; the
partially oxidised porous silicon having a structure and conposition such

that it is substantially un-corroded after contact wwth human sweat for a
peri od between 1 hour and 24 hours. The or at |east one of the storage
means may conprise a silicon particulates 10 product, the silicon

particul ate product conprising a nultiplicity of silicon particles, each
silicon part ihcimearc emeat Song orgodrbatween of 0 muitrs @ngstGafidYsie silicon,
porous silicon, polycrystalline silicon, and anorphous silicon. At |east
sonme of the silicon particles may be partially oxidised. 15 The nean
particle siz&wsh mwresativadageeudy dheaee aprigasic onpagf Ble bdeiREen Meansi cron
and 1 mm Th apt | i h bkl i C t Ily may be
bet ween 10 m'ecgr ns&egné %@tﬁ#g@@ 5&1@%&%5&3?}?@?2% 352&?{/%@?‘% r¥e body
f1uid hasSbeaxidistd.ethedpdyiatheoxidisad PPOUSediifoBNRAGAG t HeSEYGHEy@Weans,

the sanple Ofco%ﬁyslit%ryis%cﬁ%?qt aoalups ety dunebiralé® A0a yéntead with

techni que. The alysis may be performed in"situ, or it may be perforned
after the colHuman eweatfarenperéiackebetigencohPecaiha? #6Vie nay furt her
conprise an anal ytical neans for 25 analysing at |east part of the body
fluid sanple. Preferably the attachabl e body fluid collec¢tion device
further conprihsesr ahleaat ong i SteEagsMEaNs MAYRINPEES AsigEndarieate one of

the storage Tratct dngMAldorbarichidid 36uRk @EIAgla pBIERg dradonThe

at t achnment Ise a tape and/ or sheet an(%_/ gh i
a

abrj ¢ and/ or
pl astic nat erpaiticlesheachtsiliponn@afticleeeraPHEINY CBIFpPT 8¥0ra P E‘s"i’r\)’éga H or

flexible bandsim,%orotlggéﬂi rﬁr;ﬁﬁ{/&?%iliﬁéhgiﬁgéﬁﬁﬁﬁg SRYrppRud esiiigitedat o

surround part o he ani mal uman body, for exanple the garnment may be
a gl ove or slleasiesorag of the seomeatiopmmaybaparielhaxdissd: ar m band. The
attachnment neans 25 JANUARY 2006 WD 03/ 015636 PCT/ GB02/ 03731 6

15 The mean patticle size of the silicon particulate product may be between 1
micron and 1 mm. The mean particle size of the silicon particulate product

may be between 10 microns and 100 microns.

Once a sufficient quantity of the body fluid has been collected by the or at

20 least one of the storage means, the sample of body fluid may be analysed
by a suitable analytical technique. The analysis may be performed in situ,
or it may be performed after the collection is complete.

The collection device may further comprise an analytical means for
25 analysing at least part of the body fluid sample.

Preferably the attachable body fluid collection device further comprises an
attachment means for attaching the or at least one of the storage means fo
part of a surface of an animal or human body. The attachment means may
30 comprise a tape and/or sheet and/or fabric and/or plastic material. The
attachment means may comprise an adhesive and/or flexible band and/or
flexible garment. The garment may be designed to surround part of the
animal or human body, for example the garment may be a glove or sleeve
or cuff or head band or wrist band or arm band. The attachment means



may conprise a solid object. The attachnment neans may be a rin
neckl ace, or bracelet. The silicon, fromwhich the or at IeastgéﬁmABKé}O%

storage ngeBoissset | east 5 partly forned, may be sel ect ggyfdiRsneAg or
nore of: porous silicon, polycrystalline silicon, anorphous silicon, bulk

crystalline silicon, resorbable silicon, bioactive silicon, and

bi oconpati ble silicon. For the purposes of this specification the term

bi oactive silicon is to be taken as 10 gilicon that is capable of form ng
a bond with living tissue. For the purposes of this specification the term
resor babl e simay @emmiseo abeotidkehicsls Bhd @tiachment messts madtbe 8 MN¥erN odi bl e

in a physiol eai.cal..l Loul or the purposes of this specification the term
resor babl e si%%h@%ﬁel Jg.q%‘ﬂg@%]g'ﬁt aken to include silicon that is resorbable in

sweat. In other words the termresorbable silicon enconpasses silicon that

corrodes in IheSufieln, dn7iHiEPiNG gt Rt 6B of AOGNALE Inddi 18Tat Madteast

one of the storage néans 1s at |east partly forned, Conprises a_storage
sanpl e of 5pompeaty gpfmedn mayMbee splestast S5y Nt aft BI04Y e0fs RRIPES o ¢RIk ous
silicon has S4fbor20 8 PORYs Suik Caydimimubsingdn,al |y
un- cor r oded }foﬂecir@%wbgcté{\ﬁm&?rﬁ .ésr!q%)lhgt ed hl:IrYB.I’,l sweat f_}ér aI periiod greater
than or equalreserbablensiicanedioactive sitinos, pramiveNRAtiHe sdicBRage sanpl e of
porous silicon has a structure such that the storage sanple is
substantially un-corroded after contact with simlated human sweat for a
period great dior tieapurpeses @iiHills speciigatipgiing terpepigardie FHSQ i5RPRIBN #5t he
storage §gnplgicaf tr%‘?[ ablk!df ERRirBSHEASWITHIRANY tRsus. YWoh tHeRlrpdses ob iy age
sanpl e is substantially un-corroded after contact with Ssﬂul ah_%?, human
sweat for a [Feefifientigndba lermrerabable alineals tbaaRBRRS 2 NHATSAGERHE P t he
storage sanplagnffioRah ashySibloblanialds Fér A pafobds ofislipbuneitod texsrin 99%
mor e advant ageously the g_torage sanpl e of porous silicon has a rosity
bet ween 10% daepreade slivemisiope takan ihinalyde séegn thahis rexsbalie NSWsSH &M of  por ous

silicon has guRgnasid helSihRRBrbaBYsAIREN BRIEMIH8eS bildcrRatsadRBlEs If por ous
silicon may conprise mcroporous silicon, 25 JANUARY 2006 WO 03/ 015636

PCT/ GB02/1937 3wegt.

Preferably the silicon, from which the or at least one of the storage means
is at least partly formed, comprises a storage sample of porous silicon.
More preferably the storage sample of porous silicon has a structure such
20 that the porous silicon is substantially un-corroded after contact with
simulated human sweat for a period greater than or equal to 10 minutes.
Yet more preferably the storage sample of porous silicon has a structure
such that the storage sample is substantially un-corroded after contact with
simulated human sweat for a period greater than or equal to 20 hours.
25 Even more preferably the storage sample of porous silicon has a structure
such that the storage sample is substantially un-corroded after contact with
simulated human sweat for a period greater than or equal to 1 week.

Advantageously the storage sample of porous silicon has a porosity
30 between 1% and 99%, more advantageously the storage sample of porous
silicon has a porosity between 10% and 80%, even more advantageously
the storage sample of porous silicon has a porosity between 10% and 60%.

The storage sample of porous silicon may comprise microporous silicon,



having a pore diameter between 1.0 and 2.0 nm The storage sa
silicon may conprise mesoporous silicon, having a pore di am%%ﬁm(}%ﬁ

2.0 and SNgowm31she storage sanple of porous silicon may cegRidengosrst
macroporous silicon, 5 having a pore dianeter between 50 nmand 5 mcrons.

Si nul ated human sweat is herein defined as an aqueous solution conprising
NaCl (20g/litre), NHACl (17.5g/litre), urea (5g/litre), acetic acid
(2.5g/litre), and lactic acid (15g/litrey. 10 This definition corresponds
to that of 1SO standard (3160/2), which is descrl bed by J P Randin in J
Bi oned Mat er haefsngza B9 diamety betweepH -Aegnhe-OfPusted to 5.5 by the

addi tion of tor e ERfpIE! dTB6rB8s @dident Ryt QrPpsddhdsbpoafidi §ilieen,of

NaOH. The sinul ated hunan sweat may substantially consist of an agueous

sol ution of Mawing 20gr¢ diansgter hpingen(2.9 a5/ 90 i), urea (5g/litre), acetic
acid (2.59/ s %a%@@ahﬁ‘% 0§ p%%@'s 61i26hA Irhiy ebmivhide NaSktopbhRiscaineamt r at i on

of 20 NaOH being such that of the sinulated human sweat is between
3.0 and 7. OhETFHEQ DO fjl%m%teébéfr"\éiei"n@o By ante MEPSe an internal surface,
found say in the nouth of an animal or human, or an external surface, such

as the 25 surface of skin of an ani mal or human The bod | ui d!}aecretl ng
surface may buMelkatad GuMENMANAE Hendpigle HINgd Rc &l ?ﬂa‘#&“

ni pple. Pr efedf r}’s;ﬁé]%lémctﬁo@)n%g' N§|4@W(3ﬂ?t 5gﬂh’fr@) body (5hiie), sesmt aciei ng a

sweat sanpl e. Advantageousl uid 30 collection device is a

sweat patch. (?@/%t\?@aﬁngé@rﬁ!fea%% % ? ‘'se a sweat el enent. The sweat
sanpl e mgy conprise a sweat conpound. 25 JANUARY 2006 WO 03/015636

PCT/ GB02/ 03731 8 For the absence of doubt ter 3
to be taken aEisdaunipn: cfresaen tﬁn&@l{ls(lfbgﬁn%tég rﬁ}a)l?éj@% 'f'(?ﬁ | n a
body fluid ofdescribed by J P Randin in J Biomed Mater Res 22,649 (1988).

The pH may be adjusted to 5.5 by the addition of NaOH.
15 The pH may be adjusted to 6.5 by the addition of NaCH.

The simulated human sweat may substantially consist of an aqueous
solution of NaCl (20g/litre), NH,Cl (17.5¢/litre), urea (5g/litre), acetic acid
(2.5gflitre), and lactic acid (15g/litre) and NaOH, the concentration of

20  NaOH being such that the pH of the simulated human sweat is between 3.0
and 7.0.

The body fluid secreting surface may be an internal surface, found say in
the mouth of an animal or human, or an external surface, such as the

25  surface of skin of an animal or human.

The body fluid secreting surface may be skin, or a mucous membrane or a

buccal membrane or a nipple. Preferably the body fluid is sweat, the body

fluid sample being a sweat sample. Advantageously the body fluid
30 collection device is a sweat patch.

The sweat sample may comprise a sweat element. The sweat sample may

comprise a sweaf compound.



an animal or human. Simlarly the term"sweat sanple” is to be
sanpl e of one or nore substances that may be found in sweat. ZgﬁgﬁE@Y%O%

sanpl e meyorRfRékee @ material selected fromone of nore gbq/ghor0981 2aqueous
conponent of sweat, one or nore organic conmpounds that nay be found in

sweat, one or nore ionic conpounds that may be found in sweat, and water.
10 The sweat sanple may conprise a material selected fromone or nore of:
ascorbic acid, thiamne, riboflavin, nigptinic acid, an am no acid,

et hanol, antipyrine, creatinine, thiourea, |lactate, theophylline,

par at hi on, F@lrrthhyallnmnnabldnubt thendeiir ribody Meid sample” ds ﬁ%%ﬁﬁﬁﬁ%?ﬁm de,

fluorine, 15 bgéé‘ﬁél%eof b8 Rr n%r%r@ﬂtﬁtar{c%%tthﬁ’f oo Yt 8 KHHOMAE of

anmoni a, uric ni coti ne , sultanim de, , at tabrin, met hadone,
phencycl i di n@n ardmiahopypimaa,. Ssmilaﬁﬂﬂntefm el el anisnie, be & @t 8oni ne,

phenobar bi t aly,p, 870K OGE 5o tinoBE B AL be 306 e B RsgEePi ne. 20 The or

at |east one°8 orage nmeans nay conprise a storage sanple of porous
silicon. Jhe storage sanple of porous silicon may have a structure and

conposi tion %hst&%ﬁtsarﬂmg%%ﬁ%rtﬁ ﬁéaﬁgemét%ﬁﬁl 8c185tcRGFSH DN eSdfl &R ot 8

brought into con uman sweat for a period eater t han
10 m nutes a reneaquesiusnesinporerdceicdvedi @n@yog@wﬁd%rﬂﬁni%ﬁowsow%@%

spectromet ry’méy“b?'?ﬁér% iPBwakt, lbRadr méfdioffc édifpStisf@at APbefdlind iOr ous

silicon. The east one of the storage neans nay conprise a storage
sanpl e of peveat, and wetar. t hat has been partially oxidised, the partially
oxi di sed 30 porous silicon having a structure and conposition such that,
when the “storage sanple of porous silicon is brought into contactgytf1

sinul ated hdfhensweehsample maycoMRiiseer Wadarialoselprigd ftom pvead RorF

sweat el emendg hs,d %tc’ﬁﬁttﬂpéln?ng}’ rr%%ﬁ@ﬂﬁahbbo'tlﬁfb HHAS afPRalNo0aEH] ¥thdndl,and/ or
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Y

JANUARY 2006 amwene.lsetggalln@wesd Joyses 1 lactate, . theophyiline, - parathion,
tetrahydrocannabinol, insulin, cimetidine, dimethylacetamide, fluorine,

15  bromine, iron, bismuth, lactic acid, pyruvate glucose, ammonia, uric acid,
nicotine, morphine, sulfanimide, atabrin, methadone, phencyclidine,
aminopyrine, sulfadiacine, an amphetamine, henoylecgonine,
phenobarbital, an androgen steroid, phenytoin, and carbamazepine.

20 The or at least one of the storage means may comprise a storage sample
of porous silicon. The storage sample of porous silicon may have a
structure and composition such that, when the storage sample of porous
silicon is brought into contact with simulated human sweat for a period
greater than 10 minufes a sweat elefnent is detectable by secondary ion

25 mass spectrometiry, in and/or on at least part of the storage sample of

porous silicon.

The or at least one of the storage means may comprise a storage sampie
of porous silicon that has been partially oxidised, the partially oxidised

30 porous silicon having a structure and composition such that, when the
storage sample of porous silicon is brought into contact with simulated
human sweat for a period between 10 minutes and 48 hours, a sweat
element is detectable by secondary ion mass spectrometry, in and/or on at
least part of the partially oxidised sample of porous silicon.




9 The or at |east one of the storage neans may conprise a stor
of porous silicon that has been partially oxidised, the parti a???‘%@%@gg%

porous sioW81d3yi Ny a structure and conposition such t hgbrQfiehsshe 5
storage sanple of porous silicon is brought into contact with human sweat

for a period between 10 m nutes and 48 hours, a sweat elenent is

det ect abl e by secondary ion nass spectronetry, in and/or on at |east part
of the partially oxidised sanple of porogs silicon. 10 For the purposes of
this specification a sweat element is an elenment that may be found in
sweat. The sweat el errent may be one or nore of sodium chlorine,
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compound is de e’in an n at ast part of the storage sanple of
porous silicon by a matrix assisted |laser desorption ionisation (MALDI)
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structure and conpdsition such 25 JANUARY 2006 W) 03/0156 6 PCT/ GB02/ 03731
lithium. The sweat element or elements may form part of a compoun

found in sweat.
15
The storage sample of porous silicon may have a structure and
composition such that, when the porous silicon is brought into contact with
a simulated human sweat for period greater than or equal to 10 minutes, a
sweat element is detectable by secondary ion mass spectrometry, in or on
20  at least part of the storage sample of porous silicon.

The storage sample of porous silicon may have a structure and
composition such that, when the storage sample of porous silicon Is
brought into contact with simulated human sweat for a period greater than

25 10 minutes a sweat organic compound is detectable in and/or on at least
part of the storage sample of porous silicon by a matrix assisted laser
desorption ionisation (MALDI) technique.

The value of the MALDI technique in relation to the detection of
30 biomolecules that are present on a sample of porous silicon is described in
Nature Vol 399, p243-246 (1999).

The storage sample of porous silicon may be partially oxidised, the
partially oxidised porous silicon having a structure and composition such



10 that, when the partially oxidised porous silicon is brough
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mont hs, awgyBaks«dE gani ¢ conpound is detectable in and/ or Q@ng hbRFRy part
of the partially oxidised porous silicon by a matri x assiste ]Taser 5

desorption ionisation (MALDI) technique. The storage sanple of porous
silicon may be partially oxidised, the partially oxidised porous silicon
having a structure and conposition such jgthat, when the partially oxidised
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filtration and storage. The porous silicon in the region of the skin acting
as a filter by, for exanple, preventing entry of skin cells into the part
of the porouthaidtpege tsantpie aPlalPpsdiss, S%manamm Pﬁé&%l%(g@"%ﬁ%e hSpeat

sampl e PO isysi) igsRidl 38 rARE Jh%\mgeé Q-ﬁrdchf‘reuér% @bnfiodtioRdsich assi st
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The sem per rane may conprise porous silicon. The sem perneabl e
menbr ane nmay M@i)éechméw vati sed porous silicon. The sem perneabl e
menbrane may conprise 25 JANUARY 2006 WO 03/ 015636

15 For the purposes of this specification, a sweat compound is a compound
that may be found in sweat. A sweat compound may be a protein that may

be found in sweat.

The use of a storage means comprising porous silicon may be
20 advantageous since the porous silicon may perform a dual function of
filtration and storage. The porous silicon in the region of the skin acting as
a filter by, for example, preventing entry of skin cells into the part of the
porous silicon to be analysed, but allowing passage of the sweat sample.
Porous 'silicon also opens the way for the use of biasing to assist with
25 deposition of the body fluid sample on the storage means. It also allows
the use of biasing to assist with the separation of the sweat sample prior to

analysis of the sample.

The attachable fluid collection device may comprise a semi-permeable
30 membrane. The semipermeable membrane may have a structure and
composition such that it allows the passage, of at least one substance
found in sweat, through the membrane. The semipermeable membrane
may comprise porous silicon. The semipermeable membrane may comprise
derivatised porous silicon. The semipermeable membrane may comprise
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15 The semipermeable membrane may comprise partially oxidised silicon. The
semipermeable membrane may comprise partially oxidised porous silicon.

The storage sample of porous silicon and semipermeable membrane may
both form part of a unitary sample of porous silicon. The storage sample of

20 porous silicon and semipermeable membrane may both form pért of a
unitary sample of porous silicon that has been partially oxidised.

The unitary sample of porous silicon may have a low porosity small pore
size layer, from which the semipermeable membrane is formed, connected
25 to a high porosity layer, from which the storage sample is formed. The
unitary sample of porous silicon may have a low porosity small pore size
layer that has been partially oxidised, from which the semipermeable
membrane is formed, connected to a high porosity layer that has been
partially oxidised, from which the storage sample is formed.
30
The unitary sample of porous silicon may have a low porosity from which
the semipermeable membrane is formed, connected to a high porosity
layer, from which the storage sample is formed. The unitary sample of
porous silicon may have a low porosity layer that has been partially
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partial | ywoxis@isee, fromwhich the storage sanple is forgpg/cpndpaf!luid
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porous silicon may conprise an organi c conpound, said organic conpound
conprising a carbon chain. For the purposes of this specification,
derivatised porous silicon is to be takgn as a type of porous silicon. 10
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greater thansdico8qual to 1 day. FEven nore preferably the derivatised
porous sijhicon has a structure such that the derivatised porous silicon is

substantially un-corroded after contact n_swe for a
period great &ertvaiigatien gabe gl eft%’&a”%wf’ﬁ@ n%'%‘(?h%qutgegathrbec? devi ce
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15  selectively binds to one component, or a limited number of components, in

the body fluid.

Preferably the silicon, from which the or at least one of the siorage means
is at least partly formed, comprises derivatised porous silicon. More
20 preferably the derivatised porous silicon has a structure such that the
derivatised porous silicon is substantially un-corroded after contact with
simulated human sweat for a period greater than or equal to 10 minutes.
Yet more preferably the derivatised porous silicon has a structure such that
the derivatised porous silicon Is substantially un-corroded after contact
25  with simulated human sweat for a period greater than or equal to 1 day.
Even more preferably the derivatised porous silicon has a structure such
that the derivatised porous silicon is substantially un-corroded after contact
with simulated human sweat for a period greater than or equal to 1 week.

30 The attachable collection device may further comprise a backing layer. The
backing layer may be constructed in such a manner that it forms a
receptacle for the or at least one of the storage means. At least part of the
backing layer may form at least part of said attachment means. The

backing member may be permeable or impermeable.



backi ng nenber may be perneabl e or inperneable. 25 JANUARY 200
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backi ng | wpaBsoiEys conprise bulk crystalline silicon. 5 TherRaekhie, ! ayer
may serve to isolate the collection means fromthe environment surroundi ng

the attachabl e coll ection device, including neighbouring areas of skin.
The backing | ayer may be perneable to allow water vapour to escape from
the attachabl e collection device. 10 Thezability of the storage sanple of
porous silicon to interact with, or generate, electromgnetic radiation,
may be affected by contact with the sweat sanple. Changes in such

properties Ofrh?gﬂ%@'xi'lel -e?q”%&g%?gﬁﬁggﬁm“t-q“?%ﬁt" ty;eprn@@eta@mpﬂée or
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to detect the presence of, or analyse elements and compounds found in

sweat.

15
The or at least one of the storage means may comprise a storage sample

of pordus siticon having a structure and composition such that coniact
between the porous silicon and at least part of the sweat sample causes a
change in one or more of: the photoluminescence efficiency,

20 photoluminescence spectrum, the reflectivity, the absorbance, and the
photoluminescence decay time of the porous silicon.

The or at least one of the storage means may comprise a storage sample
of porous silicon, which has been partially oxidised, the partially oxidised
25 porous silicon having a structure and composition such that contact
between the partially oxidised porous silicon and at least part of the sweat
sample causes a change in one or more of: the photoluminescence
efficiency, photoluminescence spectrum, the reflectivity, the absorbance,
and the photoluminescence decay time of the partially oxidised porous

30 silicon.

The body fluid collection device may comprise at least one reference
storage means and at least one derivatised storage means. The or each
reference storage means comprising silicon. The or each derivatised
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derivati sgg ¢Sjokdes@n, the derivatisation being sel ected spg@/é’tﬂa%”sy\hen
brought into contact with sweat, the dervatised silicon binds to a sweat

el ement or sweat conpound or part of a sweat conpound. Preferably the
derivatisation is such that the 5 derivatised porous silicon may bond
covalently with a sweat elenent or parigqof a conmpound when brought into
contact with sweat containing said elenent or conpound. K The use of
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devi ce may celgméndteorecanpmindg neans, for applying a potential difference
across at |east part of the silicon fromwhich the or at |east one of the

storage neans is formed, and a nmeans for neasuri ng the current depsity
resul ting frdimesause pof emefeasncsi f ped etesivadsecrn&iygay e cB13%cPfon
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e
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15 The body fluid coliection device may comprise an electronic circuit. The
body fluid collection means may comprise a means for determining the
conductivity of the sweat sample. The body fluid collection device may
comprise a means for monitoring the electrical impedance of at least part
of the silicon from which the or at least one of the storage means is

20 formed. The body fluid collection device may comprise a biasing means, for
applying a potential difference across at least part of the silicon from which
the or at least one of the storage means is formed, and a means for
measuring the current density resulting from said potential difference.

25 The body fluid collection means may comprise at least one first storage
means and at least one second storage means. The or at least one of said
first storage means may comprise a first type of derivatised silicon, which
is derivatised in such a manner that, when brought into contact with sweat,
the first type of derivatised silicon binds to a first sweat element or

30 compound. The or at least one of said second storage means may
comprise a second type of derivatised silicon, which is derivatised in such
a manner that, when brought into contact with sweat, the second type of
derivatised silicon binds to a second sweat element or compound.




a manner that, when brought into contact with sweat, the secon

derivatised silicon binds to a second sweat el enent or conpoungSJMﬁ&Q%
2006 WO OgpQ3/ppses PCT/ GB02/ 03731 15 The use of two types g?- yﬁil sation
all ows the detection of nore than one el enment or corrpoung oun I n sweat.
A nedical condition or presence of drug in a subject may be indicated by
the presence of nore than one el enent or conpound in the sweat of the 5
subj ect. Measurenent of the relative copgentrations of the elenents or
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step (iv) of "anal’ysing sanpl e that has been collected on
and/or in at |east part of the si Ilcon sanple. The step (i) may conprise
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in fluid confunrcatl on wi t art uid secretin surface of the
ani mal or humﬂectmdatbﬁdxﬁﬂétﬁ gRMple fﬁW @@nﬁf“i“"saé ort HBm§Pe’g°rBIP“%BQI B8t ng

t he body1 stge anple on and/or in at least part of the silicon sanple

t hat has been ppa%r'ti ally oxidised. 30 Preferably the body fluid sanple is a
sweat sanple and step (i) conprises the step of (a) placing a silicon

sanple in fl )%l& n&ifgd Qﬁmﬂé th mﬁtccﬁﬁmuhi%t@ﬂﬂvﬂtmfﬁaﬁmaaﬂmdyﬁﬁmdr
human; step Ii rises the step (b) allow ng
secretlng surface of the anlmal or huma n;
(i) allowing and/or causing the animal or human to express the body f!u1d
15 sample; and
(ifi) collecting the body fluid sample on and/or in at least part of the silicon

sample.

The method of collecting a body fluid sample may be a method of

20  collecting and analysing a body fluid sample, wherein the method further
comprises the step (iv) of analysing the body fluid sample that has been
collected on and/or in at least part of the silicon sample.

The step (i) may comprise the step bf placing a silicon sample that has

25  been partially oxidised in fluid communication with part of a body fluid
secreting surface of the animal or human, and the step (iii) may comprise
the step of coliecting the body fluid sample on and/or in at least part of the
silicon sample that has been partially oxidised.

30 Preferably the body fluid sample is a sweat sample and step (i) comprises
the step of (a) placing a silicon sample in fluid communication with part of
the skin of the animal or human; step (ii) comprises the step of (b) allowing
and/or causing the animal or person to express the sweat sample by
sweating; step (iii).comprises the step of (¢) collecting the sweat sample on



and/ or causing the animal or person to express the sweat sanpl
sweating; step (iii) conprises the step of (c) collecting the 233@%@&06

on 25 JANWARX 02296 WO 03/ 015636 16 and/or in at |east parpc fGﬂo?{ﬁsﬁil icon
sanpl e. PCT/ @02/ 03731 The step (iv) of analysing the body tluid sanple may

conprise the step (d) of analysing the sweat sanple that has been
collected on and/or in at least 5 part of the silicon sanple. The step of
(iv) of analysing the body fluid sanpl eipay conprise the step of detecting
a body fluid sanple, that has been collected on and/or in at |east part of
the silicon sagfordn asyeasterast of e sHiqoBwi $RMR&chni ques: MALDI, 10 SI MG,
nmeasur enent of phot ol um nescence efficiency, neasurenent of

phot ol um nescence spectra, reflectivity s_aectr scopy, abso‘?rTB]ance
spect r osopy, Thadter&ylpEARAYSHY HRASIVUIHIASSEMIR MAeca)Pistie 558 Wep of

anal ysi ng t hg; éwﬁgéingatﬁels%vémléaw@mt%m@f&cﬂrecséde@n Gel/orin alfedst may be
performed during at least part of step (c). The step of analysing the sweat

sanpl e may bpap&ifbe sigoMFEaPehe sweat sanple is in contact with at |east
part of the silicon sanple. 20 The method may further conprise the step,

whi ch may be perfornmed after step (c nd before the anal ysis,st (d), of
separating tH emawféymf@naiwﬂpi%%?eﬁ ?'H%S%rﬁﬁlﬁl @.ay'ﬁ?g’%ﬁei @8n§§%m| e
may conpri se ,onetinds oy A sHtepI8! tHatGibs bé&én pollystey drabhd/oe isidti con,
anor phous silicon, bulk crystalline sili cor}, bi,oact.i vg il.icon, Aﬁgpr babl e
silicon, bioteashRerpelths;silicnsamp@. ¥ OneL itEséO'E‘waa e Sh g MAGRL
silicon $gnplgmERY meaSWFdnsentPer Pifotsluliisestehbat effiainope measurémehy of30

oxi dised. Preferably the silicon sanple cg, ri ses 3 st orage aﬁsgm Gﬁcgf
derivatised PPEIBURINGSCERe® afRFSfRp (160 'gﬁr’br i SRFCUHREORY e col&ct i ng
the sweat 5%%’%@056/;%’ addRfeaafefont 66 hstoaminesemeel ddoayttes 10 mi nut es,
and al | owi ng 25 JANUARY 2006

The step of analysing the sweat sample may be performed after step {(c) or

15 it may be performed during at least part of step (c).

The step of analysing the sweat sample may be performed while the sweat

sample is in contact with at least part of the silicon sample.

20 The method may further comprise the step, which may be performed after
step (c) and before the analysis step (d), of separating the sweat sample

from the silicon sample.

The silicon sample may comprise one or more of: porous silicon,
25  polycrystalline silicon, amorphous silicon, bulk crystalline silicon, bioactive
silicon, resorbable silicon, biocompatible silicon, and derivatised porous

silicon.

The silicon sample may comprise porous silicon that has been partially
30 oxidised.

Preferably the silicon sample comprises a storage sample of derivatised
porous silicon and step (c) comprises the step of collecting the sweat
sample over a period of less than or equal to than 10 minutes, and allowing




WD 03/ 015636 PCT/ GB02/03731 17 the storage sanple of derivati
silicon to be substantially uncorroded during the collection 2531&@3}%2006

Pref erablywotd3fisssé i con sanple conprises a storage sanpl eppiyRbhyaii sed
porous silicon and step (c) conprises the step of collecting the sweat

sanpl e over a period of less 5 than or equal to than 20 hours, and all ow ng
the storage sanple of derivatised porous silicon to be substanti ally
uncorroded during the collection periody Preferably the silicon sanple
conprises a storage sanple of derivatised porous silicon and st (c)
conprises théhastsprage seviplecefli dgrivaissesweneroysngllicosvir be %’f'yl ess

than or equal, to.than Jur Hr%’ \Qﬁgkcou%l&ﬁ%ﬁ' ;Lé}YBdePFéTQra%‘lPrtﬁgesnﬁé{Em|s%anle

derivati sed porous srlic stantially uncorroded durlng he
col | ection peoimpiisePr @f gpeagey samplssiof | dxiyadiand| ROTEBHPTIHGY aRdssis aéf@ sanpl e

of porous sild ﬁ@@lse@%gsétgﬁ &Céoif-‘e%ﬁﬁé'tﬁSSstéﬁi SdrRPleObveroh | RGlUNEF e sweat

sanpl e over perio | ess than“or equal to than 10 m nut es 0r}d

al | owi ng ﬁhetbaror@rg@qughmlf@aaf 290‘%‘!@: sﬁlﬂdi GHAWIng e SHiBLAsH SPAIPIS

uncorroded dyehgnlde p&ﬁa}Jkeeﬁ:'cQH REThO sy RtattRNgbLicoedsd | dwory Step! e
conprises a s ora e of porous siljcon and Steopmérg%e conprises the

step of coll e@ilﬁﬁfgﬂt I”iéeriosifveﬁfef%ﬂ%}' ethgy silicgnp&RMGLE ot S Rarb'YP98qual to
than 20 hours; Q z?fod%i\}c?%gbagpérhﬁs%twcﬁﬁ%némE{cpfcomprrv@us tﬁb|$t§prbft0 be

substanti al | y corro rin e collection Pr ef g t he
si | i con sanploslleeidmpithe sweat §ﬁ6‘tpéﬂgéV%'é?qﬂQ§‘°<§|f°p'§FBJ{§a%lqr h%l dp (c)
conpri ses gt h%v?e‘kt eaqh ;u&mhbq&élé%&ab@esa‘iﬁkﬁé%f&ﬁémlaﬁs@&@br@sp@nl:l:@d t@bel ess

t han or equal | owi ng t he storage sanple of porous
silicon to beSUbEBHF%I@H&:tU@ﬁPUQﬂP‘}IdHHE%F‘?%B%‘@“&@FlRﬁj"’Fhe col l ection peri od.
Step (a) may conprise the step of bringing a storage sanple of porous

silicon into contact wth the skin of a, hunman or ani miLenﬁﬁ gerll od of
greater than eferghy thesiiepneHOPECURPISRS 2 §ILRRS SRR Porog S0l9% ¢t ed in

30 and/ or 0” a'ﬂd keasicpPabinphbed hﬁesgt@paﬁecamhg bk ppessampld coer aand
step (c) conprise the step of detectin t ,elenment, which has
orinultes. 35T

been dedém tFéQil Ofa{eslsetﬁﬁ' %a‘?qu%fto tthan 4 BLRWDE e fiorasly

secondary ioOnggmple of porous silicon to be substantially uncorroded during the
collection period. Preferably the silicon sample comprises a storage
sample of porous silicon and step (c) comprises the step of collecting the
sweat sample over a period of less than or equal to than 20 hours, and
20 allowing the storage sample of porous silicon to be substantially
uncorroded during the collection period. Preferably the silicon sample
comprises a storage sample of porous silicon and step (c) comprises the
step of collecting the sweat sampie over a period of less than or equal to
than 1 week, and allowing the storage sample of porous silicon o be
25 substantially uncorroded during the collection period.

Step (a) may comprise the step of bringing a storage sample of porous
silicon into contact with the skin of a human or animal for a period of
greater than or equal to 10 minutes so that a sweat element is collected in
30  and/or on at least part of the storage sample of porous silicon, and step (c)
may comprise the step of detecting the sweat element, which has been
deposited on at least part of the sample of porous silicon, by secondary ion

mass spectrometry.



mass spectronetry. 25 JANUARY 2006 WO 03/ 015636 PCT/ GB02/ 03731 (
may conprise the step of bringing a storage sanple of porous %%ﬁﬁ??ﬁ‘%@@bﬁ

contact wyphysaissseat sanple for a period of greater then epr/afgasrsio 10
m nutes so that a sweat organic nolecule is collected in or on at |east

part of the storage sanple of porous silicon, and step (c) may 5 conprise
the step of detecting the sweat organic nolecule, that has been deposited
on at |east part of the sanple of porou%8silicon, by a MALDI technique.

Step (a) may conprise the step of bringing,a, storage sanpl e of rous 10
silicon i ntoSt¥htatmay Pﬁmﬁ"@ge‘ﬁ? g e,l'9r '?ﬂi”%tae% B%Qea%f‘k}'& Onfg&qqﬁggsmeat
sanpl e may cemebhShtd kenticervitf andwéiosampleafarhangeiodnobgesater inere oof 1 t he
phot ol um nescence efficiency, g‘%t ol um nescence

. ectru t he, .
o ectivi ¢y eaunetont ipiseso BRRS % MUSHHUBaN G RE0En St USER 1) Re0Br at
| east part obtibsstShm agetheasragbapPlows mirbis eliiconaiahdc bepgee)rmeul ting
15 fromthe contact wth the syweat sanple. .The ste ' t he
step of appl §PRGrgeshgster O?H@\{%t'lnlgc@ﬁ YRy WIaplg @ﬁ(gﬁbl@fnﬁrﬁ%ﬁggﬂbh%ﬁ t he
rate of coll %%Fbgﬂecpfont he |guse alars afmhe samplaafepeoas exdlicars| at BvMALBIt he
rate of deposition when the silicon sanple is at 20 earth potential. The

step (c) may 'SWY&e the step of applying a bias to the porous silicon in
such a manner that the rate of deposition of the sweat sanple on the

silicon is accelerated, relative to th ate of L td

silicon sanpldep s(agtm%rcf’wpﬁ‘étee Fi gtle.p %SB%ngtaeg?%gaéegﬁm%i ngp?'tr?ggsmeat
sanpl e from tNRos hic eBnSROPliE, a pweat samplé¢,handinpysi snalyeing thaysweatpri se
the step of immersing at |east, part of the .sil] apl.e i .ent .
The otep of SEBRIGITHYCPENERAIE Sepdl B'GIToANo  ERane Mosheldh RoRRrent
is at |east pRst byolommirkedente t bifickaicyenphotolyminkacedmer spanitinge thee step
of applying a hias.to,the silicon sa e ] ] B tost e bi as
i ncreases t haeHegtly iy Wi PHOE%QCEméagqb%r%ﬁ%éaﬁ@\B’é%C%ﬁPom t%g tLrF i.oéc_oér;t sanpl e
into the sol vesdt, pdrelotthe estbagehsampleeoirperoushslicon, said change resulting

15 from the contact with the sweat sample.

The step (¢) may comprise the step of applying a bias to the silicon sample
in such a manner that the rate of collection of the sweat sample is
accelerated, relative to the rate of deposition when the silicon sample is at
20 earth potential. The step (¢} may comprise the step of applying a bias to
the porous silicon in such a manner that the rate of deposition of the sweat
sample on the silicon is accelerated, relative to the rate of deposition when

the silicon sample is at earth potential.

25 The step of separating the sweat sample from the silicon sample, prior to
the analysis step, may comprise the step of immersing at least part of the
silicon sample in a solvent. The step of separating the sweat sample from
the silicon sample, when it is at least partly immersed in the solvent, may
further comprise the step of applying a bias to the silicon sample in such a

30 manner that the bias increases the rate at which the sweat sample moves
from the silicon sample into the solvent, relative to the rate when the

silicon sample is at earth potential.

The solvent may comprise one or more of water, ethanol, and acetone. The




silicon sanple is at earth potential. The solvent may conprise I
of water . ethanol. and acetone. The 25 JANUARY 2006 WO 03/ 015638 ANUARY 2006

PCT/ GB02/ @@®/3h1%3s Sol vent may conpri se any organi c conpopge/dghdisizs a
liquid at 20 C and a pressure of 760 mm Hg. According to a third aspect
the invention provides a use of a sanple of 5 silicon in the preparation
of a nedi canent for collecting and anal ysing, or for collecting and
subsequently releasing for analysis, a hedy fluid sanple froman aninmal or
human. The term "medi canment” as used herein refers to any supst e_used in
10 t herapy orsoiiealoey scomMprSeHERY PIGENF sSAFPEURGIhEE 1% & liauid Eg%l &

Preferably thgqst ﬁfbs%fure 6PY6€Girh My.t he body fluid sanple fromthe ani mal or
human conprises the step of collecting a sweat sanple frompart of the

skin of an animal or 15 human. The step of analysing may conprise the step

of detecting A?cc%]’m‘ﬁb 928RhRd adplat iHBTmReaBn bl RIeEEs BR and/sumple et | east
part of the sanple of silicon, by one of the follow.,ng techniques: MALDI,
SI MBS, readur @hieen BfthegerepatasionAie Begirdaents for ealegtin S ATENEIRS. o

phot ol uni nesgePESiectRGEiPsubRiqueRily Yélbisinpa6F BASIYSRY  a bbaPTRNsEMple
spectrosopy, and neasurenent of photol um nescence decay tine. The step of

rel easi ng forfraanyali®ahgyheddpri se the step of releasing a 25 sweat
sanpl e, that has been collected on and/or in at |east part of the sanple of

silicon, for detection by one of the follow ng techniques: NALDI, . SI M5,
phot ol uni nescE'es pEBt r HESIHPMedT P& CYI8H ﬁ?reé‘bé@?eﬂ'ﬁsteoﬂ‘yy? sgggtgpggnltsgd n

spectrosqpy, tﬁ@a%;fy'd’rodiﬁﬁﬁt%?&e spectrosopy. 30 The step of releasing for
anal ysis may conprise the step of at least partly inmmersing the sanple of

silicon in a solvent so that the body fluid sanple passes fromthe sanple
of silicon intg tHRgysmhidesdmpEhmagt B Disveal |Reiplag Préferaioigythel sted shinpl e
may conprise the step of . . ' .

collecting the body fluid sample from the animal or human comprises the

step of collecting a sweat sample from part of the skin of an animal or

15 human.

The step of analysing may comprise the step of detecting a sweat sample,
that has been collected on and/or.in at least part of the sample of silicon,
by one of the following techniques: MALDI, SIMS, measurement of

20 photoluminescence efficiency, measurement of photoluminescence
spectra, reflectivity spectroscopy, absorbance spectrosopy, and
measurement of photoluminescence decay time,

The step of releasing for analysis may comprise the step of releasing a

25 sweat sample, that has been collected on and/or in at least part of the
sample of silicon, for detection by one of the following techniques: MALDI,
SIMS, photoluminesce spectrocopy, reflectivity spectroscopy, absorbance
spectrosopy, and fluorescence spectrosopy.

30 The step of releasing for analysis may comprise the step of at least partly
immersing the sample of silicon in a solvent so that the body fluid sampie

passes from the sample of silicon into the solvent.

The step of collecting the body fluid sample may comprise the step of




25 JANUARY 2006 WO 03/015636 PCT/ GB02/03731 20 increasing the t
collection, relative to the rate of collection when the sanpl &5?#&[%38’&906

is at earywh@eigséial, by applying a bias to the sanple ebrridere9is 5 The
step of releasing the sanple for analysis nmay conprise the step of

increasing the rate of release, relative to the rate of rel ease when the
sanple of silicon is at earth potential, by applying a bias to the sanple
of silicon. 10 The sample of silicon mgy conprise one or nore of: porous
silicon, polycrystalline silicon, anorphous silicon, bulk cr alllne
silicon, bio#greasingsithe ceate PésenliasiPe, sTelREYM, “bﬂB%oﬁﬁ&tF%léo 9ti°8on, and

derivat!sed RifdUhe ShmbPBr slicod e a§%’§ﬂhep&fanﬁél| by Qi giiMg GBI toethe

partially oxi he sanpl e of silicon may conprise partially
oxi di sed por sameé bfstbln.onPr eferably the sanpl e of silicon conprises a
storage sanple of porous silicon and step of coIIecting the body fluid

sanpl e conprises the step of 20 collecting a sweat sa e OV& E od of
| ess thanSor Tegualept of relgasing thei sRINE!S, foarwaév/ﬁ'%\m%cp riseo 39%9 ‘?fpl e of

porous sili C?Hcrteﬁsm? tr?e‘”?ét(eaﬂf 'rél'e'a1¥e URA SO A6 dhe Urdtd Bft Rfedsd Ivbehi i
period. Preferably e iI'11con conprises %storﬂ%e sanp Ie of

anpl

porous siliceamme 0§t9e|pﬁft51f is %?ﬂlr@tipp??@t'?hebyo%@/'yﬂgu? a8, iy Ire Yes the
step of collegtijpgd @ sweat 25 sanple over a period of |ess than or equal to
than 20 hours, and allowing the storage sanple of porous silicon to be
substantially uncorroded during the collection period. Preferably the

sanpl e ofjgsil r s @8mpFidBPbRe 0b I@Mr@uafs b*mnsmndn,step of
col l ecti ng tthfeg%gﬁﬂjTP bisesﬁchén wya mp$ e h :

onpri.ses ste g\@ ectln .a sweat
sanpl e over aacrbmry@t@llme ’ﬁ‘@%%nt%ﬁrmuérs‘iéﬁ’@al CWR 'We &R l%{ﬂﬂ B8 owi ng
the storage saimire @soRUHISsifddn, OfﬂacorhgatlﬂﬂeSsmédrﬂnémcﬁldeywaﬂm:r podaes during
the col | ection period. Advant ageousl y t sanmpl e of silicon conprises a

storage sanpl®ligf. partially oxidi sed porous silicon and step of collecting
the body fluid

15 The sample of silicon may comprise partially oxidised silicon. The sample

of silicon may comprise partially oxidised porous silicon.

Preferably the sample of silicon comprises a storage sample of porous
silicon and step of collecting the body fluid sample comprises the step of

20 collecting a sweat sample over a period of less than or equal fo than 10
minutes, and allowing the storage sample of porous silicon to be
substantially uncorroded during the collection period. Preferably the
sample of silicon comprises a storage sample of porous silicon and step of
collecting the body fluid sample comprises the step of collecting a sweat

25 sample over a period of less than or equal to than 20 hours, and allowing
the storage sample of porous silicon to be substantially uncorroded during
the collection period. Preferably the sample of silicon comprises a storage
sample of porous silicon and step of collecting the body fluid sample
comprises the step of collecting a sweat sample over a period of less than

30 or equal to than 1 week, and allowing the storage sample of porous silicon
to be substantially uncorroded during the collection period.

Advantageously the sample of silicon comprises a storage sample of
partially oxidised porous silicon and step of collecting the body fluid



25 JANUARY 2006 WO 03/015636 PCT/ GB02/03731 21 sanple conpris
of collecting a sweat sanple over a period of Iesgpthan g? §§HA$ﬁL§%§%006
10 m nut e§o BMbseds | oW ng the storage sanple of partiall yP@ay(ﬂ;O%ngorous
silicon to be substantially uncorroded during the collection period.
Preferably the sanple of silicon conprises a 5 storage sanple of partially
oxi di sed porous silicon and step of collecting the body fluid sanple
conprises the step of collecting a sweapjsanple over a period of |l ess than

or equal to than 20 hours, and allow ng the storage sanp artlally
oxi di sed por Ga§nie | icserprisesbetheubsieant Tl £9IqFHREr Poawaat cﬁﬁ‘mpi‘afg

col I ection pﬁien%e ofH%@EQﬁﬁﬁ)lo}‘ ddd8l &fifﬁ&nemfmlﬁlﬂdsc@ﬂldcéllmmh?eﬁe atdgst or age
sanpl e of part oxl di sed porous silicon and ste g)ﬁ | ecti n the

body fluid saﬁmréeéﬁrﬁﬂ*tlglésowﬁése@t Rprogs LHtAretd PRGUPSHRM vswﬁrr@ §er a

period of | e%ﬁmhpame%on%uah pefioclinPhefbramekhe %@%p@éw\ﬂlli@ntblﬁnpﬁﬁsise
sanple of partially oxidised porous silicon to i?go subst ant Iga/I uncorroded
|

during thé C(ﬂtfPr@@?l%ﬁWB’ér‘PfoBart'fﬂy'ﬂ’Féj'%%QPr%ﬁ Rendcd eciferi al

sel ect ed ffo%é%ds?fﬂu"@ég ?fe c@npﬂﬁk%t&@pw@@m@ﬁn@rﬁ swteasmpi,emnae or
nore organi c COITDOUI’I s th

d
conpounds t ha PREYd 19 '?%ﬁjmﬁ’] fr egV@a"P "%gﬁdzlqr/]\ﬁfs)\é\fsat% %ﬁ@"'gﬁgg{e e%é{onlpg may

conprise a Mad@id i@lof%%rﬁaléﬁ@xfdrm pﬁx%u@rsurmfretcpbe sitaithily mjodrodtebu ani ne,
ri boflavin, nicotinic aci ant i

m no et hanol

creatinine, thirpgrieg C‘P’ﬁ’&i'&f‘é’erpﬁe@ﬁﬁé l?olﬁéhe p?‘é’l“ﬁ{lﬁloéﬁ'“wp’ycomphses a
Let rahydr1©car§?§|%!g@0éa;mhbiéi5w bBrtialty rma@dlglemgor?membuhm ampder ccblﬂembmgne (215

romne, iron, bismu actic aci a ucose uri G
ni cotine, noripRPEY TLid samp :Lﬁ B@“pﬁ?%?o%ns%eﬂé’?ﬁgh%ﬂg‘g %ﬁ&’ﬁ&‘yé?mme aver ac!
am nogyrl ne, flgbhaglcﬁqE@@ tp@ﬁl oﬁtf“@dl?tl acntgem berex| eagoaonwng Jpé\eﬂmta@eb:c tal,
an androgen steraqi enyt oi n car ba th
aspect, the |W@39{?|Q§n HHgly @& '%erdqa?'ioé'éh%lga B%(?? sibstéftfaly Lftbricked ' o1

during the collection period.

15
The sweat sample may comprise a material selected from one of more of: a
non-aqueous component of sweat, one or more organic compounds that
may be found in sweat, one or more ionic compounds that may be found in
sweat, and water,

20

The sweat sample may comprise a material selected from one or more of:
ascorbic acid, thiamine, riboffavin, nicotinic acid, an amino acid, ethanol,
antipyrine, creatinine, thiourea, lactate, theophylline, parathion,
tetrahydrocannabinol, insulin, cimetidine, dimethylacetamide, fiuorine,
25  bromine, iron, bismuth, lactic acid, pyruvate glucose, ammeonia, uric acid,
nicotine, morphine, sulfanimide, atabrin, methadone, phencyclidine,
aminopyrine, sulfadiacine, an amphetamine, benoylecgonine,
phenobarbital, an androgen steroid, phenytoin, and carbamazepine.

30 According to a fourth aspect, the invention provides an attachable body
fluid collection device comprising at least one storage means for, when in
use, storing a body fluid sample secreted by a body fluid secreting surface,
characterised in that the or at least one of the storage means comprises

silicon oxide.



fluid collection device conprising at | east one storage neans i
use, storing a body fluid sanple secreted by a body fluid secré?Jﬁg\ﬂ‘l‘EﬁYﬁ%

surface, wehahpiserised in that the or at |east one of thecsioagHsreans
conprises .silicon oxide. 25 JANUARY 2006 WD 03/ 015636 PCT/ GB02/03731 22
Preferably the silicon oxide has the chemcal formula SiOX where 0.1 < x <
2. 5 Advantageously the silicon oxide is porous silicon oxide, nore

advant ageously the porous silicon oxidezps integral with a substrate. The
substrate may conprise one or nore of: bulk crystalline silicon, silicon
,oxide, or partially oxidised bulk crystalline silicon. 10 According to a

fifth aspect o Ldie. n%\fﬁé”shi%n RIxRid H5S 1 BRS MRS RfrrR04 lsw% ivAgrex0.foedy<f | ui d

sanple from an ani human conprising the steps: (i) placing a silicon
oxi de sanpl e2in fluid communication with part of a body fluid secreting
surface of the animal or human; 15 (ii) allow ng and/ or causing the ani nal
or human to express the body f|UId sanple; and (iii coIIthlng t he body
flui d sanpl e Adianiageersiyn B | dhean pQ?“tdeof'St HROTSPE | EHiFOToxPYEesa R, 20

Advant ageous'a)ﬂvéﬂ%gébﬁéig%e%rg@s isHicBAr ®ide 6 ||n1%gﬂalqmlﬂd%, sisyteate. The
advant ageously the™poro substrate. The

s silicon oxide is |nt
substrate nm‘iub%iﬁﬁiﬁl B@YoR@MBHSHANE 8F MY R c?@gt%m’?eﬂh@esﬂ“ce%’nS'“§PP| con

oxi de, or L AR, bY paxidilySsehiBed Buﬂ(rdf%tﬁllirﬂeﬂﬁhédrl icon. 25 According to a
si xth aspect t e’'inventi on provides a use of a sanple of silicon oxide in

t he preparation of a nedicanent for collecting and analysing, or for

collectipg a cékbt?ﬁﬁ%%nﬁfltwaé&écﬁaﬂ‘lé“mvéﬁ)ﬂ”o@ﬂﬁd\&&ssa reethodyof dollattthganpl e
froman ani mal or human. Advant ag eg}?iloﬁﬂt he silicon o%de is. porous silicon

oxi de, more bogyakihaamgleolieman Ay Y GUBRYIYRY PPhtegral with a

substrate. The substrate may conprise one or nore of: bulk crystalline

silicon, silicon
(i) placing a silicon oxide sample in fluid communication with part of a body

fluid secreting surface of the animal or human;

15 (i) allowing and/or causing the animal or human to express the body fluid
sampile; and
(iii) collecting the body fluid sample on and/or in at least part of the silicon

oxide sample.

20  Advantageously the silicon oxide Is porous silicon oxide, more
advantageously the porous silicon oxide is integral with a substrate. The
substrate may comprise one or more of: bulk crystalline silicon, silicon
oxide, or partially oxidised butk crystalline silicon.

25  According to a sixth aspect the invention provides a use of a sample of
silicon oxide in the preparation of a medicament for collecting and
analysing, or for collecting and subsequently releasing for analysis, a body
fluid sample from an animal or human.

Advantageously the silicon oxide is porous silicon oxide, more

30 advantageously the porous silicon oxide is integral with a substrate. The
substrate may comprise one or more of: bulk crystalline silicon, silicon
oxide, or partially oxidised bulk crystalline silicon.

The invention will now be described by way of example only with reference



oxide, or partially oxidised bulk crystalline silicon. The inv I b
now be descri bed by way of exanple only with reference 25 JANUZ%W@O%Q%O%
03/ 015636y83d3068d1e foll owi ng drawi ngs, in which: PCT/ GBORLPégddodspure 1
is a schematic diagramof a prior art sweat patch; Figure 2a is a schematic
di agram of an attachable body fluid collection 5 device according to the
invention; Figure 2b is a schematic diagram of a storage sanple of porous
silicon that nmay formpart of a body f$sid collection device according to
the invention; Figure 3 shows SIM depth profiles for a nunber of sweat

el enents, 1® thedobpwiBondravingsmimwdigdei ng performed on the porous silicon
sanple represented in figure 2b, prior to contact with sweat; Figure 4

shows SIMS depth profiles for a further ror:)}p of , sweat _elenments, the SIM
; beath

measur ement sFigirag per fsor aekeBAlie ABgram qfiagRiier &fhSPsP ilicon sanple,

prior to Con[:%‘ﬁtregiath AW abheMbls BadrainNenan atsehabiet badydfilaigrameofiom body
fluid collection device, according to the invention, conprising three body
fluid stbrage neans; #e\joe&ceordiyie Hedp¥WIMAY ¢ di agram of a body fluid

col I'ection dﬁg&&zb_ 2055 GRhEinBfc dPadrBf Ny SRériags, sabwpprdf siongusasieams f or
nmoni t ori ng e resistance of a stora ous, si licon; gure 7

shows SEM i mages of a ihatroesiasmapat é’g%pl?gdq}(;#lgiﬂgé%@g{m%idfel""ESnactcﬁzriqiE#as been

partially oxidised andyf gfe Rvé@idd;h storage sanple of porous silicon that

Suear for ¢ Ridserhn SERPHESIND GERELE e e M o GvdeRels

profile fgr a second syfy amSafBhaurefones Weing shérfarared tde theregaroshows ¢ he

effect of ‘immersion | nsislilcg}\“s%tmep e represented in figure 2b, prior to contact with
sweat,

Figure 4 shows SIMS depth profiles for a further group of sweat

elements, the SIMS measurements being performed on the

15 figure 2b porous silicon sample, prior to contact with sweat;

Figure & shows a schematic diagram of a body fluid collection device,
. according 1o the invention, comprising three body fluid

storage means;
Figure 6 shows a schematic diagram of a body fluid collection device,

20 according to the invention, comprising a means for monitoring
the resistance of a storage sample of porous silicon;

Figure 7 shows SEM -images of a third storage sample of parous
silicon that has been partially oxidised and for a fourth
storage sample of borous silicon that is un-oxidised, the

25 images shows the effect of immersion in simulated sweat for
these two samples of porous silicon;

Figure 8 shows a SIMS profile for a second storage sample of porous
silicon, the image shows the effect of immersion in simulated
sweat containing lithium ions;

30  Figure 9 shows an apparatus to determine the behaviour of a storage
sample of porous silicon, under an electrical bias, in
simulated human sweat;

Figure 10  shows a SIMS profile for a second storage sample of porous

silicon and to which an anodic electric bias has been applied,




sweat containing lithiumions; 30 Figure 9 shows an apparatus
t he behaviour of a storage sanple of porous silicon, under E%F&W@%%

bi as, in wsipgigisaaed human sweat; Figure 10 shows a SI M5 pp@i}dﬁgz,«ﬁ;%la
second storage sanple of porous silicon and to which an anodic electric

bi as has been applied, 25 JANUARY 2006 WO 03/015636 PCT/ GB02/03731 24 the
I mge shows the effect of immersion in sinulated sweat containing |ithium
ions; Figure 11 shows a SIMs profile fopga second storage sarrpl e of porous
silicon and to which an cathodic electric bias has been t he
i mage shows the ef f ect thef impger shows | Hesi piiRcit &f ‘@‘iﬂé?ﬁ‘o%om E"gé‘ill t hi um

ions; Figure 12 shows 58fdd @nfudk ighst 1 fth storage sarrpl e of porous
silicon that has been Q\g%ﬂ\ﬁrﬁ OXdI di sed, the i mage shows the . effect of

i mrer si on i nFigural14dt edsl'sm@%ua S48 airalilagor P $RARAI FALIeITPEPIG TP hows a

SIM5 profile for a fi f%hcéﬁ Oéﬁcgetoswm%rﬁ o d@@?ddi@ elstiricc g mak basnbeen
partially oxidised, the m:;ge shows the effe

| at ed
sweat confai ning |ithi aapliashdhe igage PF@WF’éh‘iﬁ?@%%'"Hn%%rsﬁﬁoﬁr%%ufaéna ; e

fifth storage sanpl e ofyRef Qtainiy Hihiurf $ohs; hat has been partlally
oxi di sed, the imge shows the _effect of con tt?]t w th human st

Structure, coigssitd onshaws & SHMS RrOHA 95 Tl 8105208 FARY'S 2 c?]%rﬁﬁi c

di agram of an attachablkgcBRdNaf had %e@ﬁ'deﬁ‘ﬁé 6x1dd3%VJl, eiee irgegesabivy thedi cat ed
by 21, according to the invention. The hgctlon device 21
conprises a storage me&fgchof ImEpRysian 'ﬁtst‘@é‘ ‘i’uswe Gerganung iU FoRs; oo

means COHRr i %‘?@fr% {4 1 SEhak 8 AGH VRIS M e Ofor RO TS stcsaye G_mlmpﬁd ofaparoasporti on
of bulk c¢rysta

I ne silicon 25. Th flrstsorae25 a r.ous
silicon 24 may conpriséllgenithat hag eﬁBrRﬁIEa'iX P?‘@ > 178 TRage ShohSRY
effect of immersion in simulated sweat cqntalmng lithium ions;

and
Figure 14  shows a SIMS profile for a fifth storage sample of porous
15 silicon that has been partially oxidised, the image shows the

effect of contact with human sKkin.

Struciure, composition, and fabrication

20  Figure 2a shows a schematic diagram of an attachable body fluid collection
device, generally indicated by 21, according to the invention. The fluid
collection device 21 comprises a storage means 22, and an attachment
means 23. The storage means comprises a first storage sample of porous
silicon 24, and a portion of bulk crystalline silicon 25. The first storage

25  sample of porous silicon 24 may comprise derivatised porous silicon.

The first storage sample of porous silicon may be prepared by a method,
which will be referred to as “method A", which comprises the step of
anodising bulk crystalline silicon by a standard technique such as that
30 described in US 5, 348, 618. The resulting first storage sample of porous
silicon 24 is connected to the remaining portion of bulk crystalline silicon
25. The attachment means 23 holds the storage means in contact with a
body fluid secreting surface, which in this case is human skin 26. The
attachment means 23 may, for example, be an adhesive tape, the adhesive



The first storage sanple of porous silicon may be prepared by
which will be referred to as "nethod A", which conprises the s?égﬁwﬁﬁ‘”‘mﬁ

anodi si nowlwislisssyst al line silicon by a standard techni quecsufdszassihat 30
described in US 5, 348, 618. The resulting first storage sanple of porous

silicon 24 is connected to the remaining portion of bulk crystalline
silicon 25. The attachnent neans 23 hol ds the storage neans in contact
with a body fluid secreting surface, whsch in this case is human skin 26.
The attachnment nmeans 23 may, for exanple, be an adhesive tape, the

adhesi ve 25 baNgAReSEIGEMWONZLDE58dE 95 B\éﬁtﬁlﬁepr esent on only one side of
the tape. PCT/ GB02/ 03731 Any reference, in this specification, to a "first

storage sanpl e of porous sjlicon" should be“ft ar%& as a reference to a
storage sanpli@yofefenegs in ghisi speafiratioBpe &y Bt FHATASE SRMRP R BYY5 shows

a schematic Q{RGHANMRILIA KeeRRd 86 Of agRr&atE obtorpgs ausnse | dfcporodi4a. The
second storage sanple of porous silicon was fabricated by the follow ng

met hod, whi cislligoniprepasast iy edhadbPas "nethod B': 10 A 0.005 ohm cm p+ waf er
was anodi sed in 20% et hanoic HF. A current density of 5 mA cm' was passed

for 120 seconds, imediately followed by a current density of 5 CM -2
for 120 secorfiguress2irhodSH R %‘%l't‘%%ﬂ'oop'd)t/g\ﬁﬂ“CBﬁQeﬁ?ﬁqr\‘i’es ﬁ?g%rﬁa”wg%@ti es in
L ,hiﬁ way g_e{l%gézﬁéi silid\%ﬁ[ !z%zyf.r $h32f€ﬁ-0n32ﬁbra§e Rampits oSipcirloom,sfild)cw hersi ng a

i gh porosity 224a, iC or s econd storage sample_o I QLS
silicon 224afabiepteddy tbﬁﬁ@'ﬂowagifﬁﬂﬁPawb‘G d%'f‘?’g? %%B?%?%hm{aﬁﬁﬁs%a

sem per nggbl e nenbrane. The | ow and high porosity layers 224a and 224b are
connected to each 20 other. The_ porosi’

ity of .th c st onag e of
porous sili cah 0230/ OhMysMERi ‘ga@éﬁﬁ%%taﬁéd'%dt’ﬂgz%IGang??/%?gﬁ ﬁngﬁg%’]l'otst rate
224c, is 67%gchRfy R® @A érﬁ'zﬁhfastﬁ&@@%p&ﬁmbbmmm@mmwﬁ%bow?dwﬁa A2'5
e referre

tsf)?r ?get ?1?gpg%‘g'{r?ﬁ?tg‘i‘%%ﬁ%fgbcﬁﬂ"&gg‘?f(rj‘e?g} %1;’/%%1 tsgg(rjrp:sewol‘l porous silicon".
15 The application of two consecutive current densities in this way generated
two layers 224a, 224b of porous silicon, one having a high porosity 224a,
which forms the second storage sample of porous silicon 224a, and the
other having low porosity 224b, which forms a semipermeable membrane.
The low and high porosity layers 224a and 224b are connected to each
20 other. The porosity of the second storage sample of porous silicon 224a,
which is connected to the bulk crystalline substrate 224c, is 67%. The
porosity of the semipermeable membrane 224b is 43%.

A storage sample of porous silicon prepared by method B will be referred
25 1o, in this specification, as a “second storage sample of porous silicon”.

The low porosity semipermeable membrane 224b could be used to prevent
dermal detritus reaching the higher porosity second storage sample of
porous silicon 224a used to store the sweat sample.
30

Figure 3 shows the SIMS depth profiles for the sweat elements: sodium,
potassium, and lithium in the second storage sample of porous silicon,
prior to exposure {o sweat. Trace sodium is present throughout the layer at
paris per million levels, this is indicated by the abrupt change in level with



The | ow porosity sem perneabl e nenbrane 224b coul d be used to
dermal detritus reaching the higher porosity second storage sa%ﬁé@ARYm%
porous Si M1s3¢a used to store the sweat sanple. 30 Fi t he
SIM5 depth profiles for the sweat el enents: sogPum pot aggfrﬁ}n%h’g&r:@wﬁ thi um
in the second storage sanple of porous silicon, prior to exposure to

sweat. Trace sodiumis present throughout the layer at parts per mllion

| evel s, this is indicated by the abruptgghange in level with 25 JANUARY
2006 WO 03/ 015636 PCT/ GB02/ 03731 26 sputtering tinme as the s Ser ed
regi on passeSpﬁht@rmmg hémporasushe apevttergda aragigroPaseesutie®r thei WBB% qyer

crystalline substngl heafitentie bAR i Stalifle oOUlkile 20MM TR ¥l fonose for

pot assi um an | um limts of detecti n tt

Leﬂ:nl que, naodmnm esptadi N\gtl’bﬂ’m#i@efqrnp%tﬁgﬁam gnf NIB[UNh e v @ Bh?ous and
u regi ons n d t e 9,4 hegvsal SI MS

depth profil é@'ﬁ#ﬁ f QEEGZ%MEV\/%%?&S %ﬁéﬁ;qgwlnpo‘%&?ﬁﬁgdlr@ o e i.n the

second st E)ragweéamb\rdee@f’fh@dmm%s ani Rk rogleas haing chéei‘t? %ﬁﬁgﬁ?% W8 sweat .

Copper is det e at levels of the order of parts per mllion, whilst

iron and | ead are undetectabl e. Fi gures 3 and 4 both show a SIMS depth
profile for silicon. The variation of the SIMS signal with sputtering tine

provides an igndi cakif w%st HPOWEKIas ifes tirke Mot aslOmenBs: lilaroNeddiyer s.
The si gnal re':'rs?g‘ftlng rom sl\:ﬁI dje? ?) present in al X re(z’ﬁlts

presented i n ani sommrentthgp?ﬁqcmét $f6FﬁgeA3%‘BEk¢ ] BPEP"@O?’I'%?:‘? %gaoﬁﬂﬂr R
conpri si 'lg Cg{ﬁ‘) sTHOI PR AE THpeP iFHaLRIIe P RIS 0f e oRisr ©f iarigrigen of a

body f1 ui |on devi ce, generally in |cated by 51, according to the
i nventi on. ThﬂmumiN@u$t6ﬁnd@@ﬂ@%daﬁiuﬁ@ﬂﬁP a type x storage negns 52, a
type y storage means 53, and a type z storage neans 54. Each storage neans

conprises porous silicon. The three st e i
surface of tHagetesn3 88d df bathshow#SIME, &rﬁ%ﬂ%éﬁggér %hg%’h- tgefgérictso 1Ieg E)Se

means of an ahLagh®Nisignal with sputtering time provides an indication of the
15 boundaries of the porous silicon layers. The signal resulting from silicon is
present in all of the SIMS results presented in this patent application.

A body fiuid collection device comprising three storage means

20 Figure 5 shows a schematic diagram of a body fluid collection device,
generally indicated by 51, according to the invention. The collection device
51 comprises a type x storage means 52, a type y storage means 63,and a
type z storage means 54. Each storage means comprises porous silicon.
The three storage means are in contact with the surface of the skin 55 of a
25 subject. The storage means are attached by means of an attachment
means 66 having adhesive surfaces 57 and 58. The type x storage means
52 may comprise type x derivatised porous silicon, the type y storage
means 53 may comprise type y derivatised porous silicon, and the type z
storage means 54 may comprise type z derivatised porous silicon. Each
30 type of dervatisation may be selected so that when the three storage
means are brought into contact with the skin surface, and conditions are
such that sweating occurs, the storage means each selectively bind to a
different component of the sweat. In this way different sweat elements and

compounds can be collected simultaneously.



means 66 havi ng adhesi ve surfaces 57 and 58. The type x storag
may conprise type x derivatised porous silicon, the type y sto?gﬁmﬁémé

53 may CoRlydsnsscsype y derivatised porous silicon, and thgctr)(ﬁ? #3738t Or age
means 54 may conprise type z derivatised porous silicon. Each 8 type of
dervatisation may be selected so that when the three storage neans are
brought into contact with the skin surface, and conditions are such that
sweati ng occurs, the storage neans eachgagel ectively bind to a different
conponent of the sweat. In this way different sweat el enments and conpounds
can be collected sinmultaneously. 25 JANUARY 2006 WD 03/ 015636

PCT/ GB02/ 0373} a%@lk&n%ﬂy?!e%ﬁfd&ﬁﬁxbmen@ﬂﬁﬁ@isﬂﬁabe Medrisdheysiofargrdieaas may
be formed on a singe silicon substrate. Each stora

e sanpl e.may, conprise a

di fferent tymsingeosiliden subsiraied Egeh strrage SRR M © ré%%ngxf’éff‘ifeﬁ #S to a
di fferent swegt & LARBANEAIous TSRS Itha0BeRRSEIy AbiASTY GOIeerR Dbl
crystalline silicon. Measurenent of the change i g ﬁ(gnducﬁivi t.i( of a storage
sanpl e of Sporcomponsint. Bamskison spbsiate ey cABPPFR SURCHYBRINGSIICHD Figure 6
shows a schematic diagramof a body fluid collection device, generally
i ndi cated by 61, according to the invention, The bodg fluid, cellection
devi ce 61 corveasirement of die £NANGH N SQRMY Ol 3 SipLade SEHIRE 8- POISRs
attachment fhrPas alréBuiebetld 9desnéBdof Sfeatd bi asing neans 65, and an
anmet er 66. I'TSt storagé sanple of porous silicon 62 is attached to 15
the surface of the skin 67 of a subject 67 by the attachnment neans 63. The
subj ect iy mabg,Q eakhowsda @nEWREE gyt tdTea sty filid doltedtiopctednedevi ce
is in contact™wth the skin, and the resulti H%Chanrﬁe [ theD %ngﬂc@ti vVity
i s nonit or eddenEraBangdigrtach @Vafetaseordpg e U ARYGTON: JENG 209X Kt i on
on t heAst ﬁ_bi :jé&lbéc%n Yl ?Q@o?@?ﬁﬁb@ aoﬁrs_piefcﬁage saimpleof pbrndtsi silitat 68, human
sweat third storage sanpl e of_ _porou ilic S_Rpr.epare e
fol lowing 23nfeelaenmani Bgans o8, pEo P@@Pﬂsa%?'o\égsap%?qﬂ%@%?% ég} and
' an ammeter 66. The first storage sample of porous silicon 62 is attached to
15 the surface of the skin 67 of a subject 67 by the attachment means 63. The

subject is made or allowed to sweat while the body fluid collection device is

in contact with the skin, and the resulting change in the conductivity is

w

monitored by means of the ammeter.

20
The effect of partlal oxidation on the siability of a storage sample of porous

silicon in simulated human sweat

A third storage sample of porous silicon was prepared by the following
25 method, which will be referred to as “method C™:

A 0.005 ohm cm wafer was anodised in 20% ethanoic HF at 5 mA cm for

120 seconds and then 50 mA cm™® for 10 minutes. Haif of the anodised

wafer was then partially oxidised by thermal treatment in air at 500 C for 30
30  minutes to vield the third storage sample of porous silicon.

Any sample referred to, in this specification, as a “third storage sample of
porous silicon”, should be taken as a sample of porous sllicon prepared by
method C.



A 0.005 ohmcm wafer was anodi sed in 20% et hanoic HF at 5 mA ¢
seconds and then 50 mA cnf2 for 10 minutes. Half of the anodi sg%‘?mw@%@gﬁ

then par tyy@lds)183s di sed by thermal treatnment in air at 50@ 9&3&/‘&91 30
mnutes to yield the third storage sanple of porous silicon | e

referred to, in this specification, as a "third storage sanple of por ous
silicon", should be taken as a sanple of porous silicon prepared by nethod
C. 25 JANUARY 2006 WO 03/015636 PCT/ GB02/g03731 28 A fourth storage sanple
of porous silicon was prepared by the following nethod, which will be
referred to as "nethod D': 5 The half of the anodi sed wafer that was not

oxi dised in r B brRFBRERbYUrieffeNowinger i od
of 12 days t%tf?gﬁ%%?%%g Fﬂée&f b&o% SI%OH% IB Pacon sYIAn(f/ sacr)rpilng

or ous Ssi
referred to, mﬂthtoﬁl wh%le‘di”fbﬂzwf?féﬁd t%ﬁsameﬁ’éﬁﬂ?h sanmpl e of porous 10
silicon" should be taken as a sanple of porous silicon prepared by nethod

D. Segnents of the third and fourth storage sanpl es, of ﬁﬁrrnot% s'hl i con were
then i nculat ethe halfi efuthe eaodisadrvaleeshatawasnat ogfigediifPsied RuMds 15

t
ecari bod by TR B e e 557 ¢l L 1ong) e

si mul at ed hunggmplRedtPocoHpHFilieds NaC (20g/litre), NHAC (17.5¢g/litre),
urea (5g/litre), acetic acid (2.5g/litre), and lactic acid (15g/|itre) The
pH of the simulated human sweat was adjusted to 6,5 addi ti ?n of

20 Fi gure 7(aAny sa@mpl eaferradde ionkis W‘ﬁ'q’?&@é‘ 8f & HQquﬁlSraH“g QBE:OUSSarrpI e

of poroug S'élh srﬁqubgtZl(éHa§%%n@e%fqdm6umm@bﬁlm@|bar@ﬂ bytmgehaaf t he
same sanpl e, e image being of the |ower porosity region close to the

surface of tlﬁe sanple. Figure 7(c) shows the third storage sanple of
por ous si licon 25 after 9 days imrersion in simulated sweat There is

substanti al | y no corrosion resulting fromthis EE)erl (% rsion,
Segments of the third and fourth storage samples o porous silicon were

then incubated in simulated human sweat at 25 C. The simulated human
15 sweat was prepared in accordance with 1SO standard (3160/2) and is
described by J P Randin in J. Biomed. Mater. Res, 22, 649 (1988). The
simulated human sweat comprises NaCl (20g/litre}), NH,CI (17.5¢/litre),
urea (5g/litre), acetic acid (2.5g/litre), and lactic acid (15g/liire). The pH of
the simulated human sweat was adjusted to 6.5 by addition of NaOH.
20
Figure 7(a) is a cross-sectional SEM image of the third storage sample of
porous silicon. Figure 7(b) shows a higher magnification image of the same
sample, the image being of the lower porosity region close to the surface of
the sample. Figure 7(c) shows the third storage sample of porous silicon
25 after 9 days immersion in simulated sweat. There Is substantially no

corrosion resulting from this period of Immersion.

Figure 7(d) shows the fourth storage sample of porous silicon, after 9 days
immersion in simulated sweat. As can be seen from the SEM image,

30  significant corrosion has occurred.



Figure 7(d) shows the fourth storage sanple of porous silicon, ,aft
I mrersion in sinulated sweat. As can be seen fromthe SEM i mag JA%J’ERQ%%

si gni fi cagh 8R4I on has occurred. 25 JANUARY 2006 WO 03pP128:3903731

PCT/ GB02/ 03731 29 The effect of applying an electrical bias to the storage
properties of a storage sanple of porous silicon Figure 8 shows a SI M
profile for a second storage sanple of porous 5 silicon after 40 m nutes

i nmersion in sinulated hunan sweat to V\/ru'gch a lithiumions have been added
to make the concentration of lithiumions in the sinmul ated human weat
equa| to 2 m of yin in & |\ bigs ig 2 SiotageLpro 1 | t hi um
nitrate. A caoyp g%ﬂg c;fﬁré;@:lgm%,@nd |'ithium pI’OfI | es of flgure 8 with
t hose of figure Shows € sinmul ated sweat 10 has substantially not
entered the high porosity porous |layer 81. Figure 9 shows a storage neans
91 that has beghr@r Shyws Wlﬁ‘@pi‘cﬁfllesﬂomﬁ @re@andwm@ggvmhpazof ]Sbﬁo:.&:t or age
means conprises a first storage | e of rou I con 9? qH (ﬂ?‘ortlon
of bul k chystgli¢amafisr I4i006'|'f“§@f3 “i“ﬁ'@ 'Qndarﬁﬁ'@l%t? Wa@:?wg@ Y WHCR Sht act
with the bul kigiuysicld haes Bbbh GRIled4o Mbke thé hahcattmmeoﬁmﬁmm iefs por ous

silicon 93 conprise derivatised orous ectrode 95 is
attached to t%@ $eruatsd 'b‘#mﬁﬁlq{""??rtﬁf 1P e '%'i’!m@% T%(‘fﬁ?’rﬁfnnp& *néf%t a
constant pot egdded mrtﬁle%l*rﬁ%ﬂlmtmrﬁ!ﬂ?a#éy An@ﬂﬁﬁa:ﬁﬁonaof th@\mrdlmu@pwlﬂﬁﬁm The
si mul at ed hurman sweat npri ses an ? ueoys 20 s% gi on. of | %adc ¢
(20g/litre), Maftgs ?flfig‘@@/ﬁl“i"ﬁbfhosﬁr ghl 3@&/ ishowss that dhe simulaiea swea
(2.50/ i tye) , nangub A&kt &lyasdtridied/ thethigh portdsey pdreds klyer 80) uti on was
adjusted to 5.5 by the addition of NaOH This corresponds to |SO standard

(3160/2), which is described by J P Randin in J Biomed Mater Res 22, 649

(1988). Experighrates snewe @%tél@lgﬁed]eahsmﬁ anai aia§ mmpammmmcbedsm V over
25 periods of |mTera| on betvvee? JgTam tes and week. . Afte the perl od of
9 z?g

i mersion is SBMAEEYMRR SWeE O%F@agﬁ coﬁwrbsl% §|f1r? R

removed from g§dfpiei sdabes shidonmsswadta Pertioncof Mutbpastathesiticon 5dpite of t he

fol I ow ng anal toll.l(s:aslillco%cgg b%‘lJnegsln corlﬂact w%hl\{ﬁé bulk crystalline silicon 54. The

flI‘St storage sample of porous silicon 93 may comprise derivatised porous

silicon. An electrode 95 is attached to the portion of bulk crystalline silicon
and maintained at a constant potential relative to earth by means of a
power supply 96. The simulated human sweat 92 comprises an aqueous
20 solution of NaCl (20g/litre), NH,CI (17.5g/litre), urea (5g/litre), acetic acid
(2.5gllitre), and lactic acid (15g/iitre). The pH of the solution was adjusted
to 5.5 by the addition of NaOH. This corresponds to ISO standard (3160/2),
which is described by J P Randin in J Biomed Mater Res 22,649 (1988).
Experiments were performed at potentials between OV and £ 50 V over
25 periods of immersion between 10 minutes and 1 week.

After the period of immersion is complete the first storage sample of
porous silicon 93 Is removed from the simulated human sweat 92 and
subjected one or more of the following analytical techniques: MALDI, SIMS,
30 and SEM. The sample may also be analysed by one of: photoluminesce
spectrocopy, reflectivity spectroscopy, absorbance spectrosopy, and
fluorescence spectrosopy. MALD| may be used to determine the uptake of
organic sweat molecules, SIMS may be used to determine the uptake of
sweat elements, SEM may be used to determine the corrosion or absence



spectrocopy, reflectivity spectroscopy, absorbance spectrosopy, WARYZO%
f | uor escewoen3mpsst r osopy. MALDI nay be used to detern ne teg/aHbaks of
organi ¢ sweat nolecules, SIM5S may be used to determ ne the uptake of sweat
el ements, SEM nmay be used to determ ne the corrosion or absence 25 JANUARY
2006 WO 03/015636 PCT/ @GB02/ 03731 30 of corrosion by the sinulated human
sweat. The spectroscopic analysis nay b&#0used to determ ne the presence of

a sweat sanple.,on and/or .jn th first stor I f porous silji.con 93.
5 Figure 10 aPsEPraRian Dy t6F sEniiatid hingRi |25t T SPSRICLIBIGRLSR e of

porous silicomaythe whédcto deteambdi ihelpraseisofbeeweapphmel® ¢2 amd/cChih e at 1.5
V for 10 m'nu{jeigt The Erof[ilg was. _obt ai nﬁ%g after immersion, at the anodic

potential, fol™tG'HPRECET RS OEPAR e Ruttin sweat to which a lithiumions,
inthe formof lithiumnitrate. The lithiumions are present in the

i mul d 10 i.on. of NN fil 10
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15 simulated sweat have been impeded by the [ow porosity layer 82.

30 and SEM The sanple may al so be anal ysed by one of: photol unji

Figure 11 shows the SIMS depth profiles for the second storage sample of
porous silicon, after a cathodic electrical bias (2 mA ¢m-2 at 3.0 V) has
been applied to the sample for 10 minutes. The cathodic bias was also
20  found to promote wetting, bui with more diffusion like properties over these

short time scales.

The effect of partial oxidation on the wetfability of a storage sample of
25 porous silicon

A fifth storage sample of porous silicon was prepared by the following
method, which will be referred to as “method E™;

30 A second storage sample was partially oxidised in air at 500 C for 30
minutes to yield the fifth sample of porous silicon.

References in this specification to a “fifth storage sample of porous silicon”
should be taken as references to a storage sample of porous silicon




mnutes to yield the fifth sanple of porous silicon. References.i I
specification to a "fifth storage sanple of porous silicon” sﬁéMﬁYZOUG

taken as wefBlheHges to a storage sanple of porous silicon %?/WY 2006
WO 03/ 015636 PCT/ GB02/03731 31 prepared by nmethod E. The FI th storage
sanpl e of porous silicon was incubated in simulated human sweat contai ni ng
lithiumions (the concentration of lithiumions in 5 the sinmulated human
sweat being equal to 2 mnol/litre) for #0 mnutes. Figure 12 shows a SI M
plot for a fifth storage sanple of porous silicon after this imersion in
si mul at ed sweBfepargbyimgthed £2 results show inproved wetting by cations,
relative to the second storage sanple of porous silicon, wthout any
application of an electrical bias. The figure 12 10, sogi mand.lithium
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that there is
present in simulated human sweat.

15
Relationship between SIMS measurements and concentration of a sweat

element

A fifth storage sample of porous silicon was immersed in simulated human,
20  containing lithium ions, sweat for 10 minutes. The concentration of lithium
ions in the simulated human sweat solution was 0.2 m mol/litre, which is
ten times lower than for the simulated human sweat used to obtain the
figure 12 results. The SIMS results for the lower lithium concentration are
shown in figure 13.
25
A comparison of the figure 12 and figure 13 results shows that the
concentration of lithium present in the fifih storage sample of porous silicon
is approximately ten times lower in the figure 13 sample than in the figure
12 sample. In other words the figure 12 and 13 results show that there is
30 an approximately linear relationship between concentration of lithium in the
simulated sweat solution and the concentration in the storage sample of

porous silicon.

Figure 13 also shows that lithium signal corresponding to the 0.2 m



30 an approximately |inear relationship between concentration 25 QNW OHG
the sinmulated sweat solution and the concentration in the sto d e"

of  porougooslhseg. Figure 13 also shows that lithium si gp@lncﬁ;a?,?f,@pondl ng
to the 0.2 m 25 JANUARY 2006 WD 03/015636 PCT/ GB02/ 03731 32 no tre

concentration is approximately 200 tinmes the background signal. This

result, conbined with the approxinmate linearity between the |ithium

concentration in sinmulated sweat, and théZSINB signal fromthe storage
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t echni ques: %?'SWQ EIPASET%/IGe%ét%danglco(ﬂecgi@gegﬂ%g rb% ﬁ‘é‘?r %ey fq one
of ; phot ol um nEsatendearsthectencuinpys duradibhedtthe figyresp®ekpeadmepty, absor bance
spectrosopy, and fluorescence 20 spectrosopy. MALDI may be used to

determ ne the uptake of organic sweat nolecules, SIM5S may be used to
det er mi ne 10he upt ake of sweat elenents, SEM may be used to deternine the

corrosion or ﬁ%eéﬁ&t%ffhﬁﬁé OSIE W sH?ggé\é%@ﬁ &hgor%ﬂl S%‘]rc%%cop'c anal ysi s
may be used.t in the

storage sanple of porous 25 silicon 24. Afifth storage sanpl e of por ous

Si11 con, havi ng @ hEngils R ghhieae s sHRoT g BLLATARH LR WiR T on

of avvrlst of man su npl'e was "attac
wri st by an eltbetadi @fta homa40subjrat &, avwetrhadu tst between 10 minutes and 1

15  week, under conditions which cause the area of skin in contact with the
storage sample to sweat, it is removed from the skin and subjected to one
of the following analytical techniques: MALDI, SIMS, and SEM. The sample
may also be analysed by one of. photoluminescence spectrocopy,
reflectivity spectroscopy, absorbance spectrosopy, and fluorescence

20 spectrosopy. MALDI may be used to determine the uptake of organic sweat
molecules, SIMS may be used fo determine the uptake of sweat elements,
SEM may be used to determine the corrosion or absence of corrosion by
the sweat. The speciroscopic analysis may be used to determine the
presence of a sweat sample on and/or in the storage sample of porous

25  silicon 24,

A fifth storage sample of porous silicon, having a length and width each of
10 mm was attached to the front of a wrist of a human subject. The storage
sample was attached to the wrist by an elastoplast for 40 minutes, with its
30 porous face in direct contact with the skin of the wrist. During this period
the subject performed gentle exercise. Figure 14 shows the SIMS depth
profiles for the prominent sweat components: Na, K, Ca, Mg, and C,
together with the trace elements: Fe, Cu, Pb, and Li. A comparison of
figure 14 with that of figure 12, shows that the level of carbon in the fifth




30 porous face in direct contact wwth the skin of the wist. i I
period the subject perfornmed gentle exercise. Figure 14 shom%sﬂg%éf‘{%§2006
depth prebidsessdz@r the promnent sweat conponents: Na, Kpcgmpohls7zand C
together with the trace elenments: Fe, Cu, Pb, and Li. A conparison of

figure 14 with that of figure 12, shows that the |level of carbon in the
fifth 25 JANUARY 2006 WD 03/015636 PCT/ GB02/ 03731 33 storage sanpl e of
porous silicon, as a result of attachment3do a hunan subject, has risen by
100 tines relagtive to exposure to sinmulated human _sweat. 5 asuyr enent

and/ or det ect ?Sct)(ﬁra %ar%lgaq ROIRY gﬁ'ﬁ??’e?s s&pLysit’y 8h %8&5"‘5”" g/{?cﬁ @&l e
of porous sil isubjecdf has rides bywl@0 $asplrelatias toeexposard ¢stedtiuited haihamage
sanpl e of por qus tsi licon, it may be separated fromthe sanple of porous
silicon for exa%&l'e 10 by imrersing the silicon in a solvent. The sweat
sanple nmy then be nmeasured and/or detected by one of the follow ng

techni ques:s hi kol SRR &b U S LU LOR RN hbRL oy S0EVTEC, WIRIO

v O s O ;. altot v
vol tammet ry (ABMegeaaimplelof @oemis gipban esis (GE). EIA may be used for
peptides and is described in US 6,132,975, AAS may be used for trace
nmetals and is described in Cinica Chimca Acta Vol 2312,. P23-28 (1994),
ASV may be uséiftdrdhetsvessd samplé haantbdrscadéded bad 2brage Samplobélpokus ron.

Vol 60, p263- 1 0, tel . 1S described in
aalyt. B ochaieort T3y Boadtell Ya85ys Yol fuliars SHickl REE YRR ch
t he sweat l9anyemregrsbre hendlicneding sblvant.1 i quid is by dissolving a porous
silicon storage sanple of porous silicon, on 25 or in which a sweat sanple
has been collected, by reacting the porous silicon with a suitable alkali.
For exanpl e pdrsusweat isamplerayy Beerdibeswieaedredbgndiguatmiscthld GH, oaadofbihe
aqueous KOH. ' J i -Qf . bylyd weat
Sl o, mmy t R And e aEe Rot BretuPrudlio riEpRRRYAn S EEET, i
immuno assay (EIA), atomic absorption spectroscopy (AAS), anodic

15  stripping voltammetry {ASV), and gel electrophoresis {GE).

EIA may be used for peptides and is described in US 6,132,975, AAS may
be used for trace metals and is described in Clinica Chimica Acta Vol
2312, P23-28 (1994), ASV may be used for trace metals and is described

20  in Sci Total Environ. Vol 60, p263-271 (1987), GE may be used for proteins
and is described in Analyt. Biochem. Vol 131, p520-524 (1983).

An aiternative method by which the sweat sample may be combined with a
liquid is by dissolving a porous silicon storage sample of porous silicon, on

25 or in which a sweat sample has been collected, by reacting the porous
silicon with a suitable alkali. For example porous silicon may be dissolved
by aqueous NaOH, and by aqueous KOH. The alkali agueous solution of
the porous silicon and sweat sample, may then analysed by an appropriate
techniguse.

30



25 JANUARY 2006 34 Clains 1. An attachable body fluid collect i-g WYNOG
conprising at |east one storage neans for, when in use, stori S

fluid sanple secreted by a 5 body fluid secreting surface, characterised in
that the or at |east one of the storage neans conprises porous silicon
and/ or porous silicon oxide. 2. Afluid collection device according to
claim1, characterised in that the device further conprises an attachnent
means for attaching the or at | east 10 one of the storage neans to part of
a surface of an animl or human body. 3. A fluid collection device
according to claim1l1, characterised in that the device further conprises a
backi ng | ayer, the backing | ayer having a structure and conposition such
that, when in use, tt isolates the storaye 15 nmeans fromthe environment
surrounding thesg@llection device. 4. A fluid collection device according
to claiml characterised in that the or at |east one of the storage neans
conprises partially oxidised porous silicon. 20 5, A fluid collection

devi ce a_clcordi ng AA %ﬁb!é,bdﬂ?aﬂﬁetaﬂlie&%t !devi&@%ﬁpflﬁn;t; Pagt! {ab@d loie OXi di sed
porous silicon r u nd conpositipn, s it i

substanti al | U%S‘%ggr’%%‘é%?é{f E’”@?Ré’gﬂ'fcea%??fwi%gwn'ﬁﬁ?&%@? F E)rlgtegs Pefi od

bet ween 10 n§ nukesy flichisepeetingysyrfacs charaatarisgd in et theer ebleasieriece the cor di ng
to clai m4 charatelage ineads cbmpdisds gofus swpiohiaikfoy poroud elliesh @adgaus silicon has
a structure and conposition such that it is substantially un-corroded
after contact with,sinulated human sweat for an interval of between 6

mi nut es and oneé fbHIH coligption devicgrasserdiig ootigigcls shgractasisas it thit dhsanpl e
from an ani mal devich fomtier comprisesSamatidhecnit aRans for piipdng (he o at @t e of

) i YSEBB@O” FHRYr W ABBH bk 18 BBt 8¥h 6rrbdl &l W ShihlebhERarEE. 2°

3. A fluid collection device according to claim 1, characterised in that the

device further comprises a backing layer, the backing layer having a

structyre and composition such thet, when In use, it isolates the storage
15 means from the environment surrounding the collection deviee.

a 4. A fluid collsetion device according to claim 1 characterised in that the or
at least one of the storage means comprses partially oxidised poraus
silicon.

20
§. A fluid collection device accarding to claim 4, characterised in that the

partially oxidised porous silicon has a structure and cemposition such that
it is substantially un-corroded after contact with human sweat for & period
between 10 minutes and 10 days.

25
6. A fiuld coliection device according fo claim 4 ¢haracterised in that the
partially oxidised purous silicon has a structure and compasition such that
it is substantially un-carroded after contact with simulated human sweat for
an interval of between & minutas and one month.

30 .

7. A method of collecting a bedy fluid sample from an animai or human
comprising the steps:

(1) placing a sample of peorous silicon andfor porous stiican oxide in fluid

AMENDED SHEET




5 35 communication with part of a body fluid secreting surfac
animal or human; (ii) allow ng and/or causing-the ani mal or ?ﬁM@XRYZOM

express the body fluid sanple; and (ill) collecting the body fluid sanple
on and/or In at least part of the sanple of porous silicon and/or porous
silicon oxide. 8 A nmethod according to claim?7 characterised In that the
nmet hod further conprises the step (iv) of analysing the body fluid sanple
that has been 10 collected an and/or in at |east part of the sanple of
porous silicon and/or silicon oxide, 9. A nethod according to claim8
characterised in that the stop (iv) of analysing the body fluid sanple
conprises the stop of detecting a body 15 fluid sanple, that has been
collected on and/or in at |east part of 3%he sanple of porous silicon

A measur ot on iy Bet BPEbofl #liBCseck s Bl bEAAkrERer MA-D!

SI MS, neasur enen ot nescence I'Cl enCy, neasurenent
phot ol um nesceriw&]ject ra, reflectivity spectroscopy, absorbance

spectrosopy, ang) BRaHG ORBRF cBlsing hedihgl srAumSECRNGSraleany bbilyBuidl0. A -
met hod accordin "ip claim8 characterised in that the step (iv) conprises
the step of ana% ?r fluid sanple that has been collected on at

he bod
| east part df t(ﬂrécg&mﬁneﬂnﬁ b?%’rfmsﬁhwlemrﬁndmﬁfbﬁf lgpstinedpf thssamplee for a

period between gk pBRdiis shiRdn Afialop Bbius dlicorfokiBé.N0d according to claim7
characterlsed in that the step (iii) conprises the step of applying a Was
to the sanple of porous silicon and/or silicon oxide in such a manner that
the rate of col8 dciethedorccpidingotodsialgo? tharpatedasfhincthkthg nethed JrEWr rel ati ve

Ao Ei heI rate of (gaiphiged mansfébe(m ohanalganap e Bbdy AGIE EEnpld fraolnaﬁmdémr silicon
“oxi de at, qear, C
char act ZI’I sed %ﬁ?‘ﬁ&é SF na % "I%%lelégénﬁ%ﬁggé@ %%"% Ph%ugs?{g& %Pdsepar ating

t he body fl ui dsﬁléﬁﬁbpé'dﬁ-r om t he AMENDED SHEET 25 JANUARY 2006

9. A method according to claim 8 characterised in that the step (iv} of

analysing the body fiuid sample comprises the stop of detecting & body
15 fluid sample, that has been collected on andlor in at least part of the

sample of porous silison andlor silicon oxide, by one or more of the

following techniques: MALDI, SIMS, measurement of photoluminescenice

efficiency, measurement of photoluminescence spectra, refleclivity

spectroscopy, absorbance  spectrosopy, and measurement of
20 photoluminescence decay time.

10. A method according to claim & characterised in that the step (iv}

comprises fhe step of analysing the body fluid sempls fhat has been

collacted on at least part of the sample of porous silicen andfor silicon
25 oxide for a peried between 1 hour and 24 hours.

11. A method according to daim 7 characterised in that the step (iii)
comprises the step of applying a bias to the sample of porous siticon
and/ar silicon oxide in such a manter that the rate of collection of the body

30 fluld sample is accelersied, relative to the rale of collection when the
sample of porous silicon and/or silican oxide Is at earth potential,

12. A methed according to claim & characterised in that the method
comprises the further step of separating the body fluid sample from the

AMENDED SHEET



5 10 36 sanple of porous silicon and/or sili cdn oxi de, prior t
anal ysis step, by bringing the at |east part of the sanple of 538#5@&‘““’29“6

silicon and/or silicon oxide into contact with a solvent, so that at |east
part of the body fluid sanple passes Into the solvent. 13. A nethod
according to claim 12 characterised in that he step of separating the body
fluid sanple fromthe sanple of porous silicon and/or silicon oxide

conprises the step of applying a bias to the sanple of porous silicon
and/or silicon oxide in such a manner that the bias increases the rate at

whi ch the sweat sanple noves fromthe sanple of porous silicon and/or
silicon oxide into the solvent, relative to the rate when the sanpl e of

porous silicon and/or silicon oxide is &g earth potential. 14. A nethod

according to clgj rised,in that step.(l onprjses, 15 the step
of placing a sarrp“égg'f?B %%?%%@c%'??ri“yBrr\s' WH/%“}esBf'?(”be?ntﬁa%?‘aié'ﬂisr?t?ﬂ’E’Wd
conmuni cati on AMNEING theeatsierst part af tagismpleonf paroes silisor @nbior )silonpr i ses

the step of al loxitleNitcABEAEE WANS SilvdrihCs Ttk lQJsfln‘.'vsé\Arﬂggft m%nﬁ‘ﬁﬁﬁ‘?%‘?ainﬁ ZE ep

(I''i) conprise ep_pf collecting a sanple o
| east part of %?h‘g%sé#ﬁgﬁﬁﬁ?ﬁﬁoq”&%ksi licon and/or silicon oxide. 20 15. A
met hod accoPding to claim?7 characterised in that step (1) conprises the

step of bringing. tﬂh%ﬁW'a@c@ﬁit:ﬁi fol €@ 112! enHBREASdd W ihit e stdd Wk d _
haracteri sed in

that the stop pafaretiy b ity Tid SimBe 3Rk stiae plporpis eficth Baveta por ous
silicon in fluf#conexide aematisasrihasten of applyiph adbibe iy thilsanples etparbiang
( Sur face, 30 AMEhERDafdBELilicon oxide in such a manner that the bias increases the
10 rate at which the sweat sample moves from the sample of poraus silicon
and/or siticon oxide into the solvent, relative to the rate when the sample of

poroud silicon and/ar silicon oxide is at earth potential,

14. A method according to claim 7 characterised in that step (i) comprises
15 the step of placing a sample of porous silicon and/or silicon axide in fiuig
communication with a the skin of an animal or human, step (il) comprises
the step of allowing and/or causing the animal or human to sweat: and step
(i1} comprises the step of collecting a2 sample of sweat on and/or in at least
part of the sample of porous silicon and/ar silicon oxide,
2G
1€. A method according to claim 7 characterised in that step (I)
comprises the step of bringing the sample of silicon into contact with the
fluid secreting sutface.

25 16. A method according to claim 7, characterised in that the step (1)
comprises placing a sample of partially oxidised porous silicon in fluid
communication with patt of a2 body fluid secreting surface,

30
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