WO 03/ 015636 PCT/ GB02/03731 1 Body fluid collection and analysis This
invention relates to the collection of body fluids and to the anal ysis of

5 body flwiods/io13sé e specifically this invention rel ates t@criaBreoBisection
of sweat and to the analysis of sweat. The analysis of body fluids, of
animals or humans, nmay be of value in the detection of disease, or

subst ances, such as drugs, absorbed by a subject. 10 Blood, saliva, urine,
and sweat have all been used for such anal ysis. Al though blood is the nost
commonly tested fluid, sweat probably provides the nost inexpensive, safe,
and conveni ent source of a nunber of analytes. Devices used to coll ect

sweat, are commonly referredgbgy #ui§eefbctiBaldiPanalygid N addition to water
and el ectrol ytes, sweat contains trace elenments suc as zinc, cadm um and

| ead. The trace elenments found in sweat probably originate from bl ood
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subst ances thaf,cBayRqd heete LASDLisfdradidall sweat include: ascorbic acid,
thiam ne, riboflavin, nicotinic acid, am no acids, ethanol, antipyrine,

creatinine, thiourea, lactate, theophyl | i ne, parathion,

t et rahydr Ocanﬁﬁg'é}%ys@%f%@y'fﬂﬁé’i '(ﬂ arfrr@lPbeRuRbing] FRFSH: bhehiuBananbeen
linked to the increased presence of a particular chemcal in sweat
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used to cohl eglioddessHRSt @IE Bfd IWERH Bfdve faﬂoﬁéém%seaof(ﬁ%@éh Anafysher son
being tested. The patch’is adhered to the skin of the person to be tested

for a period éfthppgd bl%ﬁ@blsﬁnéavoﬂscoaﬁ@eﬂIuetasﬁeﬁtfwlﬁ SW%W&@@\B%PFOW@Spad i s
then anal ysedtﬁ@rmbeﬁ lﬁébb&ér%ﬂi%e sée, exmddhvehicht PEbRteabt SVR@hbeatdth,
general ly indicated 1, is shown WD 03/ 015636 PCT/ GB02/ 03731

analytes ewces used to collect sweat, are commonly referred to as sweat

patches.

15

In addition to water and electrolytes, sweat contains trace elements such

as zinc, cadmium and lead. The trace elements found in sweat probably

originate from blood serum. Labile metals can dissociate from proteins

under the influence of the concentration gradient existing across blood

20  capillaries, 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 be 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 infigure 1. In addition to the storage neans which conprises a fibrous
pad 12, the patch conprises a sem perneabl e nenbrane 13 and a backi ng

| ayer 14.wOhw/obsseki ng | ayer 14 is forned into a receptacl @eCr@Borioa73ii 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 emter the receptacle. The design of

sweat patches is a conpl ex process. is desirable that the 10
envi ronment ofn tigigeski iy deHen 5‘?15“93@ ogag)ee means whieh afPetess & HISYSbl e by

the presence ﬁédtﬁetr{@%}ét}&h oM I3 Q@ﬁnipe@%dbl%eﬁﬁ)rﬁi@@@3té?1d0é3§blék|h?
order to test the swea For quantitative anal ysis desirable for the

rate at whi cl?y@ﬁédfaﬂ_éley%c'i'%g caretd isyiarpelenie paece Bl %P?%d‘)‘i’fsfﬂjénft' rothe
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construction such that an appropriate technique m
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contact with sweat. 20 The fol | ow n%ndocurrents each reI%te to part of the

backgr ound t oM aﬁﬂé@@ﬁ?tq ahvehich ofnalyigssemersthgrecepigcle. 756, 314; GB

2,303,847 A, (B 2,324,866 A and JP 10080266 A. A nunber of di fferent
deV| ces are descrl bed in US 5, 327. The I\/B.I n 25 ﬁ ghto t hese
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bi oactive silicon, resorbahle sili and bi oco atibl e SI+I con. WD
03/ 015636 PCTA i¢ihdhgqanalyte is col ected to be relatlv ely 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 and 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 documenis each relate to part of the background to 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 large 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 anal ysing biol ogical
materials such as blood and bile. 5 JP 10, 080,266 A this docunent discl oses
equi prentwDas/015B®bi | i sati on of a bi opol ymer or organi smPCIItGB02/03131
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
means for, when in use, storing a body Bluid sanple secreted by a body
fluid secreting surface, characterised in that the or at |east one of the
storage neans conprises 15 silicon. Preferably the silicon, fromwhich the

or at least ope Q)fszm%osmor@u@snaam ahslytitall éesite far tdnglystmgrddologizapr i ses
silicon that has b art | | %@bgl sed. More preferably the or at | east
one of the st'B?‘Ef@'é‘ fP&qy ‘20 storage sanple of porous silicon,

t he sanpl e of por ous 5| i con bei ng parti al Iy oxidised. For the avoi dance

of doubt the term"partial|ly oxidised' is used, in S i.cat
describe & nmatferd PA80+RR Rﬁhé‘ ‘g%%%“%ﬁidd?%%%?si %ngB@ﬁngPorégmﬁ;g%%s 'Oﬁh%fypart
of the mat erlabp@gﬁwrm otgambet el y unoxi di sed. Therefore a sanple of porous
silicon that had been partially oxidised would conprise porous silicon in
a conpl etely unoxi di sed state. Advantageously the silicon, fromwhich the

or at |east ofgs@h @kﬁ]@cwé)bﬁg& pRésemeamanitisnad ddasss paneégz soomaredl the
conprises silicon that has, been partially oxidised in such a manner that a
monat oni ¢ | ay2OVer MENTIPRSKISSEeFor med on at | east part of the surface of
the silicgn. Mdire advant ageousl y the or at |least one of the storage neans

conprises a storage sanple .0 s.silicon the sa é%é%f r . silicon
bel ng partial PPBRING @g% first %ﬁﬂ%ﬁ AN RO AP VIRBS 45 gﬁ l%’%%ﬂ%g@'gOB?Bl
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

15  silicon.

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 fornmed on at |east part of the surface of
the silicon. The or at |east one of the storage neans conprises a storage
sanmpl e ofwoIspeisetis silicon, the sanple of porous siliconPogiGRy2/3m3tial |y
oxidised 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
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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 silicon 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 contact 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 structure 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. Even nore
advant ageously the or at | east one of the storage neans conprises a

st orage swoPB®13B6 porous silicon that has been partially PET@®GHdI03Bd, 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 particulate5 10 product, the silicon

particul ate product conprising.a |.tipligit f sili articles, each
silicon partindmanswsat SPh§ 8%@08:%]%? nof¢ "ﬁﬁlﬁtﬁsﬂ’vsﬁga?}'%e silicon,
porous silicon, polycrystalline silicon, and anorphous silicon. At |east
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after the coln4dn BWePEfoé%B?réchpetﬂ?gncﬁr?léﬁ?%zzl@éj\?llgsce may furt her
conprise an anal ytical neans for 25 analysing at |east part of the body
fluid sanple._Preferably the_attachable body f] ui ot i
further conprifgeQr %Weaﬁ%l?'&%mr&}ﬁgt%aa%smfagps %yaéé%rﬁﬂgg% %g&%@%&ﬁﬁgﬁgf‘e one of
the storagge rRaasct; @he Palidonopanmicslaté acedudt comensingla owltpliviy dfoslljcormhe
attachnent neans may 30 c ri se.a tape and/or_ sh N Qr i.G:.and/ or
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a gl ove or sl'g@tieSompe Og@?ef SQPO%BQﬂ{E@%%@aglr/be\Aé?@?ﬁggn lS(;eerot'arm band. The
attachnment neans WO 03/ 015636 PCT/ GB02/03731 6

15 The mean particle 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 to
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 attachment neans may be a ring, or

neckl ace, or bracelet. The silicon, fromwhich the or at |east one of the
storage wang/ois3@t | east 5 partly fornmed, may be sel ect @dTIGRI08T3€ 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 &ilicon that is capable of form ng

a bond with living tissue. For the 0s f this specificatio he term
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in a physiol agigiake! babadeietor the purposes of this specification the term
resorbable silicon is to be taken to include silicon that is resorbable in

sweat. In other words the termresorbable silicon enconpasses silicon that

corrodes in Ihesykasn, fRIreiana@btne bhet Riakt one of the@stosbye medrs isratdeasteast
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period great é:rorfr}?a‘?PrB?seé@ﬁﬁl's ?Q?Cg'ﬁamg\.{\érggb'ﬁ/%'ﬁe ﬁ@?%n 'Sﬁégg?aa Y]\?gt he

stor i’ige %@rmlgﬂic@ﬁ tH@ lrslcx;a@askldf mmidgaaesbc?mdsmtmmwtesue.m thehpurpodes of this age
sanple is substantia un-corro after contact wit i .human
sweat for a ﬁ@??'ﬁ?ﬁt'ﬁpé%‘i@mtrﬁ%?ﬁb cg (i?é.’l'sfoobel%%%@%??af&@vgfn%éggrﬁagllé; t he

st orage sanpl@refibRon @Yshysiblogranidurs Far thepagiosys 80thisespacifoatibMizanr®9% nore
advant ageously the storage.s | e of porous. sjlicaon . porosiity between
10% and 80% r@%ﬁﬁ%ﬁ@fﬁ%{ﬂ\?éﬂggg%@ug? V‘Cﬁlﬁﬁéﬁ'g%bﬁbﬁ rg%ﬂ%%elgbrf%e%?olhs silicon
has a porosi tghdietioreethelofh azdrRB silicbhenssropaages siiopl thabdorpdesins si | i con

may corrprlisse meggoporous silicon, WD 03/015636 PCT/ GB02/03731 7
S .

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 dianmeter between 1.0 and 2.0 nm The storage sanpl e of porous
silicon may conprise nesoporous silicon, having a pore dianeter between
2.0 and 580ma0156B€ st or age sanpl e of porous silicon may c@®CPrGBIR/03731
macroporous silicon, 5 having a pore dianmeter between 50 nmand 5 m crons.
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
(2.59/1i tre) and | actic acid (159/I itrej. 10 This definition corresponds
to that of O standard (316 28 ch,i s g ribed by J P Randin in J

Bi omed Mat er NP9 RPAY "’l@g% éﬂ’fgeﬁﬁ 3% usted to 5.5 by the

addi tion of N&l@‘btoré{e Eampan ofgyorbes ad]cmt mayt@rﬁpr&damaslmeom silioon .of

NaOH. The sinul at ed may supst | y consi st of an aqueous
sol ution of ”9("’2887&?”8 &m@%n(#g. %q ﬁ,?jé urea (5g/litre), acetic

acid (2.59/ e eoragndahptd o€ pacmds 6ilibgnh Imay e))nmmlSeNaaafopbmsceirﬁcelm,t ration
of 20 NaO—| bei ng such that the uman sweat is between
3.0 and Ph HoaLr |315“%65B§trw %&Emr?'ﬁé%'%porbe an internal surface,

f ound say in the nmout h of an ani rral or human or an external surface, such
as the 25 syrface of skin of an aninal n b ui et.ing
surface may %‘tﬁg N hsentﬂﬁrgWe %}H{E% buczaq'l ?r‘élyr%msneS%(I)L?[ﬁ)q1r
ni pple. Pref Qfo&’i}ir}smdlﬂdmdyo@ﬂltma NBl, Gt 5glitre) bay (5iglliire), saetit @clsei ng a
sweat sanpl e. nt.age t uid 30 collection device is a
sweat patch. ?%“é % gi Cf@ﬁ@%mg?l'se a sweat elenment. The sweat
sanple mgy conprise a sweat corrpound WO 03/015636 PCT/ GB02/ 03731 8 For
t he absence e term b Kk Sis
sanpl e of ongﬁlﬁ cﬁeglrnét'%'ht?gfr&rsfe ?Hgt %tlgy be oun gmt 3316&0&5? Y%lcg

described 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 NaOH.

The simulated human sweat may substantially consist of an aqueous
solution of NaCl (20g/litre), NH4Cl (17.5g/litre), urea (5g/litre), acetic acid
(2.5g/litre), 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 sweat compound.



an animal or human. Simlarly the term"sweat sanple” is to be taken as a
sanpl e of one or nore substances that may be found in sweat. 5 The sweat
sanpl e mewomonpisBee a materi al sel ected from one of nore @CI/GBO2/8731aqueous
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, nicdtinic acid, an am no acid,

thanol , anti pyrine, tjinine thiourea |actate theophyll,
par ot hi on, - FSL KERyGRAOSANBLIRBP. ta\JGHT roodY AT T RBIS dF Ravy FREL S de,

fluorine, 15zbsnpplaest bi@dr nbrensuilstan aest that aciydbe gyuny & @ ighdycbsid, of

anmoni a, uric acid, nicotine,, rphi n syl fanim » al aby | done,
phencycl i di néN arimah8pyHM7E. E‘%Wﬂg%?%%?%g‘ sa%eaar}rﬁ?ﬁ'ﬂﬁgm%ngo, B%Ee‘n%y %%%oni ne,
phenobar bi t alsaryle 8NEROBEMcTL&UBEthncRb &Myt mian bedndnd &r barakzepi ne. 20 The or
at | east one of the storage neans nay conprise a storage sanple of porous
silicon. Yhe storage sanple of porous silicon may have a structure and

conposi tion syehswditsamiemaheomposagensianial seletiguoiromsonesdfi motmof: @
brought into contact with sinulated human sweat for er.i t han
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silicon. The or at |east one of the storage nmeans may conprise a storage
sanpl e of pSs&s 819 WaHKH- that has been partially oxidised, the partially
oxi di sed 1930 porous silicon having a structure and conposition such that,

when the storage sanple of porous silicon,i i nt o et h
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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, benoylecgonine,

phenobarbital, an androgen steroid, phenytoin, and carbamazepine.

70 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 minutes a sweat element is detectable by secondary ion

25 mass spectrometry, 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 sample
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 nmeans may conprise a storage sanple
of porous silicon that has been partially oxidised, the partially oxidised
por ous siwD®AMm1sawi Nng a structure and conposition such thacr/cGaeen3ihe 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 poro%s silicon. 10 For the purposes of
this specification a sweat element is an elenment that may be found in
sweat. The sweat el ement nay be one or nore of sodium chlorine,
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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 brought into
contact with sinulated human sweat for a period between 5 mnutes and 6
nont hs, awewaals6e¢ gani ¢ conpound is detectable in and/ or ®QTAIBOR®3EI part
of the partially oxidised porous silicon by a matrix assisted |laser 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 such10that, when the partially oxidised
porous silicon is brou
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e hody fluid sanple.pn the l:f,. al so
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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



WO 03/ 015636 PCT/ GB02/03731 11 porous silicon that has been partially
oxi di sed. The or at |east one of the storage neans nmay be arranged such
that it iwoi/ocwss act with the sem perneabl e nenbrane. TIR€T@BoAW313¢ast one
of the storage neans and the sem perneabl e nenbrane may both be arranged
such that they 5 are in communication with each other, so that a sweat
sanple may pass fromthe sem perneable nenbrane to the or at |east one of
the storage neans. For the purposes of 1ithis specification, the term
"derivatised porous sjlico

, " 10 shquld be_taken as. par sili aving a
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surface. Exagpbest ®k stgride/micianetnapbeusraided soch thal it isgn wontaich withi s
definition, are given in_ PCT/US99/01428. 15, The senipgr ane may
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silicon that has been partially oxidised. The unitary sanple of porous

silicon may HW2&&'Sa | ow porosity small pore size layer, fromwhich the
sem perneabl e nenbrane is fornmed, connected 25 to a high porosity |ayer,

fromwhich the storage sa is formed. The.unit : I s
silicon may K&Vehg RY W?ﬁﬁngtjsﬁ%/sg%d{'gﬁl?& lh%itezr@ %@?‘ggﬁﬁ rﬁjassgﬁég}r':

parti al | yooxishiosRdbef fta@Bh v @brdure siieon dexvirenlal eovatemty &oeni smooelager,
connected to a high porosity |ayer that has been. p i_ally i di.se from
whi ch the st 5?%*9@9%% £8 if@ﬁ#noéh.atB%afEep%rgi ?ﬁr'? %gh%?é' oﬁ)@g‘l‘(ﬂggsezi li con
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formed. The &rﬁﬂ&%&@@%@s of

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 part 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



porous silicon may have a | ow porosity |layer that has been partially WO
03/ 015636 PCT/ GB02/03731 12 oxidised, fromwhich the sem perneabl e

nmenbr ane We 03foveaed, connected to a high porosity |ayer trat/drag/obmen
partially oxidised, fromwhich the storage sanple is forned. 5 The fluid
coll ection means may conprise derivatised porous silicon. The derivatised
porous silicon may conprise an organi c compound, said organic conmpound
conprising a carbon chain. For the purpd8es of this specification,

derivatised porous silicon is to be taken ; of iligon. 10
Deri vati sati SAIREM be d@Mct eé?’t"'f%1 al I@w V\%%ﬂp?\eé%égglehe g’ﬁgg]tb??%e;st %ne of
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stability of the porous silicon agai. | ssol ution and/or corrosion by the
body fluid. ¥R Wﬁr“ih\/@?iSiaﬁ%sar%@gﬁg?‘ssﬁﬁds't hat the porous silicon 15

Sﬁ| e(t:)t |dvelly bi nds to one conponent, or a limted nunber of conponents, in

t he body uid. Preferably the sil] : | ; strpene of
the storage ﬁﬁn@u'gi%OI%tCk'?gQa@?a%%m%g?rg})hggtagg%?%&;?soqglé?}s{)g??égg%porous
silicon. Morderi28tigucefmorabs ysiliben deayvadinpdde pen oargasii¢ | eanpeidd. asaidr uct ur e

such that the derivatised por . Silic i t iakl = SO d after
contact wit hor%q%pé)[r%oqﬂfﬁgﬂ%ﬁgi}g Po?é}goge%@' S?Eéf}éra‘%r g%&%rorrggﬁal to
10 minutes. sY¥etificatien pdedwatiabtyparbes didicouds itede fakeors 8itype 6h PREA!Sa
structure such. that the derivatised porous silicon is substantially

un- corroded &'Y@M contact 25 with sinul ated human sweat for a period
greater tfipan or equal to 1 day. Even nore preferably the derivatised

porous silic has. a.struct t : i yat i . iHd i
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period great etordbanmeansqudtertativelyweekivattativhe mayt be egieetedolol 8RRAHMP devi ce
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in such a m
body fluid. The derivatisation may be such that the porous silicon
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 storage 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.



receptacle for the or at |east one of the storage neans. At |east part of
the backing layer may format |east part of said attachnent neans. The
backi ng meoaniisay be perneabl e or inperneable. WO 03/ 015686/dB0T08B02/ 03731
13 The backing | ayer may conprise silicon, the backing | ayer nay conprise
bul k crystalline silicon. 5 The backing | ayer may serve to isolate the
collection neans fromthe environnent surrounding the attachable
col l ection device, including neighbourildg areas of skin. The backing | ayer
may be perneable to allow water vapour to escape fromthe attachable

coll ection device. 10 The ability of the storage sanple of porous silicon
to interact whthpadking GgRermée corlpeiser shegnehechackdigatayen, mapgonwriaef ect ed
by cont act mﬁtp t he sweah sanpl e. Changes in such properties of porous
silicon may BEKRQ¥EERINS Y8/t the presence of, or anal yse el enents and
conpounds found in sweat. 15 The or at |east one of the storage neans may

conprise a storage sanple of parous,si.li Vi t .
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porous sili cqmtegpdUr tatesceps froantheoditddhmbie colkapdionetavécaray conprise a
storage sanple of porous silicon, which has been partially oxidised, the

partially oxidised 25 porous silicon having a structure and conposition
such t hatjgcomthactibhiey wiethet borpge tdaaijly aixpdicsisdsiforous Biteiagbnvithndrat

| east part of the sweat sanple causes a e, 4 L€ with: thiehe
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partially OXIthée%gctp%reog?ese%ge%fl, Io?oaﬁ’falyse elements and compounds found in

sweat.
15
The or at least one of the storage means may comprise a storage sample
of porous silicon having a structure and composition such that contact
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



The body fluid collection device may conprise at | east one reference
storage neans and at |east one derivatised storage neans. The or each

r ef er encewetodnages neans conprising silicon. The or each decrxGawez1 WO
03/ 015636 PCT/ GB02/03731 14 storage neans conprising derivatised silicon
the derivatisation being selected such that, when brought into contact ’
with sweat, the dervatised silicon binds to a sweat el enent or sweat
conpound or part of a sweat conpound. Pieferabl y the derivatisation is

such that the 5 derivati sed porous SI i con nd covglently w tthoa sweat
el ement or PRFIISF a ®EAPSUnd AHBRTHFEY % gl ggcont ac .ﬁ?\t hysweaE?e
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circuit. ThedeHwRis BP@“@O?' '8N iBH %ggﬁsgdn\ése )r/rpwﬁﬁgg éﬁ%ﬁ:ﬂgﬁ]eﬁt&rom :
deternining Hhg ofC@@@mgduwut\yh@i bt dveghd vietat cordapl with Byveedi g idininiggsaid
col l ecti on devi ce may IU)I’I se a neans for nonitoring the electrical

i npedance of elgmerd éértcoﬁ%ﬁ dof the silicon fromwhich the or at |east one
of the storage rreans is 20 fornmed. The body fluid collection device nay

conprise a b|a5|n 0 applyin t f
| east part ofl "fhe %‘? | i Eoﬁe{e(%%%ﬁgeﬁ ‘%{R'agg&gtn g]t tgl oﬁgéﬁgcﬁ?\%’:;?%?agte
][nregnmssl S ébor ?ad?n@:gdga? ][Twmla&/simrof beths tird ngfetraece:mrrderﬂerwgh%@ct Vie@g8l t i ng
aid potentia i fference. 25 Th I
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conprise at ans east second st or age
means. The oieddrnlig@sivhetierobiraiingl tof ithet sweat agjemenhner mmmmﬁlrif?é a
first type of deri a/atl sed silicon, which is derivatised in such a manner
that, when bPGGHHEY nt o cont act with sweat, the first type of derivatised
silicon binds to a first sweat elenent or

15 The body fluid collection 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.



30 conmpound. The or at |east one of said second storage neans nmay conprise
a second type of derivatised silicon, which is derivatised in such a
manner t M0,03/%B6 br ought into contact with sweat, the se®Oom@:R0gjo8730f
derivatised silicon binds to a second sweat el enent or conpound. WO

03/ 015636 PCT/ GB02/03731 15 The use of two types of derivatisation allows
the detection of nore than one element or conpound found in sweat. A

medi cal condition or presence of drug 1% a subject nay be indicated by the

presence of npre than one el enent or campound in.the t..Qf ;

subj ect. Mea$lifemdfit of thgw? el HA¥e Bnc %rf\}r%éltslggzr)@ %@W%ethgl g%r%%{“gnor
corrpognds l ngi hﬁ%ﬁs‘!\@ﬁén Maye aélsment omi denpedhd| fourfdorinasweat. Acowmditalg to a
second aspect, the invention provides.a et o] coll ect i fluid
sanpl e from aﬂn%HPMr_ A eHRIHEN Ogo‘#b’pi 4y s{uﬁgecttlfyagt g%sﬁ%?%ﬂg%?%)gﬁﬂé a

si | :ccon S?WPEﬁaéeﬂpé| ?lﬂ dwd?ﬁmni oat i elament lorpesrnpotiné ibotthe swaiaid of dBereti ng
surface o e anj or human:_ (.ii) _al.low : LN fmal or
human to 2xpPeYECt SBRYY ™S i {@5)@3}%‘? ‘é%;o'?]gﬁﬁﬂgflé’rﬁ %g;{f\}eeglfaﬁ;égﬂﬂyer body
fluid sanpl ecompanfd®in itle awedtansy ajsarrovidet usefgliinfarovatiopanpl e. The net hod
of collecting a body fluid sanple may be a method of 20 collecting and
anal ysing a body fluid sanple, wherein the nethod further conprises the

step (iv) of papaiding N@ thesdvody Bbpéct, steplievertian pasvibesna wethatt@d on
and/or in at |east par

t of the silicon Le. Th (] - rise
the step of fP ‘_&‘?tﬁ'@_ g E‘?‘& éIHW%QWB'ee?Wi%mEg@majS&bggﬁﬁgalf%Tgﬁthg@?di sed
in fluidigomggpscati on with part of a body fluid secreting surface of the
animal or hunan, and the step (iii) may conprise the step of collecting
the body fluid sanple on and/or in at least part of the silicon sanple
that has beeni)paadinglal silioxi dasete in30uiBramemabicptiohavibopgrtfdf @ Bodafipide is a
sweat sanpl e s%gpetf?\be&rgc)e StIRB'hTHE or human:

(i) allowing and/or causing the animal or human to express the body fluid
15 sample; and
(iii) 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 of 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 collecting 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 (c) collecting the sweat sample on



the step of (a) placing a silicon sanple in fluid commnication with part
of the skin of the animal or human; step (ii) conprises the step of (b)
al | owi ng wandbaws3€ausi ng the ani mal or person to express tPhag/Geeeas7ssanpl e
by sweating; step (iii) conprises the step of (c) collecting the sweat
sanpl e on WD 03/ 015636 PCT/ GB02/03731 16 and/or in at |east part of the
silicon sanple. The step (iv) of analysing the body fluid sanple nmay
conprise the step (d) of analysing theléweat sanple that has been
col l ected on_and/ or

in at, |eas rt o silicon sanple. The step of
(iv) of anal §o¥/R5 ™ ﬁéqﬁ%ﬁypqrfﬁikéhégﬁp%loé rr%%/r{]glghpri se the step of detecting
a body fluid sanple, that has been collected on and/or in at |east part of

the silicon samle, by one of. t f ’ j noNEL B ) VS,
measur enent iﬁeﬁﬁ%‘? Mﬁfﬁeé@%w gt%gf%d %AQ%?‘@%Z‘E%?@P of _e st ()

phot ol um neseeacalysipgcthe awaathemié tatyhaspeas edltasiyd oaaefHdnR S least
spectrosopy, and asuyr ement phot ol um nescence decay tinme. The step of
anal ysin thBaQ\Hégﬁe§§'ﬁ8Pesaﬁ'ﬁ)§é'be performed after step (c) or 15 it may be
performed during at |east part of step (c). The step of anal ysing the sweat

sanple may b erforned il : b aveM Wet frept | east
part of the ?Pgisé?)’ﬁ Oﬁ%r\og.an%y#?%%?h%%?lﬁa@gﬁpﬁh@?ycorrpp?i%tsee teheegt ep,
whi ch may beopelrefem”tirmgdaafcfd@rrfll;idt&apmﬂe) tr;ﬁ}td\étﬁebgﬁ?@ opHectagla@rysgsl%t'epat( dl), of
separating the sweat mpl. [ ; ighdd-QAALDANMDI €
ey conpr i seli]?ﬁ‘?i p@?t ?i)t%g Sdﬁgonpoér%ghltse’ ?P’I |n§oﬁﬁﬂe§g%lﬁgé§y§rtngl [ine silicon,
anor phousosi ISIRISH, meabkremerst af | phedolsiminesoencei eictansy. aeaswBRent e¥or babl e

silicon, bioc tible silico derd vat jrsed i | igHaBrbakte
silicon sarrplpg'gﬁﬁ'sl/mbrber?ﬁ?bé% p r%cﬁgéqsi Féﬂceo(%mtt%at ° %R}gggﬁﬁparaﬁ%al ly 30
oxi di sed. Prepecmbsopyt, edsheasioamsabpf phelohpningseencesdeniayéeanpl e of
derivatised porous silicon and step (c) conprises the step of collecting
t he sweat

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



sanpl e over a period of less than or equal to than 10 m nutes, and all ow ng
WO 03/015636 PCT/ GB02/ 03731 17 the storage sanple of derivatised porous
silicon twolg/oswhbst antially uncorroded during the coll ecPCorGERI03Bd.
Preferably the silicon sanple conprises a storage sanple of derivatised
porous silicon and step (c) conprises the step of collecting the sweat
sanple over a period of less 5 than or equal to than 20 hours, and all ow ng
the storage sanple of derivatised poroug silicon to be substantially

uncorroded duri th | | ect, : i od. Pref bl idi
conprises a u&%?&@'@geesé%pégg‘?fl agPV%e%seB%’@P g%@%&xl ?égg%é;%d&%g%hé%ﬂ?gl) ©

conprises thansbepded dwild est i cdiectien sperédd. sBrafbmbdy eheasifjeen ozaraplel ess
than or equal to than 1 .10 we

ek nd.al | owi.ng, t ol
derivati sed ﬁBF‘&ﬁ'§e§i"f‘i%Brr?gteoSB@p?GSL%s%ea{Wtaingg? cﬁﬁg%rsrf'o ed%ggf%%gogﬂe
C]QI | ection Pi@bh@diseg’rtgfeeétabkyf g:dilﬁscsihgitbemm@afpéaafnp:len@vérse@%iioﬁt or lpe sanpl e
of porous silicon and step, (c onprises t ct. t
sanpl e over éha”_LanrpEﬂP%‘(jtt%fth%ngBtH‘gwsoranedq%gfj\%'in?ottﬁ%nﬁ%éqe% tﬁhﬁg)slé h@nzwea
al | owi ng '([jhg d@?i()éﬁgﬁj smrplble eflicpor tisbesi $ubstenttadlybensatyedect dating the
uncorrode uring.the co ction, period.. Pref Sid i I
conprises a §Ph? R0 RE(HS eBB‘?fe utgesisl'lkcgénSghﬁpés%l%&prm?%%slc:)arcrp%r??rs%gs@p t ﬁe
step of col | eakiphg dfh@eriviieat [saops esilncer and pep dd) sbnipsisestthanstep @fqual to

L 20 o S B o RO ST B B OhaR U b e L 0 e
silicon qgnﬁlv@ek;;mr?|mlr1? tatégyta@?ﬁsaanmle affdguivatised piorewoailigad tethep (c)
Chan or - squarubstarAdk Wruigre BHEARIS iy B age sanpl e of por ous
%![ L:Oc?g) t gnbeCOZSr_sugsi ﬁgt ;?LI y ]tcm(t:)o_r roded during the collection period.
1T con i nt o FESIRTAED Pr CHREoRpls e i G A0S AR Pl Poush @S
greater than «vd empalc)t oohPrisesuhesstsp dfhatllewtispethe sveakesamipte GYRl écted in
g?egn?é?rwon pqetrioldegﬂesgatkgnogr etqhu%l % h 599 Osl%mtgs,ogndjgng\”ﬁgsf-hlei &BFbg@nd

sample of porous silicon to be substantially uncorroded during the

collection period. Preferably the silicon sample comprises a siorage

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 sample over a period of less than or equal to

than 1 week, and allowing the storage sample of porous silicon to 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.



may conprise the step of detecting the sweat elenent, which has been
deposited on at |east part of the sanple of porous silicon, by secondary
ion nasswepapisseset ry. WO 03/015636 PCT/ GB02/ 03731 18 SPep/GRup/0smEY
conprise the step of bringing a storage sanple of porous silicon into
contact with a sweat sanple for a period of greater then or equal to 10
m nutes so that a sweat organic nolecule is collected in or on at |east
part of the storage sanpl e of porous si l8con, and step (c) may 5 conprise

the step of detecki it heypueaterdenis ok ﬁwg% siphale Bpgearmodapos! L od

on at | east ous Si technlque
Step (a) naysmomprmmecbhta\cstvem of S\Maaitngaimﬂ%fosft@r%ﬁg@dsafnglr%at@f then Qs 10

3111 eon |t 0-£0NtaCTq Wikl SRS SaBlorgan PRRUR! idalotsiam bhensveat

sanpl e may CS% nonitori a change I1n one or nore of: the
phot ol uni neseemwste;ﬁért mfehheystopﬂrgﬁ Shupie @S qrniees §pief@tnr @Rd skep (c) may

refl ecti V{; ' ypo{n{;}@s%ﬁﬁ 8 8%?’demql Ttght?\epa/%é:tl ot Hi%sﬁlgl%%léje[ﬁﬁb’héé Realf at

| east par nple o Oor ous si con sai d change resulting
15 fromthe depbsitdd wht At tehae;t spae‘apf gaerma@wplemé @Qr@pS(%bIC%ybxb@nMﬁ% t he
step of applg Qﬁ a blas to the silicon sanple in such a manner that the
rate of col | &XTEH%f the sweat sanple is accelerated, relative to the

rate of deposition when the silicon sanple is at 20 earth potential. The

step (c) nayls?%);ﬂg% ajlpgfnzﬁl%g tﬁ‘:a @t@ cW B‘rgn ?'@%tér‘ége%’%ﬁn@l@%’“%ﬁﬂs‘ con in

such a manne e os t1on he sweat anple on the
silicon ii6 asdebariateedontaet atthve smatc @nm,eam stRpBEPPAYEINENES SRt

zialrrlplcgnf fgm)lts%g{pi? ﬁ[%yggg%grlggttﬁgtsltgﬂ of %nTQ‘?lnﬁt@QhQﬁgé%’%rn@t(brn&o?éﬂ%fSWeat

rior anal ysis step, may conprise
the step of |tmre1p90’mjjuratnelseas¢e pafftCIfoCYt hého@lllﬂmtfl@ﬁcgfé?ﬂ)l 8PeGirunsofifent .

The step of arat.in S Iy f maen it
is at |east 53&??9’“?’?7‘%%‘% Eg)agﬁ%%%ﬁeggnlt\ﬁgrf;%wumﬁe%dre!tn'ﬁg?d%ﬁpnﬁr%geot he step
of applying aedétasart oftthe siol‘ag@oﬂa@ai?pbfeppff)t@uélhcgn said change resulting

15 from the contact with the sweat sample.

The step (c) 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 (c) 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



30 manner that the bias increases the rate at which the sweat sanple noves
fromthe silicon sanple into the solvent, relative to the rate when the

silicon swomB®13636 at earth potential. The sol vent may comPCITgEB0RME730r nore
of water, ethanol, and acetone. The WD 03/015636 PCT/ GB02/03731 19 sol vent
may conprise any organic conpound that is 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 preparationl8f a nmedicanment for collecting and

anal ysing, or for collecting and subsequently rel i, f.ar.anabysks, a

body fluid s&RPEAt MRGAIP SN 8V ‘E)rlgam?rraﬁ?m?ﬁ%n?é[rﬁrgf"ér}gadil@g'rge%?'zbag used
herein refergnya st e emisRd in 10 therapy or diagnosis. The body
fluid sanple may be a sweat sanple. Preferably the step of collecting the

body fluid sanmple fromthe animal or human conprises the step of
col | ecting asxeBadingasph ehifd arsppar theoinvshéos kprovidfesam usei bl gamplesohunan.

The step of anal ysi may conprise the.step .ot d ! ; | e,
that has Beef!'t8 ||agﬂgcpréﬂar§ﬁ§poq§fqWegfcqn%egnétt ?oprac(rac%lﬁgbhg%en%s%{n%?gem%?w
silicon, by feneoindctingearfaosdimsiqogntgcéinasiogsSor MaIPEis, Sh bBdy v aamptent  of
20 phot ol um r{;escence_ef iCj enc§, measur enent of photol um nescence spectra,
reflectivity "QFReP LGP’ "YHEBr bance spectrosopy, and neasurement of
phot ol um nescence decay tinme. The step of releasing for anal ysis my

conprise the step of ,releasing,a_ 25 t. gengold ected
on and/or in -'i\e Feéﬁ’stmﬁglﬁa”bef"qt A& usseéjﬁﬁ?%'%?rgégl?%ﬁgo%\w%gpg%g?ecﬁ on rLy one
of the fabl owhegpyeshhagness. MALDI,  SIMS, phot ol uni nesce spect rocopy,
reflectivity spectroscopy, absorbance spectrosopy, and fluorescence
spectrosopy. 30 The step of releasing for analysis nmay conprise the step of
at |east parttne boayefsidngarhple smypbe @fsveiatiszonplen Pactaskblynthesstephat t he
body f1uid Sacrg)ﬂlegting 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 sample

passes from the sample of silicon into the solvent.

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



passes fromthe sanple of silicon into the solvent. The step of collecting
the body fluid sanple may conprise the step of WO 03/015636 PCT/ GB02/ 03731
20 increawpng/otdeas rate of collection, relative to the rat @CofGRIRMEBEtL i on
when the sanple of silicon is at earth potential, by applying a bias to the
sanple of silicon. 5 The step of releasing the sanple for anal ysis may
conprise the step of increasing the rate of release, relative to the rate
of release when the sanple of silicon 20 at earth potential, by applying a

bias to the sanple of silicon, 1Q The sanpplg of, siljc i se one
or nore of: PYFBAENE; theofpte BBI?%FV@?B1IHﬁ8ﬁ§?IFth% %%E?Sﬁoggﬂgﬁkﬁcon,

bul k crystal hiHes el §&aple bi sificon Ve at shrthcmotentials by badylgngid biesrto the

bi oconpatible silicon, and derivatised porous silicon. 15 The sanpl e of
silicon may é@ﬁﬁ*?@gsﬂﬁPFially oxi di sed silicon. The sanple of silicon may
conprise partially oxidised porous silicon. Preferably the sanple of
silicon conprises

| f ilj .St
ol | ecti ng ( Mbeo5p 1 HASSAARTE wnbel Shcets he srMsB B8, Sepioly o
sweat sanpl e @tebsiagPeid esteobf releasé heslative egubb rate tdfarelagsenimhenetiie and
allowing the s

t orage sanple of rous sil|icon to. be L
uncorroded dFRMRYE PASTEAN 187 %ﬂbgpfegg@l’ﬁ e?%élg't?:aya tbﬁé?%g{rgp%%%hgé % i con
conprises a siiwoage sanpl e of porous silicon and step of <collecting the
body fluid sanple conprises the step of collecting a sweat 25 sanple over a
period of less than or equal to than 20 hours, and allowing the storage
sanpl e ofjgporfes saigleoor tstlicoe mdystcampriakl gneincomadedf:dapfawg stligen,

collection period. Preferably the sanple. il i e
Coml o of | pomaekstE s er A RRUR sFich, Bl FRRFRIP LSS, ostafad
conpri ses theisdep reboaridiedlionn, disvwapatidepdibcawyeand desivetisedPoress t han

30 or equal tg than 1 week, and allow ng the storage sanple of porous
silicon to bdi@bstantially uncorroded during the collection period.

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 to 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



Advant ageously the sanple of silicon conprises a storage sanpl e of
partially oxidised porous silicon and step of collecting the body fluid WO
03/ 015636WB@3hG88R2/ 03731 21 sanpl e conprises the step of PCOIGBROCHBTIY a
sweat sanple over a period of less than or equal to than 10 m nutes, and
allowi ng the storage sanple of partially oxidised porous silicon to be
substantially uncorroded during the collection period. Preferably the
sanple of silicon conprises a 5 storage2§anp| e of parti al l'y oxidi sed porous

silicon and step of collectin the bod a r S e step of
col | ecti ng aséﬁﬁéﬁ LS el'® a tﬁ@n% ?IVeicqmg gﬁgﬁlegf%rﬁﬁg ?\;é} Aan 20
hours, and alpleﬂwng lbbe tﬁ@mmgmuastmmam 6 rpiantdsalang aiko\dnstemor@ag

silicon to be su corroded durin

Preferably t ﬁé”ﬁ’i ?a'gf’f(gbsﬁch%Pfssséwon %btost ora térﬁ?at“bfpll%&%d%grtl ally
oxi di sed DOL Qidl$ln§Ithbe@ﬂle@ﬂdn s;teemdoPreﬁelrdztsgtthagpamme dfcaijcdn apmipgaeplee
conprises_the step of col ct|n h
or equal to tHIAYE SAEBRIE Baratllla (ge?%@% oér g”'ggﬁranoaf%%r ?ng?%(fdnﬁss Lhan
oxi di sed por ané bsuy|fmm13ampmecmbm@mtheastbp omnouemtmgeal SV@@l‘t sagnpteh@ver

col l ection period

15 The d
from one of MoP8eS :0?593%8%‘-%8{1886%‘ t@ﬁ%ﬁﬁ%@?&gg Sa%oa?m%éltﬂk Sﬁr@t E)(ragani c
conmpounds t h%fampT@)bfhjaarflanmdxidhseiN\paxtqusombcm tmeeSNMantI&ib'n@mmwetdhat may

be found in Weat t i . terial
sel ected fro “(5'HQ the ?‘f‘ﬂ e\g?%‘ perio, cﬁ%ieig@?itﬂéaﬁ%@%@@ﬁ@%%ﬁgv?ﬁ% eria
ni coti ni goacigdorage sarmple af:pelrt.aeﬁyrmmilsed remouppilicns, and stad af wellecthidour ea,

actate, teqpyl Ll e BREAIL Ored WAL QSRR S e Sl over

ci neti di ne, I ne,
ac:]g pyrgvataepghudaﬁfel,esarmamca equrdl doabid, 1 weekotandeallowinghihaestorage
sul fanimde, ata , t hadaon cl.i.di api ] i aci ne,
an anphet ani @M gn%ygl)ag[‘ﬁag%io%ﬁsedoggpo% Lilidb 8o bl BLEARNtidiNPunSSHHS A

during the collection period.

actic

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, riboflavin, nicotinic acid, an amino acid, ethanol,
antipyrine, creatinine, thiourea, lactate, theophylline, parathion,
tetrahydrocannabinol, insulin, cimetidine, dimethylacetamide, fluorine,
25  bromine, iron, bismuth, lactic acid, pyruvate glucose, ammonia, 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.



phenobarbital, an androgen steroid, phenytoin, and carbamazepi ne. 30
According to a fourth aspect, the invention provides an attachabl e body
fluid colwesBitiw3devi ce conprising at | east one storage nPamgGHR0373nhen in
use, storing a body fluid sanple secreted by a body fluid secreting
surface, characterised in that the or at | east one of the storage neans
conprises silicon oxide. WO 03/015636 PCT/ GB02/ 03731 22 Preferably the
silicon oxide has the chemical fornmula 38Ox where 0.1 < x < 2. 5

Advant ageously the silicon oxide is porous silicon oxide, nore

advant ageously the porous silicon oxide is integral with a substrate. The
substrate nmapreferguly siee ehigonroxity Pamthe biéiicat el iSi0x vilere 8nl <sf Ki con

, OXi de, or %rtlally oxi dised bulk crystalline silicon. 10 According to a
flfth aspect 7 the invention provides a nmethod of collecting a body fluid
sanpl e froman ani mal or human conprising the steps: (i) placing a silicon

0xi de sampl e . It SOMTHD! CaRLED W PRI 0.8 boflson | bid SesRLI ng

surface o ng an causi ng the ani mal
or human to expsastagedbslytbdypdrbus d;lllcsanqmtlée nanutegra‘ah Vit sl selstraig. tHeé body

fluid sanple ngtﬁ%}dlsﬁ]raiygg%r%tgw &35t BRAhofd of:h uI§I lzr'ygf%lnl é))é'ilﬁi:%ns%moﬁ 20

Advant ageousl9 9% porous si

advant ageousloyideher parttally sidisedbuxirgstailinei mtI@@‘r aI wi t h a subst rate. The
substrate may conprise one or nore of: bulk crystalline silicon, silicon
oxide, or partially oxidised bulk crystalline silicon. 25 Accor di ng to a
si xth aspect Adaerdiny e¢ntai ftfith pspemtdéee Bvastonprevidesrpl reediod &fjgalleshingRi de in

col 1 6ct 1 ng. arayauEatEnls §oPetadimeg B sER R ARRsng W 88, P4 (ol o
froman animal or human. Advantageously the si I icon oxide is porous silicon
oxide, nore (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
sample; 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 bulk 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 examplie only with reference



30 advant ageously the porous silicon oxide is integral with a substrate.
The substrate may conprise one or more of: bulk crystalline silicon,
silicon wwiode1see¢ partially oxidised bulk crystalline siPCE@B02b®1
invention will now be described by way of exanple only with reference WO
03/ 015636 PCT/ GB02/03731 23 to the follow ng drawings, in which: Figure 1
is a schematic diagramof a prior art sweat patch; Figure 2a is a schematic
di agram of an attachable body fluid col Rdction 5 device according to the

invention; Figure 2b is schemati ¢ .di.agram of a storage sanpl e of porous
silicon that® W&yfof'BY"fﬂgp‘zrratW“&qs’énﬁv ‘fluid coll ection device according to
the invention; Figure 3 shows SIMS depth profiles for a nunber of sweat

elenents, 10 the SI M, neasurenent,s hein ! . por ili
Sampl o repr cEEd 1 n 19 GoPLeDAne Srcr & £EbOAT kRl palk; PP Fique 4
shows SI M5 depjuie Paof i Ises sohematit utiagram of anpattsfchentsabody fuitepelieclicRe SI VB

neasurenents being performed on the 5 flgu:e .2b porous silicon sanple,
prior to tontact with g@\)é'ﬁ?;aCﬁP%{ﬁ?%t%%seh%&gH%@nSChenati c di agram of a body

H ui d col | eckiqutedevi ci a sabematicrdagrant bé ai storgei gAMpleceipRarskagilicRiee body
uid storage rreans,zoﬁlé?g&[r}?e%??{aqh{q\é\ﬁtﬁ asnggﬁp|dCc8\|e%gEr%g'HeQ/§ceaaMMinbl ui d

col l ection device, e Irnv Ion, rising a neans for
nonitoring the resistante olveatieti;or age sanpl e of porous silicon; Figure 7

artial 1y oxidiged andchore SEuApR! BBl S dr By ot heRbelinaa Lar
i s un-oxijdi sed, the 25theregRsS sheasurtsmenss f eeingopeifaieedi @h tha SPFAMSat ed
sweat for these two Ses‘n cgﬁssa%plgorreg%"esse‘?\ité& %)%ure 2b, prior to contact with

swealt;

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 5 shows a schematic diagram of a body fluid collection device,

according to 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 porous
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,



Figure 8 shows a SIMS profile for a second storage sanple of porous
silicon, the imge shows the effect of imrersion in simulated sweat
cont ai ni ryolosokdsaen i ons; 30 Figure 9 shows an apparatus t ®CaatBIRAB3I¢ t he
behavi our of a storage sanple of porous silicon, under an electrical bias,
in sinmulated human sweat; Figure 10 shows a SIMsS profile for a second
storage sanple of porous silicon and to which an anodic electric bias has
been applied, WO PS/ 055636 PCT/ GB02/ 03734 24 the image shovvs the effect of
imrersion in simulate sweat cont ai nj ngl i i ws a
SIMS profile for a secHifd 'OPGFagRo¥R 8‘1‘%&0;6?&5'9'%@'5}&% ﬁﬁll%gghl ch an
cathodic electri CI bi aZSW§§t beaainig Bii}hplm éahs; the i mage shows the ef fect of
|rmer5|on|n5|rru ted . sweat i ws a
SINE pr of i 1 aFIHed I 1 EROLE o A0S SARpPachr Suodes Bie Samblebot fpeiere B
partltal ly oxidi sefl Lhembangenmm\/\mmd:te amfdaékn@dlofehenm dizgm Has Hiesdl at ed
sweat containing lithium a
fifth stofage sanple ofP Blb‘?dgﬁge '@?9?%§°%ts ?%h g@%@r‘ﬂgﬁbﬁlﬁtﬁgl sed,
Ithtehl nmage shows tge etiveat coftainimelithion ioms;si rrul ated sweat containing
ithiumions;_ and Figure 14 p e
sanpl e of porddi€e 15 FE?‘Q‘Bn ﬁl&{?ﬁi@ﬁgeﬁ@ﬁ i {th Eﬁr%e asacrlillgsl%gofs ero%lgmage
fshgvv_s t[l_e efzgelc:t of cehicantthai has I’nielearpa?kalﬂy oStdnamt tihe imeeepshomsi B8 and
abrication igure 2 a_ sche f -bod
fluid collection devi EE’GCQ EFRETPT W @g' aqéggmg&%%%@é |Iﬂglm?gbﬁs i
inventiong Theglreuidd @anecanmmsmmme oot @cflﬁzlnr istargge saroplage’ RBENS 22,

22%)?2 g; t gg?gﬁgt means;an- thapﬁagtb%%%gﬁamW%x%@m Ith€SmAghi dhdtvsStner age

effect of immersion in simulated sweat containing 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 skin.

Structure, 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 resuiting 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



silicon 24, and a portion of bulk crystalline silicon 25. The first storage
25 sanpl e of porous silicon 24 may conprise derivatised porous silicon. The
first stowegaoswmspl e of porous silicon may be prepared byPeTraBobo831 whi ch
will be referred to as "nethod A", which conprises the step of anodising
bul k crystalline silicon by a standard techni que such as that 30 descri bed
in US 5 348, 618. The resulting first storage sanple of porous silicon 24
is connected to the remaining portion of5bulk crystalline silicon 25. The

attachnent ans 23 holds the stora aps, in.contact with a body fluid
secreting sHEF%ﬁ‘@ePrW”&PW r?n&’llogeC%llgg (ig?ss ﬁ%nfgﬁe'ski n 26. The attachnent

nmeans 23 may, for exanple, be an adhesive tape, the adhesive WO 03/015636
PCT/ GB02/ 03731 25 bei ng. present nl y €Sl e

reference, i AYhiSC'EHEE; frf)été'tgi%e,cwcc??@h" F?%stﬁggggﬁéggg%nr% g % egbobrugus
silicon" shouglidoht shakkrn bastakenedereneferdreeats tostigage aamrle of peiomss 5
silicon prepared b me%ﬁ%ogj A. FiogRres 2b shows a schematic di agram of a
second st or aGHICOARIPRAGH PLBENATS| | i con 224a. The second storage sanpl e of
porous silicon was fabricated by the follow ng nethod, which will be

referred to "method B": 10 A 0. .005 cm p+ hsi8dofi N 20%
et hanoi ¢ HF. %%ﬁ?r&]ﬁho&'gngi ??eﬁa% ﬁf%g%zmmgss%giﬁgwggé%gh@gcoﬂnds,
i medi ately frokdwwwailidoy 224aufhentectedsstoyagsf sBEMPA afny@ropsrsilican g&@sonds.

15 The application of t conse i CULT : (3 | B b RbEhoMeE"
gener at ed t&gbrl‘Céi}‘égQyéé\ge;?IP%Z%%‘?“%%T@E'@S&'Il%%Q%I,féljcr)ﬁozt ggi'ﬂg a high
porosity1824a, which forns the second storage sanple of porous silicon

mebr ane. e OFNY 2R Ko paRSE S Ph¥aREd Jp A e e 1 o
each 20 ot herdenghg oparmai dry” ofast passedcfond28 secauds, avmsdiately fpdewEd B 1 i con
The " porosi ty? GOty s el & o AR, S e © ° 20 S BT
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  to, 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 to sweat. Trace sodium is present throughout the layer at
parts per million levels, this is indicated by the abrupt change in level with



A storage sanple of porous silicon prepared by nethod B will be referred

25 to, in this specification, as a "second storage sanple of porous

silicon".wOobh®13666v porosity sem perneabl e nmenbrane 224b caairdGGHEse/08sed to

prevent dermal detritus reaching the higher porosity second storage sanple

of porous silicon 224a used to store the sweat sanple. 30 Figure 3 shows

the SIMS depth profiles for the sweat el ements: sodium potassium and

![Iot hi urr][l nTt he secg_nd storage sanple of 2porous silicon, prior to exposure
sweat. Trace sodiumis present thraoygh
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bei ng obs%rvg?YePg?te%’f"ﬁ%%éh? rorg & n[ﬁ]slk pgéﬂ\gﬁrge%ejﬁgk@% I l\/gﬂgggt%ﬁgﬁo?i | es
for three swemmeitenents: iron, lead, and copper in the second storage
sanpl e of porous silicon 224a prior to 10 exposure to sweat. Copper is
detectable at |levels of the order of parts per mllion, whilst iron and

I_e?d are #deﬁ@ﬁéa@saowa S ieptapdofded dohtrshewweai BMesit rqi: dedde for
silicon. e variation t he Sl e ] i t gl b i des an
i ndi cation o@”ah‘é’p_pf@ 'B%ﬁdsaeﬁogg %Erefdﬁeg%h @uépgﬁ%oﬁw%\ggﬁ.ﬁ%ﬁﬁgog gnal
[ﬁ_sul ti ?qu r@szpls$d.neqorsw@at. Goppents deteatdbloft idwelSpivhe exdarted RA SRSt ed i n
is patent application. A b L ui j on device conprising three
st orage neanﬁ_g@nﬁwg'ﬂ?g'r%n ?Hg%aéaégcﬁréar:réé%%%iﬁ'agr am of a bggy fl uigd
'(I:'ﬁl I eclt: ont devi ge, ~generally indicated by 51, according to the invention.
e col |l ectiqn device ri.s t I i i
storage nean '%Pséinan%\ﬁlq(ﬁﬁg%?ws%%rl@Seéleﬁ")gg gé@%f&%ﬁéﬁ@@[}ﬁ?eggaenﬁ%%d’ngp Y
conpri ses porpesSHBi etgnal 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 fluid 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 53, 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.



The three storage nmeans are in contact with the surface of the skin 55 of a
25 subj ect. The storage neans are attached by neans of an attachment neans
66 havi ngwadhesicse surfaces 57 and 58. The type x storage PCEFLGEI205B1 By
conprise type x derivatised porous silicon, the type y storage neans 53
may conprise type y derivatised porous silicon, and the type z storage
nmeans 54 nmay conprise type z derivatised porous silicon. Each 30 type of
dervati sation may be selected so that wdén the three storage neans are
brought into contact with the skin surface, and conditions are such that
sweating occurs, the storage neans each selectively bind to a different
conponent of I e sheEabtive renttuidimealy mditicie strrage veednsemayehg Oraed o dnpounds
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according to ﬁli‘t&)m ans/amasmnof fﬁaepmednce Dflswejol | ecti on device 61 conprises
a first storage sanple of porous si licon 62, and attachment nmeans 63, two
el ectrodes 63, 64, a biasing nmeans 65, and an ameter 66. The first
sLoragt; slgrrpllﬁggrfe Boshogs sa Iscbemabe disgeans afhacbady igid kelleeoaagevige: t he
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of a storage rous fcon 1 n sinulated human sweat
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

monitored by means of the ammeter.

20
The effect of partial oxidation on the stability 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. Half of the anodised
wafer was then partially oxidised by thermal treatment in air at 500 C for 30

30 minutes to yield 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 silicon prepared by

method C.



A third storage sanple of porous silicon was prepared by the follow ng 25
met hod, which will be referred to as "nmethod C': A 0.005 ohm cm wafer was
anodi sed WP 030%68¢ hanoic HF at 5 mMA CM 2 for 120 secondsPamaRMREO87350 MA
cm'2 for 10 mnutes. Half of the anodised wafer was then partially

oxi dised by thermal treatnment in air at 500 C for 30 30 mnutes to yield
the third storage sanple of porous silicon. Any sanple referred to, in this
specification, as a "third storage sanpl2® of porous silicon", should be
taken as a sanple of porous silicon prepared by method C. WO 03/ 015636
PCT/ GB02/ 03731 28 A fourth storage sanple of porous silicon was prepared
by the foll owi mgurthmtdsmge sdmple off porope sikéer me¢ prepased gt thedfollowing The

hal f of the ano e er th d in nmethod B, was stored
inair at rodff Qapgp\é%\ﬂrb\fyél P’r‘%ért?%g 9@élﬂfézoﬁgays to yield the fourth

sarrple of porous silicon. Any sanple referred to, in this specification, as

“fourth > pgka&o %E%nﬂigﬁédbéf%f’? PW%E'r?’otb& H%E@W ﬂno%ﬁﬁp'vé’a@f

porous si Pi co grrents o} and fourth
st or age Saﬁp|£6raDif inpair atisoah ltemparatereefor ehperidchetibadess |t<P1 ysa'%ﬁn%f%"murran

sweat at 25 C i mul man 15 sweat was prepared in accordance
with | SO starﬁf’é’?@ (Ojf(%?%s'gﬁ is described by J P Randin in J. Bioned.

Mater. Res. 22, 649 (1988). The sinulated human sweat conprises NaC
209/l t HAC ‘ i
EZ gg/ : i [re)e) %aam%ie[ [eﬁg gd&SeP{%‘th}%"E? §<éé1{chn' tarle_% 'ffo@ﬁﬁ éa@nﬁé'cﬁ porous

he si nul ated human
sweat wasload] smctcﬁﬂ ghoubd 5eh§1keaddsta sample Nawﬂous(snlcpgmr@par(eﬁ)by geghod
Cross-secti on[ﬁ SEM i mage of the third storage sanple of porous silicon.
Figure 7(b) shows a higher magnification i mage of the sane sanple, the

i mge being of the |lower porosity region close to the surface of the

sanple. Figurg 7(c): SHOWS, ik bRLHuth Yi8%GeSaUMbRs6r POOAYSifdd GRfe

then incubated in simulated human sweat at 25 C. The simulated human
15 sweat was prepared in accordance with ISO 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,Cl (17.5¢/litre),
urea (5gl/litre), acetic acid (2.5g/litre), and lactic acid (15g/litre). 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.



25 after 9 days immersion in sinmulated sweat. There is substantially no
corrosion resulting fromthis period of imersion. Figure 7(d) shows the
fourth stwoageisanpl e of porous silicon, after 9 days i NmMPETEBRMN/03731

simul ated sweat. As can be seen fromthe SEMinmage, 30 significant
corrosion has occurred. WO 03/015636 PCT/ GB02/ 03731 29 The effect of
applying an electrical bias to the storage properties of a storage sanple
of porous SI licon Figure 8 shows a Sl I\/B%ﬂofl | e for a second storage sanple

of porous 5 Hid lfiR af LRLI0 HnUiERidAMHiSd 98 hE St AbRIbdERBrsyeat o
y\/mch_a I|t Ton o ithium
ions in the sbrageadadpleuwrfporeygesiicequal to 2 millinolar. The lithiumions

were added in the formof lithiumnitrate. A conparison of the sodi um and
lithium profiles of figure 8 with those of figure 3 shows that the
si mul at ed sweragurel(}x bhsws L SIM® ipadfily foota eecenédteagehBgMPFoPHHANYUPOr ous
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in sinul sweat storage means conprises a first storage
sanpl e of porlothmns||cbnscbav93pearaﬂd@dpformrabﬁ the contknteaticnt af lithiemdpns éon 54,
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54. The fi rsﬁh st us SI i con nprise derivatised
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earth by nmean wer “suppl uman sweat

conpri sesl@an laaﬂjemnsiaﬂﬁ)almmmlterdﬁredfthmh eeouftyinareys layea. (17. 5g/litre),
urea (5g/litre), acetic acid (2.5g/litre), and lactic acid (15g/litre).
The pH of the solution was adjusted to 5.5 by the addition of NaOH. This
corresponds tBiguBO Sishndara i6Eee/ Meanswhil dhat Hasecran padhbymmepsehidi n in

J Biomed Mat e%nrﬁg%tea/zhlﬁﬁgn ( %\%%@92 Tg?épgt'f'dr hieaffe @%rﬁ?ﬁié%r Beﬁjrs@'fstd?%@nt' al's

bet ween OV an erio I‘SI on ween m nutés and 1
week. After tsmnplermfmbroﬂmsmmnsﬂ%mmdsa QoﬁmnleebLtlh@fﬁt@@ﬂeﬂ't?Pag% dBfpl e of

15 porous silicon 93 being in contact with the bulk crystalline silicon 54. The
first 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,Cl (17.5g/litre), urea (5¢/litre), acetic acid
(2.5g/litre), and lactic acid (15g/litre). 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. MALDI 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



porous silicon 93 is renoved fromthe sinulated human sweat 92 and
subj ected one or nore of the follow ng anal ytical techniques: MALD , SI M5,
30 and SBWD 0Fheses@npl e nay al so be anal ysed by one of: phetolaBmosstce
spectrocopy, reflectivity spectroscopy, absorbance spectrosopy, and
fl uorescence spectrosopy. MALDI may be used to determ ne the uptake of
organi c sweat nolecules, SIMS may be used to determ ne the uptake of sweat
gl?)/egemés SEM may be used to determne tHe corrosion or absence WO
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was al so 20 fmgndpm@spydapereswelnass mgenbbﬂ thieehoreare @fi MEgSitede. are the
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storage sanpl thre¢ qzrdeo&JSstnnlagntblHﬂQvaBym@ﬁwsédhﬁyoﬁgﬁ'@'q sompgnggts of the

15 simulated sweat have been impeded by the low porosity layer 82.

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

short time scales.

The effect of partial oxidation on the wettability 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



met hod, which will be referred to as "nethod E': 30 A second storage sanple
was partially oxidised in air at 500 C for 30 mnutes to yield the fifth
sanpl e ofwpmsous3si licon. References in this specificati orCraBo2/0873it h
storage sanple of porous silicon” should be taken as references to a
storage sanple of porous silicon WO 03/015636 PCT/ (GB02/03731 31 prepared
by method E. The fifth storage sanple of porous silicon was incubated in
sinmul ated human sweat containing lithiumions (the concentration of
lithiumions jin i ted human sweat being equal to 2 mnol/litre)
for 40 m nut e%repﬁ?%ﬁ;g"%ﬂg%%v\s a SIMS plot for a fifth storage sanple of
porous silicon after this inmersion in sinmulated sweat. The figure 12
results show F(])Mfﬂ'lves({]o bt 55\? féyo? dr80S |Ir(§JnaWa‘ée|r¥chbEh§j $ecomdists@r age
sanpl e of porous silTCOR, Rdu ny application of an el ectrical bias.
The figure 12hmﬁaecrme.ah ranﬂdallmrt(;hiItlnmtnlr}t)rlol'l$I(tifESa gercadralios; Wﬁ |itium;igng éf s of
shape of the i ohifreg uhbASueRMinG Ralibpt & HomoFiifel &5Uk6 raiows. t hat
partial o | dat "on a sa orous silicon nmay I nprove wetting of the
sanmpl e by cat Fignse 12r slsews a Bll\éSrnIthCéda rﬁmhaﬁog%eaﬁamp@ Ré|p@f9%§lﬂipgn
between S| VB MRASYRRMAALR AR FPUGRNIIGE | Qedil P iRile 95 efBRlls Asdd N
storage sanpl e of ‘porous silicon was imersed in sinulated human,

containing |i lnhnrmwed omsttingwent cations 1 gelativet es theTisecem cBatags: Sempl °|f| t hi um
ions in the s tsqﬁi W é’;ﬁ H:La'tleﬂ N Biettiedeiad, 'TﬂeeflgWé' ¢ is
ten tines |lo r $or The simil ated human sweat used tg obtain the
figure 1210 eselcbdlsm "élnd Bihimnr erofilass aforvernesimdaer in itemmsudf coirPenof dhfon are
shown i n {1 QUp &l 10208 CHERAT hSRILBMof NPl oGl andisans bhair extatibasul ts

shows that th conCentration o iumpresent in the fifth storage
sanpl e of por olig ssinpleof porous silicon may improve wetting of the sample by cations

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 fifth 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



is approximately ten tines lower in the figure 13 sanple than in the figure
12 sanple. In other words the figure 12 and 13 results show that there is
30 an appwoxBnricad y | i near rel ati onshi p between concent r aPCorGRIR/08731 hi um i n
the sinulated sweat solution and the concentration in the storage sanple
of porous silicon. Figure 13 also shows that [ithium signal corresponding
to the 0.2 m W) 03/015636 PCT/ GB02/03731_.32 nol/litre concentration is
approximately 200 tinmes the background 2 ghal . This result, conbined with
the approxi matgolljtRear i t onbehtr&@fh the g4t BbHFB)éFrﬁBféWt r@bbon tinlesS1 NMifeat ed
sweat, and the SIMS signal fromthe storage sanple of porous silican,
suggest s t hat backaiawndssignat ehhis ateslis cagbingd 44thy th @perovmets tingamiyght be

detectabl e. | ngeplen ke IitHiliMi dRCERREEET RLINANSteNBSPedtO aAE THEY | HICsigHEI
time, concentrations nuch lower than this could be detected, by collectlng

the Iithium oJ&m ather Fedageyr SaMBle t HarParRES t SHICRMuEOSRR St st SETH G

figure 13 expeihEBRiratidifs 2580RfdLetmRio METBRreSHRRt IR dBtettMIadtfaplie of
porous silicon Once the first storage sanple of porous silicon 24 has been

in contact wi tihiupheorganiragiong RifeR %%Hp@&@tef%\feré'fﬁ%mwe@irabeﬂw 10

m nutes and 1 |oder WRAK this deild %er@létébt@as bW&l@cﬁﬁgl&ﬁetlﬁmuaf 8c0h [sdfidy 1 n
contact with the storage sanple to swea is renoved fromthe skin and

subj ected to cﬁﬁ%ateéﬁhqmg‘ef@lnlVBWUF@dH'f?é'Wtqde? fiodEh AP §¥BEHMEALDI, SI MBS, and
SEM The sanple nmay al so be anal ysed by one of: photol um nescence
spectrocop reflectivity spectroscopy, absorbance spectrosopy, and

fl uoresceﬁée 20 spectrosopy. MALDI nay be used to determ ne the uptake of
organi ¢ sweat THEAREM !B umVEwamYoPs stsrabe tsanfifd 8 pbRristdigcdipt ake of sweat
el ements, SEM nmay be used to determ ne the corrosion or absence of
corrosion by the sweat. The spectroscopic analysis may be used to

det ermi ne t he ORYeeHRNGRt §forags WaalpISaNPhIBURMSIIRIEH 24 hi8 el iflcohage vall e

of porous 25 silicon 24.
the skin of a human subject for a period of 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 to determine the uptake of sweat elements,
SEM may be used to determine the corrosion or absence of corrosion by
the sweat. The spectroscopic 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



A fifth storage sanple of porous silicon, having a length and w dth each of
10 mmwas attached to the front of a wist of a human subject. The storage
sanpl e wawoaBhawbed to the wist by an el astoplast for 40PairrGBe®373M th its
30 porous face in direct contact with the skin of the wist. During this
period the subject performed gentle exercise. Figure 14 shows the SI M
depth profiles for the prom nent sweat cgnponents: Na, K, Ca, My, and C
together with the trace el enents: Fe, Cu,3%Pb, and Li. A conpari son of
figure 14 wi thibhak HimbibBRrdids s‘rﬁBQH"Saé hat rddift bfelacAneh@tBoN Huhdhe
fifth WD 03/ 015636 PCI/ GB02/ 03731 33 storage sanple of porous silicon, as
a result of atiuRiasiefestrisea MutlA tinapjrelative Hasexnosare B9 simglateddwinad ati ve
t o exposure tquaigiul ated human sweat. 5 Measurenent and/or detection of a
sweat sanple after separation froma storage sanple of porous silicon
After the sweat sanple has been collected on a storage sanple of porous
silicon, it mMyeha rsMRAf ahabrfdQBtAdIE of 3Bl Eat0saRBIObBe S bbb &R0k FForg P! e
10 by inmersing the si Ilcon In a sol vent. The sweat sanple ny then be
measur ed and/ GOEEESAHY S $ilig®  fol | owi ng techni ques: high pressure
| i qui d chromat ogr aphy (HPLC) enzyrre i mmuno assay (EI A) atom c absorption
spectroscopy (AAS), anodic 15 stripping voltametr , and gel

el ect rophoreS|A§t€(r(§lE? SVE93A SARPIB & agSReTT 67! I95ked PAe Séﬁ'ég?§aﬂ&%ﬁflﬁ’é’ﬂoq% Us
6,132, 975, AA3jIMRY, itRayIRdsdtiratdderEmMBbadam@Bhfi forees Glliceadot BxSb ca
Chimca Acta Vol 2312, . P23-28 (1994|) ASV may be used for trace netals
and is dedfri dMeeTsiiashie stigon INnghsPIVBRAt: Vol 60, p263-271 (1987), GE may
be used for proteins and is described in Analyt. Biochem Vol 131,

p520- 524 (1983). An alter native nethod by which the sweat sanple nay be
conbi ned with e FWVEAI gampla,ynyitharh bgi MEAgURsSr Bﬂgloéqut%%tﬁds?lbro&@e"fs le of
porous sili conon&Mng&écm.qué\s Vm%ﬁbr&s%\“@ﬁbu@admbﬁla'f@%abﬁﬁl('HPbe e&iAthe by

reacting the porous silicon_ with a suitable alkali or exanple porous
silicon may béMiWQo|8asqY (ElA), 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 alternative 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 aqueous solution of
the porous silicon and sweat sample, may then analysed by an appropriate
technique.

30



by agueous NaOH, and by aqueous KOH. The al kali aqueous solution of the
porous silicon and sweat sanple, may then anal ysed by an appropriate

t echni quew036/0Y#8303/ 015636 PCT/ GB02/ 03731 34 dains 1. AcTatRaobmbl e body
fluid collection device conprising at | east one storage neans for, when in
use, storing a body fluid sanple secreted by a 5 body fluid secreting
surface, characterised in that the or at |east one of the storage neans
conprises silicon. 2. A fluid collection4evice according to claim 1,
characteriseqchn hat the device further conprises an attachnment means for
attaching th t least 10 one of the storage neans to part of a surface
of an animal or human body. 3. A fluid collection device according to claim

1, characterised | Etttagﬁgl?lghg d?iﬂld@o@ol%efc%ﬂﬂ' Whlicd LhRpRsingt af ¢8sdt oRe of
t he storage ahy' 8451 8ast partly torned, conprises a storage sanple of
porous sili costordde meaAsffbyiwheln ese.i BaringanodicBdiddianaplesasreiPehby a

char act er i sedy gy 1t d BiinSLQAGL SARLENOLA RPHAYSHS bF b Rbst SnBrihal | ¥

oxi di sed. 5. C on vice according to claiml, characterised
in that the Orawpyineanscopiirises sdioveni - per neabl e menbrane. 6. A fluid

col l ection device according to claim1, characterised in that the device
conprises an electronic circuit. 25 7. An attachable body fluid collection
devi ce accor d2ng flud aicdlieniidn demimeartasrdisedoi dlaimds chaeadensakin haj tBgeat

; . _ ' f
e, &)r%gl%edst %@ atl‘tﬁkgﬁwgafﬁﬁe%f' §tt§c?§}h§r’cﬁ8ﬁr e fdEstf Or

col | ection deg%\glgef
storing a sweal sanple secréete an ani mal “or human. 30 8. A

use of a Banpbee of ths slocage Mmeanhdo Paeieirasidaceoe! an gatnalArdntmanppody.
col l ecting and anal ysing, or for collecting and subsequently rel easing for

anal ysis, a body fluid sanple froman animal or human. . i
3. A fluid collection device according to claim 1, characterised in that 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.

15
4. A fluid collection means according to claim 3 characterised in that the

storage sample of porous silicon is partially oxidised.

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

20 device comprises a semi-permeable membrane.

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

device comprises an electronic circuit.

25 7. An attachable body fluid collection device according to claim 1
characterised in that the device is a sweat collection device, and in that the
storage means is a storage means for storing a sweat sample secreted by

the skin of an animal or human.
30 8. A use of a sample of silicon 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.

9. A use according to claim 8 characterised in that medicament is for



9. A use according to claim8 characterised in that nedicanent is for WO
03/ 015636 PCT/ @B02/ 03731 35 collecting and anal ysing, or for collecting
and subseyoawlis3e rel easing for analysis, a sweat sanpl e PCaroRM/03T31Mmal or
human. 10. A use according to either of clains 8 or 9 characterised in that
the 5 sanple of silicon conprises a storage sanple of porous silicon. 11.
A use according to claim 10 characterised in that the storage sanpl e of
porous silicon is partially oxidised. 10322. A nethod of collecting a body

fluid sanple EEfPé@t%@u?éJ{dmganksmgmer F’d}”péélf%cﬂﬂg; hg %{Oepsf stibdedledtyng a

silicon sanple’in conmu tion wth part lurd “secreting
surface of theelaasinglfonaniysian;a a\ﬁeqhsa)mraelfmm A AWHAber RWNSNNng t he ani mal
or human to express the body fluid sanple; and (iii) collecting the body
fluid sanple on and/or in at |east part of the silicon sanple. 20 13. A
met hod accor ditig At oselasicerding dhagititareoli elaims B oh& characiasiseddin tattther

conpri ses § hengnﬁ)Ra bt Y |c<§’r§ |¥§é Q%t&%@e%ﬁiﬁpl{a ofbdrsiamliéod.hat has been

col |l ected on and In a part of “the si n sanple. 14. A nethod
according to claim 13 charact erl sed in that the step (iv) of 25 analysing

the body fl uid, Sﬁ'msle a |rn-gst§%|§|hle1@Eﬁé’ra%ter%"etdqmthé‘tgth% QQFB@e ddipid stanpl e,

t hat has been collecte for in at least part of the silicon sanple,
by one or mr@omustﬁbcqmlslmlﬂ@y p¥idingidques: MALDI, SIMS, neasurement of
phot ol um nescence efficiency, neasurenent of phot ol um nescence spectra,
reflectivity spectroscopy, absorbance 30 spectrosopy, and neasurenent of
phot ol uni h@scdAcé tedgd of wellegiing A hastyhibeidazaror!gi figmt@n @ninah grshuman

characteri sed : tstep (iv) conprises the step of analysing the
body fluid saﬁ%ﬁ‘gtntgﬂ?tlrh%gs %een collected on at least part of the silicon

sanple for a period between 1 hour WO 03/015636 PCT/ GB02/ 03731
(i) placing a silicon 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
sample; and
(iii) collecting the body fluid sample on and/or in at least part of the silicon

sample.

20 13. A method according to claim 12 characterised in that 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.

14. A method according to claim 13 characterised in that the step (iv) of
25 analysing the body fluid sample comprises the step of detecting a body
fluid sample, that has been collected on and/or in at least part of the silicon
sample, by one or more of the following techniques: MALDI, SIMS,
measurement of photoluminescence efficiency, measurement of
photoluminescence spectra, reflectivity spectroscopy, absorbance

30 spectrosopy, and measurement of photoluminescence decay time.

15. A method according to claim 13 characterised in that the step (iv)
comprises the step of analysing the body fluid sample that has been

collected on at least part of the silicon sample for a period between 1 hour



36 and 24 hours. 16. A nethod according to claim 12 characterised in that
the step (iii) conprises the step of applying a bias to the silicon sanple
in such awodsmewaer that the rate of collection of the bodagTidBIR@E3IBanple is
accelerated, relative to the rate of collection when the silicon sanple is
at earth potential. 17. A nethod according to claim 13 characterised in
that the nmethod 10 conprises the further step of separating the body fluid
sanple fromthe silicon sanple, prior t 86t he anal ysis step, by bringing
the at |east pagto40foyukhe silicon sanple into contact with a solvent, so
that at least part of the body fluid sanple passes into the solvent. 15
18. A nethod according to claim 17 characterised in that he step of

separating thegbodyndihbhdacditrhg o emimhe2 %Hdr&&@r@@dmhethﬁmfﬁé's%ﬁ gihe
step of applying a bias to the Silicon sanple in such a manner, that the

bi as i ncr eas€8MpPFises dhe slePwAl ERPYINY swekas §xribe sSikgane $aMmpdn e h&Yi Bi con

sanpl e intg tPr?arfnfé'r\fﬁéltttherrat@tdf\e%né@t@mf wé 8o ®id B@m%lé |sCofcetampée 1S at
20 earth potential. 19. A nmethod accordin claim 12 characterised in

that step (i) r%'éHb?lt@eéhe tRte Afepolisictignay ﬁ@ H‘%lsl”lcéﬁnsé%]ﬁiﬁ dsi g erind
communi cati onyWdfigf the skin of an animal or human, step (ii) conprises
the step of alpl ow ng and/or 25 causing the aninmal or human to sweat; and
step (iii) conprises the step of <collecting a sanple of sweat on and/or in

at |east part q6f Ahﬁeﬁﬂoh' 88EbrdfrRyTRd Eb|a|?rp Mcﬂ&taf&@éhs%cm dhag the rRbikioa 19
characterised in that the silicon sanple 30 is a storage sanple of porous

silicon. 24. Aorerisss theclrirngten of IsgPaTating: Hig Redef|w oﬁampl@rfa@mttﬁ@
storage sanmpkgicgh RHQHES pBibl 6 e izhaBAid s, YoyoBlAGiIRERhe at least part of

the silicon sample into contact with a solvent, so that at least part of the

body fluid sample passes into the solvent.

15 18. A method according to claim 17 characterised in that he step of
separating the body fluid sample from the silicon sample comprises the
step of applying a bias to the silic':on sample in such a 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

20  earth potential.

19. A method according to claim 12 characterised in that step (i) comprises
the step of placing a silicon sample in fluid communication with a the skin
of an animal or human, step (ii) comprises the step of allowing and/or
25 causing the animal or human to sweat; and step (iii) comprises the step of
collecting a sample of sweat on and/or in at least part of the silicon

sample.

20. A method according to claim 19 characterised in that the silicon sample

30 is a storage sample of porous silicon.

21. A method according to claim 20 characterised in that the storage

sample of porous silicon is partially oxidised.



