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(57) ABSTRACT 

The invention relates to attachable body ?uid collection 
devices, each comprising at least one storage structure for, 
When in use, storing a body ?uid sample secreted by a body 
?uid secreting surface. The or at least one of the storage 
structure comprises silicon. Particular emphasis is placed on 
sWeat patches and techniques for analyzing sWeat. 
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Fig.12. 
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BODY FLUID COLLECTION AND ANALYSIS 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the collection of body 
?uids and to the analysis of body ?uids. More speci?cally 
this invention relates to the collection of sWeat and to the 
analysis of sWeat. 

[0002] The analysis of body ?uids, of animals or humans, 
may be of value in the detection of disease, or substances, 
such as drugs, absorbed by a subject. Blood, saliva, urine, 
and sWeat have all been used for such analysis. Although 
blood is the most commonly tested ?uid, sWeat probably 
provides the most inexpensive, safe, and convenient source 
of a number of analytes. Devices used to collect sWeat, are 
commonly referred to as sWeat patches. 

[0003] In addition to Water and electrolytes, sWeat con 
tains 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 
in?uence of the concentration gradient existing across blood 
capillaries, and diffuse through the capillary Walls into the 
sWeat glands. 

[0004] Other substances that have been identi?ed in sWeat 
include: ascorbic acid, thiamine, ribo?avin, nicotinic acid, 
amino acids, ethanol, antipyrine, creatinine, thiourea, lac 
tate, theophylline, parathion, tetrahydrocannabinol, 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. 

[0005] Typically a patch is used to collect the substance of 
interest, from the 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 ?brous pad. The pad is 
then analyZed for the substance. 

[0006] An example of a prior art sWeat patch, generally 
indicated by 11, is shoWn in FIG. 1. In addition to the 
storage means Which comprises a ?brous pad 12, the patch 
comprises a semipermeable membrane 13 and a backing 
layer 14. The backing layer 14 is formed into a receptacle for 
the ?brous pad 12 and has an adhesive surface 15 for 
bonding the patch to the skin 16 of the patient or person 
being tested. The semipermeable membrane 13 separates the 
?brous pad 12 from the dermal surface and may control 
Which, and the rate at Which, analytes enter the receptacle. 

[0007] The design of sWeat patches is a complex process. 
It is desirable that the environment of the skin under analysis 
be as little affected as possible by the presence of the patch. 
SWeating must occur or be made to occur in order to test the 
sWeat. For quantitative analysis, it is desirable for the rate at 
Which the analyte is collected to be relatively constant. The 
storage means used to collect the analyte should have a 
composition and construction such that an appropriate tech 
nique may be deployed for separation and analysis of the 
sWeat contents. It is desirable that the storage means com 
prise a material that is reasonably stable When in contact 
With sWeat. 

[0008] The folloWing documents each relate to part of the 
background to the present invention: US. Pat. No. 5,203, 
327; US. Pat. No. 4,756,314; GB 2,303,847 A; GB 2,324, 
866 A; and JP 10080266 A. 
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[0009] Anumber of different devices are described in US. 
Pat. No. 5,203,327. The Main 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. 
[0010] The main problem addressed by U.S. Pat. No. 
4,756,314 is the large variation in sWeat uptake that may 
occur from individual to individual. The disclosure suggests 
that this variation may be reduced. 

[0011] GB 2,303,847 Arelates to bioactive silicon, resorb 
able silicon, and biocompatible silicon. 

[0012] GB 2,324,866 A relates to an analytical device for 
analyZing biological materials such as blood and bile. 

[0013] JP 10,080,266 A this document discloses equip 
ment for immobilisation of a biopolymer or organism. 

SUMMARY OF THE INVENTION 

[0014] It is an objective of the present invention to address 
at least some of the above mentioned issues. 

[0015] According to a ?rst aspect, the invention provides 
an attachable body ?uid collection device comprising at 
least one storage means for, When in use, storing a body ?uid 
sample secreted by a body ?uid secreting surface, charac 
terised in that the or at least one of the storage means 
comprises silicon. 

[0016] 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 oxidiZed. More preferably the 
or at least one of the storage means comprises a storage 
sample of porous silicon, the sample of porous silicon being 
partially oxidiZed. 

[0017] For the avoidance of doubt the term “partially 
oxidiZed” is used, in the speci?cation, to describe a material 
that has been oxidiZed in such a manner that part of the 
material remains completely unoxidiZed. Therefore a sample 
of porous silicon that had been partially oxidiZed Would 
comprise porous silicon in a completely unoxidiZed state. 

[0018] Advantageously the silicon, from Which the or at 
least one of the storage means is at least partly formed, 
comprises silicon that has been partially oxidiZed 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 oxidiZed in such a manner that a monatomic layer 
of silicon is formed on at least part of the surface of the 
silicon. 

[0019] The or at least one of the storage means comprises 
a storage sample of porous silicon, the sample of porous 
silicon being partially oxidiZed in such a manner that 
betWeen 0.1% and 99% of the porous silicon atoms are 
bonded to oxygen. The or at least one of the storage means 
comprises a storage sample of porous silicon, the sample of 
porous silicon being partially oxidiZed in such a manner that 
betWeen 0.1% and 10% of the porous silicon atoms are 
bonded to oxygen. The or at least one of the storage means 
comprises a storage sample of porous silicon, the sample of 
porous silicon being partially oxidiZed in such a manner that 
betWeen 0.1% and 50% of the porous silicon atoms are 
bonded to oxygen. 
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[0020] 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. 

[0021] Advantageously the or at least one of the storage 
means comprises a storage sample of porous silicon that has 
been partially oxidized, the partially oxidized porous silicon 
having a structure and composition such that it is substan 
tially un-corroded after contact With simulated human sWeat 
for a period betWeen 5 minute and 1 year. 

[0022] More advantageously the or at least one of the 
storage means comprises a storage sample of porous silicon 
that has been partially oxidiZed, the partially oxidiZed 
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. 

[0023] Yet more advantageously the or at least one of the 
storage means comprises a storage sample of porous silicon 
that has been partially oxidiZed, the partially oxidiZed 
porous silicon having a structure and composition such that 
it is substantially un-corroded after contact With human 
sWeat for a period betWeen 10 minutes and 10 days. 

[0024] Even more advantageously the or at least one of the 
storage means comprises a storage sample of porous silicon 
that has been partially oxidiZed, the partially oxidiZed 
porous silicon having a structure and composition such that 
it is substantially un-corroded after contact With human 
sWeat for a period betWeen 1 hour and 24 hours. 

[0025] The or at least one of the storage means may 
comprise a silicon particulate product, the silicon particulate 
product comprising a multiplicity of silicon particles, each 
silicon particle comprising one or more of: bulk crystalline 
silicon, porous silicon, polycrystalline silicon, and amor 
phous silicon. At least some of the silicon particles may be 
partially oxidiZed. 

[0026] 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. 

[0027] Once a suf?cient quantity of the body ?uid has 
been collected by the or at least one of the storage means, the 
sample of body ?uid may be analyZed by a suitable ana 
lytical technique. The analysis may be performed in situ, or 
it may be performed after the collection is complete. 

[0028] The collection device may further comprise an 
analytical means for analyZing at least part of the body ?uid 
sample. 
[0029] Preferably the attachable body ?uid 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 
comprise a tape or sheet or fabric or plastic material. The 
attachment means may comprise an adhesive or ?exible 
band or ?exible 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 com 
prise a solid object. The attachment means may be a ring, or 
necklace, or bracelet. 

[0030] The silicon, from Which the or at least one of the 
storage means is at least partly formed, may be selected from 
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one or more of: porous silicon, polycrystalline silicon, 
amorphous silicon, bulk crystalline silicon, resorbable sili 
con, bioactive silicon, and biocompatible silicon. 

[0031] For the purposes of this speci?cation the term 
bioactive silicon is to be taken as silicon that is capable of 
forming a bond With living tissue. For the purposes of this 
speci?cation the term resorbable silicon is to be taken as a 
form of silicon that is corrodible in a physiological liquid. 
For the purposes of this speci?cation the term resorbable 
silicon is to be taken to include silicon that is resorbable in 
sWeat. In other Words the term resorbable silicon encom 
passes silicon that corrodes in sWeat. 

[0032] 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 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. 
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. 

[0033] Advantageously the storage sample of porous sili 
con has a porosity betWeen 1% and 99%, more advanta 
geously 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%. 

[0034] The storage sample of porous silicon may comprise 
microporous silicon, having a pore diameter betWeen 1.0 
and 2.0 nm. 

[0035] The storage sample of porous silicon may comprise 
mesoporous silicon, having a pore diameter betWeen 2.0 and 
50 nm. 

[0036] The storage sample of porous silicon may comprise 
macroporous silicon, having a pore diameter betWeen 50 nm 
and 5 microns. 

[0037] Simulated human sWeat is herein de?ned as an 
aqueous solution comprising NaCl (20 g/litre), NH4Cl (17.5 
g/litre), urea (5 g/litre), acetic acid (2.5 g/litre), and lactic 
acid (15 g/litre). 

[0038] This de?nition corresponds to that of ISO standard 
(3160/2), Which is described by J P Randin in J Biomed 
Mater Res 22,649 (1988). 

[0039] The pH may be adjusted to 5.5 by the addition of 
NaOH. 

[0040] The pH may be adjusted to 6.5 by the addition of 
NaOH. 

[0041] The simulated human sWeat may substantially con 
sist of an aqueous solution of NaCl (20 g/litre), NH4Cl (17.5 
g/litre), urea (5 g/litre), acetic acid (2.5 g/litre), and lactic 
acid (15 g/litre) and NaOH, the concentration of NaOH 
being such that the pH of the simulated human sWeat is 
betWeen 3.0 and 7.0. 



US 2006/0052681 A1 

[0042] The body ?uid secreting surface may be an internal 
surface, found say in the mouth of an animal or human, or 
an external surface, such as the surface of skin of an animal 
or human. 

[0043] The body ?uid secreting surface may be skin, or a 
mucous membrane or a buccal membrane or a nipple. 

Preferably the body ?uid is sWeat, the body ?uid sample 
being a sWeat sample. Advantageously the body ?uid col 
lection device is a sWeat patch. 

[0044] The sWeat sample may comprise a sWeat element. 
The sWeat sample may comprise a sWeat compound. 

[0045] For the absence of doubt the term “body ?uid 
sample” is to be taken as a sample of one or more substances 
that may be found in a body ?uid of an animal or human. 
Similarly the term “sWeat sample” is to be taken as a sample 
of one or more substances that may be found in sWeat. 

[0046] 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. 

[0047] The sWeat sample may comprise a material 
selected from one or more of: ascorbic acid, thiamine, 
ribo?avin, nicotinic acid, an amino acid, ethanol, antipyrine, 
creatinine, thiourea, lactate, theophylline, parathion, tetrahy 
drocannabinol, insulin, cimetidine, dimethylacetamide, 
?uorine, bromine, iron, bismuth, lactic acid, pyruvate glu 
cose, ammonia, uric acid, nicotine, morphine, sulfanimide, 
atabrin, methadone, phencyclidine, aminopyrine, sulfadia 
cine, an amphetamine, benoylecgonine, phenobarbital, an 
androgen steroid, phenytoin, and carbamaZepine. 

[0048] 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 compo 
sition 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 mass spectrometry, in or on at least part of 
the storage sample of porous silicon. 

[0049] The or at least one of the storage means may 
comprise a storage sample of porous silicon that has been 
partially oXidiZed, the partially oXidiZed 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 or on at least part of the partially 
oXidiZed sample of porous silicon. 

[0050] The or at least one of the storage means may 
comprise a storage sample of porous silicon that has been 
partially oXidiZed, the partially oXidiZed porous silicon 
having a structure and composition such that, When the 
storage sample of porous silicon is brought into contact With 
human sWeat for a period betWeen 10 minutes and 48 hours, 
a sWeat element is detectable by secondary ion mass spec 
trometry, in or on at least part of the partially oXidiZed 
sample of porous silicon. 

[0051] For the purposes of this speci?cation a sWeat 
element is an element that may be found in sWeat. The sWeat 
element may be one or more of sodium, chlorine, potassium, 
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calcium, magnesium, lead, cadmium, Zinc, and lithium. The 
sWeat element or elements may form part of a compound 
found in sWeat. 

[0052] 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 
at least part of the storage sample of porous silicon. 

[0053] 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 simu 
lated human sWeat for a period greater than 10 minutes a 
sWeat organic compound is detectable in or on at least part 
of the storage sample of porous silicon by a matriX assisted 
laser desorption ionisation (MALDI) technique. 

[0054] The value of the MALDI technique in relation to 
the detection of biomolecules that are present on a sample of 
porous silicon is described in Nature Vol 399, p 243-246 
(1999). 
[0055] The storage sample of porous silicon may be 
partially oXidiZed, the partially oXidiZed porous silicon 
having a structure and composition such that, When the 
partially oXidiZed porous silicon is brought into contact With 
simulated human sWeat for a period betWeen 5 minutes and 
6 months, a sWeat organic compound is detectable in or on 
at least part of the partially oXidiZed porous silicon by a 
matriX assisted laser desorption ionisation (MALDI) tech 
mque. 

[0056] The storage sample of porous silicon may be 
partially oXidiZed, the partially oXidiZed porous silicon 
having a structure and composition such that, When the 
partially oXidiZed porous silicon is brought into contact With 
human sWeat for a period betWeen 5 minutes and 6 months, 
a sWeat organic compound is detectable in or on at least part 
of the partially oXidiZed porous silicon by a matriX assisted 
laser desorption ionisation (MALDI) technique. 

[0057] For the purposes of this speci?cation, 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. 

[0058] The use of a storage means comprising porous 
silicon may be advantageous since the porous silicon may 
perform a dual function of ?ltration and storage. The porous 
silicon in the region of the skin acting as a ?lter by, for 
eXample, preventing entry of skin cells into the part of the 
porous silicon to be analyZed, but alloWing passage of the 
sWeat sample. Porous silicon also opens the Way for the use 
of biasing to assist With deposition of the body ?uid 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. 

[0059] The attachable ?uid collection device may com 
prise a semi-permeable 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 mem 
brane may comprise porous silicon. The semipermeable 
membrane may comprise derivatiZed porous silicon. The 
semipermeable membrane may comprise porous silicon that 
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has been partially oxidized. The or at least one of the storage 
means may be arranged such that it is in contact With the 
semipermeable membrane. The or at least one of the storage 
means and the semipermeable membrane may both be 
arranged such that they are in communication With each 
other, so that a sWeat sample may pass from the semiper 
meable membrane to the or at least one of the storage means. 

[0060] For the purposes of this speci?cation, the term 
“derivatiZed porous silicon” should be taken as porous 
silicon having a covalently bound monolayer that has been 
formed on at least part of its surface. Examples of deriva 
tiZed porous silicon, falling Within this de?nition, are given 
in PCT/US99/01428. 

[0061] The semipermeable membrane may comprise par 
tially oXidiZed silicon. The semipermeable membrane may 
comprise partially oXidiZed porous silicon. 

[0062] The storage sample of porous silicon and semiper 
meable membrane may both form part of a unitary sample 
of porous silicon. The storage sample of porous silicon and 
semipermeable membrane may both form part of a unitary 
sample of porous silicon that has been partially oXidiZed. 

[0063] The unitary sample of porous silicon may have a 
loW porosity small pore siZe layer, from Which the semiper 
meable 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 small pore 
siZe layer that has been partially oXidiZed, from Which the 
semipermeable membrane is formed, connected to a high 
porosity layer that has been partially oXidiZed, from Which 
the storage sample is formed. 

[0064] 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 
oXidiZed, from Which the semipermeable membrane is 
formed, connected to a high porosity layer that has been 
partially oXidiZed, from Which the storage sample is formed. 

[0065] The ?uid collection means may comprise deriva 
tiZed porous silicon. The derivatiZed porous silicon may 
comprise an organic compound, said organic compound 
comprising a carbon chain. For the purposes of this speci 
?cation, derivatiZed porous silicon is to be taken as a type of 
porous silicon. 

[0066] DerivatiZation may be selected to alloW Wetting of 
the or at least one of the storage means. Alternatively 
derivatiZation may be selected to enhance stability of the 
porous silicon against dissolution or corrosion by the body 
?uid. The derivatiZation may be such that the porous silicon 
selectively binds to one component, or a limited number of 
components, in the body ?uid. 

[0067] Preferably the silicon, from Which the or at least 
one of the storage means is at least partly formed, comprises 
derivatiZed porous silicon. More preferably the derivatiZed 
porous silicon has a structure such that the derivatiZed 
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 derivatiZed porous 
silicon has a structure such that the derivatiZed porous 
silicon is substantially un-corroded after contact With simu 
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lated human sWeat for a period greater than or equal to 1 day. 
Even more preferably the derivatiZed porous silicon has a 
structure such that the derivatiZed porous silicon is substan 
tially un-corroded after contact With simulated human sWeat 
for a period greater than or equal to 1 Week. 

[0068] The attachable collection device may further com 
prise 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. 

[0069] The backing layer may comprise silicon, the back 
ing layer may comprise bulk crystalline silicon. 

[0070] The backing layer may serve to isolate the collec 
tion means from the environment surrounding the attachable 
collection device, including neighbouring areas of skin. The 
backing layer may be permeable to alloW Water vapour to 
escape from the attachable collection device. 

[0071] The ability of the storage sample of porous silicon 
to interact With, or generate, electromagnetic radiation, may 
be affected by contact With the sWeat sample. Changes in 
such properties of porous silicon may be used to detect the 
presence of, or analyZe elements and compounds found in 
sWeat. 

[0072] 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 effi 
ciency, photoluminescence spectrum, the re?ectivity, the 
absorbance, and the photoluminescence decay time of the 
porous silicon. 

[0073] The or at least one of the storage means may 
comprise a storage sample of porous silicon, Which has been 
partially oXidiZed, the partially oXidiZed porous silicon 
having a structure and composition such that contact 
betWeen the partially oXidiZed porous silicon and at least 
part of the sWeat sample causes a change in one or more of: 
the photoluminescence ef?ciency, photoluminescence spec 
trum, the re?ectivity, the absorbance, and the photolumines 
cence decay time of the partially oXidiZed porous silicon. 

[0074] The body ?uid collection device may comprise at 
least one reference storage means and at least one deriva 
tiZed storage means. The or each reference storage means 
comprising silicon. The or each derivatiZed storage means 
comprising derivatiZed silicon, the derivatiZation being 
selected such that, When brought into contact With sWeat, the 
derivatiZed silicon binds to a sWeat element or sWeat com 

pound or part of a sWeat compound. Preferably the deriva 
tiZation is such that the derivatiZed porous silicon may bond 
covalently With a sWeat element or part of a compound When 
brought into contact With sWeat containing said element or 
compound. 

[0075] The use of reference and derivatiZed storage means 
may be advantageous. Analysis of both the reference and 
derivatiZed storage means may alloW comparison of the tWo 
types of storage means to determine Whether binding to the 
sWeat element or compound has occurred. 

[0076] The body ?uid collection device may comprise an 
electronic circuit. The body ?uid collection means may 
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comprise a means for determining the conductivity of the 
sWeat sample. The body ?uid collection device may com 
prise 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 formed. The body ?uid 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 poten 
tial difference. 

[0077] The body ?uid collection means may comprise at 
least one ?rst storage means and at least one second storage 
means. The or at least one of said ?rst storage means may 
comprise a ?rst type of derivatiZed silicon, Which is deriva 
tiZed in such a manner that, When brought into contact With 
sWeat, the ?rst type of derivatiZed silicon binds to a ?rst 
sWeat element or compound. The or at least one of said 
second storage means may comprise a second type of 
derivatiZed silicon, Which is derivatiZed in such a manner 
that, When brought into contact With sWeat, the second type 
of derivatiZed silicon binds to a second sWeat element or 
compound. 
[0078] The use of tWo types of derivatiZation alloWs the 
detection of more than one element or compound found in 
sWeat. A medical condition or presence of drug in a subject 
may be indicated by the presence of more than one element 
or compound in the sWeat of the subject. Measurement of the 
relative concentrations of the elements or compounds in the 
sWeat may also provide useful information. 

[0079] According to a second aspect, the invention pro 
vides a method of collecting a body ?uid sample from an 
animal or human comprising the steps: 

[0080] placing a silicon sample in ?uid communication 
With part of a body ?uid secreting surface of the animal or 
human; 
[0081] (ii) alloWing or causing the animal or human to 
express the body ?uid sample; and 

[0082] (iii) collecting the body ?uid sample on or in at 
least part of the silicon sample. 

[0083] The method of collecting a body ?uid sample may 
be a method of collecting and analyZing a body ?uid sample, 
Wherein the method further comprises the step (iv) of 
analyZing the body ?uid sample that has been collected on 
or in at least part of the silicon sample. 

[0084] The step may comprise the step of placing a 
silicon sample that has been partially oXidiZed in ?uid 
communication With part of a body ?uid secreting surface of 
the animal or human, and the step (iii) may comprise the step 
of collecting the body ?uid sample on or in at least part of 
the silicon sample that has been partially oXidiZed. 

[0085] Preferably the body ?uid sample is a sWeat sample 
and step comprises the step of (a) placing a silicon sample 
in ?uid communication With part of the skin of the animal or 
human; step (ii) comprises the step of (b) alloWing 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 or in at least part of the silicon sample. 

[0086] The step (iv) of analyZing the body ?uid sample 
may comprise the step (d) of analyZing the sWeat sample that 
has been collected on or in at least part of the silicon sample. 
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[0087] The step of (iv) of analyZing the body ?uid sample 
may comprise the step of detecting a body ?uid sample, that 
has been collected on or in at least part of the silicon sample, 
by one of the folloWing techniques: MALDI, SIMS, mea 
surement of photoluminescence ef?ciency, measurement of 
photoluminescence spectra, re?ectivity spectroscopy, absor 
bance spectroscopy, and measurement of photolumines 
cence decay time. 

[0088] The step of analyZing the sWeat sample may be 
performed after step (c) or it may be performed during at 
least part of step 

[0089] The step of analyZing the sWeat sample may be 
performed While the sWeat sample is in contact With at least 
part of the silicon sample. 

[0090] 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. 

[0091] The silicon sample may comprise one or more of: 
porous silicon, polycrystalline silicon, amorphous silicon, 
bulk crystalline silicon, bioactive silicon, resorbable silicon, 
biocompatible silicon, and derivatiZed porous silicon. 

[0092] The silicon sample may comprise porous silicon 
that has been partially oXidiZed. 

[0093] Preferably the silicon sample comprises a storage 
sample of derivatiZed 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 the storage 
sample of derivatiZed porous silicon to be substantially 
uncorroded during the collection period. Preferably the 
silicon sample comprises a storage sample of derivatiZed 
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 alloWing the storage sample of derivatiZed 
porous silicon to be substantially uncorroded during the 
collection period. Preferably the silicon sample comprises a 
storage sample of derivatiZed 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 derivatiZed porous silicon to be substan 
tially uncorroded during the collection period. 

[0094] 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 10 minutes, and 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 20 hours, and 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 substantially uncorroded during the 
collection period. 

[0095] 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 or on 
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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. 

[0096] Step (a) may comprise the step of bringing a 
storage sample of porous silicon into contact With a sWeat 
sample for a period of greater then or equal to 10 minutes so 
that a sWeat organic molecule is collected in or on at least 
part of the storage sample of porous silicon, and step (c) may 
comprise the step of detecting the sWeat organic molecule, 
that has been deposited on at least part of the sample of 
porous silicon, by a MALDI technique. 

[0097] Step (a) may comprise the step of bringing a 
storage sample of porous silicon into contact With a sWeat 
sample, and step of analyZing the sWeat sample may com 
prise the step of monitoring a change in one or more of: the 
photoluminescence ef?ciency, photoluminescence spec 
trum, the re?ectivity, the absorbance, and the photolumines 
cence decay time of at least part of the storage sample of 
porous silicon, said change resulting from the contact With 
the sWeat sample. 

[0098] 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 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. 

[0099] 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 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. 

[0100] The solvent may comprise one or more of Water, 
ethanol, and acetone. The solvent may comprise any organic 
compound that is a liquid at 20 C. and a pressure of 760 mm 
Hg. 

[0101] According to a third aspect the invention provides 
a use of a sample of silicon in the preparation of a medica 
ment for collecting and analyZing, or for collecting and 
subsequently releasing for analysis, a body ?uid sample 
from an animal or human. 

[0102] The term “medicament” as used herein refers to 
any substance used in therapy or diagnosis. 

[0103] The body ?uid sample may be a sWeat sample. 
Preferably the step of collecting the body ?uid sample from 
the animal or human comprises the step of collecting a sWeat 
sample from part of the skin of an animal or human. 

[0104] The step of analyZing may comprise the step of 
detecting a sWeat sample, that has been collected on or in at 
least part of the sample of silicon, by one of the folloWing 
techniques: MALDI, SIMS, measurement of photolumines 
cence efficiency, measurement of photoluminescence spec 
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tra, re?ectivity spectroscopy, absorbance spectroscopy, and 
measurement of photoluminescence decay time. 

[0105] The step of releasing for analysis may comprise the 
step of releasing a sWeat sample, that has been collected on 
or in at least part of the sample of silicon, for detection by 
one of the folloWing techniques: MALDI, SIMS, photolu 
minescence spectroscopy, re?ectivity spectroscopy, absor 
bance spectroscopy, and ?uorescence spectroscopy. 

[0106] 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 ?uid sample passes from the sample 
of silicon into the solvent. 

[0107] The step of collecting the body ?uid sample may 
comprise the step of increasing the rate of collection, relative 
to the rate of collection When the sample of silicon is at earth 
potential, by applying a bias to the sample of silicon. 

[0108] The step of releasing the sample for analysis may 
comprise the step of increasing the rate of release, relative 
to the rate of release When the sample of silicon is at earth 
potential, by applying a bias to the sample of silicon. 

[0109] The sample of silicon may comprise one or more 
of: porous silicon, polycrystalline silicon, amorphous sili 
con, bulk crystalline silicon, bioactive silicon, resorbable 
silicon, biocompatible silicon, and derivatiZed porous sili 
con. 

[0110] The sample of silicon may comprise partially oXi 
diZed silicon. The sample of silicon may comprise partially 
oXidiZed porous silicon. 

[0111] Preferably the sample of silicon comprises a stor 
age sample of porous silicon and step of collecting the body 
?uid sample comprises the step of 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 substan 
tially uncorroded during the collection period. Preferably the 
sample of silicon comprises a storage sample of porous 
silicon and step of collecting the body ?uid sample com 
prises the step of collecting a sWeat 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 ?uid sample comprises the step of 
collecting a sWeat sample over a period of less than or equal 
to than 1 Week, and alloWing the storage sample of porous 
silicon to be substantially uncorroded during the collection 
period. 

[0112] Advantageously the sample of silicon comprises a 
storage sample of partially oXidiZed porous silicon and step 
of collecting the body ?uid sample comprises the step of 
collecting a sWeat sample over a period of less than or equal 
to than 10 minutes, and alloWing the storage sample of 
partially oXidiZed porous silicon to be substantially uncor 
roded during the collection period. Preferably the sample of 
silicon comprises a storage sample of partially oXidiZed 
porous silicon and step of collecting the body ?uid sample 
comprises the step of collecting a sWeat sample over a period 
of less than or equal to than 20 hours, and alloWing the 
storage sample of partially oXidiZed porous silicon to be 
substantially uncorroded during the collection period. Pref 
erably the sample of silicon comprises a storage sample of 
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partially oxidized porous silicon and step of collecting the 
body ?uid sample comprises the step of collecting a sWeat 
sample over a period of less than or equal to than 1 Week, 
and alloWing the storage sample of partially oxidiZed porous 
silicon to be substantially uncorroded during the collection 
period. 

[0113] 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. 

[0114] The sWeat sample may comprise a material selected 
from one or more of: ascorbic acid, thiamine, ribo?avin, 
nicotinic acid, an amino acid, ethanol, antipyrine, creatinine, 
thiourea, lactate, theophylline, parathion, tetrahydrocannab 
inol, insulin, cimetidine, dimethylacetamide, ?uorine, bro 
mine, iron, bismuth, lactic acid, pyruvate glucose, ammonia, 
uric acid, nicotine, morphine, sulfanimide, atabrin, metha 
done, phencyclidine, aminopyrine, sulfadiacine, an amphet 
amine, benoylecgonine, phenobarbital, an androgen steroid, 
phenytoin, and carbamaZepine. 

[0115] According to a fourth aspect, the invention pro 
vides an attachable body ?uid collection device comprising 
at least one storage means for, When in use, storing a body 
?uid sample secreted by a body ?uid secreting surface, 
characterised in that the or at least one of the storage means 
comprises silicon oxide. 

[0116] Preferably the silicon oxide has the chemical for 
mula SiOx Where 012x22. 

[0117] 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 
oxidiZed bulk crystalline silicon. 

[0118] According to a ?fth aspect, the invention provides 
a method of collecting a body ?uid sample from an animal 
or human comprising the steps: 

[0119] placing a silicon oxide sample in ?uid commu 
nication With part of a body ?uid secreting surface of the 
animal or human; 

[0120] (ii) alloWing or causing the animal or human to 
express the body ?uid sample; and 

[0121] (iii) collecting the body ?uid sample on or in at 
least part of the silicon oxide sample. 

[0122] 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 
oxidiZed bulk crystalline silicon. 

[0123] 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 analyZing, or for collecting 
and subsequently releasing for analysis, a body ?uid sample 
from an animal or human. 

[0124] 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 
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more of: bulk crystalline silicon, silicon oxide, or partially 
oxidiZed bulk crystalline silicon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0125] The invention Will noW be described by Way of 
example only With reference to the folloWing draWings, in 
Which: 

[0126] 
patch; 

FIG. 1 is a schematic diagram of a prior art sWeat 

[0127] FIG. 2a is a schematic diagram of an attachable 
body ?uid collection device according to the invention; 

[0128] FIG. 2b is a schematic diagram of a storage sample 
of porous silicon that may form part of a body ?uid 
collection device according to the invention; 

[0129] FIG. 3 shoWs SIMS depth pro?les for a number of 
sWeat elements, the SIMS measurements being performed 
on the porous silicon sample represented in FIG. 2b, prior 
to contact With sWeat; 

[0130] FIG. 4 shoWs SIMS depth pro?les for a further 
group of sWeat elements, the SIMS measurements being 
performed on the FIG. 2b porous silicon sample, prior to 
contact With sWeat; 

[0131] FIG. 5 shoWs a schematic diagram of a body ?uid 
collection device, according to the invention, comprising 
three body ?uid storage means; 

[0132] FIG. 6 shoWs a schematic diagram of a body ?uid 
collection device, according to the invention, comprising a 
means for monitoring the resistance of a storage sample of 
porous silicon; 

[0133] FIG. 7 shoWs SEM images of a third storage 
sample of porous silicon that has been partially oxidiZed and 
for a fourth storage sample of porous silicon that is un 
oxidiZed, the images shoWs the effect of immersion in 
simulated sWeat for these tWo samples of porous silicon; 

[0134] FIG. 8 shoWs a SIMS pro?le for a second storage 
sample of porous silicon, the image shoWs the effect of 
immersion in simulated sWeat containing lithium ions; 

[0135] FIG. 9 shoWs an apparatus to determine the behav 
iour of a storage sample of porous silicon, under an electrical 
bias, in simulated human sWeat; 

[0136] FIG. 10 shoWs a SIMS pro?le for a second storage 
sample of porous silicon and to Which an anodic electric bias 
has been applied, the image shoWs the effect of immersion 
in simulated sWeat containing lithium ions; 

[0137] FIG. 11 shoWs a SIMS pro?le for a second storage 
sample of porous silicon and to Which an cathodic electric 
bias has been applied, the image shoWs the effect of immer 
sion in simulated sWeat containing lithium ions; 

[0138] FIG. 12 shoWs a SIMS pro?le for a ?fth storage 
sample of porous silicon that has been partially oxidiZed, the 
image shoWs the effect of immersion in simulated sWeat 
containing lithium ions; 

[0139] FIG. 13 shoWs a SIMS pro?le for a ?fth storage 
sample of porous silicon that has been partially oxidiZed, the 
image shoWs the effect of immersion in simulated sWeat 
containing lithium ions; and 










