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[04] Detection technology for specific analytes spans a wide rangé of laboratory
instrumentation and techniques including liquid and gas chromatography (LC and GC,
respectively), mass spectrometry (MS), nuclear magnetic resonance (NMR) spectroscopy,
polymerase chain reaction (PCR), optical spectroscopy and fluoroscopy, Fourier transform
infrared (FTIR) spectroscopy, and ion mobility instruments. Today's chemical analysis
instruments however, are large and expensive, require a skilled operator, involve complex

sample preparation, and require substantial amounts of time for analysis.

[05] There is a critical need worldwide for improved detection of specific chemicals
and microbes. For example, in the area of national security, a system is needed to detect
biological agents, toxins, and chemical weapons to provide early alert in case of a terrorist

attack. Such a detection capability could also be used to search for clandestine sites where



their use. A systemis also needed to scan nmail and
packages to detect a terrorist attack. [06] |nproved
wQaionogmsm det ection is al so needed for nedi cal PEDUSV0E002368
Sensitive detection of DNA @t proteins associated Wi th
avi an flu, bovine spongiform encephal opathy (no
suchcweanons ?rer@ﬂerr devglopgegkoripREREsHPY |ﬂ§§§§éb1}ng %9?10% &@F@eﬂt
t r
et A R Y e L A R bl o BPRR] Exronigt atactc
of such a system woul d assi st |n |dent|fy|ng ordi nary
[06]d| depsesd patheger «halecuolnlmd&swde@ fceamt@!caésgﬁmet rhgnsitive

S di
cerefinp ERE orshalet il Yl brmangr b BopRlnli ons
encép‘ﬁa Et%‘t(mto%&mhﬁﬂy%i’éﬂ@d tocdiema@alos diddacs), @ndvdrextute
g
'ndustrial materials (TIMs). Such a system woul d,

respimtlyy eyiideerke (BARS) wowld epabie eyervewinyigiavoiderraademis. Froad
chmﬁ:&g?se sgah%sys e W%lﬂd £ARGH %enﬂgrnﬁé) Qﬁ%%ﬁ%é%@s oPiflo

process applicationsin a e range o
illndsBék stehil ¢ 8ssididg physiginmviadiagabsgst i on is al so needed in
agrlculture and food productlon as well as a nmeans to
det ect contam nati on, n 0i,SQni.n f fao
(07} o deetpeitom e raripsy chgwy a sp e d o B SR BR g RO detect
toxih &lstr BN Bhdrhihls (THs§ §1§d toIféQh&uétﬁal M A&aks (TERME).I Buch a systern
orensic testing, including for exanple, searching

wow¢ esatfle teabﬁwtegtgqu prmeess dontral, defagiica mthéal gggqaéﬁmy‘, {:céntrol of
conk SRR e SRR R O o s

particles (nanoparticles) which have preV|oust been
[081'S EhsviRletee€ibh isafio wgdeat B aghheltyartd fodpredurpon.se veell as a

f
me%g rﬁg agqep@%ggp”g%}gﬁ Cﬂg)?l;{@? é}lp x rlg‘g{l éngeéc&ncﬂldes for example,

1terx\51$sfu%h L@ hrml& r s (5 thr BYg Bruft :j‘lﬁhés Olfhefhoig '&E@ @@Ieb& iRk &isicabsting,

are a wth reactant nolecules to pronote
1ndbdﬁ@ﬁhgwﬁnqﬂ@mq&ﬂnngﬁh§psuﬁhfﬁb4QaﬂmmﬁéﬁsaS@HWQﬁiﬂwSew@h
" cells, etc. Nanoparticles are injected into a patient
sitrjor to MRl anal ysis. They bind to the target cells,
cause a local change in the MR inmage properties, and

[09F n aMagn&ﬁtréﬁﬂaﬂ& deckios alchaighiésuie ahddrlevdlapgett m:\e:il‘i/lﬂg
The nanopartlcles have al so be sed in vit
nanbiSHBis0ag PR B¢ s R 6| RQERE %) HEh e pRraiously beén used

as l\%ﬁg ggﬁ{as{l%e%% bfﬂgj)a}tﬁ:l sacroﬂ'g)haggu) 3 :gal'afﬁla%ﬁé{ & in the

nanoparti C ana S may form
supag@@fagahesc (bodogmerailyirafrdd relngeinas pheusgnetis) ofaterial, coated by

nanoparticl es. Suc a re det
o S PTG O PO AL SR 5 TSP il 1 bbblore
bmﬁ?ng 9 %Q&%ell@‘ﬂﬂh'aﬁ‘ pSABEens A8M%r BNV Blahepdrtcless@e injé@ed into
a pat1ent pr1or to MRI analysis. They bind to the target cells, cause a local change in the

MRI image properties, and enable detection or localization of the target cells.

[010] The nanoparticles have also been used in vitro. Dissolved or suspended in a liquid
medium, the nanoparticles bind to target cells or molecules in the medium. The
nanoparticles and analytes may form aggregates incorporating dozens to thousands of
nanoparticles. Such aggregates are detectable by light scattering, atomic-force
microscopy, electron microscopy, and in some cases by NMR effects. See, for example,

U.S. patent no. 5,254,460 to Josephson et al.
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[015] Earlier studies did not consider use of improved paramagnetic materials such as
compounds of iron, cobalt and nickel leading to stronger magnetization and improved

sensitivity.
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means for holding the analyte within the special region, a magnetic resonance instrument

capable of measuring magnetic resonance signals from the liquid, and means for analyzing
those signals to determine whether the liquid occupies the special region. Alternatively,
liquid passing through the special region influences the magnetic resonance signals of the
remaining liquid. The second magnetic field is distinct from the first magnetic field so
that the signals of the liquid residing within the special region differ detectably from

signals of the liquid located exterior to the special region. When present, an analyte



t he special region, then the anal yte nust be present,

and is thus detected. [021] The anal yte can be any
woreio208dse) nol ecul ar conpl ex, m crobe, chem caPCT/U82006/002368

material which can be contaiped in the liquid nmedium

and whi ch displaces the |iquid when so contai ned.

dispi%edEiqRsd ﬁém&ﬂ@%ﬂé&ﬁﬁ regitl. Ul ki the Sighgie shas titw ﬁl}m&ﬁbccuples the
pr ot ei ns, or frag}r;ent s or conpl exes there

speeiay jagios, arghuleimysh be akseats If gsaaﬂak‘rﬁbo“fﬁh@r%lé@lé MS@gced from
the\évﬁg&ﬁ ?%ugﬂ %ﬂf‘ﬁ%?ﬂalﬁ s@%e fesgﬁcm s us\é‘féfélc{% urmns

ST up peC|es inc
non- bi ol ogi cal chem cal s such as chem cal . weapon
024D Ehelbmdyte empb@wjlwmsleculnsraolebldald@snplm anioebeythenn¢ad, or

mafep LI BB 6AE BF RETERE: e Yt T BBV PR O REGr g Duid
whER &8s crftfnéd) aE)YJnﬁolé%fcﬂnﬁﬁf%s\iﬁcﬂude?M§@&lQ&£ﬂes ROk hSpioteptk, DNA,

or otherwi se wholly enclosed in and dis ersed W t hin
RN er fiagurients oncemplexerethersaf gneymesspnalt Bglachles) qrgapigns, microbes

suchze WHOH: 5pcﬁ§ruﬁgh%&ﬂ%1e%sor%gct&{q L2 O?A IICﬁS gltls ]Er%lﬁlscithm species

CO-occupy
incldtiénd ingpodrg, ﬁ)@ﬂbbﬁ)g&fay clidntitals swdhes IchémichkiWGapmnlmkde&lcas,

nucl eus hayi hg non-zerq clei with
exlﬂﬁﬂvezsemée@f?ﬂc}?sd?q\?@“?‘qe%cﬁg 8%‘1&&%1 Eﬁ@ﬁﬁ?ﬁ%ﬁa The
l'iquid includes such nuclei when nol ecul es conprising

[othTe 1 b]?é%rﬂb&ﬁﬁgﬁﬂ tﬁ@h@mﬂ%bﬁﬂé tM! 4rA1yRO NHER MGoiR Rink! mézbii-‘shhat the
hydrogen in the water nolecule. A ternativel

analytqm dissrdyed, ﬁl@lp@@thﬁds@mhlSﬁ@dJ @jothgswisg|whodly e@ﬁlosec%/ in and dlspersed
e e R

and11RPHRASYco-bRAFY spate &vxfﬂiﬁblbﬁﬂesﬁﬁbﬁ@hqladsyst em i ncl udes
a first magnetic field which passes through t he

(03 b et e S TR Bt BB s B B Rl spin
Ony n@M AHHEon-29Y %@% gtlwﬁ%ﬁl) ke TR ﬁhén%%neﬁ@ ol 116117111&(1 ixRileHes

i's a static and s antiall'y uniform nmagnetic
sudbhaitclet avheb endleculdseompniging dlie Ioqudd carastise 4 wickys Padl Iaaorbzelo spin,

suc% asséjérgmg ﬁg@ﬁl@?{ia&&pﬁ%ﬁe (? gggtgrﬁlg e?}é,ﬁﬁé: ﬁqlgileégnhclgigezglch nuclei

as §(ﬁﬂﬂe§? Br ﬁfsgéﬂbﬁ)nﬁ adiih @s a TherisfebaduieRdhct gdefatalmagnstic resonance
di stinc romthe first magnetic field in some

Slgﬁdﬁ&hﬁlﬁ F Laraor ffiequencgct abl e usi ng magnetic resonance.
For exan‘pl e, the second nagnetic field may differ from

[0%4? ie fhfx h gﬂ@@ sién? bfddds Erﬁgb@ hldgtl&ic ©14 %ﬁéﬂ he8bs through

orm or any ot her “det ect ab
theplaquadre tThe ﬁrsﬁi rs@memdﬁeﬂdglwc ba:prbd@led bg@n@i@tromagmetmmsnent

for er at| secon net i be a .. .
magho ercEpacthe O e e eer Sarrinae Fisiaredes fed isa
statiB@nd b\[b%{antlaﬂy uniform magnetic ﬁeld that can be in the range of 0.01 Tesla to 20

Tesla, and is a part of the magnetic resonance system.

[025] A second magnetic field is generated in a special region of the sample. The second
magnetic field is distinct from the first magnetic field in some parameter that is detectable
using magnetic resonance. For example, the second magnetic field may differ from the
first magnetic field in magnitude, orientation, uniformity, gradient, or any other detectable
parameter. A second magnetic field generator or means for generating the second

magnetic field may be a nanoparticle, suspended in the liquid and immersed in the first
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analyte in the special region, to displace the liquid from the special region, leading to
detection of the analyte. Such a binding agent can include any material surface or
molecule for which the analyte has an affinity. Such holding may be accomplished by
hydrogen bonds, ionic forces, covalent bonds, sulfide bridges, van der Waals forces,
electrostatic forces, or any other type of molecular or material attachment or affinity
ligand. The binding agent is positioned adjacent to the region of shaped magnetic field so
that the target molecule, when bound, occupies that region and excludes the liquid

therefrom. For example, the binding agent may be an antibody raised against an analyte



el ectrostatic forces, or any other type of nolecul ar
or material attachnment or affinity ligand. The bindi ng
W@e®nnsdsso posi ti oned adjacent to the regi on of PGITHRM®A6/002368
magnetic field so that the target nolecule, when
bound, occupies that region and excludes the liquid
proteing roe DMNNcompleneentarp keanal e DIN A sk qugnaeg e Rteferablylibe binding agent

anti body..rai sed agai nst.an anal yteprotejn, . or
oIsq BRI ARELY 5 S ML BRIl eHu e i P andbieybetreay be
preinf dieH SR o ]ﬁhﬁ?ot‘ﬂ&shdl&ih% nitahd GHntBe REd BRGHsiayRimers, small
affinity for all solutes other than the anal yte that

moteaylebeetepr Bargets indludeabietiare vot linpitagNg, the feleawingl di ng
means can be used such as aptaners, small nol ecul es,
etc. Targets..i e ra .k L to the
fol | o n%:1e1 azl?lb&ééjtggttﬁe%%@m%ﬁlgtbﬂ?%é%é%& And binds to
an antigen b. an oligonucl eotide or DNA sequence
conpl éirea aligoruoleati@NA-DNA seiiidnae gaiplemeataDNa-a DNA- or RNA-
RNA- apt aner that binds to a target protein, bacteria,
Vi rus, y@é%ett or fungus. d. a protein or peptide that
binds to a target protein, bacteria, virus, yeast or
fungus,, & DNA PSERIAPSRIhEehAGIRRIE d taEetiioRin badterdd)vi0s, yeast
acids with a stronger binding to a target or better
envi ronnenfuaustabi lity. f . a small nolecule or
conbi nation of small nolecules that can bind to a

Lo et o % bd8S bacteria, virus, yeast
CarbOh%g es lgﬁgigﬂg%rtg%%ﬁqégﬁﬁgﬁ toa target oot

protein, filogoseria, virus, yeast or fungus. [029] A
further aspect includes a nagnetic resonance

i nstrument, ich.js capable of excitin de i
magnet§-c P88 BF@@esﬂ‘)ﬁ’lﬁ’gﬁie ﬁﬁlgﬂ?t{lﬁiaw ge}cgd;’qrrxélg? %?rt\%nggg
Exi st i ng bl (Garof SO R Lerf Moh@BBta@ybiRsl f orm t hi s
function. More preferably, the instrunent is a sinple,

conpact, automated, single-purpgse pagnetic yesonance
syst eri whisetlangleqrs piorombipsionat spall @%Pq?ﬁé%@l}f@r?éﬂgm toa
aut onat i ky. The system neasures signals related to

t he presente or absence of liquid, affected by the
second magnetic field in the special region. For )
exanpl @, nwinesachhigdasppplitacbieides, cachphedites dridesugars hat pen bind to a
speci al regi on di%ers.fromthai iﬂlthe rest of the
liquid, (HEHIHETBYAES (PudEHAREE 8%t em can measure
the spectral content of the nagnetic resonance signals

[0299 QefiemBi Mpedthecli@Gnahigefic edsendnce Mswhineht, Whechsis gaabke of

enmerged. Thus by analyzing for the Larnor fre uen%y, of
ex¢iffag ppdydgtepting magnetic résonance signals from the liquid medium. EXisting
magnetic resonance systems may perform this function. More preferably, the instrument
is a simple, compact, automated, single-purpose magnetic resonance system which can
perform the detection measurement automatically. The system measures signals related to
the presence or absence of liquid, affected by the second magnetic field in the special
region. For example, when the magnitude of magnetic field in the special region differs
from that in the rest of the liquid, then the magnetic resonance system can measure the
spectral content of the magnetic resonance signals to determine the magnetic field from

which the signals emerged. Thus by analyzing for the Larmor frequency of the liquid in

the special region, the system determines whether liquid occupies that region.



the special region, the system determ nes whet her
liquid occupies that region.[030] An alternative
wore@ssament i s the spin-spin relaxation tinme PqRYSWNG6/002368
the liquid. T2 is affected when the magnetic field in
the special region has strong gradients, and
[030paiin aimkrantﬂvg/ mehsamemérg i$ thespoh-ghif feleseton Hims§R) eftbs bquid. T2

s ffholRd Pt S L L SO AL AP R G st ents, and

partiféﬁﬁﬁ? RéRn e BAl MiRusBY PR RS Yhds8 Grddidit Fidldfin tihRs ls]!l(fi'tld:(ﬁinpared
to determne if depolarization is occurrlng in the

to theeesiseiementyi B thogsien eangleterasisdbe presence o Aprirte by measuring

I L e

described in the Josephson patent as the fornatlon of

[0313 [h& bg@a@@ﬁﬁﬂﬁ&b&@u&t&na@m@fﬁsbm@é systene cail sasure either a
Aggl oner ati an nece,?sarl |y occur ater

n
positifgobRsa o BRERE 1 3nAEHEmERERN G 3@3@@‘?%@% fogﬁphsaP patent as
the fORARHSLHEL fgfe%lﬁ Wnfdl G 8R hiémblPofGhaIRE es. LA KOs Aioh he

par anet er as "positive 1/ T2" in JoSephson
necasepilg sents latermegalenh@l thhhingéing qvent2. Inﬂwa@nef agglomeration, all

descri pe ose roce
mea PR SO AR ER ol L ERE WP iRy RaghsF AUfERA as “positive
1/T2SHI0RphSsh lepfedntn QbeHive Ohaaiza NYE2 t h@gff)&ldﬁfitldnhe demtibed by
In one enbodi nent, the inventive system neasures T2

J osqphang@sa Rfoeess wherssesral polecHenafash tfé%?@htot qr gad they fon
assegrgog ies ?%? a%[bglﬁf %? @%&%@ h-EZTf&acHQ %tep r Ino net é?nbodnnent the inventive

n one aspect e conpact

systemghedsties f[esyhﬁﬂg‘ee dus ysthe lamtgmémda]sg b\&aelleadmg@ rositivh end
nanoparticl es, or qo article solution first, which is

neggtienl hfbasges Ariay to ARSIGRNEIPR and T2 is neasured again

to determ ne mhether a change in T2 has occurred. This

[0325° 14QR8 aﬁﬁ%c? RS RnpaBEmBESdiie Gésof e edisratmeBure$ baseline T2 on the
nanoparticl es and consistent stoichionpetry, as well

nanbmrtlalnﬁ:ell napgpantiglesplutign Fing, Yhich pghen péved W%Fheépﬁléﬁ?sﬂnd T2is
meaépﬁe aﬁ%g%%jr) td'ﬁ%lrngnﬁlgrv@% ok 'a%ﬁarigfe uﬁ g inGs b RARRROThisGs HMeSto ensure

odi mren e inventive system can
the d6k&& omdatritich &Maﬁemucﬂem@drm:gmeibhtstwiehionaﬂyeassw@h@ te
fromthe sanple at a single ting. Alte tlvel
canggl b rCESENE FaT NHIHE ITORY VELNGRS RSP t%"@&i‘??nﬁﬁlgw

f ,ime and can conpare or analyze the
trar{r%rg&gggﬁén s to inprove the detection of analyte. For

exanpl e, the binding between anal yte and nanoparticles
[03Bhyhmmmﬂnbddﬂ¢ntml@ iaveritivesysteh cah ﬁ@thctuagahmf@@mem&ﬁg magnetic

the ti.ne ed f | a
reS‘PIP?é“’%%P@ﬁ?rg @Fﬁ??’ﬁ lterrélglgleu r‘xélfcr%ﬁ S r épea eﬁp%op erform
a s@R8 %’fﬁ%a&ﬁ@m@ﬁ’t@ Eﬁ%nﬁnfgaﬂﬁe@ﬁd oy titkenBicag togparder amufbyzwhe
exanpl e, the ana

megirdrogIs 1o} improessthe é@t@@tmgg Ia’iél%t&qblt .%3 é’Eagﬁl? Ftt ﬁg ﬁlrntfll?fg b}ﬁ ceen
analyte and nanoparticles may proceed during an interval which is longer than the time
required for a particular measurement. Then the system can perform the measurements
repeatedly to observe the changes caused by the binding. As another example, the analyte
may first bind to nanoparticles to form binaries, causing a positive shift in T2, and
thereafter the binaries may combine to form agglomerates, causing a negative shift in T2.

Such data can greatly enhance the quality of the result by reducing the false alarm rate,



thereafter the binaries may conbine to form

aggl onerates, causing a negative shift in T2. Such
wa@l210a/08@m gr eat | y enhance the quality of the reSUIUS200§002368

reducing the false alarmratg, providing a | ower

detection threshold, and enhancing the detection
propidigddvidr ylefeoﬁorathgssheld apdeemhanoingthe dAnciioeprop@dtly fohe given

|nveqé ? system can derive paraneters related to
qQuantie o BREP neti cs from repeat ed measurenents on the

same sanple, including a rate of change of a paraneter
[033] e AREHIRY FLREHh dRaktilvO ParRRERIBRIted tbheftioh &iltitSrom

can then be used to guide additional measurenents to
repeaind measwsements an therramierspmple inchgingss 1aémot hepgexarparanster or

CCll%l\ﬁ%?:P le%ct?&lhélg%él{léﬁla .ﬁ[’é@% {’CSQNJ caiLfﬁ é 198%8 t(;r gmﬁg Q@cﬂﬁ?nal

ggon atter em can |n late erres o
mehasé@ent® tokeindimi dﬂelehh&le rlﬂltlel inflicatian geor Ienarﬁﬁlepl\f arsalanple exhibits

period of time, Then, if ﬁhose | ater results conf

a STHI (U] HIBDISHRA e IFREe088 BHYEr MariPea iy Y ERTC A niige, fuggries of tests
to E’ﬁémhfl Hgaf @l lcfféﬁfsg@ i TE39&l aeﬁi?)ﬁ%f A ClaeR, 1 ehoRE BltdtrBsults

e initia uspi ci on nmay be cleared, thereby
comfirer thatidpe anailalesse p@lsem,mn dlisTmeaneberissed.Siud ihe fcélog\t:am

r ot ocol rat. ni.tude a aI S
mB)Seastts dions Bhthe Br b AR AR 1R o, by
av§rRS b iFA1Yd AlMem. [ 03k a%@@ﬁﬁo@dl r@xmrprmaélabommﬁed tv&handte-
t heoretical nodeling positive ge. i s due

magninde @aWSESpthS@Vﬁgm\ﬁah@ceWtb é@llaéﬁlm ﬁ%théﬁ:ﬁhaidﬁﬁnﬁlamhe

nanoparticles, and negative T2 change is due to

p r i . .
03P IR SRR PR L SHLER M Bobif 9nge s
duaddiral yae d1splamngm¢rumcde@ﬂem@gafomdmgm tbhaagpadiatespand negative

pr onot e roc and_ st oi chi onetr For ex | e,
To{Gange NS PP RAT DRI GF E5 VAL REUee SYLIR & Fi8h pURure formed
by%lﬂﬁl%%‘in&lﬁr@crl&v iHedmesat thy ﬁoﬁﬁvem}%iegatm T2l g 8asbe

I'n sonme circunstances it can be inportant to neasure

prdyoethd he getcessingand smsl:iumin@@y TBorepeples thegrabips of nggeparticles and
the r%%i%{nfé &4 elﬂ ngi%flslr% & rgvﬁﬁﬁggaﬁgg(@' OShtex%%r’%f%i%ﬁEés 'In ﬁofgg st
cirbetfiktEnces itttawibe Em@blﬁtﬁtcﬁﬂleamboth avgive and pokititd D effects to

the T2 of the mxture. Thus if there is an analyte
cliFpineGel i aTToRpTCR FECH R b2, ForiexamAlcp (Sebsethefoifminated
wi Hje?gnafrm n@%ﬁ YordIROGE s huﬁilF adid vﬂﬁlaéﬂéfa?edtl% %Qﬂ@é & réﬂhbﬁ’&n in the

e nanopartic to generate baseline
T2nofakeméxteret . Thak éfithereiiscart ehral}manmminn ivdthethe Amaioasad ulrcem be

t he chan n . T2, positive or negati to reveal
e aey (o AP By HE BRI e e fa b S S S
nab@Retidlfe td@éi‘r%fb!’t@ﬁ%@ﬁnm ARhsuPEnéAK Fhen, inhixitBe AE@haMticled and
m X nanopartlcles which lead to a p03|t|ve T2

metistre dheestongeipohe, rosidiveor regatine tarrPglthe arpbyte halterpgively, in the
everﬂ%ﬂe%taeselgaaré{te %%seql%te s agﬁ%m%g&tp 'a}u?ottbla Gl nltt ?snﬂlsgﬁf] 'io mix

nanoparticles which lead to a positive T2 difference upon binding to the analyte, so that

the analyte may be detected despite the contaminant.

[036] "Nanoparticle multiplexed mixtures" are nanoparticle preparations sensitized to
multiple analytes. There are two multiplexing scenarios. First, each nanoparticle in the
mixture is sensitized to a specific analyte. Second, a single nanoparticle is sensitized to

multiple analytes.



[036] "Nanoparticle nultiplexed m xtures" are
nanoparticle preparations sensitized to nultiple

w@napsassd There are two nul tipl exi ng scenari OBCT/BB2086/002368
each nanoparticle in the mOure is sensitized to a

[032Ee | L Cgﬁmﬁg%ﬁﬁ,l %%ﬁ%g@p@ﬂ%ﬁ@g?ygo art E,l%lese 1nlets to admit

the %Qi’ﬁ 91@' a3t witlefir, %dl’l@%?ﬂlaﬁ b dthdt® ﬂiets%bf&n%ﬁﬁl%ﬁ concentrates it
includes inlets to admt the sanple along with air,

intalifqedtionm,icalied yravheample.hed sdlwidies syateay. i Hie Buidics system holds
concentrates it jinto a.l.iqgu for. called a raw
the &3 ‘ﬁﬁ?l’éple fﬁ’ CXApRIg T c%n"%kl}g’i aé‘%l’r"l‘ﬂ ‘io&iﬂa‘ie%%mg‘g?%‘fl%ﬂf the raw
sanﬁﬂé dor éamplea saptle tubolsiexapihe shdh anéﬁ‘%ﬁlti’bqfun@’l dMetered
provi des conS| stent netering of the_ raw sanp fo
sangale ifppixed athslegied |né@0naﬁtféewhlﬁ1@ MY 5§ A WaTeE) rfoagxa@lple drawn
froﬁerF:éeeﬁcg% t\)ﬁ% %%Uﬁﬁ%tpar g Ib%’%ép%fr% &%@B h&s Ee rlganc%@gtt%%eg B%ace the fluidics
systexamphes, thd sauple fimto the esgleaca of the m@nemnﬂteb@tanbg swtem for
Assoon sthe re ction takes ce the fluidics,
meBERaciirTot BRI LahBIOE HED Y b SR BRI A ot G Mixing
andﬁ%&%hhg rﬁa?ystﬁlf@ﬁlﬁ& WitBih ehe ﬁl@éﬂéﬁ@ ?@s‘éﬁﬁf& @%rsteﬁlo The ﬂu1d1cs system
exanpl e, via a tube driven by a ernativel
may inebids meags gy ceHdysnowbersinige ﬂagd1q5§k&telp| raesel yog vmlﬁ’uph@ells or
e
Vlrl:;g%g pluttl gl% 0 ?gfga%% é{q%&ﬁ%inslﬁl\?%g vvlpel\?}é%rg ?@%é}’@f géﬁ ‘I%X fluidics
sysﬁe)lrsirle’f,l‘hﬁa)l‘la{/ey@ eenmeradﬁ@rdantrolctﬁﬁllt & torspyddrutsis biﬂdlﬁg\@ent
nple to rel ease proteins, or DNA of tl“etarget
Flu&%m systeHealfq BRY ARYE &) teEH) %Vmaql%uw%veét toasstiseingteur e
r'ﬁﬁ‘ﬁ'ﬁlé (l)n b deddi a% RIvhF Sldlhﬁg?né &ﬁ:npédﬁdde a@N #8kn a reservoir and
uidics systemal so may have ah overall system
puropebihiaugh sid twbetvhiah delivers thaet sampes tta thersatoptmared hEhe fluidics

cle sol vent or, ri SI n can be drawn a.
syofUE R B SR S D dC B GORT TE Do i tran] bafastis
funbfihas B pBFoinds daliBratidiReses Riflcalifeioh kiahgig8 system

al so all ows positive and negative control tests to

ensure the overall systemis functional, and perforns
[038h Irmr@tmdt@@ttscmkﬂ%@r@:medm alaroaf RanaperAeles to gamggtte the

Mot T IE s L8
dls{ﬁ%rﬁ%& r%tl cﬁes EI?%&%;;ener a?ﬁe haggl%l[ st%%(%%l&é ?uﬁ{l‘% c%‘ilﬁed 1ons
is thee g amm rfalstéraliffusion theowghathy tiguid Aredady ammgé up Wiffissiorglimited

plog%s!%ﬁigﬁéjﬂ%g) Sqr:ﬁlaql %e{gﬁg%rhglé\%@fggg%ggﬂglt e af%mty molecules to

seldbt fHeUshgs (hés{fb& SehepdR ‘Eﬁél§1%§ ocddd oﬁl@'qn Qpigfic ﬁ@[&@ulai’\'f&rﬂls

nanopartl cles one can tailor the af |n|ty nmol ecul es to
Naaglagtllestiare arvad gce talattich g afﬁ.hléy watecoles compeared ¢e chrelates.

Neftio 3R BE Uet FulfR F Brco b b BB 5B B g

chegtigllat es. Nanoparticles can be decorated with chel ates
for binding to anal ytes, explosives and cheni cal s.

[039] In one aspect, the second magnetic field region, being generated by paramagnetic
cores or chelates or other magnetic structures, has a size comparable to the size of the
analyte, so that the bound analyte just fills the second magnetic field region, excluding the
liquid from that region, thus providing highest signal and highest sensitivity. For example,
when the analyte is a relatively small molecule such as an explosive vapor molecule or a
chemical weapon molecule, then the size of the second magnetic field region is preferably

chosen to be in the range of 1 to 10 nm. To detect a larger analyte, such as a toxin or



[039] In one aspect, the second magnetic field region,

bei ng generated by paramagnetic cores or chel ates or
wo@rdvensasagnet i ¢ structures, has a size conpar ab’EUS®06/002368

the size of the analyte, so_{jhat the bound analyte

just fills the second magnetic field region, excluding
DNAer virgupatti¢le ahed tha sizeefitemsecdddunagietv ifididnggibh ahesd be 10 to

ign and hi ghest sensitivity. For_ exanple, when the
10 iy %’Bﬁf} e guigieds PR BYSP 1arar PRI eictas adyeterivm, e size of the
cond i
s SAPLASIAS. NODSCPhAT U 00, URNETLRleced@ca o gh oo

anglg@gi on is preferably chosen to be in the range of 1 to
10 nm To detect a |larger analyte, such as a toxin

0450 B DRG0 ! 05 D45 BB 3R o

exange yhwrésseanlyey ercehtigahy bOh@hsd UG Indsdd WRAkghd UM
the size of the second magnetic field region may be

nanppBriictss YOmARPOFXRoaTGePhatons ebaiticient engtsHo eeite fluorescence,

o188 ol B Bl TSI b 3 PR, DR gy v oy

lovesx dlmapl the ektitasioaghetons.d¥hs exmitatensel fudreseete piot@s hed be in the
to. or i.ncluded w thin the nanoparticles, and may be .

OBl B B e BB R i S5 Pl Svides

mehdud® bEHE RBEGpartfd I Sdndent®Hion S TP Rddiod, MO RRERECE P BOLRAFied
having an energy different from and usually | ower

whem agalyte hindste theatapenaritietand suchrmsion wesytrasilion aafetectable change

. t e in.the ultravipl gt
in L L RSG0E SR 08 U Rl L Bhresnceproons
Detettiar eSthasrvhangewbuld provide/irtiadicati o asdependeht dfhBagnetic resonance

naqggarticle conce&%ragion. In_addition, the . )
MeaurerRents daat aaglytsdinding hasaecymechangd hns that aahie ismesenkin the
sanig@oparticle, and such action nay result in a

etectabl e change in the fluorescence such as a change

in the intensity or energy of the fluorescence
[04p}hoPbres _fea@gt:semc:%/ alvanthgastnf shecinwengienwalllbd apparentdfieorathe following

g A Lndepende of tic resonance
dﬁ%@%ﬁ%ﬁéﬂ%ﬁ?gﬁwfﬁg S%W£&§98p%?§§§ﬁ8“ﬂ%% occurred and

thus that analyte is present in the sanple. [041]

O her features aBieX®eaeripiadoOthe Diawimsenti on will be

apparent fromthe follow ng detailed description, the

clainms and the appended draw ngs. Brief Description of

- . ; :
(048] VL% AT b iont IRCEEIE ko Blo IO SrBAES 84 ppertion, may be
glednsdgh pam byl study péthe abyorspanyingofratvings,dn edrigislilie lefrence numerals
raw ngs. in. whi i ke reference nunmerals refer to

refﬁgi“&}gﬂ(%gﬁss?n%ﬁ‘dw}i%ﬁ‘-m ch: [043] Figure 1 is a

schematic representation of a nanoparticle show ng the
[043)pFigest 1 is a schematic representation of a nanoparticle showing the applied

magnetic field and the second magnetic field around the nanoparticle.

[044] Figure 2 is a graph of the net magnetic field surrounding the nanoparticle of Figure
1.

[045] Figure 3 is a plot of the magnitude of the magnetic field gradient around the

nanoparticle.

[046] Figure 4 is a plot of the field gradient magnitude along the axis of the particle.



magnetic field and the second magnetic field around

the nanoparticle. [044] Figure 2 is a graph of the net
wore@nesdseo fi el d surroundi ng the nanoparticl e OPCHUS0€002368

1. [045] Figure 3 is a plot_9f the nagnitude of the

magnetic field gradient around the nanoparticle. [046]
[047 CRigered which ipd finctidnal blck dilgehng vfal naphetivagstinhockesystem.

along the axis of the particle.[047] Figure 5 which is

functi bl ock dj agr of a etic.pesonance
0+, s P S eeigrrenlain Shtott oS G A BERSRRBE"  ou
configurations of the antenna. [049] Figure 7 is a

[049T NEgBtd Tisa@ph&hfit repiefeni@ion@fene siabodinent ofaf magnet.
magnet. [050] Figure 8 is a circuit diagramof a

buf f ered osci |l ator 1 re IS a schematic
[050] IE@PF&&EW@W“&W@%P%L%E@S& ﬁéﬁ?@rﬁrg one controller
and multiple sensor units. [052] Figure 10 shows a
f ' ol RR3g bhel&n@Sller and
[05% ga}cf %S%tscgﬁniﬁnégeﬁg%r?%%g?ﬁgﬁﬁa?xed [ nstgal | ation
mulipst sms@nohitshr ee col | ector intakes. [054] Figure 12 is
a front perspective vi ew of a hand-portable system
re 13 bl r st em adapt ed
0seb Bt T Bl RS af VAL ATR: sy
Description [056] After reading this descri ptl on it
[05@] | Fighesdrte-eajepit emtmbodiorst fid fixeddnitallatios spstembzodthree
I enent the invention in various alternative
001 BHRAESSt s and al ternative applications. However,
al though various enbodi nents of the present invention
[oswy | i oéaa G HERG kAR PeRRBERIVE vidw of ShanddRirablagstemat t hese
ments are presented by way of exanple only, and
not limtation. As such, this detailed descr|] tlon of
[055hr Fiauee & tsertiek diagamspsidi syaameadapisd feja msdics Bagnostic
rued to limt the scope or breadth of the pr esent
app%c ééf%l on as set forth in the appended cl ai ns.
Magneti c Resonance [057] A brief summary of the
techni cal el ements us®gtiitedddesceptiomnbodi nents i s
provi ded herein. The analyte or target nolecule is
contained in a medium preferably a |liquid such as
[OS)@t Afier WRRRT thR Qlleélﬁi%oﬁ‘ﬂt VAl EmE HiFp LS té bigd skiild] i the art how

n-zero spin, su ch
to implement the invention in Var1ous alternative embodiments and alternative

applications. However, although various embodiments of the present invention will be
described herein, it is understood that these embodiments are presented by way of example
only, and not limitation. As such, this detailed description of various alternative
embodiments should not be construed to limit the scope or breadth of the present invention

as set forth in the appended claims.

Magnetic Resonance

[057] A brief summary of the technical elements used in certain embodiments is
provided herein. The analyte or target molecule is contained in a medium, preferably a
liquid such as water, which includes an atomic nucleus that has a non-zero spin, such as

hydrogen. As is well known, (see for example, Pulse Methods in 1D & 2D Liquid-Phase



hydrogen. As is well known, (see for exanple, Pulse

Met hods in I D & 2D Li qui d-PhaseNVR, Wil | ace S. Brey,
wo\eadesdseo Press 1988), that the magnetic conpoPenusSwhe/002368

such a nucl eus becones polaqued or spatially oriented

in a magnetic field, and e induced into magnetic
NMRoSHEAcS. Presobsslentic Bresal F4iaduei by mepusis coyponefrch a
nuc]téﬁgé&%c&)%}eF ngnmo %ﬁégg 1&1@16 ergggercﬁﬁ 'agn% 1§ 1%%&?2?1{%% B‘é induced

intomaddneti®fesbiicd pdcedsion ad ﬁdreﬁhﬁfc@’[gﬁvelnsbyt he resonance
frequency or Larnor frequency (g = 2.675x1 08 Tesla '
1 sec "1 for the hydrogen nucl eus). The magnetic

conponeﬁi@mrﬁﬂ netie moments, of the nuclei are
Whe\fg EHQ Eheqﬁ?%}lteﬁé i\}glzlt sgjrég%tﬁ CA?th%% ?1%181‘? Rm% %ﬁ&'lleﬁ? Qﬁrseg%ld éc%leto gyric

raudwf tME/BuSIQ@EL‘ bROTELBI 1S thd &%ﬂanmré@mmo@mm BeQadnco y =

such, as t hat enpl oyed in recording NVR signals (see )
2 67§e:|16m7;”es1q e Qe BT £ IR vENstraRgnetie sompenants, py gagnetic
mor%l#t %O & @c?eé g.yen\zeé: udl'l i augeﬁ é#lﬁddr tté)l ive %)fegﬁl?eﬁa?_bhﬁ{ magnetization
vecfou fteha Dethé NMRIS@aMEE&UMtb@ NIVIR ap@etebrhaenéescr ibe this

rel axation in ternms of a single-exponential process.

Recovery of the bul k nagneti zation along the direction

f

058 HdiRw BRI dch hethdr driplg $SChib@AdiRY NNIR signal
105 plﬁﬁatfﬁ%ib? axgkio% tfﬁ% gﬁp ongffudlﬁa¥ relgﬁg?ﬁéﬁx
belctw)m:he tohdls ing grettigaiti@s veTtor recﬁyms ¢tk yr,lglﬁall stasly gfatee i time; this

C s to seconds SL t
Progies B FIEFRA gL TUEeT BHE e R e B e BORGT g e Eants are
used BEA&EABEhisABlaRhtid g tédnlsSIf anBplebtonthtRl] Grdcessd Geeebidr9 @ f the
by the spinspin relaxation time, or transverse

bulle Blegneiizaben alpng thedbrsbinmoeise et mRengtisfiqld g degoriedrban the spin-
I 0

I e

of ofder\aillliseSorids td k@oﬁtﬁl g[éllengle é}@oh&ﬁlalrﬂedagaﬁ (bOkaﬁagr[eﬁSﬁ}on in

the Hbggg%%‘élluﬁﬂrég%g qﬁ%&gecgeﬁggr Stfrpl%ﬁﬁlﬁgﬁéf % rlnﬁ%ﬁcaéed by the spin-
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perpendi cular to the first magnetic field, where the
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pul'ses to gi Ise to spin echo sign A”spin echo
frequengye ard dtmatohyufficient tdegueehpbiilk endzottizaied vbgtoatosaatidnt into a

plane perpendicular to the first magnetic field, where the bulk magnetization vector (the

NMR signal) can be recorded over time. The RF pulses therefore, are usually multiples of

90 degrees.

[060] Spin-spin relaxation is typically measured by a series of RF pulses to give rise to
spin echo signals. A spin echo is generated by a 90-degree pulse followed by a small
delay time (typically designated as 1), followed by a 180-degree pulse (90°-7-180°). A

second 7, identical in time to the first, is used before the bulk magnetization vector is



delay tinme (typically designated as t), followed by a
180-degree pulse (90- t-180). A second t, identical in
WaQ 209e2/086844 he first, is used before the bulk  PCT/US2006/002368

magneti zati on vector isrecorded. The series of RF
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as the relaxation tinme provides a direct neasure of
expppentiah degas grity TZ anhp sxlaation tismemravides ¢ disagt measuge of T2.

preferred enbodi ment, nanoparticles are enployed to

mfﬂayﬁg hbR éléﬁleidsel din aregion close to the
gnetic or superparanmagnetic
[061:1) rla agfrefered nmbodmdnt aﬂa&oﬂmemxdeme amghmad renflvbee themagnetic

t er nal etic
el S aa e r S eled: TR psenapRoub AR penctc cor
of thOh&ldphiR]chet8mes mhhe:tPBURAEA £E6kiBREYmhSndie FieRMBlabplidl to it.
forma nmagnetic domai n. The superparanmagnetic core
Supssframagnesthiiyielated indemsomagngtismdn wich) ﬂ}e ﬁkg pf the magnetized
bodﬁz% t&g?stérga?lgo (f%%igfn%%%ggcﬁ)%{lag% egh gu%efpcu énagnetw (f'o%e ?}&hlgﬁs a high

permhﬂ:nli@'r aadHeiclghigh situramgl ﬁel&&grﬁp&ﬂazledo frah At dittld @ dottgsteresis
dj.r eCLI on of the applied field. Wen the external
(Heg9de | W qngpl,a%qgid\t}@dnagqqgc @g],deﬂqe(gg@sbecomes strongly magnetized parallel

to the direction of the applied field. When the external field is removed, the core loses

essentially all of its magnetization. Disregarding anisotropy and shape effects, the induced

magnetic moment of the core is given by:

mcore=(47t/ 3) (rcore3) (X BO)

where meore is the dipole moment of the core, 1o is its radius, By is the applied field, and

%, is the susceptibility. Normally x~0 for nonmagnetic materials, y>~1 for



essentially all of its magnetization. D sregarding

ani sotropy and shape effects, the induced magnetic
woreesensesad the core is given by: ntore=(4p/3) ¥CTUSW0B)02368

(c BO) where nCOre is the dbpole monent of the core,

rcoreis its radius, Bo is the applied field, and
superparampgaetif maﬁerlﬁkswhm&oﬁ&b?lw& Sgglfﬁfonréﬁﬁ’a@%?eﬁ?@so for By above
[
satllﬁgttl(gel lgév{/%galglglteu L agﬁ&l{f@ ﬁf 2(?48 qg'ﬁ%gﬁhfﬁ:@&&f %J?dl% s%k%ﬁﬂﬁ%ty of
abowal dsefisldbel & satarationlo€ abawb §rickdastae (Fe3M4) is
fsuper paLalmagneti c wth a susceptibility of about 1 for
el ds bel qw atura on of ab Tesl a... [062] .The
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field produced by an ideal magnetic dIPO| e |l ocated at

centdref tlmrpasamagnetiph eong i ﬂm@ﬁ@par@clgof\é lesptipnfeoutside the nanoparticle
cort g Bt e S PR N 1 PR o eT e a

'S pararreterlzed as
follows: Br = 2 rmore cosq/r3 B = -ntore sing/r3 [063]

Her BIBQIhgret;bw/ﬂgadi al conponent of the dipole field, B
is the circunferential conponent, r is the distance
franFhélccﬁemQ# of the core, g is the poI ar angle
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cordpSHen q 1§c 'ﬂfh%ldﬁjsae(rﬁ§ f%ﬁfpﬁl@ IcSnlter 6@RIESrE] r@m'tﬂe bblar Alle relative to the

gnetic fiel _ Larmor frequency is determ ned by
applhad fredd, an&m@usctha‘cﬂmbld mgogpati enced by the pol arized
nucl eus. Conponents of the di poI e field orthogonal to
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makh&ldhglar eaé Lb(rn(id}a’ﬂﬁlaeﬁd?ﬁs tagimihetdiey tie n‘ehﬁagl&ttlcfﬁedad d
and therefore change the Larnor fr 1%lgenc

expaieneaddiysthe pelatizehpndlal. Coampgnenthel @IHO?{ 1 SB 1?’%30“&1E to the
apfgie%lrf?ﬁngﬁsQ 9@&%@%@%&?@%’{1&? X&f?é&ea?ﬂg: cﬁ{%le %oﬁlpSﬁ’én%s pdr§llel to

rcore/r)3 ¢ (2 cos2
thetapplisd fidldglideptly élﬁfx}ge the magnituderbiitic menfidd mthwmjmetmd@e the

e A R e R R

dls?eg%f'}hﬁé §RbAJ order terms, and for 1>>Teqe, is as follows:

Buet = Bo (1 + 47/3 (teore/t)’ % (2 cos® © - sin® 0 ))
[065] Insome embodiments the magnitude of the gradient of the net magnetic field is
also important. The field gradient is given by:

VBret = Bo % 87 (feore /t") (-{r} cos” 6 +{6} cos 0 sin 0)

where curly brackets denote unit vectors in the r or 0 directions.

Diffusion in a Liquid

[066] Some embodiments include a liquid medium. The liquid contains the analyte and
the nucleus that emits the magnetic resonance signals. Those signals are influenced by
diffusion, particularly the diffusion of the molecules of the liquid through the liquid, or

molecular self-diffusion. Diffusion is formulated as follows:



3/r4) (-{r} cos2 q +{q} cos q sin q) where curly

brackets denote unit vectors in the r or g directions.
wordof7ogasen in a Liquid [066] Some enbodi nents PEYUSNEs/e02368

l'iquid medium The liquid cgotains the analyte and the

nucl eus that enjits the magnetic resonance signals.

Thos s(gRaksdf e i nfl uenced by diff usi on,

articutklarl the diffusion of the nol ecul es of the
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h sl.ational diffusion coefficient. For exanple,
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force, spin diffusion can cause all of the hydrogen in
t he Msagepl e to assunme an averaged pol arization value. A
Model [068] This npdel addresses spin-dependent
[068] nTlais seadebidreseesipindensndg interettéansdetiveso nanopartidesdand

' . ar...guant i f.yin e .
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used il gorhasimboditienizRa gt badig fantledatieg ihd detédilk ihelStesAA simplified
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I t we t he node be

materlal,.al in water. ver, can
modelpph be dppliedrmy diddifeer foo nseuwish ninidparimiespdothiec blepenind for use

with BB Do S5 A T Bh e SRS Bservea 12
changéyserved T2 changes: [069] (1) Nanoparticles in

solution reduce T2 relative to plain water. The nodel

su gest s that depolarization is due to a dipale
[069Jma§ eaneraigeyinsphdivadedusy Trelatugioatlpingamico e nogel

&gt gl i Qs AL $SS dBld adsiP FRAHS kg @l i
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core. Allhé Gelghdi GhicGn nausem kpiys togfrecasatslifferabi tequencies, leading to

field-pqpuniforHLHY . . .
destructive interference. Although CPMG normally refocuses static field-nonuniformity
effects, the Brownian motion of the water molecules causes them to enter and exit the field
distortions in a time shorter than the echo interval, thereby making the spin dispersion

time-dependent and breaking the CPMG refocusing effect.

[070] (2) When nanoparticles react with analyte, but do not agglomerate, the T2
increases. This may be due to the analyte molecules occupying part of the distorted-field
region around the nanoparticle, thereby excluding water from that region, thus reducing

the spin dispersion and increasing T2.



effects, the Brownian notion of the water nol ecul es
causes themto enter and exit the field distortions in
w@2ao7nessshort er than the echo interval, therebpCTuakiong002368
the spin dispersion tinme-degendent and breaking the
CPMG refocusing effect. [070] (2) Wen nanoparticles
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sili&L 8 lita co%ﬂﬂg@érg K&bie and robust, and may avoid the need for refrigeration.

Other polymeric coatings may be considered such as polystyrene, polyacrylic acid,

polyacrylamide and polyvinyl alcohol.

[074] The net field magnitude at location (r,0) around the nanoparticle has both positive

and negative variations relative to a uniform field. This is shown in the graph of Figure 2.



conmpounds. Nanoparticles can be non-toxic and

bi odegradable if an iron core is used. The core is
w@oaymeshsiy one or nore shells 114 of non- magnePCTUS2006/002368

mat eri al, for exanple, dextﬁ n or silica. Silica

coatings are stable and robusSt, and may avoid the need
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Figure 2 . Strong field enhancenents at the two
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4. Figure I's a plot of
anatyegdi t ude of the field gradient around the
nanoparticle. Figure 4 is a pIot of the field gradient

gpi tude. al gng axi s_of art| e,
1078 Sy o T Tt e, M BB MEIC0isHA Bobout s
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]ﬁgénou*WF?lmémﬁéﬁéﬁwgﬁ and exit the distorted-field

regi on between refocusing pulses. [079] The spin
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t hr qugh tgh dIStOFtEg%fle| on_can _be est
fielg g4 bns 5 BORLEERY PREG DR e
proportional to the net magnetic field at the Water molecule's location. For simplicity we
assume that the molecule random-walks through the distorted-field region of one
nanoparticle, during one echo interval, starting and ending in the main solvent which has
only the applied field of Bg. While the molecule is within the distorted field, it
accumulates extra precession compared to the rest of the solvent. The phase advance due
to the By field is then refocused as usual by the 180 pulses, but the extra precession phase

from time spent in the distorted field will not be refocused. The unrefocused phase



proportional to the net magnetic field at the water
nol ecul e's location. For sinplicity we assune that the
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spent in the distorted field will not be refocused.
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molecules in a few msec. Interestingly, solid-state spin diffusion rates tend to be much

higher, of order 10 m?/s which is comparable to the molecular diffusion in free water. If
the shell exhibits rapid spin diffusion, it could serve as a conduit for distributing

polarization among all of the water molecules contacting the nanoparticle surface.

[082] Several experiments have demonstrated a T2 increase of 20 to 200 msec. The

model suggests that this is due to the analyte molecules obstructing the surface of the
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trading polarization with neighboring molecules including those outside the agglomerate, a

uniformly reduced T2 would result.

[087] The model has utility because it leads to new measurements and new ways of
performing measurements related to analyte in the sample. The model explains how the

analyte interactions with nanoparticles produce both increases and decreases in T2, and
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sample can include mixing or stirring to ensure that analyte reaches nanoparticles. Mixing

can be achieved in numerous ways, including by driving the sample fluids through
convoluted tubes using a pump, and such motion may be unidirectional or reciprocal to
produce the desired level of mixing. Alternatively, the nanoparticles and the analyte may
be contained in the same type of liquid, so that when the nanoparticles and analyte are
placed in the same container, they spontaneously become mixed without the need for

physical stirring. For example, the nanoparticles and the sample material may be
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specific binding, and a check for instrumental errors.

[092] The method may include heating the sample to a temperature sufficient to disrupt
the analyte-nanoparticle aggregations, thus producing a solution of analyte-nanoparticle
binaries, with a corresponding T2 change. The temperature may be raised further until the
analyte is disbonded from the nanoparticles, thus releasing analyte back into the solution

and causing a further T2 change. The temperature may then be lowered until binding or
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[095] Holding the analyte within the special region can be accomplished by reacting or
binding or otherwise attracting the analyte to a material surface or molecule for which the

analyte has particular affinity. Such holding may be accomplished by hydrogen bonds,
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[097] A variation of the method includes forming an aggregate comprising a plurality of

analyte entities. Then, a reduction in T2 (compared to the baseline) indicates the presence
of the analyte. For example, an aggregate of nanoparticles with attachment mechanisms
and analyte molecules may form when both nanoparticles and analyte molecules have
multiple attachment points. Since the aggregation results in a decrease in T2, whereas
binding of analyte to nanoparticles results in an increase in T2, it is important to

previously calibrate the signals, so that the expected sign of T2 change is known in
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sens‘?tfizerc‘ﬁg‘%‘tEJ F['hg %oglﬁ\% ;:roznt% m%g“f b%fane?lyze 0 a:?lyrf %me atnde should be detected
in the same way as a threat analyte. Preferably the T2 change produced by the positive
control is known from prior calibration, and testing the positive control should always
produce the expected T2 change, and failure to do so would reveal a malfunction in the
system. A negative control is a benign analyte along with nanoparticles sensitized to some
other materials, for example bacillus subtilis combined with nanoparticles sensitized to

anthrax. The negative control should never produce a T2 change because the analyte and



standard is any material which has a known T2.
Preferably the T2 of the standard is unchanging in
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material is used. If the nanoparticle solution exhibits an unexpected value of T2 (for
example due to a high or low nanoparticle concentration from a metering error) then the
nanoparticle solution may be dumped and a new nanoparticle solution may be prepared. If
the nanoparticle solution exhibits a value of T2 close to that expected, then the

nanoparticle solution may be employed. Preferably the measured value of T2 is then used



for a T2 decrease by adding the ingredients or
processi ng steps which produce a T2 decrease.
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errors in the volunes of sanple an anopar
ampigyithe shenad Gpecthe Qulan gemagan e@ receDE0530 is ralsom@upled to the coil 516

SO argg(g%gé R?g gfgﬁ%l@%?cﬁig rTBP gy ?er%oﬁgli pf%%r%pﬁﬁe e§2ail mgy Qe placed between

the receiver and the antenna to amplify the antenna signals. The receiver 520 converts the

received signals into a digital form. A controller 522 is in communication with the pulse
generator 518 and the receiver 520. The controller controls the operation of receiver and
the pulse generator. The controller also receives the signals received by the receiver after
they have been converted into the digital form. The controller 522 can be a general

purpose processor, a digital signal processor (DSP), an application specific integrated
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[0110] In part d of the figure, a coil configuration is shown wherein four loops
cooperatively generate a transverse RF magnetic field. Elongated samples may be inserted

without disconnecting the coil or the tube.

[0111] The specific user interface and output of the system is highly application-
dependent, but will typically include transmission of information dependent on detection

of analyte. For example, such communication may involve recording or archiving test



board, a nouse, an audi o speaker, a m crophone,
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comTunl cation interfaces such as a
[0114] In one embodiment the system 500 measures the T2 of the water by the CPMG

procedure or technique under the control of the controller 522. The measurement includes
a 90-degree RF pulse generated by the pulse generator followed by a 2 msec delay, and
then a string of 2000 180-degree pulses at 4 msec intervals. The phase of the 180-degree
pulses is orthogonal to that of the 90-degree pulse. The procedure generates spin echoes
in the 4 msec intervals which are received by the receiver 520. In one embodiment the
controller 522 performs an analysis routine which determines and records the spin echoes,

performs FFT analysis to obtain spectral peaks, finds the maximum value of the peaks,



network interface card and a wirel ess access card
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sys?er}r?lb'é{(s Sseissé permanent magnet for this purpose. The permanent magnet requires no
power, may be made arbitrarily compact, and is economical. Most prior magnetic
resonance systems employed electromagnets or superconducting coils to generate the
magnetic field. It is not feasible to arbitrarily reduce the size of electromagnets or
superconducting magnets. If an electromagnet is scaled down in size, the magnetic field
scales proportionately. If the field is held constant, then the current density in the
electromagnet coils must be increased. Current density can not be increased arbitrarily

because of a fundamental limit, the conductivity of copper. Above a certain current
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respectively. For example, they can be mechanically attached using screws or bolts and/or
they can be attached with an adhesive. A disk shaped upper pole piece 718 is located atop
the upper permanent magnet and opposite a disk shaped lower pole piece 720 located atop
the lower pole piece. Around the periphery of each pole piece are eight fine-threaded
holes with adjustment bolts, which may be varied to improve the uniformity of the field.

The magnet is assembled by bolting the frame together, sliding the permanent magnet
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pole pieces may be adjusted, depending on the details of the observed field. Final

adjustment of the various bolts results in near-perfect negation of transverse gradients.

[0123] Typically the shape of the pole pieces need not be altered, although they can be
demounted and their shape revised if needed to achieve the desired field. Alternatively,
the spacing between the pole pieces may be reduced slightly by tightening all of the bolts
around both pole pieces. Such an adjustment is almost equivalent, magnetically, to

adjusting the depth of the pole piece relief step.



The magnet is assenbl ed by bolting the frame together,
sliding the permanent magnetdi sks into position,
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voﬁagxq, Qégurllét&% if Islcnes "[thlg %1r91911£ dep1cted in Figure 8 includes a first voltage

regulator 802 (for example an 8 volt regulator which receives a +12V input). A second
voltage regulator 804 receives the output of the first voltage regulator and provides its
output to the oscillator 806 (for example, a 5 volt regulator, receiving the output of the 8
volt regulator). A third voltage regulator 808 (for example, a 5 volt regulator) can also
receive the output of the first voltage regulator and can provide its output to a digital logic

gate 810 with high speed and high source isolation, such as the 74F3037 line driver
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the phase of the receiver oscillator can also be rotated by 90 degrees or its multiple.

Analysis software in the controller controlling these phase alternations also performs the
corresponding addition or subtraction of the digitized data to accumulate the desired signal

while canceling backgrounds.

[0131] Various user interfaces can be provided with the system. For example, the system
500 depicted in Figure 5 can carry out measurements to detect a selected analyte or

analytes and report the results by issuing an alarm if detected or provide a visual indication
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container, for example by pumping the sample or its ingredients through tubes into the
container. After the measurements, the sample is then drawn from the fixed container
using pumps, tubes, valves, and related fluid flow devices. A washing or rinsing step can
be carried out between samples. Ultraviolet treatment of reservoirs holding distilled water
and nanoparticles can be carried out to prevent bacteria formation. Alternatively, a
fungicide such as sodium azide can be mixed in the distilled water in trace quantities to

prevent growth of bacteria and algae in the water.
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connection with Figure 5. The fluidics system 1004 can include an automated
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nanoparticles configured for the one or more analytes to be detected. A reservoir of the
nanoparticles and the water 1008 can also be part of the fluidics system. The mixed
sample is then transferred by the fluidics system to the sample area of the magnetic

resonance system where measurements are made. In one embodiment a fluidic transport

system is in communication with the mixer and extends into the sample area. Depending
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with sel ected nanoparticles, a magnetic resonance
usefHpréace mpypheauaded fhepughhutiang ey a touely serestanffiealismaynbh(d can
(o i egt.d j ' RE. power pul ses
ShoAP e SR s POy Aot bl & GG ol e B
biomgirid igtematiaN Susihaciingespron identifitidnbyr 4 peswordt r ol | er
902. Signals fromthe sensor units are routed to the

0137 R 12 Bk Bt G eBF el a o OB Yty dhE s3stem an
opepdte iex ikl Havtos 8RShathoGPdYefatioflnh SN ad svghly Caf@%ﬁlgo%%ced via

. sensor unit rra&‘i nclude an RF anplifier.” WWen
vialgepfl fybiea r Aj semptscintacsntainer 202 eanslsrinroduced irtte the system through a

' f rry. hi.gh powe F. pul ses an
oL SEREERS 900 67 YR 58 b
the sampls miig Al bl nipamsinesthe@INIRagste@ax il meafk GescliB&d above in

el enent,s of the system depicted in Figure 9 operate in
COHP?FéIOHdWﬁ’eflgB’@s]@r i Bdsanigipstace HA0man ipcludre tiohsaandiend [‘safe”
1i i st PutR8 L

O L B S PR Bl SR AR B e
toughagcresn. Jhbweyustafaysiemampdratioh&rindiasisd bn dhesicteear eas, or

any other air systemto test for diseases or terrorist

t AC stands, for,.heatin ventilation, and air
1018 Gt A e O Pl S5 o ol e Hesigement
or dpetibicteblatiquetics@ibetl AbOvd B nRiRLRITE &osEOPEPBIS Al MG w be

rticles fromthe air into the liquid nmedium Figure
desdrbed itlre ference dpitauee b1 WhisbHs atwstipa) plaglsliagmam Plien automated

0 . Lt ya i £hi t | I
s L4008 AL T, S o
mat¢ma trogi o watient.o Thx olatetinl thiay incanid Hvivgeatdead THR1ISOMAEGEI0NCh as

. 1992 can include an %l ectrostatic )
skin, blood, prions, marrow, hair, biopsy samples, or other tissue; or non-cellular

-0

biological material such as saliva, mucous, sputum, intravenous fluid, urine, feces, pus,
spinal fluid, and contents of the stomach or intestines; or any other sample material
obtained from a human or animal body. Collecting that material comprises a patient or
subject producing the material, a clinician extracting the material from the body of a
patient or subject, an investigator retrieving sample material from a crime scene or

accident, or any other steps resulting in the accumulation of biological material for testing.



concentrator to attract analyte or sanple material. A

fluidics system 1004 transports the analyte fromthe
w@odo7esdser 1002 to the sanple area of the nagneCT/US2006/002368

resonance anal yzer or system 1006. The magnetic

resonance system 1006 can Bed"t he system described in

Mt i T £ uti di .

R e R A
or awblution tHerapd] idto smoter adichheixeathersamplti matedal gvidh 2 polvent, for

nanopart{jcle fi th
e oL ST R g bR B BB 8o
in rdsB& ol 8682l 0Bahafpeld SAnbsurBaE tadbe $nsitikbdifodlioas or more
system The m xed sanple is then transferred

by th

cherfiicalsdir @salyties related ¢ diseasesgrpnedienl eanditionsy d'igHig Aéﬁh@% three

resonance tem where |
oSN 4TSS TR, M R 88061 mor
anal@ﬂﬁﬁ%lﬁie@% b@@%ﬂéﬂlbf& éﬁlé‘tﬁcdkbdﬁhtﬁti@ﬁcbaﬁ bt apells Distases inelude

sanpl e_area. pendi ngon t measur epent | t th
comgiptablaRahaEsIHEHE 8 VITHES agg Racdere ag P%‘?‘ﬁﬁré‘?‘{%%gi%lﬂ&éh%%ses
suclfas {L'DX& &méfc%lestfé{niae BhethRaf SAAHAINYyARRbYSther markers

Systemns. wast

_ e water may be recycled to be used

produgail by by inatys toxinst dirdodrgls. dnfoink embodi@ngale wieg saleas the types of

1l a- e depict an enbodi nent .of fixed.inst [
nangRSiighs KOPSed il BBIPE HPTBHEAEH WP gh ey g
phybit{aB8n&0dtBet é)iamlmé 8kepatiehi' gblo6d dolehetis tiR doatep@titn ula

view and Figure 1Ib is a plan view of the system
med;basioinrsg a5 econioh Resage.0n guprds at 2l Afosyor berler Crogaing ytake
. elenents depicted. | [ r.e: ' it e Bagi
tisof S oid e ga g ol L Aol il steps
may Rlclide gysiysthe umplene eeledsa DeA ot R&Acandther doerpooenis efthe

the systemto _collect sanples i .odi.cal |
samplfa hyating orrReliag b SpTEken? P%’&g%ggl Qifﬁ’?éega&ﬁ&gé]é?w Stgps

nee?%cﬁ%)mrgﬁg{efs%&%tiﬁ%a?@o BiSate hiHPHARIR Y GRSar@lytd The

screen. splay 1104 can show the status of
mixefea@plepor arlidguotiheres icthan bendomd iotd g magpefigiesorpgee system

R e S L S P LRI

with h&mgaﬂfdi&%%h ¥iQoMiafid Ghich ibaminihes haphaicsysirante keument,
system can operate in a single button autaononou

thembg entidng thostep ofitransigstiag therimized pmplw@l@éd\plioaaﬁqrgq@sing steps
a ubes. sample..in '
maf R S DR DRI R SRR e,

openi ng 1204 at the top. Inside the systemthe
[018OTES S8 gstitresonuhdel inktamating theh enensurps signdlx fm thadample, such as

the JcRfan R FOR CRORSR BereRIals 4o SeroT TG CsaroeneY Of JoAgIe O
con]:glg)[@atfgﬁrbf l‘tﬁ@ée@&?ed' AhRRAZ anen, AR oSk eabureb@CeallS A5

on a display screen. "To start operation, a start
ﬂnbunmumayﬁwpm®@ndsdh©mamﬁﬁsdﬁa@h-screen. The status of
system operation is indicated on the screen.

[0141] In one embodiment of the systems described above, the system detects analyte by

measuring signals from the liquid, the signals being related to the magnetic field.
Specifically, the signals are sensitive to the distinct magnetic field in the special region
around the nanoparticles. When analyte binds to the corresponding antibody or other
binding agent, the analyte is caused to remain in the special region, and thus in the distinct
magnetic field. The analyte displaces the liquid from that region, so the liquid no longer

emits magnetic resonance signals characteristic of the magnetic field in that region. Also,



[0138] One enbodi ment of a system which can carry out

or inplenent the neasurenent or detection techniques
waele®cnosdsedd above for nedical diagnostic pur poseGI/uE1006/002368

now be described with reference to Figure 13 which is

a functional bl ock diagranr%% an aut omat ed sanpl e

it is Eﬁﬁ%ﬁﬁ}q 1M BBt tfe¥naiid de§ bt éhqil@ Ll#a%ﬁét.icq%%nah&esim lofat least

conprises a specinmen-of material froma patient. The
doesmdtemitdigmmy whivhlarsdmtilaviorthoserof desaliyuid| This as beeatssrthepnalyte
. .such as skin,  blood, prions, rro air ., .bj.o
ishddaghieto b Svicemopiblretge o abi sl bR 17
chali_ﬁ@tteﬁgt'i@&f PHES PSusSA dnémbIUERAS, the RiHI1A8) whild s@viEyiay she

lurd, urine, feces, pus, spinal fluid, and contents

speaid] regien stassmotprodudersignalsithasgainge thediguihher sanpl e

mat eri al obtained froma human or ani mal body.

] egting.. [ [ i

01814 E5hBH b Bl BREPE RingE ATER bAERITIDALER! 600 T1 and 72
chahg¥EinFBdpohieito ihdreased bendentiytionfofmapadariieits. drhesefbjepe meagement

of TR besRedb it HMAIOY o dp e BP AT LIPPREE n « he
s@bs b&h theepl b TE 0488]

aj b BRI & st bRY
con .%%??htﬁgaﬁfﬁﬁéﬁk gyg%eE#%SOZ gfaws a patient's .
sampixe appiias ahBQds rdating thofi iveliettd deterhine ghe rangpartiele gancentration,

and:}ﬁqe {I;S %fa]'éls :tg é(%g% afr{]éﬁ?ere Aﬁelﬁli(fagwgftyé stzl ! &%th?ﬂ%e\e/dgﬁi?ﬁb% {o3heasure
the 5188 €b¥@ht, adBRGwce afsbpaneldfondBitatioyfiashofanidaopar ti cl es

stored in reservoirs 1308a-c. Each type of
nanoparticle can be sensitizeqpfor one .or

re.
[0143eFa-ddta pigeessig syqu%erfogpgc{ byt d:oa‘;rg]éeéélé@u@ fﬁlélag '@gldata for
it I i ’
e S pd2aslin hoes rovenaglistovianas,
Noinﬁalkgzrthe ethonmeie im@GBEMG esfitrte haingtt dxpomensiabformplaga hser-parpmeter
condi t.i ans. can be use i seases, i.ncl ud ' l e
5t (R eHBERS Whs oREaand Ledteiiap gy B TR 56!
accﬁ&%ﬁ&?ﬁ?f@ﬁg G2l Baridh SERERA aflUkike PBrafRMESAredirst estimated from the
yperchol estrem a. Chemicals include enzynmes or ?ther
datayentt éhen gpthergedimengignal lgaidipbuglues s gerarated Ry vapipgall thee
one enbodi ne t he user S
SRR FECbgh e Bl THAPAARBR A g et s
miRAluhEeti-s§usBasfini@n. sqraed dxdatineof the @ty Sioai tha forayula. Starting
extract a sanple of a patient's bJ ood to check t

fromghe bert valup.orneyY serghegiictia pEuR calsuialed e dgRphgns C&g@k@%@» and
the%%sstg\téﬂ{eg %ﬁ% defivé. {"ﬂfﬁ Bro@ésgl Esgfgg@aftecpﬁ RSB bADIRYes(( g:rally 9) to

Ssue sa es o ive or chi ckens to check
obtaivithe bést globAlifi. tOmtivmbll privceski afghsgrpmagiy rédvebd bipa factor

lysin he sanpl.e.to rel ea DNA or, RNA or . ot her.
(eibRisoent B AnfebisiSaive T DR Va1 R 8 Toh gPipgine repeatedy.
sanpl e, adjusting the pH of the sanple, or other steps

[0138PFRE pliMaBf QIFBYLerBEhRBE MaendtRatidnancdstwaedte teepulse generator,
nanoEarplcles and the anal yte. The m xed sanple, or an
thegsignglireceiviie pedthe costreliesn Thesgsypoisicars max @Sﬁﬁ QN sERfsale peards,

intérggn%ne%{éa%yscsﬁtc)’ltesmAlternatively, the subsystems may be integrated as a single

circuit on a single computer board. The advantage of the latter is that cable interconnects

are not needed, and also that a single time base may be used for all.

[0145] The system can be battery powered. The system uses very little power during data

acquisition, and can be programmed to use essentially zero power in a sleep mode.



1310, such as the systemdepicted in Figure 5. The

sanple may alternatively be m xed with nanoparticles
WQOWG0mosss30 cont ai ner which is within the nmagnetPCI/US2006/002368

resonance instrunent, thereby,avoiding the step of

transferring the m xed sanpl 0,' and addi ti onal

[016p Bessé BgbsdiRpSt thBYyshen hRK Sk Ia@a&iﬁforﬁd’e%:li(% 6iﬂ%ﬁfﬁ%ed to the

W tﬂti n_the magnetic resonance instrunent
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the signals being related to the magnetic field.
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di splaces the liquid fromthat region, so the liquid
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e ti.c resonance signal or. at. | east does not .
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cangfeliict explosivegos cherpical Weapen madiriadisby Mhamring magnetic resonance
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sig B RO TR om0 A0 K O O W3 TRE ST may
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both the TI and T2 of the sanple, applies analysis
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be cAtricerqvaforwettyin oblyess ueiighiaelsands fparais! ¥k exdnhlBBASMming
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frequencies of those elements.

[0150] In one embodiment the system detects toxins and biological weapons in mail
envelopes, by testing particulate matter collected from mail. In this application, the
system would preferably include means for extracting particulate matter from envelopes,

such as shaking, vibrating, blowing air through the mail piece or compressing the



fit for anplitude, tinme constant, and background. A

sinple but efficient way to , acconplish this is a
w@eoodosesar ch in which all three paranmeters areP€T/DS1006/002368

estimated fromthe data, ang then a three-di nensi ona

grid of values is generated by varying all three

envdIGFAMELE kPst@R AV iaadddekaw foheuttsd emlgds wateutsre pdhver,
t he best val ues are selected as the m ni mum

prefetablysaplinatier ashersersorssipdlinsated sVspigionat paritilargaihPierom
the formula. Starting fromthe best value, a new
1S R AR PSPl bl S SkRogg i o
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ittle power_durjng data.acquisitio d n_ be. .
of thy; GasASH: (1o rolleRudBAIPG o Tumls® By Mo Y el

impAP@etd 14Bihe sAmBRG AR h TR K quid sl eThefl Sidic systbnictaen
a radi ation detector interfaced to the controller. The

1ni}qgs|ﬂpwmplffwtthaa11<&>@i’tiﬂdson detector is to detect
radi oactive materials in the sanple. The radiation
tector iati . ..
[01 ng?r:lﬁns gn%}édlg%n?ﬁ%rsggg%n@é%cgﬂleglgai %rreﬁ ago ts% g{ 12?1{)6‘36‘{ shipping
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. 2Cts such as spiders may obscure the air
susperided sr emtchingl ihdltt @irsmesisrfor mireng themmateriad yrighnangparticles, and

th b . fi.l o F ' [ '
e e LD RS MEE AGH le omc
inspEeRBA a3 M BBt out BY oPénin S A6t alicethipBue fontainer. Alternatively,

i nsectiCides can be inplenmented al ong the shaft of .the
the fipfeder air mar Re deavan fhinweh agprigiaeqlogagle opepingop til?mslamng

congaﬁg&q | AERr ?igtgﬂsc' Xr%ﬁ)%r‘%ctle%ﬂﬂ %lm%\l ReforFEPhPSInNSS

chem cal weapo erials. The stens and net hods
60/66910 PE rifled 41712065 ditted SHIBRINIG iGN TARSBRINSEEET IAN DEVICE.
di scl osed above, wherein specific binding sites on the

[OlggfI ig‘?ﬁretéig.% i S\yﬂmér\%@tp%%w?% latg@\é ;\//grlilggurs éﬁgs%rrr?gt%% go&s\f&?gﬁ)gks,

modules, circuits, and algorithm steps described in connection with the embodiments

disclosed herein can often be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is

implemented as hardware or software depends upon the particular application and design



can detect explosives or chem cal weapon materials by

measuri ng magnetic resonance signals fromthe sanple
woraioensaio i t sel f, without use of nanoparti cl esPCT82006/002368

system may enploy the Spin _IH%QI ear Overhauser Effect

to detect chem cal weapons and expl osives. No
consania\iiposedisonathe oveglisytem. Bkilled per8dsCoan MBIt the described

configuratiqn could be a hybrid system incorporating
ﬁmgfé%n% rOnatBee Bk tor sachsp arappliesipn, hus suehpipini¢mentation

t oyt s hni N . .

AecRARSHORARADY be MIB IR Miln 1o BN 01T AR g pmvention.
In addgionnthe groupengsyfsieetmona vdthires hodslej slothatrcaio of steptfopsase of

tests e carried qut for certain analytes using . .
s I A SRI935 O Do e FRmr e Reqk rircuit
witBRdepdries e ANRE iveatisEasuri ng the Tl paraneter using

a magnetic resonance system since the Tl for nost

explosives is extrenely |ong (many seconds). As
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preferably only after other sensors had
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W th sizes greater than about 10 mcroneters
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' Nk i Th [ ge- pardt.l fracti iS an .
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is normal to the nozzle. For the HVAC unit or the
exergRlRph taREe MAIFEH AEhRe coyplsride thermiagesser sushithg @ragessor can read
in i . t [ - .

foBR Ao m AR ERAAREALI 6L e QaFadbaitad, T A Bhepmatiye. the
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can%er% ed’ag‘g%ﬁﬁcent rator neans including a virtual

[0156] The above description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the invention. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic principles
defined herein can be applied to other embodiments without departing from the spirit or

scope of the invention. Thus, the invention is not intended to be limited to the



i npactor to insert the sanple particles into a liquid
medi um The fluidic systemthen m xes the sanple with
wmawopsasto cl es. [ 0152] hi one enbodi ment the SBGI/EE06/002368
and net hods are adapted to jnspect shipping
containers, for exanple to"tétect hazardous materials
embgﬁur%ﬁﬁégsﬁo% 'g}e‘ﬁ{ %ELQ§ tﬁ%@oﬂ&@ﬁﬁs Wwidedt s&dHcRBh&Stent with the
contal ner. odi nent 1 ncludes nmeans for draw ng
prin@'pres tndnoteh éealturbfdlscdosesldamn of the shipping container,
means for collecting or concentrating any materia
suspended or entrained in that air, neans for m xing
the material with nanoparticles, and neans for
presenting that m xture to the magnetic resonance
system for testing. The inspection may be carried out
by opening a door of the shipping container.
Alternatively, the interior air nmay be drawn through a
port or reclosable opening on the shipping container.
Further details are provided in Provisional
Application serial nunber 60/669,019, filed 4/7/2005,
titled SH PPI NG CONTAI NER | NSPECTI ON DEVI CE. [0153]
Those of skill will further appreciate that the
various illustrative | ogical blocks, nodul es,
circuits, and al gorithm steps described in connection
wi-th the enbodi nents disclosed herein can often be
i mpl emented as el ectronic hardware, conmputer software,
or conbinations of both. To clearly illustrate this
i nterchangeability of hardware and software, various
illustrative conponents, blocks, nodules, circuits,
and steps have been descri bed above generally in terns
of their functionality. Whether such functionality is
i npl emented as hardware or software depends upon the
particul ar application and designconstraints inposed
on the overall system Skilled persons can inplenment
t he described functionality in varying ways for each
particul ar application, but such inplenentation
deci si ons shoul d not be interpreted as causing a
departure fromthe scope of the invention. In
addi tion, the grouping of functions within a nodul e,
bl ock, circuit or step is for ease of description.
Specific functions or steps can be noved from one
nodul e, block or circuit w thout departing fromthe
i nvention. [0154] The various illustrative |ogica
bl ocks, nodul es, and circuits described in connection
with the enbodi nents disclosed herein can be
i npl enented or perfornmed with a general purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
programmuabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any




conbi nation thereof designed to performthe functions
descri bed herein. A general purpose processor can be a
wor@ropisecessor, but in the alternative, the pPODESH06/002368
can be any processor, cont r@gl er, mcrocontroller, or
state machi ne. A processor “¢an al so be inpl emented as

WH%TCn]g@LﬂﬁMEm of conputing devices, for exanple, a
conbi nat 1 on ofS a DSP and a m croprocessor, a plurality
of m croprocessors, one or nbre m Croprocessors in

conj unctj on Wt P cqr or _a her. C .

corf i guratichipd f?b‘%‘%%n? eﬁ%ﬁ% a%%]%g?%t‘r%rt%ﬁegg Vnoissample using
magb@Ofesb it 8BS fehRd compgigiagect i on with the embodi nents

di scl osed herein can_be enbodied directly in hardware, .

i n applybia mﬁ%ém%@%méﬁeé&m%a@aﬂworaprw%&%w ligyidjapd gaterial
to bEN i %tion of the two. A software nodul e can reside

| menory, flash nmenory, ROM nenory, EPROM nenory,

EERPEMinEnsecynd magheticdiedd withincht déaskonearegieno? sl semglestuch that

a CD-ROM or, an t her form of. storage, nmedium An..
magge B aRIcR igRaly o! MEdmanP IR (ot FEEoRGTeEioY e different
frm? ?%%ﬁétgccn)ﬂ' soHAle $iBSIPEOREHTRM c&RMiof RAEe hiTledltFRS kédion;

wite rnformation to, the storage nmedium In
t heattadctiop mizet Analyte inhethotad leagfonawelionh can be integral to

the processor. The processor a .Qr - . ' .

carPPEEav RS ares SEoTap Tife kil LbRIREH, llgp i o
the hiNBasHbB& IRsRE abodi nents is provided to enable any

person skilled in the art to make or use the I

i nvdstrrmaning Yeeriregacaeiothe peakyte Sy endrrrease db T2 Abtwi panpdiquid.

wi 1, D€ Figafllhia BPARE D utlRif BRIEc At ReldE cRfbded by a

and”“the generic principles define erein can be
nandpyaticled to ot her enbodi nents wi thout departing from

the spirit or_s gfe of i nvent.i.on. Thus

th |
i nvent i obhe Bethy ﬂ?’é‘haéﬁ%%eﬁi CHEPTHE MEgSH e 176t the known

ligdi Qo j&hown herein but is to be accorded the
= vm&%gg@ scope consistent with the principles and novel

f eat.ur esTlth method eficlhion difvrthaeaompssiog repermingg: 1 qf theysample to

nmethod for detecti whet. her. ' 1:0,
a0 Lol R B DS 0B e T Bl aTmilaion
detGRAHY 4 BasdBne AR PG Whethdr aNEgeredse tn TD dlaslo¢cmrd.

sag:'pI e conprising a known Ijquid and material to be .

anal-yz edA nagihed,for detsctinewhetheragrapliyte is pesguiisims Hagpetic
ol t ' : that magnetic
les?ngggen%\n?c@r %I:ﬁ‘ ngfig Sé?lkgﬁ’éﬁiﬁ%hmﬁdﬁpg@f%ﬁgh the at | east

oneappbgdhgn fiastenagintiefiddtio f sanplewgmptisiog resasersal ¢e be analyzed, a

SR B MY TG L RN (E N R—.
field Pt bresence of the first magnetic field and to hold the analyte within the second
magnetic field;

exciting magnetic resonance signals from the sample;

determining the T2 of the sample from the magnetic resonance signals; and

determining whether the analyte is present in the sample by determining whether
the determined T2 is greater than the T2 of the combination of the known liquid with the
paramagnetic particles.

6. The method of claim 5 wherein the second magnetic field is such that
magnetic resonance signals of the known liquid in the second magnetic field can be

distinguished from magnetic resonance signals of the liquid exterior to the second



exciting magnetic resonance signals fromthe known

liquid while the analyte is in the at |east one
wo e@rosss4@nd deternmi ning the presence of the aPel/ysmo&go2368

an increase in T2 of the kn%%t/}/n liquid. 2. The method

of claim1l wherein the secd magnetic field is

by a nanoparticle. 3. The nmethod of claim?2

mag%t?c?ﬁ@?. conprising measuring T2 of the known liquid

and the nanoparticles. 4. The nethod of claim2

furth j si ing Tl _of { |
d ::7; r re}]-r %tntﬁeréfl%tﬂgcé%ﬁf %ﬂr%xﬁlg %?m%raSﬁ%geﬁ?rﬁﬁﬁglg %}ilén 8?%%11‘[ of the
anal e @mthl&ELAGHE Batbrraiab®Tol nation to deternine a

asel ine for determ ning whether an increase in T2 has
occurred. 5. A nethod for detecting whether an anal yte

is pres =@ .

a5 ol HhABG RGNS kS BORNS A POr AERARAGH i

partiohgriahibits bggddedatiom sanpl e conprising a material to be
anal yzed, a known liquid and paramagnetic particles
having the ability to generate a second magnetic field

in ¢ he preSERRSA Bf clhiles vahEﬁ:‘in R YRR hafibebHthe MY ¢fehe sample

hold the analyte within the second nmagnetic field;

usedcddi¢rnynerthg petseacerafsomanatsde & dgtraméneflpsior thabstanitle;
etermning the T2 of the sanple fromthe magnetic

agelon g signal's; and determ ni ng whet her the anal yte
is present in the sanple by determ ning whether the
determned T2 is greater than the T2 of the, .
contdl- nat Thsrmethod ﬁgdﬁ% wivherein, peelowengtionis Buimizsdnet i ¢
particles. 6. The nethod of claim5 wherein the second
magnetic field is such that nmagnetic resonance signals
of tihe Khigwaethod of clainn 5 thinéhes ecmpdsing greesuringf T2edfdhe Hguid and

be di stingujshed from magnetic resonance signals of
parfi%gqerlaa?lgw@f”é B?t%? Hlaﬁ%@??e‘&eo%‘&ﬁﬁ&%eti c field 7.
The method of claim5 further conprising determ ning

the amount of the analyte in the sanple fromthe
det E¥.ni il Mathod of Taisn Areetiesd compuiag messwing ki of thegample to

t oi chi ¢ ot : . S
oS ey OGRS B i
det&lalifs ArbaRlih®for dbtetMming2whdthérla is@ogseén T2 has occurred.

13. A portable magnetic resonance system comprising:

a magnet system having an upper permanent magnet and a lower permanent
magnet which generate a magnetic field in a sample area located between the upper
permanent magnet and the lower permanent magnet;

a pulse generator configured to produce electromagnetic pulses at a selected
frequency;

a coil coupled to the pulse generator and configured to transmit the
electromagnetic pulses generated by the pulse generator to the sample area and to receive
responsive magnetic resonance signals from the sample area;

a receiver coupled to the coil so as to receive the magnetic resonance signals from
the coil and configured to convert the magnetic resonance signals into a digital form; and

a controller in communication with the pulse generator and the receiver, and

configured to control the operation of the pulse generator so as to cause it to produce



used to determ ne the presence of the analyte is

determ ned prior to substantial aggloneration. 10. The
woredohoghsad cl ai m 5 wherei n aggl onerati on i s mPCHUEEA6/002368

11. The nmethod of claim5 fygther conprising nmeasuring

T2 of the liquid and paramagnetic particles w thout
elec%xjaﬁla R Rulles hCa Recdtibtditily, Ilrecdib€ HERIifiRd foin 6f the Mapnetic
urtRer conprising neasuring Tl of the sanple to.
resoleteersignats frdre txoreeeimerrcatsedbydhe plastopargnicts palsesboinge

sanpl nd _using that, detern natj ]
S R S LR
anal9es tel@htal m 4¥ tho hlaghdtle rev@aRdd sigifaissonance system

conprising: a magnet system having an upper pernanent

magnet and a | ower pernmanent magnet whi ch generate a

magnet i [ [ : > t  ceqe

uprey periaeRr o BBt A, e S IR R chiBries:

a pufrsae geitethatuppergqenhagnt edghe nprunthdde an upper section of the

el ecfromagneti c pulses at a lLected fregue i 8 coil .
frango, ] 8 OPTE AL Bo G aIAr B (8 Ado EaPr g agh §omé Spbosite
thehgfg}z)ghﬁaﬂeggmgjg@,tronagneti c pul ses generated by the

pul se generator to the sanple area and to receive )

r espougieypolapipse fixed foespmtae ef e gRATPCFNARAN HESRA ppPxamate
he dreg, a reccﬁi ver coupled to the coil so as to receive
the S37ap of¥t resonance signals fromthe coil and

conf jogkék pelletpleceaRéand a bittacemg tietlbwer Esmanmnt enaghgirpabsimate the

into a digital form and a controller in comunication
samyile @reg.he pul se generator and the receiver, and

configured to control the operation of the pul se

generator so as to cause it to produceel ectromagnetic

pul &8s aThasywhedf dainf I fjudacsompreingcei ve the digital

formof the nmagnetjc resonance sigpals fromthe

r ecepargple e%ﬁ%lﬂgﬁg%ﬁ@%ﬁf% Fﬁa&(ﬂgﬁ ianB’L]ﬁ glélger b ng

trap ﬁfﬂértc‘é‘ﬁﬁ%tﬁe& REres@UP et ARt £b@ tBOtdndetrdtband to mix

presence of the magnetic field and to anal yze the
sangfilgirtateirial withnadfquidae magnetic resonance signals. 14.

The temof claim13 I N\ . o

fur ¢ PR B pE a2 pd By i R oS! Eltnding inco the
sanife Beh formikpshtihg tisatpRanagaaltmixad efithtthelifuidtethersample area.

the | ower permanent nagnet nounted to a | ower section

of the franme opposite the upper permanent nagnet, an

uppgs P O{A%nﬁ%%n%ﬁg rdsbgile tsfbé% ShhpAGReof the upper

per manen net proxi ne
a magnetic resonance measurement device having a sample area;

a fluidic sample delivery system having a sample container and a delivery system

for transporting liquid samples to the sample area.



the sanple area; and a |ower pole piece fixed to a
surface of the |ower permanent nagnet proximate the
W@ 200plogssar ea. 15. The system of clai m 13 furt hBCT/US2006/002368

conprising: a sanple coll ectgj}_ having a concentrator

to collect sanple material, 'a"m xer configured to

recdive sampbgctitBb&nande fykm ddagrizpacentrator and to

mx sample material with a liquid, a fluidic transport

sy stERIENRUE HirRTHICE MorgHemprtidevice having e sampleex¢agndi ng

I nt : orti he sanpl e
o Car e TRl alofik By CIRPRRRIAD bRt B 16
A maglevéry sygemranpled sy thie eoilesrnriish agomati S BinkSorts material
esonancge measur ment dﬁvice having a sanple area; a
to P‘f ﬁl?eg}’z@ ?%?Hbﬁ@ CQEP‘?"%V’Q SJARIFRRAYI ng a sanpl e

contai ner and a delivery systemfor transporting
liquid sanples to the sanple area.17. A magnetic

r esdBanc & Bygnasimresonpidesiystgm cmpeigingt i ¢ r esonance

vice having a s | e area, a collector )
i et i here S Sl Bl Greanysiecs magmetic
fiehiisbtwaredhe). 0V aiid/ 2 Gieslaein £ mpledreh0 the col | ector which
automatically transports material to be analyzed from
t he aé’&}fSF SERBiof Gopfigired impredugeciectromagietivamirss ita selected
ance system conprising: a nmagnet system
freg‘gén%?’u si ng )p/)er manen{mmagne?s configgur ed to generate a
nag Ae titenifa @lugloddo Wegle. Rherated a2dcdEues] to RradsHatR] e

. a.pul ener at.or _configured to produce .
cleBr B BHROHEET ©1gEr e Dilse drnseatentorthe sarie greand to reccive
respetseBaGeHB k@dnde k8ald 'ffo%?tlﬁ%&ﬁﬂ?ta%a; and confi gured

to transnmt the el ectromagnetic pul ses generated by
t hed pReeEer eumdsddp dhe ¢ail shes warplie the emgaetit ﬁe@orraﬁces;iigﬂals from
' tic sonance signals frgmthe sa e
SRS TR e BRNANEE: 500 b S 5P s s

t hea nagrodlet in ¢RSOMABARnSYIENBePufst @BArABr &R the 3iver, and
ured to convert the nagnetic resonance signal's

fi [ .
co %r%?lffldgo aPyreldhe ersraongd dhepusmganstatassoian tceawsel ite atddone
i t i ver d .
e LCRT IO T T —
resqranes sigoals fomathe tapeivausaiséd by the pleottut@gnetic pulses being

transmitted to the sample area by the coil in the presence of the magnetic field and to

analyze the digital form of the magnetic resonance signals.

19. A method for detecting an analyte in a known liquid which includes atomic
nuclei having non-zero spin, the method comprising the steps of:

placing a sample in a first magnetic field, the sample including a known liquid
which includes atomic nuclei having non-zero spin;

applying a second magnetic field in a region of the sample;

allowing the atomic nuclei of the known liquid to become magnetically aligned;

exciting magnetic resonance signals from the known liquid,

wherein the known liquid passes through the second magnetic field region and is
dephased by the second magnetic field therein and communicates dephasing to

substantially the rest of the sample liquid when the region is not occupied and wherein the



el ectromagneti c pul ses at a selected frequency, to
receive the digital formof the magnetic resonance

W@ r@nases4d rom t he recei ver caused by the PCT/US2006/002368
el ectromagnetic pul ses being dransmtted to the sanple
area by the coil in the presénce of the nmagnetic field

knavalliywiddsipleyatted HOmEn@ringlthd SicbhPmaki@icRUNRL|dh, thus preventing
.rﬁs nance signals. 19. A nethod for detecting an
said dephasing; whep aadyimis nrepsntirndiicerpiehdrigeionaashi ¢ nucl ei
havipg - SR risi t.he. st eps .
of . "BflaRRR AU Rbhank P e} B0 G2 TR PPl iERsine
sanpl e i ncluding a known Iiquid which includes atom c
nuclei hayi ng,nan-zero spin; applying a second
magh_@t ic %? Q%H‘q%r?f ﬁﬁflggligéjlﬁrﬂb?r coRengafphestersidfowi ng t he
at omoea_idiﬂ%ch Boldbile! Wieh K0 LMty rohd aﬁﬂ}ft@ SqpTe
magnetically aligned; exciting magnetic resonance
si gheyating bamdecularaninidtete te seoord eiagnétivelidid cagion.
liquid passes through the second magnetic field region
and i s dephased by the second magnetic field therein
and2t.onmUhé aetted ofehhad0Tariie c5mbtiap tadidps dehe rest
of the sanple liquid when the region is not occupied
and™RHBE 8 DANAMAERNSAS Naraagaciis pahele avithetde figuich vepdrelni thg
bhe ) ' j i on.a.1hus prevent. sai d
soc A PR B AL R AR i B Pt B B BB R e et o
thepedictm; and nmeasuring magnetic resonance signals from
the_liquid to,detect sai ephasi ng.. 2Q. The net hod of
cl af tﬁe.iﬁltah@? %Octg‘ﬁﬁ?ﬁft@fjentger? exgluriag Bre-kngyg Jigyidiigora the
regitRl @6tbe cwhdihk ANindfchddinttie TOOr RGiARALY & and .
mounting the nolecule proximate to the second magnetic
f i emgasvaigp that 12 igereaph éo desediedalyfe. cl ai m 19 furt her
conprising the steps of: m xing a nanoneter-scale
paramagnetic particle with the |iquid whereby the

seczihd magnehodfok deteetingSantdn@Bieih dh el RAd Whidh8nd@ides atomic
ion is |nned|ateli adj acent to the particle;

he re ! AC
nue 1§HWH npprgerg SRy the mefhoheomprisingthe stepepBby excl udi ng
t e kW el sl By o -eglon, thereby causing an
ingegaS%ﬁFﬁ ?ﬁgg?figgh%ﬂgwﬁggh?%; and neasuring that
T2 mixigapiuralitydé newimetendcylegar@agnticrpirtiolds vith the sample,
Wldetecting an analyte in a known |iquid which includes
%¥"8ni ¢ nucl e havi ng non-zero spin, the nethod

(r:rggﬁée %ollillcr:ﬂ??r glh %;aﬁfc%@ en@the HaBE R DFe R uar hEsethblibf $d the
atomic nuclei become magnetically polarized;

exciting magnetic resonance signals from the liquid;

allowing liquid near the assemblies to be dephased by multiple paramagnetic
centers therein;

allowing any dephased liquid to communicate dephasing to the rest of the sample
liquid,;

measuring magnetic resonance signals from the liquid to detect said dephasing; and

determining from the signals whether analyte is present in the sample.

23. A method for detecting analyte in a liquid, wherein a first magnetic field

passes through the liquid, the method comprising:



m xing a plurality of nanoneter-scal e paranmagnetic
particles with the sanple, wherein the plurality of
wanriogdses and the anal yte form super nol ecul arPCT/US2006/002368
assenblies and the atom c nyclei becone magnetically
polarized exciting magnetit resonance signals from

g Ae!r&tgigga se%bﬁd)&{h tic Y, disH8@ frdrh hefBsERbincEs el Within a
de %

ase mul ti pararra netic centers t ereln
reguai inghé hguldnwh@emh shqulduoq@npdesﬁbe regranMhsne iR s REhgnd the

| e gnetic

oGy bty Gioatds AR atibf ihn AT e

dephaghgid meskudal eidghetii@sdanes dielsfrgnahs hqmd; the signals

analyte is present in the sanple. 23. A
iAoy ey e oL OoRNRich 0 il SRS R Bg 1iaoid is excluded
ﬁnngﬁgqaébﬁ held passes through the liquid, the nethod

si’ng: generating a second nagnetic field,

di ﬁétenﬁtnnﬁg" fomtthesignals tvhathgnlatuid ofqupled ondst dxichidgd fiogi iha

in the liquid, wherein the |liquid occupies the region
regigen analyte is absent, and the liquid is

substantially excluded fromthe regi on when analyte is
present; exciting and neasurlng magneti c resonance
si gdal s “Fheanethérbof Glgjoi 2B whereing gﬁ@rplgmamrgﬂé‘% P?‘@ measuring the

ect a Iy when the |iquid occupies the region versus
Tzéﬁ%ﬁf liquid is excluded fromthe region; and
deternmning fromthe signals whether quuid occupi es
or i s excluded fromthe rg gi on

24. T hod of
cl &5m 23 hereetbochok ¢laimyed wherer thy TA0E %afé’i}maﬁ‘é‘ with
SehEL ot §|réiht€li% difference
pre‘mgrlg%ﬁg{”ﬁéedq%é’gﬁ Ht e 1 the}% s con‘p{a?{eedl wth o
benmkﬁnh@mshydﬂﬁaxmﬁemﬂﬂamamuah@ﬂMMere|n t he presence of
analyte is related to a difference between the T2 and
the previously neasured data. 26. The nmethod of claim

23 yher efi thbBo§ bHAANS 2 {ivBeRBAGE kRl uld ihpastrdd mElsipRtines
t he measurenents are anal yzed to determ ne a rate_ of

and¢theamgasuremaniiears iagalzires] tpéiﬁmﬂletada@@é Ghinegip die signals related to
MwWﬂ@?ﬁ?%Qkﬁmhngﬂ{&g%8§0327 The met hod of claim 23

27. The method of claim 23 wherein:

the liquid contains a structure having a magnetic property;

and the second magnetic field is produced by magnetization of the structure by the
first magnetic field;

and the region is that volume occupied by the second magnetic field exterior to the

structure.

28. The method of claim 27 wherein the magnetic property is paramagnetic,

superparamagnetic, or ferromagnetic.

29. The method of claim 27 wherein the structure is a particle having a size in

the range of 1 to 1000 nanometers.



the liquid contains a structure having a magnetic

property; and the second magnetic field is produced by
wora@nesdszat i on of the structure by the first nMeQNES1006/002368

field; and the region is thﬁf vol une occupi ed by the

second magnetic field exterior to the structure. 28.

Thepnet hod nlhdl ¢ dRiA 2 WigseinAhd feontbgagidtic frldper ty

i s paranmagnetic, superparamagnetic, or _ferronmagnetic,

subspaitialty dipete Thepedofield suronndms fhe pangiure gad extending fnfo fthe liguid
article having a size in the range of 1 to 1000

exmﬁgﬁ%ﬂé?g?%sgﬁi The nethod of claim 27 wherein the

second magnetic field is a substantially dipol e shaped

field surrounding. the structure a xt endj,ng.i nta the

li §di d ebeansthrd ?ﬁfl%lwez-”s‘fvﬁﬁelﬂldw.lfp ‘g‘i’f.%ﬂ?ﬁ bR s gegien 1

' whsifaahabetig dbrl Aiffdtsdonge i depbRrikdtRontB@ughot She

dep%gg%g%g% Sby t he&sgclond magnetic f i}g dband t hen conveys
sam@lednl dffugiebi on t hr oughout the sanple by diffusion. 32.

The nethod of claim 23 wherein the presence of anal yte

is determ ned by neasuring nmagnetic resonance signals

fromliquietnéthod BEcISECDNEherENRE bestricelof andgiedndetanined by

conparing themto signals fromliquid exterior. to(%?e. 4
measeduniagraisaesosanqesigalsdgms fiquigan thesecond magnele figldgiegion an

23 Mner el & b Sedotid AloRE Higd .
compatey r%lerr{lg{& o 1%%5{11} %ﬁ ?@fsﬁg{neg(%eég?g% %ln af S ? romliquid réifon

exterior to the second magnetic field region, and

(el r cheonethed AETRACEh MRrETLE ARERE O SaMSy 1S e SrRiasd by
me %ﬁf@%‘ﬁa%ﬁ&ﬁ%&éﬁ%c%ﬁﬁsﬁﬁﬁ lig@idiedEerio & thefseddn€ thiauiieifield

ston. 34. The nethod of claim23 wherein the
reglohpriddwhareinlides! messing fraceghithe sesgng aregnetis figld sgion is dephased

selective affipity for th nal,yt.e..
il psasionen e Ftmris B8 i Priodo gt aEnaE ARl oy
diffgdibached to a nanoneter-scale particle, the nolecule
bi nding preferentially to the analyte. 36. The nethod
of claim34 wherein the surface is adjacent to the
regipn Ak
w Chin 1 R pld oPOR oL AR BEARLa IR LR AR
parfifi@arsand fsaleetiverutfinite for shenamabygesl e whi ch

35.  The method of claim 34 wherein the surface comprises a molecule attached

to a nanometer-scale particle, the molecule binding preferentially to the analyte.

36.  The method of claim 34 wherein the surface is adjacent to the region and,

when analyte is present, holds the analyte within the region.

37.  The method of claim 34 wherein the surface includes a molecule which
cooperates with analyte to exclude liquid from the region, producing a detectable change

in the signal.

38.  The method of claim 23 wherein the second magnetic field is produced by a
nanometer-scale paramagnetic particle, and the analyte binds to the particle forming a

binary coordination, and the analyte occupies the second magnetic field region, thereby



cooperates with analyte to exclude liquid fromthe
regi on, producing a detectable change in the signal.
w@007/08840met hod of cl ai m 23 wherei n t he secondPCEHUS®NE/2368
field is produced by a nanongter-scal e paramagnetic
particle, and the analyte bi'nds to the particle
exchalinp @i fibhnhe yegi@n rebuhiaigiio n reduieton iredephadiyg ef the liquid,
occupi es, the secaond. magnetj.c field region,
resqﬂéegw@%ﬂemlﬁﬁq fahg enties Havid sanplegi on, resulting in
a reduction in dephasing of the liquid, resulting in
an increase in T2 of the entire |liquid sanple. 39. The
met 3bd oThehaihod 28 claine 22 iwhetdiethe scamd m@n’&t fieldfis ptoduced by a

uced b amJItltud of .nan cal e.
ol e P Pl DR & A D MR P ] edyigg o form
a sdﬁéhﬁbléclﬁb&f)ééﬁ ng%ﬁdaﬁheﬁéﬁ egRidheaihd: WGHBlyAs liép%lsdd by
near that asse y i s dephased by interacting w

interegiingtwith mpgnstie dinsdemoments of the nestialess prd Whenst thi é’f}f@@twf the
h educe the T2 of the
depieqn?engeSt?%%d&?%t}{segﬁ ?ﬁﬁ@%r@%ﬁhﬁ ta{%Iﬁ)od of claim 39
wherein an i ncrease |n T2 is first detected due to

bi ndi ng bet ween ana d particles, d. t he
a ddtrealle ’inﬁt%Pé Eg gg U‘fq’@éena%lqcﬁ?a%’r‘ﬁﬂ% 1331}}5%%‘6“3% due to
blnaﬁg%%eﬁ%ﬁél ds€shd thertaftd? abeteate for2 ig%&%ﬂeﬂ‘ due to
l'yte i1n a“liqui conprising: a pernmanent magnet
forms’s@m»ﬂgupelmqjeqmmgsembﬂlﬁane of magnetically perneable
material, with two spaced-apart pernmanent nagnets
attached to the frane, and with two magnetically
per gpabl & Reks B s&s&m@tahal@tbqﬁ atlRquid) @ofnpHsipgs manent
magnet s and positioned on opposite sides of a sanple
ar eaper@wna@t m@gr@éaﬁéerabler campuBee Arftamng wn@gﬂefl@%llﬁ Herpgqble
t
mafTBE R GeCePat Rl Byt 05 AR PUEEERN 0T IBARE il vt two
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thus leading to no changes in the magnetic resonance signals.



