1 METHOD AND APPARATUS FOR DETECTI NG AND | MAG NG THE PRESENCE OF

Bl OLOG CAL MATERI ALS CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clainms priority fromallowed U S. Patent Application No.

10/ 054, 419, filed January 22, 2002, the entire contents of which are
incorporated herein by reference. FIELD OF THE | NVENTI ON Thi s invention
relates to a nethod and apparatus for nsi ng, discerning anong and

i mgi ng the presence of biological material (blood, senen, urine, saliva,
sputum 1.7 eMEDHQR ANPARRARABNSHGRODNT E&T PNGEANDUBMAGING RUEi nsi ¢
fluorescence is well suilPRESENGE Ot BIGLQMGIGAL MATBRIAS naterials due to
its - high sensitivity, real-tinme feedback, |ack of sanple contact, and the
capabi lity to qui ckl gZROSSAREFERERCGHE €8N EIATEDet LB ATION2qui res no
reagents that may destroy, change or contam nate sanples. Since
fluorescence eflasi nibanslons( iHientlet gahedusianaly.si ndieat | Agplidieion
presence of biologi materi aB i's proportional to the excitation

intensity, weak signals _can be.o ved by usin i .gh- ] i on.
(The-ar eaNendi 054! adeg damamaaz <73 1eani 0 ot B sed Bor e M8, o
of the excitation source.) Detection of biological materials is possible
as there heem byimé&raaei ety and hi gh concentration of biol ogical conponents
that exhibit intrinsic fluorescence: NAD Pl]H and ot her reduced pyridine
nucl eoti des (RPN), |unmazines, ptRELDOF THEVDPBNELPN, and ot her secondary
met abolites. Nucleic-acid polymers (DNA/RNA), proteins and various |ipids

exhi bi't This invention relates to a method and apparatus for sensing, disceming among

and imaging the presence of biological materiai (blood, semen, urine, saliva, sputum,

etc.) on surfaces.

BACKGROUND OF THE INVENTION

Intrinsic fluorescence is well suited for detection of biological materials due to its
high sensitivity, real-time feedback, lack of sampie contact, and the capability to quickly
scan large areas. Furthermore, it requires no reagents that may destroy, change or
contaminate samples. Since fluorescence emission intensity (the detected signal
indicating the presence of biological material) is proportional to the excitation intensity,
weak signals can be observed by using high-power illumination. (The area that can be
examined is likewise determined by the power output of the excitation source.) Detection
of biological materials is possible as there is a wide variety and high concentration of
biological components that exhibit intrinsic fluorescence: NAD[PIH and other reduced
pyridine nucleotides (RPN), Iumazines, pterins, flavoproteins, and other secondary
metabolites. Nucleic acid polymers (DNA/RNA), proteins and various lipids exhibit
higher energy fluorescence, making these markers potentially useful for the detection of

fingerprints. Fluorescent metabolic breakdown products are found in urine. The heme

component of blood (fresh and oxidized), as well as dried semen, zlso displays unique



hi gher energy fluorescence, nmaking these markers potentially useful for the
detection of fingerprints. Fluorescent netabolic breakdown products are
found in urine. The heme conponent of bl ood (fresh and oxidized), as well
as dried senen, also displays unique 2 fluorescence patterns. The
difference in intrinsic fluorescence eg%ssion of biological nmaterials can
be differentiated. Since nmany biol ogic materials exhibit simlar or

i ndi stingui shabl e conponents, sinmultaneous excitation of a sanple with
multiple energies characteristic of the excitation for fluorescent
conponents wth the subsequent, collection .and detecti qn: i it ;

ref | ect ed flantseepat peviads | Idist IERENGF &8 THHBYH 5%%$g?e ﬁ%&ﬁqgh%gﬁ%ﬂm]

i ndependent of the fluorophores, respectively) .is fund ntal. for..th

det ect i on ygferiali ek Gk cdiffereatiseial Stae SV b@i@glw mﬁ'@“%?%ﬁblaéé‘&%l?rbga
herein. The detection of biological materials on real world sanple surfaces
is made more el all solYoreie, ahmensat exdedonef heanplorvitwauHEds BHESISK 1 st
t he sinultaneo&s excitation of biological material by nmultiple excitation

ener gi es gcﬁéés eq%%e i t@ﬁ'lf ex%ﬁﬁii&?%r%opéécéﬁ REmBondiEwdh €89 sibequens volirgtion

coi nci den et nuUNer ous uorescence signals reduces the chance

of interference, as the probgbiljty,of an.,i.: : QL eRtIURItheadi ng
the char ao€ deteatiqneef GRIttRdme ‘c’)‘agcll #%?)Crag%rﬁ%rhgislg%rgé?éggﬁgoﬁgl yos mal | . Second,

the relative quantities of the intrinsic netabolite nd..t.h :
resul ti ng ifdependest et ths | fwerbBhorARvEESPASHEH Y é%??ﬁ“‘h%“@iﬁll ?%i £ ﬁg‘ﬁ?%?%&gcm ly
determ ned ranges. Analysis of the signals is achieved with a nethod

capabl e ofy;iweichihhAes:l oh b)susfepsbpttiemethdvedaderttedthedeil uor escent  signal s
originating fromany biological material present frominterferences or

background i gl s A F vid A& skrRlcid RE) worls gnplesuriacs it )adg more
requirement that the intensiti'es of the signals fromvarious fl uorescent

of bi of ogrieaPIsaY A a e S g P e e et
of biological material by multiple excitation energies (or sequential excitation by single
energies) and ensuing coincident detection of numerous fluorescence signals reduces the
chance of interference, as the probability of an interference source duplicating the
characteristics of numerous fluorophores is extremely small. Second, the relative
quantities of the intrinsic metabolites, and thus of the resulting fluorescent signals, have
been found to fall within biologically determined ranges. Analysis of the signals 1s
achieved with a method capable of two things: (1) separating the detected fluorescent
signals originating from any biological material present from interferences or background
signals and/or scattered excitation signals, and (2) a requirement that the intensities of the
signals from various fluorescent components fall within expected ranges. Thus, the basis
for the detection of biological materials is comp_rised of the following steps: first,

excitation of a sample either simultaneously with multiple excitation energies or

sequential excitation of multiple excitation energies characteristic of imtrinsic

fluorophores of biological material; second, the subsequent collection of the numerous




excitation of a sanple either sinultaneously wth nultiple excitation
energies or sequential excitation of nultiple excitation energies
characteristic of intrinsic fluorophores of biological material; second,
t he subsequent collection of the nunerous 3 individual fluorescence signals
(associated with the maxi ma and m ni ma,of the em ssions of these excited
fl'uorophores); and finally, analysis OP the collected signals with a nethod
capabl e of renoving background fluorescence (signals not originating from
fluorescent conponents of the biological material, reflected excitation
light nor scattered reflection light), .reflected excitatio i and
scat t er ed ieieidoa tfluoreseingd siggals é‘i‘ﬁéf"ééﬁfr%)é‘ﬁhﬁbe fréihg &t a’%}ill%}éqaf l}l?)ér g@%ﬁ%@ e
si gnal magni tudes of the expected ranges. Lom%-established tecﬁnolqﬁ
met hods  us@thekix o Hogiophdresinaret finallyc ohaless plohe collestrdstignale Wil Ay
direct sanpling with swabs or tape and/or visualization after treatment
Wi th [ ea0eh e OF LeibvilEndRBERAL Tussederce (vigaalalnby erigauting fioro flygresemt
mat eri al y destroy, change or contam nate the sanple. Since this
i nvention enpl oys detecti,on [ ' [t SdrC i Ehtuiraphiodresd réftaainon
bi ol ogi cal®® P@%ﬁ%?fh§ ﬂ%ﬁ%ﬁd%%?ﬁHg%r%%%Fyg%ghof the relative amount of
signals due to these fluorophores, it can nat .onl . nﬂ%ﬁ rggsence
of bi ol ogilight), redteetef fxc1iipn 9!’%“%%5@%%6@%?@ eé%l?agllo%{fsg&ea%’ :Hg][a ?Cn% betn%een
various types of biological material. The invention disclosed herein uses
no reagentglativetuireesnaecignphyseisides shtgCKPIHIH2PHE sanpl e, and del i vers
“real-time' results. Methodol ogies for detection of specific forensic
bi ol ogi cal mat grjnalcStabReHed hhdlegics ard oiethmrds bipddpekiolagia] masgrin collection
6, 605, 705), anti bodi es coupled with enzynes and substrates (t%ﬁ. ﬁ;%gnt
6, 696, 569), an i €S | SERY Swhltd bi zdpegard/oovemekzationd
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(U. S Pat i hodol ogi es use fluorescence to visualize
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. . .. . ction
may destroy, change or contaminate the sample. Since this invention employs detecti

b@s and

of multiple intrinsic fluorophores from biological material, coupled with an analysis of
the relative amount of signals due to these fluorophores, it can not only determine the
presence of biological material, but is also capable of differentiating between various
types of biological material. The invention disclosed herein uses no reagents, requires 1o
physical contact with the sample, and delivers ‘real-time’ results.

Methodologies for detection of specific forensic biological materials include the
use of antibodies (U.S. Patent 6,605,705), antibodies coupled with enzymes and
substrates (U.S. Patent 6,696,569}, and antibodies in strip assays utilizing fluorescent
dyes (U.S. Patent 6,686,167). Other methodologies use fluorescence to visualize DNA,
protein or other biological material after addition of dyes (U.S. Patent 6,512,236). Light
éources are used to illuminate and detect biological material via fluorescence with high

power excitation sources (U.S. Patent RE37,136) and with imaging methods (U.S.

Patents 6,392,238 and 6,636,701).




sources are used to illumnate and detect biological material via
fluorescence with high power excitation sources (U S Patent RE37,136) and
with inmaging nethods (U S. Patents 6,392,238 and 6,636,701). 4 In allowed
U S. Patent Application No. 10/054,419 by Powers and Lloyd, which 1is

i ncorporated herein by reference, there is disclosed a nethod and appar at us
for the detection of m crobes on non-rﬁving surfaces and sanples in which
sanpl es are exposed to electromagnetic radiation of numerous specific
energi es capabl e of exciting fluorescence fromvarious netabolites,

cofactors and cellul ar and spore conponents. _T .. the mcrahial cells and
spores to be sdnplleded Hrd Raginé APPEEITINCRAP | W/Q%eﬂgiw % %\Hersr?@fig@ﬁ%l’t\g@? h
cofactors and other cellular, viral and/or spore conponents) contained
therein en tndolpiesied henrteby heferanan therenealisasdd aThethod| ndcapd LT eSeence
signals (associated with the m ninma and/or maxima of the signals emtted

from the &fé kibﬂ BF fn¥drbts/ PRIl GRIBETRRE SAd sareplenal whill sainphesareexposgd
capabl e of 7t enovi ng any background or reflected/ scattered excitation

Cof act br o AnbeHTPEBBRENEE £h R e SR P el e eae (e

g) nown physi ol ogi cal ranges. \Wereas the

af orenenti oned patent application by Powers and L d_dep S

si mul tanedh@r@kmcﬁaﬁf?f@nvaé*Pquiti‘tﬁhééémce 85’?%@“@(%%@%5%? §S%? ﬁee B gggcrﬁts'
invention utilizes either sinultaneous or sequential exci talyb n of .

mul tiple fThuey tiphoicesbidssbsiand sporenite e srEPisdi @8BS MAESPEEIS2 ﬂtﬂ St h an
al gorithmthat subtracts the detected signals due to the scattered and/or
refl ect ed gxghdiabd QRFRARE Gin@SothBhicelhdinf férab rme/dr nspes icgmpanentssenigtnstogy
makes the current invention better able to detect and discrimnate between

\(’)V![ ﬂ:{ varieties ofi Qi QLagiGalhaMRLeHednSadfedNOThei s01REte8 Ullictegsnde sipnialse t o
(associated with the minima and/or maxima of the signals emitted from the
cellular/viral/spore components) are analyzed with a method capable of (1) removing any
background or reflected/scattered excitation signal, and (2) comparing the relative
fluorescent signals of metabolites, cofactors and spore components 1o known
physiological ranges.

Whereas the aforementioned patent application by Powers and Lloyd depends
upon simultaneous excitation of multiple microbial components, the present invention
utilizes either simultaneous or sequential excitation of multiple fluorophores associated
with biological materials coupled with an algorithm that subtracts the detected signals
due to the scattered and/or reflected excitation energies. This difference in design and
methodology makes the current invention better able to detect and discriminate between
wider varicties of biological materials on mon-living surfaces relative to other
fluorescence methods. The current invention is superior in its detection of biological

materials as the detection of multiple intrinsic fluorophores reduces the probability of

false positive results due to background interferences. The detection of biological



fluorescence nethods. The current invention is superior inits detection of
biological materials as the detection of multiple intrinsic fluorophores
reduces the probability of false positive results due to background
interferences. The detection of biological 5 materials with the foregoing
met hod and apparatus wi Il have uses in crine scene evidence collection,
sterilization verification, validation-bf cleaning procedures, food

production and preparation safety, and energency response teans tasked with
the detection, decontam nation and protection of public infrastructure

facilities. Law enforcenent agencies and crine | aboratories: a e gly
linited i madeiy witihihe fyreeqingenebed 79 TRPSHTY 9/”@?1621%89}@@% ms%ﬁpml%eg&gt

crime scenes and on evidence substrates (‘;tﬂi{pe.s of surf.aceg%ﬂ. [{\]{Ern% ttaggnci es

literal |y o{@kycedBolsdchs, Qeriliztion teaficam, ralidatng pf 65808 BRCSUEpect

bi ol ogi cal evidence. The inpact of these limtations is rra;sibf(gst ‘t% ntht he

follow ng risk.. rs. skl e viide seergacplrespoase teansr [tEsRedy! ¢
pg%qilﬁ}l&‘? %8 &Eg%ﬁ‘?l afetf

wor t hl ess es are c ected and anal yzed, vi abl e evidence sanples are

contam nat ed, , enhancenent techni 1:0YnPstratthfy faeNitidence sanpl es,
hazar dous d@&ﬁﬁé‘%§C%9“éamﬁnﬁ%?lb%’éirqr9%g§?rf e?t ed and packaged, crime scene

personnel come in physical contact wth .ol ogl ca Alefls jinGledn® gegne
personnel are éxposei@rectcal REF AT Ehthi %ﬁﬁ%ﬁ%% Jirgg%fcﬁgainld exani nation

procedures are time consunm ng and agency and/or |aboratory resour: are
wast ed. Evibfepce despoase idesfs baidgiEalr SRes gbifdEhs sﬁffrﬁsaar“s‘flo%ﬁhg‘;’gﬁbset at
ri sk because of frequent contact with scenes, victins, and other evi.dence
t hat may Sﬁgﬁﬂsr@ﬁjeg lo® Ginates)l | Ml agdioes ditahlly cady onissgidIoF JOuRRr O\ RONEM: e
crime scene when e evidence is |least contam nated, yet they (1) lack the

technol ogy,to | ocate,s eg: 1 4; ol agiideate. f | Thed smpandof H)ese drmvetigeptsur e
i mages of ¢ AEEITH Olfhsglgl%%%tgt glgﬂégéondi tion or at their original |ocation.
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worthless samples are collected and analyzed, viable evidence samples are contaminated,
enhancement techniques destroy or alter evidence samples, hazardous samples are
impropetly collected and packaged, crime scene personnel come in physical contact with
biological hazards, crime scene personnel are exposed 1o 2 hazardous environment,
search and examination procedures are time consuming and agency and/or laboratory
resources are wasted. Evidence response teams and first responders are also the first at
risk because of frequent contact with scenes, victims, and other evidence that may

contain biological fluids. These officers usually arrive at the crime scene when the

evidence is least contaminated, yet they (1) lack the technology to locate suspected
biological fluids, and (2) cannot capture images of fluids in their actual condition or at
their original location. It is an object of this invention to provide a method and apparatus
for use in the detection, identification and imaging of biological evidence.

Tt is yet another object of the invention to provide a method and apparatus for use

in the detection of biological contamination on food preparation surfaces in which thc‘



for use in the detection, identification and i magi ng of bi ol ogical
evidence. It is yet another object of the invention to provide a nethod and
apparatus for use in the detection of biological contam nation on food
preparation surfaces in which the 6 fluorescence of biological materi al

fl uorescent conponents are excited by ‘ﬁlectronagnetic radi ation to

di'sti ngui sh between the varieties of biological materials, allow ng
contam nation on food preparation surfaces to be determ ned w thout contact
with said surface. It is accordingly an object of the invention to provide
a nethod and apparatus that can be used in the validation_ of clgﬁpigg

pr ocedur eslucAscencepedi fhiclogisplecmagiial hdluorgseaiht iSORPORHES néfhod™Eh
apparatus can be used to find biological material contam nation )

i nexpensi vgloyoaRgndiRPiadlapon No diaingewhripecerhdal varietay of faeiopice] swienittel
roons, and public buildings. SUMVARY OF THE | NVENTI ON The concepts of the
present inyentio deod BE saigRaE ab be damtihel withbettimwartof

bi ol ogi caIaYlﬁ}thmegr ?%I{tgiﬁfr? V\%dl Q%%g?n%{%ggragr e exposed to el ectromagnetic

radi ati on of numerqus specific energies capable of exciting fluorescence
fron1varidﬂ§1m?%PFgﬁ§ic fl uorophores. Thus, the biological material to be
sanpled (and nore specifically the excited fluorescen

cont ai ned t her & 1s asperding] sy @3 9 B1e AR HORAC BBV %Eﬁ&ggggﬁ%gﬁ%% ed
fluorescence signals (associated with the mnim and/or npxina ?f tﬁﬁ

si gnal s erdahtigd ufedoim tHeviidatioi daticamane prededesppofert specaie obierl el with
a nethod capable of (1) renoving any background or reflected/ scattered

excitation . signal e 2REH6E) aSONRMtaIE: tdaa bel atddveof Fodr birdegicalsimgaanal of
met abol i tes, cofactors and spore conponents to expected ranges.

contamination inexpensively and rapidly in, for example, health-care facilities, hotel

rooms, and public buildings.

SUMMARY OF THE INVENTION

The concepts of the present invention reside in a method and apparatus for the
detection of biological material in which samples are exposed to electromagnetic
radiation of numerous specific energies capable of exciting fluorescence from various
intrinsic fluorophores. Thus, the biological material to be sampled (and more specifically
the excited fluorescent components) contained theren emit fluorescence that can be
measured. The collected fluorescence signals (associated with the minima apdfor
maxima of the signals emitted from the biological material components) are analyzed
with a method capable of (1) removing any background or reflected/scattered excitation
signal, and (2) comparing the relative fluorescent signals of metabolites, cofactors and

spoTe components to expected ranges.

Thus, the method and apparatus of the present invention provides an inexpensive

without contact with the sample material. Being able to evaluate biological material on a




Thus, the nethod and apparatus of the present invention provides an

i nexpensive --.and -rapid way in which to scan surfaces to detect the
presence of biological material wthout contact with the sanple material.
Being able to evaluate biological material on a 7 surface w thout contact
reduces the risk of introducing cont am',gati on of the sanple and exposure
of- personnel. In accordance with this formof the invention, it is
frequently desirable to utilize 1light source(s) emtting el ectronagnetic
radi ati on above 200 nm |In accordance with the present formof the
invention, the light emtted by the |ight source is specific to, cIr- d
filtered tQrRassitiduetaiitotdites eeadtkr aimynétdng eenprabpoen of tenrg'esn
specific to excite NAD P]JH and ot her reduced pyridine nucl eotides (RPN),

| umazi nes, pteri voproteins, nucleic acid polymnmers (DNAJRNA),

pr ot ei ns, %g%urc%% EIrSBI s, netabolic breakdown products in urine, the hene.

conponent of bl ood (fresh ﬁqgg%%]gio%gggmvgﬂ%mﬁtliy@geagg}mye@gﬂabﬁamﬂiad

ot her bi ol ogi c&h 2F4ofi§aREe Wi ance W th anot her enbodi nent of the

invention, it is possible, and sonetines desir t I :th the
el ect r omadigbt soureeig)ieatiiion eletromapBgHcIPeEIgh od'ie??b%(nwagle?dé:ﬁgt s*bet ween 200

and 300 nm) at the sanple. The ultraviolet |ight excites aromagi cthrBirno
aci ds, |i prdesofipanenths ianehtionc tei Bgkicerasied e ERMTOB el PEFEIT 1%

sel f-absorbed by the sanple sequentially by other fluorescent netabolites
in the 30Q.t04 &,0@35@%é@ﬂﬁ&:gh§mt@fnammhmdmissicofneriagglgélsmfaﬁédpb@ij“%y t he
sanple in turn ex Iting yet other fluorescent netabolites in the 500 to

800 m AR | ﬂ@‘;e%%@ééc'}e&{@eﬁsipgﬂd&% ysedotid®@ fRPNYer lueazirtes, opiins,

conponent nt “em ssions of the sanple are collected and

anal yzed as descri bed ]|céirce;i/gi‘§)upsol1 %herlhéﬁmgx), Lﬂrg{eﬁl\é! Qhfbud 1ighds, mesatddlis in a

rel ati vel yflavoproteins, nuc

breakdown products in urine, the heme component of blood (fresh and oxidized), and
fluorophores in semen and other biolo gical flmds.
In accordance with another embodiment of the invention, it is possible, and

sometimes desirable, to direct electromagnetic radiation of ultraviolet energies

{(wavelengths between 200 and 300 nm) at the sample. The ultraviolet light excites
aromatic amino acids, lipid components and nucleic acids, some of which emission 15
self-absorbed by the sample sequentially by other fluorescent metabolites in the 300 to
500 nm range, some of which emission is self-absorbed by the sample in turn exciting yet
other fluorescent metabolites in the 500 to 800 nm range, part of which emission is used
to further excite other components. The fluorescent emissions of the sample are collected
and analyzed as described previously. The use of ultraviolet light results in a relatively
shallow sampling penetration depth of a sample.

In accordance with another embodiment of the invention, it is possible, and

sometimes desirable, to direct electromagnetic radiation of energies capable of exciting

specific fluorescent biological components and also energies that do not interact with the



shal | ow sanpling penetration depth of a sanple. In accordance w th anot her
enbodi nent of the. invention, it is possible, and sonetines desirable, to
direct electronmagnetic radiation. of energies capable of exciting specific
fl uorescent biological conmponents and al so energies that do riot interact
with the 8 biological fluorophores, bioglogical material and/or the
substrate material on which the sanpléis found. Thus, in accordance with
this enbodi mrent of the invention, the in |l , 0 the biological resulting
fluorescent signal emanating, fromthe sanple (both fr in conmponents and
those sinply reflected and/or scattered fromthe surface%ﬁcgn be . pgﬁ;ured
and the pbpéesice fobrephsprechivlagitsl anaegiad Andipatths SEpstgls ¥R Aed™ by Edripari ng
the ratios of the emtted signals fromthe m crobes conpared to those
reflected andlog foasat tEned if rosoriheeswiht thist embpéimeot of dah eV the
practice of the invention, a sensor is used to detect not only the

fl uorescence,gen - i i nsi | er sothutroal ghe tgokbeicabt t he
1&1?15 ﬁﬁ&%%n@é@?ff en{Ah S | Fonk SR gbo o

refl ect ed™&N r'scattere ectronagnetic radiation. This serves to

nornmal i ze the signal nd conpensat riati.onsgdh tHReasraral cahhbd
M ght othé@ﬁp@ﬁm%baE%dE@ﬁ H?gﬁ%éﬂﬁgéeég&dégr%?%gggistané%ssbethé% a probe

and the sanpl e being scanned and vari ations betwesen.  diff saRligs or
sur f aces. niepsurad and 816 PHSERECf thﬁrﬂ’e@lﬁétblcngf:%ﬁfl%fﬁﬁc Bta?l’l?all %g%rﬁ%tm

el ectromagnetic radiation directed to the sanple at frequengies, different
than 60 Hefiioz, off he ehfedtsoofs i ehe micwhes comparchaet st arisried @885 cent
| ight) can be substantially m nim zed. The nodul ation of the excitation

ener gy a|§%mg§£ﬂ$ﬁﬁtﬁg§m§gﬂ§or to be noved to direct the el ectromagnetic
radiation to various parts of a sanple w thout substantially affecting the

abi[ity to det ?gtaccordance with the practice of the invention, a sensor is used to detect not
only the fluorescence generated by the intrinsic fluorophores but also to detect the
reflected and/or scattered electromagnetic radiation. This serves to normalize the signal
and compensate for variations in the signal that might otherwise be caused by the use of
varying distances between a probe and the sample being scanned and variations between
different samples or surfaces.

It has also been found that by rapidly changing the electromagnetic radiation
directed to the sample at frequencies different than 60 Hertz, the effects of ambient light
(and particularly fluorescent light) can be substantially minimized. The modulation of
the excitation energy also permits the sensor to be moved to direct the electromagnetic
radiation to various parts of a sample without substantially affecting the ability to detect
biological material on a variety of surfaces.

Lasers and alternate light sources have been moderately successful at locating
potential evidence fluids at crime scenes. Published reviews including Watkin, J.E.,
Wilkinson, D.A. “A Comparison of the Forensic Light Sources, Polilight, Luma-Lite, and

Spectrum 9000,” Journal of Forensic Identification, Vol. 44, No. 6, 1994, p. 632 and



bi ol ogical material on a variety of surfaces. Lasers and alternate |ight
sources have been noderately successful at |ocating potential evidence
fluids at crinme scenes. Published reviews including Watkin, J.E.,

W ki nson, D.A. "A Conparison of the Forensic Light Sources, Polilight,
Luma-Lite, and Spectrum 9000," Journal_ of Forensic ldentification, Vol.

44, No. 6, 1994, p. 632 and 9 Auvdel, ﬁ‘J., "Conparison of Laser and Hi gh
Intensity Quartz Arc Tubes in the Detection of Body Secretions,” Journal

of Forensic Identification, Vol. 33, No_ 4, 1988, pp. 929-945 describe the
use of single wavel ength fluorescence to detect sone biologhﬁag natgrials
on sel ect ad, gu4bsfat-epmpAavay e, Lishesed tBighn ditowites Qe Ani PaES dhs® Many
| i ght sources have special power and support requirenments, and sonme sources

cannot be_ trans : SIIBt B uaTl BE Feapeeddedfiitomriddll §3, Hgefcl ¥ t hat
actual ly P&gfégﬁ%gfgéﬁgsgﬁ\%er’ or ualat ernate |ight source technol ogies are

restricted by o DSl {UTENt, vave) ehgl Ak hé aeent doatebieldgiehce
n§/2(9 P 5 11:?%? %a%&@h%tfa%{&%&m td )

sanpl es fPB S SHYEY al so uoresce (since the fluorescence
of many biological materials is difficult to distipgui e Man
backgr oundjateralaret Ia@idcteﬁhélﬂéﬁétéﬁ-atﬂf’é"et"ﬁ&tt}]%Sgutleg]qoﬁjdé’ﬁ%ﬂé %Jg;}g{lg%%dgl evi dence
woul d hel p evidence response teans and first respon(gers esltlr%gg icﬂhﬁ?bgi abl e
peri net er joHeddieses haed seciahpdwemanhntugpph A6@d P He ARS SORRG°F'educe hazar dous
exposure. This nethod and apparatus require no reagents, no_contact wth

t he sanpl anﬁ:i??tehq XBERSi¥end Qchey f Adtitmnedly,daknsier that eahally have PREAPFs-
These, and other objects, features and advantages of the present invention

wi || becore apparent. upon. revi - hea f obdromkd by detaiment wadelsogihptthains of
the di scl CSEHObABTEFFURTC N Py goﬁ%ended claims BRI EF DESCRI PTI ON OF THE

EFQ\(;\(':I I\I(G-S ilag;gt%if]ferglﬁ?a\{\ésevtige%cg gr}m?}:ﬁleso B SPeGHHE Qlos88ORANAt-also MldrBsoei (sir(ce- - ),

the flnorescence of many biological materials is difficult to distinguish from the

background). A method and apparatus that could identify potential evidence would help

evidence response teams and first responders establish a viable perimeter, gather useful

and uncontaminated evidence, and reduce hazardous exposure. This method and

apparatus require 10 reagents, no contact with the sample, are inexpensive to perform and

deliver ‘real-time’ results. These, and other objects, features and advantages of the

present invention will become apparent upon review of the following detailed
descriptions of the disclosed embodiments and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the emission spectra of semen (—), skin 0il (——), blood (~— )

saliva (——) and urne (-----) due to the various intrinsic fluorophores excited at 260 nm

(A), 375 i (B), 400 nan (C), 450 nm (D), 530 nm (E), 580 im (F), 660 nm (G) and 800

nm (H).



saliva (--) and urine (----- ) due to the various intrinsic fluorophores
excited at 260 nm (A, 375 rim(B), 400 rim(C, 450 nm (D), 530 rim(E),
580 nm (F), 660 nm (G and 800 nm (H). 10 Figure 2 shows the optical
properties of an emission filter that can be used in an enbodi ment of the
invention. The arrows indicate |ight el ength ranges that can pass
through the filter. DETAILED DESCRI PTI OF THE | NVENTI ON An appar atus t hat
can be used to apply the invention consists of a |light source, excitation
filters (if needed), focusing optics, imaging optics (if desired), em ssion
filters and detectors. Electromagnetic radiation is directed from.the
light sourpput@vREsisyd e omrEbbmpepassifngn tehrgsinggh fitee thak GapaPs &acd ih 138 s

(i f needed) and focusing optics (if necessary), to excite the intrinsic

f1 uorophor gs Sd"i'mEHLeoistﬁQﬁn'v@ntio'ﬁheH%Cﬁdﬁ iadicad: dhefaeciergh rangss tlat icon pass

radi ation, a?ong wth the emtted fluorescence radiation, are collected and
directed t vvarggsht{aﬁ detectors. Em ssion filters ensure that only the

ener gy ran@‘é@l fi1€ PHfTer est are measured. Various enbodi nents of the

i nvention, including differen figurat.i i-i~gk ng di verse
conponents, are possibi&ifiﬁﬁi%ﬁﬁggbgﬁ‘ul&ggﬁgﬁﬁgﬁ?gﬁygp%ihis bi ol ogi ca
materi al detection nethod permt: the excitation of nultiple intrinsic

bi ol ogi cal  f| uAncphames that siah detused t@ﬁﬁ@déﬁ%@i‘i%ﬂ%@%ﬁﬁtgf’g& 0 P& Fect ed

and/or scattered light energies, and analysis of the detected signals with
a method t faki.disn ahkR (raceday, ebtushay opthackgpmgebtica(édesradhcarisgnd LisHpar e
the relative signal strengths to expected paraneters. The configuration and

conmponent s_enpl.o i e o B b s bl (o ntiehod
with the am?ectg%/tgg ﬁlc@t%%%gﬁé g hSIsNEr 0 d

roh requir nts and expected interferences.

sample, passing through the excitation filters (if needed) and focusing optics (if
necessary), to excite the intrinsic fluorophores in the sample. The scattered and reflected
excitation radiation, along with the emitted fluorescence radiation, are collected and
directed towards the detectors. Emission filters ensure that only the energy ranges of
interest are measured.

Various embodiments of the invention, including different configurations and
utilizing diverse components, are ppssible. The fundamental components for this
biological material detection method permit: the excitation of multiple intrinsic biological
fluorophores, collection and detection of emitted and reflected and/or scattered hght
energies, and analysis of the detected signals with a method that is able to correct for
background intcrferénces and compare the relative signal strengths to expected
parameters. The configuration and components employed in any apparatus using this
method should be matched with the application requirements and expected interferences.

It is possible, and sometimes desirable, to utilize a light source that provides a
broad band illumination. The kind of light source employed is influenced by its ability to

produce electromagnetic radiation of the wavelengths Tequired to excite the intrnsic




It is possible, and sonetines desirable, to utilize a |light source that
provides a broad band illum nation. The kind of |ight source enployed is
influenced by its ability to produce el ectromagnetic radiation of the
wavel engths required to excite the intrinsic 11 mcrobial conmponents of
interest. Additionally, it is sonetines,desirable to use a pulsed |ight
source all owi ng neasurenent of the envi f onnent al background during the off
cycle. The light sources that can be used include |anps with various bul bs
(e.g., mercury, tungsten, deuterium xenon), light emtting diodes (LEDs),
and diode |lasers specific for the required excitati on enerqgies. i nd
of light squbkiel tsesbnespefdgeragonddiéonany ehss %%metks’f*esef{%éﬁriﬂ"i? %oﬁéer%éﬁlgﬁ(on
needed and detection limt required. The excitation and enm ssjon filters
used in tHm‘é@ﬁﬂcgqﬁoﬁiﬁgqﬁéa@mhﬁnmfthdamviiommmaibﬂclim@ur@d@rinﬁtta?P it
filters, rtigate tilters, inpregnated gl ass, series of cutoff( filters,
gelatin fi|ter nonochyr. r r;adil, Mo S whtheviridos. bulhe (4. g gherewvof f
char acteriTg? ﬁhggt 5P EHe gﬁiggéﬁ)gﬁusfcfglltﬂg{rlg@ugﬁjwdepend on how much of the

scattered and reflected excit.ation, radi.ati.o b GNAd 8dAe PRefsOipetdicefdr by
t he anal ysgingstyat SETOFL TR ht‘é teeé]fliubn% élﬁﬁrést@iﬁsjsg’equi red. If light sources

having only the energies of interest are . enployed J i fsithters
may not behenreqesaiaaxgitatidn anigesi¢s ghe k%@&fglé”hi gpuﬁ%%llfsieprél:egﬁldg?@g%ﬁ{éa@%g Igser)
then the focusing optic may not be required. (The purpose of the focusing
optic (if ,peed@fdn kAlidiondietddtant deteetiari imitiretiiicddi ati on to the sanpling
area or volune.) It is inportant to note that with multi-photon excitation

it is possibleto usechighl SauiGeTiwid hseinar ghesations cohafimds Excifati on
energies for single pﬁoton excitation of the fluorophores of interest. The

purpose of the collection.opti | defiieyen bieghilasepdriesdof ewadtt he
exci t ed ﬂlll‘{féi‘FlB’bH’bcrl‘éée gﬁ%fﬁr‘gné:feq?téeﬁtrggaéd and rlglgjf%zlt ed fromthe sanple to

the det eCtﬁ?trefé, Igglatlinnat%lte?sg, monochrometers, gratings and the like. The light cutoff

characteristics of the emission filters used depend on how much of the scattered and
reflected excitation radiation signal can be tolerated by the analysis method or what
detection limit is required. If light sources having onlty the energies of interest are
employed, the excitation filters may not be necessary; 1f the light source is collimated
(such as a laser) then the focusing optic may not be required. (The purpose of the
focusing optic (if needed) is to direct the excitation radiation to the sampling area 0T
volume.) It is important to note that with multi-photon excitation it is possible to use
light sources with energies less than the excitation energies for single photon excitation
of the fluorophores of interest.

The purpose of the collection optics is to deliver the light emitted from the excited
fluorophores and that scattered and reflected from the sample to the detectors. If imaging
of the emission from the excited surface is desired, then lenses and/or filters compatible
with imaging are preferentially employed. If interference filters are utilized to

discriminate these emission energies, then the collected light needs to be collimated for




of the em ssion fromthe excited surface is desired, then | enses and/or
filters conpatible wth inaging are preferentially enployed. If
interference filters are utilized to discrimnate these em ssion energies,
then the collected |ight needs to be collimated for 12 these filters to
wor k optimally. Fiberoptic cables can ?bso be used to both deliver the
excitation radiation to the sanple and'to collect the emtted radiation and
direct it towards the detectors. It is possible, and sonetines desirable,
to utilize polished netal reflective, sapphire, fused silica, quartz,
MyF2, and/or CaF2 optical conmponents as many optical conponents exhibit

fI uor escenthesd filtétaeo whdrk apitiolady. dnberopied piesr eargalso Prasad e pby delies hised
to convert the emtted el ectronagnetic radiation into an electrical signal
that can bg, ABASHEAHticNWTBEQUS pRehaGs O5l%ct Wetchited faizion asédibet ividwards

can be utilized in the enbodi nents of the invention: photonultiplier tubes

(PMs) , a%ﬁ?'ﬁ%&%ﬁ%. PRYS @&Eﬁ&ﬁ’e‘?ﬁné éfrﬁa?xgesgjeeirﬁdleqe%m&@%msha@ ehduhigellbdtire, | f

i magi ng of uor estence’si gna esired, then a CCD array may be

enpl oyed for both_ detection and, . inagi.ng. e de I end
upon t he e??@Pleye:oﬁ‘lef%%lﬁF%o‘i"ﬁW’oMgb: & %@/cgd%@c?pga%a?t% é@bgﬁﬁg\g?ﬁ)(%? %}g‘%p
em ssion signal, and the required detection Iim.t. of the apparatus. The
col | ect ed emisicots eshbitdlussescens it e e QAR t8BeT8%hpl i fi ed el ectri cal
signals, are analyzed with a nethod capabl e of renoving any background
fluorescence amHe ge@tiosy #d BxEid aviven dermnitbdieleshsmaphsicaagiagen gnto an
excitation and em ssion energies used in a specific enbodi nent depends

upon the t é‘i'é&ﬁ&a]q.fiﬁla‘?gﬂa?%%n BRLGLLAEd. TaRdols ddigdtsrs, Wit differichntdnsiti vame,

em ssion ranges of “sone of the nore abundant intrinsic fluorescent

conpounds za%ugg l]:tili]izgc? rnll He e?rib%ldl?rgein?salof TR GVetisn: ﬂiﬁ)tomultiplier tubes (PMTs),
avalanche photodiodes (APDs), pin diodes, CCDs, and the like. If imaging of the
fluorescence signal is desired, then a CCD array may be employed for both detection and
imaging. The detector chosen would depend upon the energy of the radiation to be
detected, the strength of the emission signal, and the required detection limit of the
apparatus.

The collected emission energies, having been converted to amplified electrical
signals, are analyzed with a method capable of removing any background fluorescence
and scattered excitation contributions. The choice of excitation and emission energies
used in a specific embodiment depends upon the target biological material. Table I lists

the excitation and emission ranges of some of the more abundant intrinsic fluorescent

compounds found in various biological materials.




Table |I. Excitation and Em ssion Ranges for M crobial Fl

Excitation Em ssion Skin G| SenenBl ogdUri neSal i va RangeR;ggrggp?gir)es.ZSO -
300320 - 360XXXXX 250 - 300380 - 460X 250 - 290430 - 480x 360 - 390420 -
510Xx 390-410430 - 540XX 430 - 470480-570XX 520 - 540630 - 700w 570 -
590630 - 700Xx 640 - 680760 - 840x 790810860 - 930X (In Table I, the "X
symbol indicates the presence of this ##uorescence si gnat ur e; thé W
synmbol indicates the presence of a weak fluorescence si gnatu’re The

eni ssion ranges of the 430 - 470 nmexcitation consist of mil ti pl e

overl apping em ssions.) Figure 1 shows the enission spectra of semen, skin
oi |, bl oodpabRal iBsitatish ardi Braissido & an gesttheMierpbigUEIUPHPRPISSi ¢ f 1 uor opho,r es
excited at 260 nm (A), 375 rim(B), 400 nm(C, 450 rim (D), 530.rim(E),

580 run (Pl B0 T ERksaRd 800 rim (H). This figure illustrates
Range Range Skin 01l Semen Blood Urine Saliva
(nm) (nm)

250-300 | 320-360 X X X X X
250-300 | 380-460 X

250-290 | 430-480 X

360-390 | 420-510 X X

390-410 | 430-540 X X

430 -470 | 480-570 X X

520-540 | 630-700 w w
570-590 i 630-700 X X
640 - 680 | 760 - 840 X

790 - 810 | 860- 930 X

(In Table I, the ‘X’ symbol indicates the presence of this fluorescence signature; the ‘“w’
symbol indicates the presence of a weak fluorescence signature. The emission ranges of
the 430 — 470 nm excitation consist of multiple overlapping emissions.)

Figure 1 shows the emission spectra of semen, skin oil, blood, saliva and urine
due to the various intrinsic fluorophores excited at 260 nm (A), 375 nm (B), 400 nm (C),
450 nm (D), 530 nm (E), 580 nm (F), 660 nm (G) and 800 nm (H). This figure 1llustrates
the differences of the fluorescence signals (both in presence and relative signal strength)
between various biological materials. The analysis method uses these differences to
discriminate between these samples. The magnitudes of the detected and background-
subtracted signals can be used to roughly quantitate the amount of materials on the
sample.

In the one embodiment of the invention, the use of excitation sources around 375,
580 nm, 660 nm and 800 nm would allow for the detection of and discrimination between

semen, blood, and urine. These sources would allow the excitation of reduced pyridine

nucleotides, various flavins, heme cofactors and other intrinsic fluorophores. The




the differences of the fluorescence signals (both in presence and relative
signal strength) between various biological materials. The anal ysis nethod
uses these differences to discrimnate between these sanples. The
magni t udes of the detected and background subtracted signals can be used to
roughly quantitate the amount of naterigls on the sanple. In the one
enbodi nent of the invention, the use oﬂ excitation sources around 375, 580
nm 660 rimand 800 nmwould allow for the detection of and discrimnation
bet ween senen, bl ood, and urine. These sources would allow the excitation
of reduced pyridine nucleotides, vari.ous_.flavins ot her
i ntrinsi cSHeion sy Rdiees OF e crssiol) drkcrigh obfhe gD ﬁugg)r%ht%ﬁéesa‘g%ﬁggflggge
detection of the excited fluorophores woul d include tgﬁfe inc$fsiv% of
420- 540 r those GRRSHBOIHAY-5760u8 46 079A nam d08660 930k Sadifl PiPo 19§12t her
emssion filters that allow for the determ nation of the magnitude of the
ref | ect ed/geAtd QESsh bAGkgrpstndilean fdre tipr etereinaiion | f drploy@dtude of the
Additionally, exciting sources around 405 nmwould inpart further
| nf or MRt | O ENFofARP Fadk SR Ll Lpiransiangi dyogm. | Adibutaiigenxtiios e
ma als.” I'n ano

bi ol ogi ca eri t her enbodi ment of the invention, em ssion

filters with propert exenpl-ifij i . do defect Bhs
enmbodi menfOUTE ¥ ‘i‘rt?n‘!“fslsli“?e“r’%u rlréiplflfss?(eéudjt k[%ﬁgl%fg%ﬁ%lr%l tf%ﬁ%flgﬁggg%gf Oer% tct ed

fluorescence in specific regions where . em ssions are expected, reject

r ef | ect ed ddferéntiate s eanghese ‘N&gﬁ@ﬂﬁﬂF“ﬁther energy light to pass for
illumnation of the substrate. As an exanple, the filter in _Figure 2 can
used to detect i efothebyerskaditiani af thef invieatienr eaession dRter gD aPT P&,
em ssion of intrinsic fluorophores in the senmen occur between 430 and 48
rim (bl ue)exgﬁﬁjif;gaany@qng b G eﬁqPﬁ)tye@aﬁﬁt@& ahsbvdireenisedissioni filtepsrinsased thg
substrate surface so the blue flUorescence (due to the senen) can be

| ocat ed e%grlrrlltiasEgée of emitted fluorescence in specific regions where emissions are expected,

reject reflected excitation light, and permit higher energy light to pass for illumination of
the substrate. As an example, the filter in Figure 2 can used to detect semen by excitation
of the surface with light at 2900nm; emission of intrinsic fluorophores in the semen occur
between 430 and 480 nm (blue) and the red light that passes can be used to illuminate the
substrate surface so the blue fluorescence (due to the semen) can be located easily. For
clear differentiation between emitted intrinsic fluorescence and imaging of the substrate
surface with higher wavelength light, the difference between the lowest energy intrinsic
fluorescence emission and the highest energy substrate-imaging wavelength should be as
large as possible. In practice, a difference of around 100 nm works well, but this
difference should be at least 50 nm for visualization with the human eye.

The excitation energies may be directed at the sample simultaneously, m a
corresponding manner or sequentially (if detection occurs on a faster timescale than

movement of the instrument). Though Table I demonstrates that biological evidence can

be detected and differentiated by the multi-wavelength fluorescence method described




clear differentiation between emtted intrinsic fluorescence and inmagi ng of
the substrate surface with higher wavelength Iight, the difference between
the |l owest energy intrinsic fluorescence em ssion and the hi ghest energy
substrat e-i magi ng wavel ength should be as |arge as possible. In practice,
a difference of around 100 nm wor ks meig, but this difference should be at
| east 50 rimfor visualization with the’hunan eye. The excitation energies
may be directed at the sanple simultaneously, in a corresponding nanner or
sequentially (if detection occurs on a faster tinescale than novenent of
the instrunment). Though Table |I denonstrates that biologica e =Y can
be det ect agreamdotief bevlegitil ametriply flﬁ‘é“‘ﬁ*ﬂgtl?%@%?/}étfaéﬁgtl}fi&g?ﬁgéwelgﬁédé:ggtg&ﬁsét hod
descri bed 15 herein, other biological materials (includin%iplant extracts,
natural phaf BEeidnaaksls andtid lilentsn bodaeritekmd igerirdiné ek Ean be
detected and identified in a like manner. The enbodi nents of the present

| nvent | on descrlih%e&lﬁr?ﬂﬁﬁgnt@roq O tpadedintende deverieddyaovenpkanignded {h bt her
configurations, vVariations and nodifications utilizing the fore nentioned
basic ideas available to.those skil| i N 1085 Ak tanWirhbdiatattheparnilizimg fheom

t he spirimmﬁb’?ﬁguﬂﬂVewphéj.m‘%ghggggghbyE?ﬁ¥§ net hod and apparatus to
detect biological material includes util.i.zatio A anea flexciHeat i on
of nul ti plird mentioneil bags tﬂea‘@FY?éngleftP &E?F%B‘Hﬁ?‘%%“, *ﬂsﬁhs‘ilalﬂ%“ﬁ?i al ig%ci tation of
multiple intrinsic biological fluorophores by, single excitation. .
wavel engt hgiritv t the Submequent Tenadopsicd (B HBOU P et 3%‘&1385‘3\%%%‘1‘@%\‘/31?%“31
met hods that concurrently account for background, scattered and rqfle ted
exci tation_.si-gnal f jandihiafieh’ & saullazabc alatatdn rosfeléipEdIa'S OlPErEy
signal intensities and neasured background si gnal intensithes f£;ﬂ1%£?
det ected signal,s of t .ol ogi of | JonesieRNGerinsd Gnabgicslofiorep@TERi
expect ed rgﬁﬂggxﬂﬁrfﬂggﬁ?%?%gggééﬁggf#icat?ons and configurations are

;géggggg t Sinfglg B\;CM.CiEEaQIjOrI; ‘Ev’g.]v%lesncg%,e wih duB&BERSRBysisTHfaBE idefecd daiskinad with t he

methods that concurrently account for background, scattered and reflected excitation

signals and require said calculated reflected and scattered signal intensities and measured

background signal intensities from the detected signals of the biological fluorescence

signals to lie within expected ranges. All variations, modifications and configurations arc

intended to be within the scope of the present invention as defined in the appended

claims.




clainms. 16 WHAT IS CLAIMED: A nethod for the detection and differentiation
of biological material conprising: a. exciting at |least one intrinsic

bi ol ogi cal fluorophore having a specific excitation range of

el ectromagneti c radi ati on wavel engt h above 200 nm whereby said intrinsic
fluorophore in the biological material (is excited to emt fluorescence;
and b. detecting the signal i ntensiti ed®associated with the nininma and
maxi ma of the intrinsic fluorescence; and c. detecting the background
intensities at the mnima and nmaxima of the intrinsic fluorescence in the
absence of excitation; and d. calculating the intensities of the
reflectance and scattering at théViedi WweCLOIMERe fl uorescence fromthe
intensities of the background-subtracted mnima with an appropriate
algorithm and e. subtracting the calculated reflected and scattered signal
intensities and neasured background intensities fromthe detected signals

of "the bi ol 0gi gal, o1 GSCRNGSion AT U RS BT Biolgrdhencasmivbmpfising ef | al

by the magnitu cte uorescence from whi ch background,

refl ectance, and scatterin ontributions h . a
met hod as set férth F’FF“@I‘gagh?T,St Re iR S]t% hbelgl\réglclgg gﬂg?}ﬁ%ﬁ ﬁ%\ﬁfgg fal2 3%‘?152% cence

signal intensities, fromwhich neasured backgragund and ga%l &ul ate

refl ectance and scatxwialipe range ! FeeEogReHcAdFIoR VG kf?é"a;d‘zov(\)h%l}]éby

the differentiation between the biological nmaterial depends upon th
requi rement that thewheiebgsaidfintrinsic fluorophore in the biological matenial 1s excited to
emit fiuorescence; and
b. detecting the signal intensities associated with the minima and maxima of
the intrinsic fluorescence; and
C. detecting the background intensities at the minima and maxima of the
intrinsic fluorescence in the absence of excitation; and
d. calculating the intensities of the reflectance and scattering at the maxima
of the fluorescence from the intensities of the background-subtracted
minima with an appropriate algorithm; and
€. subtracting the calculated reflected and scattered signal intensities and
measuréd background intensities from the detected signals of the
biological flnorescence; therebﬁ determining the amount of material by the
magnitude of the detected fluorescence from which background,
reflectance, and scattering contributions have been subtracted.
2. The method as set forth in Claim 1, wherein the ratios of multiple fluorescence

signal intensities, from which measured background and calculated reflectance

and scattering have been subtracted, are determined; whereby the differentiation

between the biological material depends upon the requirement that the ratios of




17 the background, scattering, and reflectance-corrected fluorescence
signals lie wthin specified ranges and that the anmount of material is
determ ned by the nmagnitude of said detected signals the ratios of which
lie within said expected ranges. 3. The method as set forth in Caiml,
wherein said biological intrinsic fl uo% scence are selected fromthe group
fluorescing in the 320-360, 380-460, 430-480, 420- 510, 430-540, 480-570,
630- 700, 760-840 and 860-930 nmregions. 4. A nmethod for the detection and
differentiation of biological material conprising: a. exciting multiple
intrinsic biological_ fluorophores wth travi t 1€ | ;
radi ation havi f§¢ Back&aRb e CRETE S i h L eg{a\%eégérgeﬁbe daﬁg&te (gééegﬁédvﬁserhgby
intrinsic fluorophores in any biol o%i cal materibcgl resent . are e %I tﬁ% to
emt fluorescemehinsyseified ropges rndsthalelhe: #BaYY dmgt(?nélxbsi flﬁtern&lpﬁér Y

intrinsic fluorophores that in turn emt fluorescence; and b. detecting the
fluorescence sigaglinidaténsidt destas sguilatiedratios pf tecthilig Wahinaaf FBECHE of
the intrinsic fluorescence; and c. detecting the background intensities at
the m nim anddrrggéésrra of the intrinsic fluorescence in the absence of

excitation; an calculating the intensities of the reflectance and

scattering, at g maxliR, Qlohllf ElHANCIGRAGE il SIS ALlinkRERI Mictescaicd he
nrm w

backgr ound=subt an appropriate algorithm and e.

subtracting the cal cul ated refl ect and scatte ' | 4 deNt8ASIsh .and
measur ed backgr@asglestiedfom fhe REP ugys?lpgﬁpttlﬁeeg‘ﬁg?@cgeﬁ 4sdlogr"?‘g gsg’f @‘t@(ale

bi ol ogi cal fluorescence; and ]
510, 430-540, 480-570, 630-700, 760-840 and 860-930 nm regions.

4. A methad for the detection and differentiation of biological material comprising:

a. exciting multiple intrinsic biological fluorophores with ultraviolet
electromagnetic radiation having excitation wavelengths between 200 and
300 nm, whereby intrinsic fluorophores in any biclogical material present
are excited to emit fluorescence, some of which is self-absorbed to excite
other intrinsic fluorophores that in turn emit fluorescence; and

b. detecting the fluorescence signal intensities associated with the minima
and maxima of the intrinsic fluorescence; and

C. detecting the background intensities at the minima and maxima of the
intrinsic fluorescence in the absence of excitation; and

d. calculating the intensities of the reflectance and scattering at the maxima
of the fluorescence from the intensities of the background-subtracted
minima with an appropriate algorithm; and

€. subtracting the calculated reflected and scattered signal intensities and

measured background signal intensities from the detected signals of the

biological fluorescence; and




18 determning that the ratios of the detected fluorescence signals from
whi ch background, reflectance, and scattering contributions have been
subtracted |ie within expected ranges, thereby determ ning the anount of

bi ol ogical material by the magnitude of the detected fluorescence signals
fromwhi ch background, reflectance, 3?? scattering contributions have been
subtracted the -ratios of which lie within expected ranges. 5. The net hod
as set forth in Claim4, wherein the intrinsic biological fluorophores of
said biological intrinsic fluorescence are selected fromthe group

fluorescing in the 320-360, 380-460, 430-480, -510, 430-5 48Q-.570,
630- 700, 760-S46 andetgmmnoEghatiths Faligs 8?31&3 %Fecﬁaﬁép%‘isﬁ%eéég“égs?ﬁ%%?ﬂ‘ n
Claim 4, wherein secondary- excited intrinsic fluorescence jncludes tye
430- 480, 420-510, 43batkétund3@{IETANCE0] KOUETLTHONRARIORA §2HEREI GO R
regions, and the like. 7. A nethod for the detection, differentiation and
i magi ng of bi ol ogi caljjcWBtES eRpectadonmpgdss ieged yadetaxtiimg e amolmiastbiolegical
“intrinsic biological fluorophore having a specifc excitation range of

el ectromagneti c radi %ﬁi“"g@ W) Al BoUR ROBIAMubrestb@kahyaRadiniviich nsi ¢

fl uorophore in the bio material is excited to emt fluorescence;

and b, detecting and_i ing the siqgnal.in i L ' i
cxpect ed . maxi mum enPaGeO RagBe Tt PRt TP EP B RCE b e®

bi ol ogi cal materal in question; and 19
the ratios of which hie within expected ranges.

5. The method as set forth in Claim 4, wherein the intrinsic biological fluorophores
of said biological intrinsic fluorescence are selected from the group fluorescing in
the 320-360, 380-460, 430-480, 420-510, 430-540, 480-570, 630-700, 760-840
and 860-930 nm regions.

6. The method as set forth in Claim 4, wherein secondary-excited intrinsic
fluorescence includes the 430-480, 420-510, 430-540, 480-570, 630-700, 760-840
and 860-930 nm regions, and the like.

7. A method for the detection, differentiation and imaging of biological material
comprising:

a. exciting at least one intrinsic biological fluorophore having a specific
excitation range of electromagnetic radiation wavelength above 200 nm;
whereby said intrinsic fluorophore in the biological material is excited to
emit fluorescence; and

b. detecting and imaging the signal intensities associated with the expected

maximum emission ranges of the intrinsic fluorescence of the biological

material in question; and




c. imaging the substrate background with anmbient light, reflected
excitation radiation and scattered excitation |light at wavel engt hs at

| east 50 nm above the highest expected em ssion wavel ength range of the
intrinsic fluorescence; and d. conbining the output imges of the
intrinsic fluorescence em ssion ranges,,and the substrate surface from
anbient |light, reflected excitation ra&?ation and scattered excitation
| ight at wavel engths at | east 50 nm above the highest expected em ssion
wavel ength range of the intrinsic fluorescence; thereby detecting the

bi ol ogi cal material by the presence of |ower . wavel e h i es _upon hi gher
wavel engt h substr at dmgginggdbe S?b?ﬂ'@‘@;baéhﬁoér.\,’\?m‘?‘f %?@ﬁ?tiqggtﬁ’it’rfﬁﬁg%f% aé’éﬁ%“‘)g

bi ol ogi cal material sanples by requiring that the ratios of dete bed
intrinsic fluorescenadiaton sisi onsttdred lexvitationnli gt peicwavelengiling as ,leaé‘ng nm
determ ning the anount of material by the magnitude of the detected
fluorescence. 8. Appabdt e hidheithepdekeaniisionfwadvklehgdi wake whttbe inalringn a
non-living surface conprising: a. neans for directing el ectromagnetic

radi ation towards tt}?m?%gg{c%,a id means adapted to enmit radiation at
energi es capabl e of 'exciting at | east one intrinsic biological

fl uorophore; b._ at |east one detector for..electro i tat pabl e
of converting %he &9PtHYHS tl?ﬁoq%‘ftll’élég%gaoféﬁ%lmglclzré??@rggﬁgdrcgaé g@?%ﬁ)‘nﬁﬁ?‘%ﬁ

electrical signals, said detector adapted to detect el ectronmagnet. c.
radi ati on at wavel eragditbe aﬁ@tr@te}grfggoff%wl%t@gf’ refleeiof eﬁ’ic?'}"ﬁt’%hﬁidha&?flrra
associated with the

and scattered excitation light at wavelengths at least 50 nm above the

highest expected emission wavelength range of the intrinsic fluorescence;
thereby detecting the biological material by the presence of lower
wavelength images upon higher wavelength substrate surface image; and

e. differentiating between biological material samples by requiring that the
ratios of detected intrinsic fluorescence emissions fall within expected
ranges, and determining the amount of material by the magnitude of the
detected fluorescence.

8. Apparatus for the detection of biological material on a non-living surface
comprising:

a. means for directing electromagnetic radiation towards the sample, said
means adapted to emit radiation at energies capable of exciting at least one
intrinsic biological fluorophore;

b. at least one detector for electromagnetic radiation capable of converting

the emitted, or reflected and scattered radiation into electrical signals, said

detector adapted to detect electromagnetic radiation at wavelengths above




fluorescence em ssion of said intrinsic biological fluorophores.- and C.
nmeans for analyzing the electrical signals corresponding to the
fluorescence of the intrinsic fluorophores, and the reflected and scattered
excitation intensities to deter-m ne the presence of biological material.

9. The apparatus as defined in Caim8, wherein the el ectromagnetic waves
art directed towards the substrate su?Pace in time-nodul ated pul ses. 10.
The apparatus defined in Caim8, wherein the neans for directing

el ectromagnetic radi ation includes nmeans for tinme-nodul ating the

el ectromagnetic radiation. 11. The apparatus defined.in CIaLn1§, W?erﬁin
the means for direct34fy el Wcrlesraghet i BUREH 2P oMa IR (e HEANS P ofbe

sequentially directing the electromagnetic radiation towards the sanple
surface. fluorescence emission of said intrinsic biological fluorophores; and

c. means for analyzing the electrical signals corresponding to the
fluorescence of the intrinsic fluorophores, and the reflected and scattered
excitation intensities to determine the presence of biological matenial.

9. The apparatus as defined in Claim 8, wherein the electromagnetic waves are
directed towards the substrate surface in time-modulated pulses.

10. The apparatus defined in Claim 8, wherein the means for directing
electromagnetic  radiation includes means for time-modulating  the
electromagnetic radiation.

11.  The apparatus defined in Claim 8, wherein the means for directing

electromagnetic radiation includes means for sequentially directing the

electromagnetic radiation towards the sample surface.




