; STe3eEB, (T6HT, 2 WO 02/ 052246 PCT/ NL0O1/00914 Title: Method and device for Qéé’
detecting and identifying bioaerosol particles in the air. The present

i nventionyf&l,akes,t0 @ method and a device for detecting apg/Ni@¢0sdifYi ng
bioaerosop parflcfes in the air. d and a test arrangenent used
therein are known froman articl em”}mmwm}mrs et al.: Application of
matri x-assi sted | aser 5 desorption/ioni to on-line aerosol tine-of
flight mass spectronetry, Rapid Conmmui®“Rass Spectrom 14, 829-833 (2000).
This article indicates that there are two options for "quasi-real-tine

bi oaer osol detection", nanely a nethod in which the intrinsic fluorescence
, of bionolecules is utilized and nmethods in which mass spectronetry is
applied to ions generate y .l aser, 10 desornption..Because bi gaerosol
particles wa}ﬂ:oﬁﬁeyh@S a &Vﬁ%ﬁ or getegiing B’PE|1d%%ﬂf38¥}5%6?ae58?‘§§2ﬂr%6§‘ﬁ i cl es
in the air, the 598%? ﬁsingle particle" fluorescence detectors may be used
to indicate whetfer the aerosol particles are of biological origin or -
non- bi ol ogi cal origin; they are, however, not arranged for identifying

bi oaerosol particles. The above artjcle therefore 15 descripes an .

i dentificati on eXbemirgsent innpationmglates to amethosernd a1 dgyiee fog dedesting
liquid which i.s.nebul.i zed, aftar i ch .t spray is drawn into an ATOFMS
(aer osol ti%%56¢e?¢ﬁ@ﬂ¥%H§? 0‘%5&&?@%§ﬂgr Pfﬁﬁ this ATOFMS an aer0so
particle identifggahia0Retfodahd iatidsPHiradipeidhthasidstheleidddd known from
(matrixassisted |aser desorption/ionization). Even though for this

experi ment an a2tidledley d8.4l. Stewebeenalordpphieation pE matrixeassiyteddasdr t he study

indicated in this article.is still directed to identification carried
out on r%al d@sq@t@gélpgyza{twqWeorﬁgx}ﬁ@eragil?}mg-éﬁ?fﬂg SPEROMERY 1ot pe
realized in i 0] 3} A P : rt
cont ai ns noﬁ-%B?(g?é)?%ggh IB%arti %i eslio#ﬁfe%A %/%gé%qt}de@f ??)1# gﬁé&llé ggglltacih?ei%?ati on
appar at us uglegt therd a?e tweroptiong foe!'@iasialepl-tinsebiderve] tdetdtmady nanlely
particles. In viewof the fact V4 0 112/11S22~li PCT/N LII]/I (181~
that a rapi d metheetinowhisiythegiavirinsiccBuprnscencapidiampdenulonis wiilized pa

absol utely necessat nder specifjc conditi F .
condi ti ons B?e%ﬁf)@f b%lwgﬁgﬁ\%? a @,Chtoﬁlee%g()jlée%?&g?d It(ﬁéodpsp%%rge%? &i _n%%ﬁeén i's
di'r ect efh t 0 gblifipRiom. Heghth bibabReso Baveices b dnlparshall paredf thomthl ne
bi oaerosol p articles 5 detection and identification. A rapid on-line
aer osol par tonteat dfnectsod paaticles denhe hiv 4he dmowt'singleapamitele’s bi oaer osol
particle detection and jdentification, s, for that,mtter, alyeady.known
fromthe in ﬁ%@ﬁﬁ%ae ‘é"ﬁtm%%ﬁ‘@&@i%r’rn@lf%‘? ?%B?r h&%aﬁﬂsﬂ p?’gt\{(flﬁigs
application ' iP5 ho icRRbEith GhelyrR2BSREVE ) REgh an
ATOFMS syst gﬁoﬁbioé%élg detlgfg{]*?lg%g%%%)% é:%ti fllgg{}a’ti g?{ of spec‘i,fi cally

bi oaer osol pardrigddeforiidemiofyipg bsoderesolparhictesnliheerhovbenticketheasfarent i oned
before, there will be relatively few,bi oaerqsglsggéﬂti cles in the air, and

preci sely t deseribes an ddentitication srperdment ywhie tg frpm bieagrosel parficles 1o
detected and identified, 15 e Ve i probl ens,
in the methdB® &%%lrdd\”ﬁbchltj)s rf‘#)gl l%gé%#%gr@ th]}é%%% g‘glé‘%g%o ﬁ?gé@@g in a
particle steROFMS (aerosol time-of-flight mass spectrometer). In this ATOFMS an

aerosol particle identification is carried out on the basis of MALDI (matrix-
assisted laser desorption/ionization). Even though for this experiment an
20 aerosol has been prepared first, the object of the study indicated in this
' article is still directed to an identification carried out on real-time basis. In
the manner described, however, this cannot be realized in a satisfactory
manner, because the air for the greater part contains non-bioaerosol
particles. The ATOFMS detection and identification apparatus used is

25  therefore relatively insensitive to bioaerosol particles. In view of the fact
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selected in an ATOFMS by neans of fluorescence techni ques, after which
successively the sel ected bi oaerosol particles are iodized, the resulting
ions are @etprted, and the bioaerosol particles are identipigipLofRfilhe
selection of 2 0 Bioaerosol particles the known per se property is utilized
that the presence of specific substances,, such as, for instance, amno
acids, when irradiated with a suitable wavel ength, induces a characteristic
fluorescence. Thus, the irradiation of tryptophan by Wlaser |ight of 266
nmgives a byoad rB%)HPH@L%%ﬁBﬁ%ﬂd‘id%h@iﬂ@@ﬁ%hﬁtﬁgﬁbaéﬁﬁglep&fti&émistafbséﬂ&ewn
Also eligible are the 2 5 fluorescence spectra of substances, such as
tyrosi ne, NABtbssary iundler specificzonditiais, fer ingtanceoandemeonditions osj ze, and

bact or o, SPRuGEiFS wasbs, Chayobist Boe presgehareri U Bt 08 o
the or gani ¢ SHOSANEESI0CNRCRI MOV S, R Bhb Hhderokél Rlidiles 0 Ut | ze

this property 1'nthe nme according 30 to the invention, the selection of

bi oaer osgl @atddtiresnd akestifittd@.by means of WO (12/11522-41. 3
PCT/ NLOL/ (1(191-4 | aser radiation, gener a(&'eed hy a first |aser device, of a
wavel engt h whi ch A rapidean-hine acupial peebisly detgran padodepbificabpRs2ef fect s a

fl uorescence fte ich b f_a. . . t} e

f1 uor escencé® Hf%f(? ’r?afeﬁ%s%Pﬁ@&%s%te%éﬁf%glﬁégé%'%g&%{eiﬁé’%é@qg%g a second

| aser devi cgifiet 419660 EEnbANTr&M thelintbindforal paveheagslicattirch ef fects the
ioni zation of the bioaerosol particles selected only by the fl uorescence

det ect or. FANQ963190Gs tAdcaskingdethissapplieatioman @dr gkrean eydpimag ce
(cw 1 aser device) is preferably. used, i for the seco |, aser_device a
pul se | a8er Ri’é‘l'/lic_i% TP PARES Fhlf_ W%‘é@%i@vﬁ?%gﬁ% b‘i}q?%o? Fﬂgr escence
detector. 19abhtifSabh o EEAALALY BRELEAHABCRE BiAYASHle HAMHISCI €5 10
also utilize e sl ze, t 1s to say the aerodynam c size, of the aerosol
particles. Thansbgdeehubacismneatiandd befarsethdre wilbbe aelativelyfawm t he range

bel ow 20 um_ Because the aerosol particles enter the c.eg}tgr al (igqace Ef t he
ATOFMS at a hjpsenesebpavficlemin the airgandqregiseicinese azbeissons poi AR FREY can

be determ ned from¢ghe, 15 durati - gl st e traversed by an
aer osol par 41| SBTe lﬁitﬁgc?lui’ﬁ]gu%tﬁ@e géatsegfr;é%%}g@nlg%ﬁﬁg&fi rst |aser device to
two sucggssive spf srddirith salvendeboveliabntiofbdpeshletss inbhy enathibdt i on and
hence the size of the aerosol particle can be determ ned fromthe |ight

scattered amtcieliagttedhbjinuention thebigaerosdnarticlasana partiele gtroammase

bet ween t he spots_ nust smal | er n_the nmutual .dista . t he
successi ve pErggied e .a“F%&ﬁh@Sﬂc’é’zeaQ? Oi%%?%cﬁggé E%%gﬁeﬁ’ ﬁggegp 1s(Jhof 2.5
mm and a Spe&ﬁﬂ:c@isi@a? RE Rk PBIdaetd S p%&tiélé@%@fé'iﬁ%iz%%}’tl@&sﬁiﬁné héns

duration between two neasurenents Is approxinmtely 6. us. To _obtain the
desi red unandiegdéteytededvitine hrastoselparticles arhédemdfied short the selectian ef

| aser device is, according to 2 5 further aspect of t inyention, a

t wo- col 80 copiopprrsel PaEkieies she naww,%awfw %?Il&%t@?%fé@ﬁgeg?ﬁ%e and
532 nm The vel el L.r tQ S i nm
and that ‘of rperfbiteabett sy, ErifEkafo, Suiff st i Qabed

wavel engt h i git $8ustiable Wastloigthcindsebs pashiarattesistiedhuabsounick UBhes,cdrce.
WO 02/ Ua22.1G PCT/' . VLOL/111191-4 4 The second | aser device is, for
i nst ance, anirExdiation ofasEptopdaindey Wptaserilightof 286 paaigeya Rretd 308 nm and,

part1 ol o - rupifscBliFin Hhe VaiHlenath HRe} 80K o HmeAleb JHnR ARIRSC
before, 2y e RLHLARRER BYecdtRfof substances, such as tyrosine, NADH or riboflavin
(see: Fell et al.; Concentration, size, and excitation power effects and
microparticles containing tryptophan and bacteria, SPIE, vol. 3533, pp.
52-62). In general, inorganic and most of the organic substances do not show
this characteristic. In order to utilize this property in the method according

30 to the invention, the selection of bioaerosol particles takes place by means of



5 fluorescence detector. The use of a UV Exciner laser inplies that in
order to enable the performance of the nethod descri bed herein on the basis
of MALD, wihgagnesol particles must be provided with a mabiingefeepr di ng
to a furt“er aspect of the invention, the aerosol particles, during or

i mredi ately before drawing into the ATOFMS, are therefore provided with 10
such a matri x by evaporation/condensati on or sublimation/condensati on.
Should an IR (infrared) |aser device be used, then this is not necessary.
The nethod BRrdr vheidRY, @genasaed by first Iaker deviest blm wiivelertiy whichxipl ai ned
in nore detail on the basis of an exenplary enbodinent with reference to

. the acconpasyeaific dubstiamges imbiieessol pariirlys effestpadluprasoense aftermhach t he
met hod for detecting. and identifying.bi gaeposol particl.es in,the air can be
used accor dg)’lén?%‘st‘%ea aﬁ‘éﬁé’ﬁqri %ﬁ;d%g‘?fgnﬁ 1 §“8¥e£§5%%%418§PP3h8hom a part
of the di st gnce S ApaLaEMs e 2eRREA, Pl 85667 ldbet ABVAEGE MBgEsRMA tol N Whi ch
the | ocations \Mt;ere particles 2 0 are subjected to the relevant |aser -

radi ati on aemii light af & dvavilenghGRkiEhl efftnpanhe noizgtion df she bpoaezesuled i n

cross-section, that is to say perpendicular to the aerosol rticle stream
The aer osol PB&#@E&%‘%@%@#@%@P& PP%ﬁSP‘ifn?eoqtl‘F'@\‘RE"rt ar rﬁﬁérgt?laggy gegice

ticl d i i | t t
O this devheet et BeO WEVAR GrRBEbLioPt) Bitolodrly RRsTAIEE T2

ori gi nat i ngf§y H8 @RoRAIhber dditidd Aipadsesliet devkee ibtused, Hvopmlseobuieg for this
purpose, for instance, picolinic acid or sinapic acid. The aerosol

particles atdggered yuthe Buorgscememdetsrtarn aer odynanic | ens system a
convergi hg nozzl e, . and ski s. Fig. 2 di.agr tically. s 3] e
aer os oIgl Garticl _e?g’tsr"ggiﬁﬁnéqg&bﬁ&ﬁﬁcg’@nf?&W%W@%éﬁé&%gfﬁ Q@ﬁiutgb%gv@b
entrance pagf, eV a3 t%’@a? AR B8y faic S0, 8Mthe ABPoBY Padrlesd TR TN 6F
1101191 and ski mrer openings 5 and 6 of respectively 400 and 300 uminto

t he central baptet dndfvitieesAT SRMSEanthilly sptlreradnge belver Akdnb\Bachasashesol
particles one by_one, jin succession at a specjfi |  di stance. Jhe
speed at whid€RosohPagidelss @mtﬁaﬁlq ‘éqrgé'g]e?ﬂaé’fa "tefl&ée c@@%ﬁ?b&@"%‘? speed.ATOFMS
is, in5th rese : i r in the
rel evant spgggés’ F%eo&{bﬂel%;%?fggéesgéveegg%gél pg?tllé(%é% bg(ﬁ{%@ﬁfﬁdﬁ ?L%—u%h%nbar. In

the cenisal dsRacien ofaheneeh dislanpatiavdreed byeanaé®sbl pattice By divedting
irradiation by a first laser device 8 In Fig. 1 this is a DRSS (D ode
Punped Sol i d¢h&ilaser)beaae of thevfirethlaser dexise dp twe sugpessiye sp@ds dgtla known

conti nuous-wave l.aser. Thj,s l.aser.,device 1 S | of a

wavel engt h dRY ﬂﬁ’iaf’é‘etﬂbe %%‘Q’@ed%atf%?ngé%&cggﬁé Sflz(g}caaftq;lﬁ]l %r?t&%?gqlhe spot 9,
as vel |l as ljgfllOfa ¥yt aigkh fPémae 1[%?’5350:1?:1!%%& a@dtdesetell Byhgn spot 10
(see Fig. 2). The 1 ght of both wavel engths is deflected by dichroic

mrrors 11 ametdodd paFtielenitivhewer, theedispancebetweaenethti spmts mowstdhenthe | i ne 2
is approximtely 5Q u t he di ter of ,this spot. in th l.ane. 1

bor pondpbul dmaler @v the BB R M Of3 THebiEe PRIEaR Ty RSP an
aerosol part,cJ §iét§n@e?<ﬂ&ﬁﬁ‘e%t 7 fl:t?]léa Q% DB flnY ahd™ ;Q/ﬁeedT(B‘PtHM sHrBs@f the spot

10 in the direction of i's approximately 500 um the dianmeter of
this spot i mpatiland aparpeimitly 400t thiealiratiyebetverepr twi mebelivera&tsum
The aerosol particles exposed on t&a spog zs,caat er the Light, while the
aerosol 20 pgarppepsimaisly ALddpbiloiebtask fhe dgsired unampigyty en
fluorescence radiatio S, f. I fevBed 1 j j cal
origin, The IPP%%\EIG&%} eoflk‘e%1 e%b(}%%es%§8§§gl§ﬁ9ﬂgg?ﬁeél es ?esﬁag%cg?{}{gl&‘)@y&t he

det ect 0bs 13@fkrldspedpof HisSirRRationhastyrleslee tatinases-paveildse: dévtite,a
photormul ti plier tube. The detector 13 directly detects the |light scattered

fromthe spaipedativeatavaeiengthsaf266randbsR am1The wavelengibtadthedight
detects the |.ight ,scajtered fram.ihe ot , id eyt fl uprescence
r adi at ?on i s‘sllt1 ‘"gﬁgsri???bﬁg{rﬁgslf?ﬁ@ é#r’?%ll? a&ﬁ#%ﬁ}:tg@ﬁae }1§ﬁ§ dflieﬁger(iéoct fice
detector 16.,B663U36t 186N THRNadOwihélengtMay 8]sb'sHah hiat Bicu¥Rbdol

particles then show fluorescence.



fraction of the scattered 266 nmradiation, the fluorescence detector 16
conprises at the entrance a band-pass filter 1'7, which filters this 30
wavel engt Lher away, but transmts the fluorescence ragipaliig@gedipcat ed
WO 112/ %gwl‘)&gﬁg PCT/NL111 /(11191.1 in the range of BOg@tTg\tng/go r11ﬁ1 The
wi dth of the spot 10 in the direction of L}he line 2 is relatively |arge.
During the first 125 ns, corresponding to'the width of the spot 9, the
scattered |light of an aerosol particle is detected in the detector 14, so

that on the basi S’I‘dlﬁ’élaé({&%dsl‘ég&eaé\iriﬁié’fi]é),%Piﬂs%hh@é‘,%@Ex&i&@eﬁla@@ﬁ&é@fc&d ILght

of the spots 9 an e size of e relevant aerosol particle can b

determ ned. dperhtige e Wwabélewstly of 268 msn bine, fifte remopet ériggexngor 16 is

rel eased by the detector .to exam ne whether the rel eva erosal particle
is actual | § JISUsing th i?&!izaimlgpﬂon%@er'élﬁa?mSﬁgpﬁr eg Qﬁgs\f?ﬁ%cﬁﬁ? he
aerosol partigle igsai-rradi. on .t Y, k tunity to
i ncr easept he® %% 8??138i1$i99t1y egrgcet, h%g ﬁ?ﬁ@?ﬁé%%’%ﬁogbhg%sﬁ%%%ﬁtﬂ%ggg i dgs t he

various & rronsreb8enckXaBeto20The ige fof dATWEdarrdat@cingslidsStingriprirdes ta
diffraction grating 21 and a CCD i mage_recorder 22. Wen recording the

f I uor escenceenahde ahe perfororancelof $hemaethod destribied hezeinromyblag basip®li t 24 by
nmeans of a c control ynit 23. Also fed tg this, trigger gircyit 24 are
out put si gna@ﬁb £ReTP pﬁ“ﬁéﬁe@f‘ﬁf@? f;’:;.o%ll_ﬁadl“ﬁﬁh_larfn%ﬁréxt 3?‘6’5?’?’1_1%?9 cui t
24 1t i's det ergled Lial Fn8shosRtioR At liBsbipiticieobagisgaly o 1 i n i th a

specific size, after a trigger sign iIs fed to the ci mer |aser 25.
I n ot her wor{fismedsatebobefase dpawirigbuto tharATOFMSS axe Byeeefore previdedivishbeen
recogni zed as being of biological aorigjn, the Exciner I.as;er ‘S‘?evi ce is
triggerdd Teeh pamatyixhy evaReratin/pondensatioparsublpnation/candensatan o

| aser pul se, i Lon ! i I
particle on §ﬁ§u§d;%$flgg&ﬁ@8}%§ lég&e&%gégﬂ?Efge%@%tf%@%@%gﬂl?@eﬁggﬁgr e
actual |y ioni zed, ThBirSethdatarid thelaicy akyordiges thaidventidn will now lod t he
line 2 approxi mat e€|g%’i 300 um and in_the plane perpendicul ar thereto

appr oxi nat el gxpadneshin Fewe diesaid podhedasicof amexemplaryiembadiment with 5

adjusted to tr},e speed of the aerosold articles ;.and the tine required to
generate the' PF@EC@&O#@@&F?W&Y{% WS, i TGP mrrors 11, 12 the
Exci mer jJaser pul f‘?%'lssmﬁ‘i'ie%etﬂewﬁfdﬂﬂfé moBR6E foh detedtieg ARGFMS. The

i oni zed bl oaer 0so articles are then accel erated and deflected in the
convent i onal idemtifgingkioseross] phritlestin sHexivdambd ysed sedonding tetbes 28
WO (12/(1;220 PCT/NLt11/ (11191~ 7 and a deflection neans 29 to the ion
det ect or 30. inwentiasamd of the mass spectrometry thus performed is shown on

di spl 31. The | ' L ' t
Gescr | bed hor ei n W CraiaApny HVKEE PO P ORI LRRERA R o

5 nodificati ?aﬁtiélb%mm‘m infthe ATMREMS ubed, inswhivkytHedlobatidndivherd pasidee of
protection of the appended clainms. Thus, other typea_ of | aser devices may
be used,2@ndanhenbieptedsioztheslerantiaserradigtion axadnicated- aid for

I dentifying The ATOFMS 1 shown in Fig. 1 is represented in cross-section, that
is to say perpendicular to the aerosol particle stream. The aerosol particle
stream substantially follows the line 2. Aerosol particles are drawn into the
ATOFMS from the air and, in the entrance part of this device, are provided

25  atelevated temperature with a coating, originating from an easily
subliming substance. It is known to use for this purpose, for instance,
picolinic acid or sinapic acid. The aerosol particles are then bundled by
means of an aerodynamic lens system, a converging nozzle, and skimmers.
Fig. 2 diagrammatically shows how the aerosol particle stream is brought

30 from the nozzle 3 of the above entrance part via an exit opening 4 of 300 pm



aerosol particles as being of biological origin is not deened necessary, it
IS not necessary to use a two-color |aser device. Also, instead of a

fl uorescegpghf.getector 16 with diffraction grating and sEENLIBER14
recorder, any other known type may be used,; drffractr on grating and

i mge recorder may be replaced by, for igstance, a "gated PMI" with
band-pass filters. The spot dinensions are given only by way of exanple;
they may of course be chosen differently, just like the other paraneters
mentioned i fnHh&iSREG bpdiRhb9B. ankb6 BE easrRtiveBN400 and GO imeidito the em t t ed,
by the aerosols to all sides, several detectors may be provided. Strictly
speaki ng, i tentrahspaabsof thceA;TOﬁﬂﬁsgﬁnS}'Spmwérﬂwsaétbéfcﬁ!@r%elﬂlgoland 14.

Sufficient is the fluQrescence detector, for of0) Zl n ae ol rticle
25 bei ng. of PBFUAegBAIDRIG T AEPRU £ P GBeF g bhe eep THEEpeBd e
reliabilit f n
actual pr a%:/tag e %\%gﬁg&tﬁgfgﬁ ?fe (‘%ﬁ?p P(\éé'lzi';tlm\l/l\ll_\é 1Afe%{%g?plr®gmimné?hod
for detecti pae @Bélsdrﬂeﬁfahﬁpflbﬁ@pbrmmramdgmqmmﬂs él]‘h&;prerssut'selrathq rélevaw§ ch in

an ATOFMS (aerosol time-of flight mass.s ter) f) aerosol
particles i ﬁpaCQﬁaﬁOtb%tI@ngﬁeéalﬁrﬁﬁEe@réreé‘ét eél ;;Ee‘é?r sy

techni ques and o t he s Iec I, &S fter
whi ch succe§QP99eI9)r¥"Fr"f‘én?%) lﬁ% 51%5?25 alrggq. t % dl?’ttﬁi lrbgam r%g% 2
particles ajgd denkéd 8eth Fie. ﬁma@a@pssQn%dwpumpblda&mdlsmﬂmmwI zed
in that the sel ection of bioaerosol particles takes place by neans of |aser

radi ati on, gdmnehas adsp:e;nfw tyipesaf tm@oﬁ@aﬂrmuowwavwé%%qreﬂ‘@w %ﬁ!‘ drvics
specific subst ances..i I ff

SPTer wh oh SgeniemUEBs baam olor SavBlRrth o Se S thdbE et s BiE A Bres
are sel ect e‘i‘ ?dlgox??fectgﬂm'@%%rwawqq&ut%ftarwgga@ﬁgtﬁ 8f 266 tarh 'aﬂ'ﬂhe of a

wavel engt h wh hé 1 oni zati on of bi oaerosol particles

sel ect ed onlycdtjort bEtHd sysuteldr o digeR)e diherligitt o%athtvbmcblmgﬁ'mdsmigeﬂteot&dl aim
1 or 2, characterized in that durrn&or 15 1 drate ﬁ ravvrfnt%rnto
the ATOFMVG thyedighraigamirpenst }kpad 12 dherwidth tSHO‘;a ifgption of the
evapor ati on/,congensati on_or, su t h the

sel ect ed bi (}géer §%F‘p85?’flpjc,alt%§7 % ggr?()tlrkrlrgzr}{e1 &%g&?ﬁﬂth %?‘%

(matrix;ass ';%r?gnﬂfé%@ér fasetdid fifrotithasdly Q8D paf 'tI‘hé nmhe duringewdsici wal y t he
ions are detected and the bioaerosol particles 2 0 are identified. 4.

devi ce fox usmmosdl panticheiswwposed és dpprpximadely b‘%fen@)fThméfl@frlee%ﬂref@%]& ns,

utilizing an char e d in that | as oVi ded
For en £ £ ngolthgrirentioh 9L BRgers PR arviteband Pot S DEHAEE: bhot

bi oaer osol s gf i eGts phl e'&QPSﬁHFMQ R AR a@g%iﬁ@p%tr@ﬁniéﬂégr €50 @RCETHE! ect or
2 5 for detecting th nf escence radi ation, as a second | aser
devi ce, tri ggaoesl mticﬂnr&:(mIsedtomrthefspot@mcatﬁemghb |1@htt while ﬁh&v@lreﬁf@t h

whi ch effects the ionization %the bi o eroso sel ect ed b}/1 d

f1 uor es@éncepasicles op th esmfolé pth goatls lefﬁi@g‘iscﬁ ge radiation,

as far as an aerosol particle is of b1ologlca1 origin. The light scattered by the
aerosol particles is detected by the detectors 13 and 14. To this end, these
detectors are provided with a photomultiplier tube. The detector 13 directly
detects the light scattered from the spot 9. Via a semitransparent mirror 15

25  the detector 14 detects the light scattered from the spot 10, while the
fluorescence radiation is transmitted by this mirror and passed to a
fluorescence detector 16. Because the mirror 15 will always transmit a small
fraction of the scattered 266 nm radiation, the fluorescence detector 16
comprises at the entrance a band-pass filter 17, which filters this

30  wavelength further away, but transmits the fluorescence radiation located




5. A device according to claim4, characterized in that the first |aser
device is a continuous-wave | aser device and the second | aser device is a
pul se Ia?b(g%\(%zg@ 6. A device according to claim4 or Spc¢Rahdiogli zed in
t hat t_he irst laser 5 device is a two-col or continuous-wave | aser devi ce,
operative at wavel engths of 2G5 and 532 pm 7. A device according to any
one of clains 4-6, characterized in that 'the second | aser device is an

Exci mer | aser device, operative at a wavel ength of 308 nm 10 . A
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control signals are fed to a trigger circuit 24 by means of a camera control

unit 23. Also fed to this trigger circuit 24 are output signals from the two

15  detectors 13 and 14. In the trigger circuit 24 it is determined that an aerosol
particle is of biological origin with a specific size, after which a trigger
signal is fed to the Excimer laser 25. In other words, as soon as an aerosol
particle of a specific size has been recognized as being of biological origin,
the Excimer laser device is triggered. That is to say that the Excimer laser

20 device provides a laser pulse, which effects the ionization of the relevant
bioaerosol particle on the spot 26. To be sure that the bioaerosol particles
are actually ionized, this spot is relatively large: in the direction of the
line 2 approximately 300 pm and in the plane perpendicular thereto
approximately 500 pm. The distance between the spots 10 and 26 is

2 5. - adjusted to the speed of the aerosol particles and the time required to
generate the trigger signal. Via the above dichroic mirrors 11, 12 the
Excimer laser pulse is passed to the central space 7 in the ATOFMS. The
ionized bioaerosol particles are then accelerated and deflected in the

conventional manner by means of electrodes 27 and passed via lenses 28
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herein with reference to the drawing, but comprises all kinds of

5 modifications thereof, of course as far as they fall within the scope of

protection of the appended claims. Thus, other types of laser devices may be

used, and when the sizé determination as an additional aid for identifying

aerosol particles as being of biological origin is not deemed necessary, it is

not necessary to use a two-color laser device. Also, instead of a fluorescence

10  detector 16 with diffraction grating and CCD image recorder, any other

known type may be used; diffraction grating and CCD image recorder may

be replaced by, for instance, a "gated PMT" with band-pass filters. The spot

dimensions are given only by way of example; they may of course be chosen

differently, just like the other parameters mentioned in the specification.

15 Because light is scattered, or emitted, by the aerosols to all sides, several

detectors may be provided. Strictly speaking, it is not absolutely necessary

to use the detectors 13 and 14. Sufficient is the fluorescence detector for

recognizing an aerosol particle as being of biological origin and for

triggering the Excimer laser. The reliability of such an embodiment,

20 however, will be insufficient in actual practice.
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in wh1ch in an ATOFMS (aerosol time-of-flight mass spectrometer) the
bioaerosol particles in a particle stream are selected by means of
fluorescence techniques and only the selected bioaerosol particles are
5 ionized, after which successively the resulting ions are detected and th¢

bioaerosol particles are identified.
2. A method according to claim 1, characterized in that the selection of
bioaerosol particles takes place by means of laser radiation, generated by a
first laser device, of a wavelength which in specific substances in bioaerosol

10  particles effects a fluorescence, after which by means of a fluorescence
detector the bioaerosol particles are selected and a second laser device is
triggered to emit light of a wavelength which effects the ionization of the
bioaerosol particles selected only by the fluorescence detector.
3. A method according to claim 1 or 2, characterized in that during or

15  immediately before drawing into the ATOFMS the aerosol particles are
provided with a matrix by evaporation/condensation or
sublimation/condensation, after which the selected bioaerosol particles are
ionized on the basis of MALDI (matrix-assisted laser desorption/ionization),
after which successively the ions are detected and the bioaerosol particles

20  are identified.
4. A device for use of the method according to any one of the preceding
claims, utiliziﬁg an ATOFMS, characterized in that a first laser device is '
provided for emitting light of a wavelength which in specific substances in
bioaerosols effects a fluorescence, and an associated fluorescence detector

25  for detecting the fluorescence radiation, as well as a second 1aser device,
triggered by this detector, for emitting light of a wavelength which effects

the ionization of the bioaerosols selected by the fluorescence detector.
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7. A device according to any one of claims 4-6, characterized in that the

second laser device is an Excimer laser device, operative at a wavelength of
308 nm.
10



