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Bioaerosol remote detection device: research progress

FANG Le-tian, LIU Wen-bin, DING Yi-bo, CAO Guang-wen™*

Department of Epidemiology, Naval Medical University (Second Military Medical University); Shanghai Key Laboratory of Medical Bioprotection;
Key Laboratory of Biological Defense, Ministry of Education, Shanghai 200433, China

Abstract  Bioaerosol is one of the most important ways for the rapid spread of emergent infectious diseases and a common
route of bioweapon attack. Bioaerosol has become a key subject in biosafety defense because of its fast diffusion speed and
difficulty in biocontamination and composition identification. It is an effective means to improve the defense against
bioaerosol by developing a remote detection device based on laser-induced fluorescence light detection and ranging. This
review summarizes the basic principle, types of central techniques, advances and application of this field. We aim to clarify
the current status of this field and provide a reference for investigators of biosafety equipment in the military and civilian
fields.
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VR (bioaerosol) BRI LW i ki T+ (primary biological aerosol particle, PBAP) /&
PURLEARTE 100 pm P BVFE RSP RIEYYIGR . £ BRIEE A, AW S0 I nT DLV R A= 4 4% 36 A
ZREA, 2 5 RKRABEKFAKSCIER D, MAE NSRS, AR IR A g g E 8w, A
W, BN SRR, BUE, R DERREM R, Ak, i ORI A BRI IR AT ) SRR K
g v, R ER 70 N &R A IR AR 1R I PR E R, 0 M R MR Z% S 1E (severe acute
respiratory syndrome, SARS) . HZRFEIGZEAME (Middle East respiratory syndrome, MERS) Fl7 %
e e (corona virus disease 2019, COVID-19) Z5B41, [xbz 4h, W T 3B HOE B (55 10 X
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detection) [V, A= 43 JI it th 0 245 2 38 0o A v A W 2, DA i =07 =M DA 58 b 1) AR R IR
FEL KRR, HAGSEE. R MR R e M s o I U B S I X 4% T DAXEAL . Mkt
JEAKARBR) ™ 4 3 b Bk % B 0 335 P BORE s AR M s TR OB 2EAT SN B S R . BE O
Jt HL G MO R I SRR ) R R, BT BOLTE SOtk (laser induced fluorescence light detection
and ranging, LIF-LIDAR) A 1A= 4= i i Gz F2 R 0 35 L 0 e o = 42 ik ORS00 A= o+ (1) BB 2
B WOt IR@E D M H RSB R 2 BRSO FERHR BE 5 6 sREATIE Y s ERE, 3R
BERXESERISHEE, SESHEAMEEARNE S, R P, 55 ae &S0 s .
ARSCHAZAIB AR TR FoR A Sk R BT R SRR ISR, DU () B2 ATk 1 R R B
B, ATRE ZE R AR SR AR R &R TARE fE b 4 .

1 EMSERRRT

WL A SR AR E (0.01~03 pm) . 4% (0.1~10 pm) « EEMEMMF (1~30
pm) {2k (5~100 pm) ZF061, EATTA B 2 AR G i R Ak . BRI, TR S SR Y I A
YRR . AW RS R FEE H R X R T AR, HIRE T ERHME. B
55 R TR I = R F B, RMIEE S5 5 S A SR 3T X . JetE R
AT TR KT 2 pm WAESERE, 580 SR 2 S8 W %% %< o't YRl b e 4 E T BB 2 ] 5 B b 1
PR IRTFHEY B, TEf e YIS R T B A — e ek . 280, (6 S ikt
AR SR R R E DA B R, JEEAE S HBLONER, ORI AR R .
79 (A0 ELISA IR G i EATIE) Moy FAMS 77 (IR AT H AR . PCR AR R 5
A RS A N R BT AS I GE S8, (EAG I 2% EoR e s, MECARIK P ANRE N AR K
() PR )

A )R PR T AR AR DN A A T 2 e U A ) ik A A B 1) 5 R, B ORI S AR A AR O,
XoF GG HEAT 20 A AT 20 R 7 R AR D M R RURDRL T AR . M SN0 BRI AR M SV IR R TR, KT
WL IEEDS SoRERMAS (4 10%s) , WEASS F AR, @R %% JE5mE 5 fE &
RN TR BPES, WMESD FINE —WAEE St MERAKIRSREFREOL T 1 F] So & Hi KGRI
PR . 56 I B AT LU B & B K Cexcitation wavelength, Aex) « & &F 3 K Cemission
wavelength, tem) FlET 72 (quantum yield) SRHEIR . VPRI & H 580 2 3 A 1) 5 e 2k A
M, WMEER (WEER. MEER. KRER) « WBHGRES TR, iR, fER. 44
.OME CRIRS (R D B @I YO e v AR BT 42K, AR RS R T B RO 61 A
HPT & 9B B9 e vtk S mimn e, HEKIEE FEEAE 280~800 nm; AEAEMTIB RN FREZRE
AAEB A P, — LRI R AR . S IRANVRIE R 2305 R AT DUk e
I, AHE T REE LAY 2, R a] DLZRE . AR IR AR AR F AR m LSBT Ah i
PR BRI SRR .

1 — B R T  1)IUK - R ST S

Tab 1 Excitation-emission wavelengths of some typical fluorophores!®]

Fluorophore Aex/M Aem/NIM Characteristics

Tryptophan 280-295 340-353 Responsible for approximately 90% of proteins signal

Tyrosine 275-280 300-304 Responsible for approximately 10% of proteins signal

NADH 290-295, 340-366 440-470 Major contribution to fluorescence of metabolizing cells

Riboflavin 280, 380, 450-488 520-560 Strong fluorescence

DPA 278, 300-360 400-440 Accumulated in spores as important bacterial propagation vector in atmosphere

Cellulose 250-350 410-460 Main contributor to cell wall fluorescence; weakly fluorescent compared to other fluorophores
Chitin 335 413 Referred to as main fluorophores in fungal spore cell walls

hex : Excitation wavelength; A, : Emission wavelength; NADH: Nicotinamide adenine dinucleotide; DPA: Dipicolinic acid.
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FSC ) ARG DU B A S S R AR A e M W PR B R etk , o TR ERAR R . H AT L SR A
% 2N Hairston ZE[OVJF 5 (1) 5 4h 2k =5 S, 8h 1 %Ki £ 4 Cultraviolet aerodynamic particle sizer, UV-
APS) FR R HE 18 K 2 F R B8 I 25 A A R IO 1R 4% (wideband integrated bioaerosol sensor,
WIBS) D12, 78 WIBS [{3fili b, 58 E BISR A m JF R 1 — i BA w40 30 58 0l I & 5 B 19 4 i
H— itk sR B AR M) S UE A I 2E (spectral intensity bioaerosol sensor, SIBS) . [ifis 3% 6 Hi i i
HARM R, —SE YA R e BRI . N PR 23 0 G e A 38 (1) B A i B
S0 = WX E M
2.1 UV-APS

UV-APS [ Hairston S50, JEEE 1 3K 72 B (1 5K~ 298 S0 S i AR ) SO IR AR Tk, BERE RS
W& FORL T (0 28 RBh ) 22 BLARFNARAE RO L . 5 4% G AR H oK IEICH B A5 71k 7 22 RS B 64X
A AIE, UV-APS 8 e 5 i A0 H oA e T 25 00 B R Tl SR A E T 1K S S8 0 2 RS Do
UV-APS 7FSZI6 = 24 R k4T T 2 k. Agranovski Z5U3-14IF UV-APS KIS [R34% 5 F 00 15 e i me
Mo “RE T R AL B R KV, 45 SRR BA 32 103 40 F P9 A7 75 () J0R 15k e IR M ey — % PR =K T UV-APS
T 5 10 RAEE BB, 78 UV-APS K& AE B0k I e T 6 PR s AT (E H UV-APS B B4 U 210 54
FVPAL T 408 AR B HO 65 S 1R . X BRI UV-APS BIF 705 W0 %2 31 1 26 615 5 RIS A
iR . Huffman S50ME A UV-APS il & % 6 A ) S E R+ (fluorescent biological aerosol
particles, FBAP) [JiRSE, $&4E T IGMEAYIE BRI THE, X —fSTHE T8 FBAP LR+
FIIEAL B PR o ARSI o 58 e T RE 252 UV-APS Xk (<1 pm) MMl ELE R, HAS
S L BURE (1~20 pm) (R0 B 45

UV-APS TEEBE. HESEENRBEE RSN A HMH 2. EREASRFRCE BT
TR EAL GRS R I —, XAERAESRBEENEWR S, 22565
WA ISR, Bl FAFE . W EEERE. XEREY T LRSS P A S K e (e, R
Fl UV-APS 753 S B A B AT B, R ILAER e RS ikl (ARG MRERE S TS
W, EXAEEENYE A SERIKE R E R, BESREEMRERERSHRIE TN
B (8] 24920 15 mintel, 2 BfF 5 AT by A0 R 70 308 1 428 1) A% i A% 1 XU PR B9 o1 55 TS 5 e 1 i
5%,

EE NS, NS AV BRI R, & N AW I W HE O T PRl R
PIEETrEE, fE—A 75 m3 R A= TAERMET, NHERWAYSERER (25~10 um)
RN (0.940.3) H AR, PAT. KRS R R R 45 8 2 18 A W SO I 3 in 7). Bhangar
LUSTRIH UV-APS 7 1 4F P02 AR SIS RGEAT I, 45 50 BoR 20 o e E W s IR Tk
FE I H AR R Z 1 H N/, X AT RES NER . RAEESIMER RGETIRENENE
5%, W ERMIE N IS SN N, AN A I ORL T HE RO R . X N O A S ROk
FENIE BN )0 WL 2 N R85 b DL sy B 8] R RS 23 B R SRAE A W I IR W i 2 —

UV-APS 254 il &8 7 7 12 0 0 K B T AR S I ks Je P R BT . BT
W7, — TOURHE 50T A LA 4k 7T RR e A b DX A ) S e P AR SR AT ARSI, R I T TR N DR 4N R
HERREH JE . NIRRT BB m, RN 2= SRS Al B HEROR NS 1 EL3R T R R A 1) A P R
AR, X FEHHLIX 5275 Y5 M 1B B0 I DR REAE AN [RI 09T, 5 — TR 50 %t b 5t 55 46 R I
RIEYERIAT T 081, |RMIER 13 AN JE I FE MR SR BE 2R, HE RGN
FI AN B AP RL AR P 2 500, xsegdh BUF BT 5 i B X S0OBRL T3 1%, JLHRIES
RO ISR, A B TR I3 5 YL B v 5 4 R TS 5 it
2.2 WIBS

WIBS & — ol b 38 w5 i R AR R AE W SR B 18 W SUB e AR 8%, B EE UV-APS B 4%, MY
RefR tERAR(E R, vl I & U OGS SR PP BOREAS . WIBS 38 3 P4l 5 i A0 17 56 5 5F BA
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JAFA KL TR 22 PP I 8] 43 38 25T 1) 58 6 5 FE SRR AE B AR T [ R /NFITE AR, S/ b P4 it 3 AMidiE
(FL1. FL2 F1 FL3) (%6455 . WIBS 7F 280 nm #1370 nm AbFE Ak 2 AN IELL LAk, 4 il
RAAOEIR (280 nm) AL I HRIE M — %47 B2 (370 nm) A& RIS K . 29256 = IR 1 461 K,
WIBS 1] DL X 0 A W R AE A < e . Healy 2512805 15 Ffeds . 81 S4Bk (R AR 3EAT T
2 000 Z R EASRLF &, RILAT DU I 58 06 A W A0 TRORL - I AR AIE X 3 4 27 JURE 5 46 4 A 35 B 78
T, M E RSO E I = 4E B SR RSH &, o AR s oR . WIBS-4 3R 4T 2B 90 i 1) - 1
T4 . Toprak ZFR2ARFFLKIL, @IE 2 ANROGIEIE A A T LA 0 X 0 A5 e s e, sl
FL1 A1 FL3 s#IEMI4 G, 7T LARE 5 Mg i 25 4 i B R 4 B f TR &4 . Hernandez 512311
WIBS-4A JL 5T 50 Z e WAMSRER (E. EEMER) FEARK K/, AR AL 58 K
SEeRSE, W R TR A SR AR

WIBS 7 iy 4R Ll X A = FE S RS L i) BA AR =0 Foxt KA 58 5 A0 R o ik T 4%
TEBAERHER26, GhAL, FEFIH WIBS £E KL X S T AR RS AT ML &, nT DA R
FBl. ARA&EEMNRERGEE, HFHREAAFEMEEAME . A BS54 < i 22 7 27281,
Perring 58I F0 R B, 7F 3 [ 2 350 e 2 PR U 1) 1) 58 0l A0 i 5 SI 6 = P 5% v UL 6% ) 1) o A A T
A, ARG R TEORR S A BRSO EN T IEIR GRS SRS ML — 8, &
B A= ) T T AE T R 5 B0 5 b R R ORI IR I B B2 BB 4y o X 9 AT AS R XA < f . 36
BEAURACIRILER AL TR 2%
2.3 SIBS

SIBS {# ] 285 nm £l 370 nm XUEUR A, FEAEXRFOR Fll& 16 @ 1E PR 7 1R JEARADG
W HEe G, Bk, 5 WIBS LG, SIBS &4 r & 2 2 58 il (E BT LA s X 7 Fl R A A
WHRLMIRE ST SIBS TEV5/KACEE) . HEAE & . KHETPMAEY S ER.. TAREEZNH R TA
VrZ B FHRe-3U, Robert ZERFIFH SIBS S e JE 15t 1) AE 90 S R W R B, S A 0 2R B 1 R/ 22 R AR
K, FRAFEB LR, BEEBDN, WlEPS (11~4.7 pm) , XEWRIFERA T Z 0T 8%,
— HE N T BESTRNIEIR R8s RS 2 L5 >60%, $& 7R HE IR AE P/ e 1) 3 (g JE 52 i ]
BE A L A PR B, AN R R . X e A BRI 1) AR S R IR R /N R S T A D 3 A 4 it
FHOC I N 4 R RS PRAG St T RISEMIME B . AT ATiR, SIBS MRHATE THREFE ZHOLEEE, #
M AE 5 S EE 5 Re S sE 5, AT AT B T % 3R 858 AR 4 S B R 4T S (1 9 31 &5 43 2 0-341,
24 EBRRMENELZRER

Bl P 2 e M 2 B R SR, (HOE AR R RIE, CAVFERHE AR R AT AR s T A
WV T 5 RN 2% L 132381 ply g it S E SO BRI LB S R B 5 0 RBM-5 BRA8 Ao Il 2
A 05~10 um B . HE S5, REZIAF] 50 B A F+725< (agent containing particles per
liter of air, ACPLA) Chttp://www.nialt.com/product/69.html) . 4% G BRI A IR A & JF K& 1)
RBM-E1 B EY SR I MASCE A 1A 405 nm B GiEIE S 2 AN 5ObiBiEm i <Eke, B4 6 M
BiEE, REFBER 0.5~25 um WSk FERAYR T8, 124008 O 7F it S JEs MY
47 v Chttp://lwww.lasensor.com/htm1/18/2023022154.html ) . i1 o [E 46 56 K 2 Bl 22 0F 98 e 1 = F
RIEEYAEER T2 ARES W — 44 RN E BB RE £ BIO Capturer-5, %X
A OAEVF 2 B T2 A B 500 5 1 U 041 g it — 25 0 9 0l vk AR ) S T M IS v 3k
RIATVEAN, V5 2 0 LI R TER 55 AV B A M) SO B A B T R v BRI PR 42431, 2 [H A )
THEHARZ B 2TE 2022 SE AN T (OOGTE AR SV IR IR HERLYE ) 4],

25 b, AR SR B AT N DB E ALY, FARAESLHIAE ., AW eestkhE. K
A A RBATIN S8, AIxHA EAY G RTINS, 2RS4 E VTS Y =%
%

o
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3 ImERNEE

FE AR B AR 256 £ 1 A bk s R AR e AR AT BOOG, AR W R B DR A K o e A A IR
MR SCHE . POt WO T ik 0 P2 BRI 26 Bl 2 S ko e ok 7 R FIRIE R 5 5
I FH A 3 P AR N 2 e 0045 5 T i B0z B g BRI AN I, PR A4S S B R ER ) (Rayleigh) HUH . K
K (Mie) Bt 8 (Raman) B F19E L 2145, J7e R % 00 26 L A v A DU 4 5 32 R 85 . S5
Wa YA 2, 5% () AT R R B0 R 08 08 B B K BTk, 0 T A A 3R B AR SR AT DAL S 3 4R
3.1 EXRESHE

AR B AR R 36 B 7y R SRR . OSSR S A B AR (18 1) o RSB ARSI
MRS 2%, T Ko A&OX 2] B AR S IR AR Bl B s . oA, bl
53 % (photo multiplier tube, PMT) . Sl A A 58 & i & Jo 4+ Cintensified charge coupled
device, ICCD) % [HA A5G (multi-anode photo multiplier tube, MAPMT) %5, 1157 ili4EFF
REEHGDOL, WHUNGHAT 2 R 5180 55 BB A RER A, FEATTHRBOLK
SFy A TR, SR WEAAEME, JFEEAT BE b BN b A . AR B0 R SR R 4 H
A 2 T KA ZE S AR RGR) S AR, TR0 . B GRS S A P A AR R IR,
F EOF R B WA R AR LB R, R 2 e 3 T L3N 42 Bl 2 ¥t b

B 1 AW UE T RE R DN AR S 4 i T

Fig 1 Schematic diagram of bioaerosol stand-off detection system

M: Mirror; OSC: Oscilloscope; PMT: Photo multiplier tube; BS: Beam splitter; ICCD: Intensified charge coupled device; MAPMT: Multi-
anode photo multiplier tube.

32 HEEFXEAREBR

H 20 42 90 AEAR LISk, £ nER. M. Fdt . JEEL RS B E X E P IR E T A
R RG34, s Y SR B IR, X R AT IS ot

H 2 [ [ B 3 % B B A AR aE FE R M &R 48 (Joint Biological Stand-off Detection System,
JBSDS) AJ LA 7E fi F M AL W) U I = B R I Tl 146-47), JBSDS i} 355 nm BWOGEUK AE IR
H 58 6 FEAE T 1047 nm ZLAMBOGEEAT I A0 RS . P B0925 B AR B/ 5 ey R0 20 90 3 1k S 11
KN, AT LU AR5 50 3 BB O 2B S I . R GF I ZLAM6IE TR 5 km SNSRI =
A, JEREFIH 2 6HEn 3 km AN = B NI . SN, R R R S L 2
FH i %6 2R 40 14 5 T el
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& K Ak w61 2 B R SR R4 (Stand-off Integrated Bioaerosol Active Hyperspectral
Detection, SINBAHD) #H-#37T 2000 4 12 H, BEANHEBERG (BRSNS B, BT
FARH RS FERRAAE—A 12 m KISeER L 4 4, SINBAHD i A ik BE 21 351 nm #OL 15
S, EHAER 30 cm 41 B B IR RSO, BOBIE AN ICCD RAESIA K 370~600 nm
W, N 4.8 nm. SINBAHD feXf 1.4 km Ah A 5 25 A BRI IRK O IR T A IR 4T R 47 X 731501,
IR, SINBAHD W XPHAFT I« b E ZE AT I I & 1 55 LA S 28 A= Wy a4t g Ane = 4
Wit 47 X 50149, BioSense % 4i & SINBAHD ¥ 74, BioSense i F £ 4MAGHOL T X 47 B IR = H
R, A8 R AN I 5 98 e R iE AT RIE I 42 25 . BioSense A1 1.5 um £L4MRI 355 nm 5 4MME
JEK2S DU T A SR 3 AR 35 ) 6 30 22 35 /0 — K 22 ), BioSense X <7 i 1A 2 e R I B B8 1 (4 R A
43 7 T LA E] 0.5 km AT 1.4 kmBY. BioSense RIHEAT AN MM, %F AR 1 8 X S EAT 4040
i, RN B 2 B ok S8 AR ER PRI, IS ER B I e B i T A — AR 3 2h 32K, SR A6k
B PR 5 U fi R R R s A S . Utk Ah, BioSense R AR WAV IR T IS BT
Hitrbeid, D Rtk

U85 1] 875 BF 98 LA I 2 0 T 0k R i 355 nm SO IOR Bk, OGRS LL 10 Hz Rk EE
Rigtr, BkPREREIA 150 md, Bk KN 5 ns, HUS L EAN 250 mm {41 E B IR . R
G R LN 7 nm, S RETE R 340 nm ] 680 nm52-%3], KRGt ik, 0T 294 nm A
I, XF 7 FASFEAEHI T HTR A, 7 294 nm R OE R, BETE U X M AT 43 2K 054,

Bty B[ B B 9 S5 R B R SR 3 MRS RO TR ik, o 1 AR 157 pom B S 1 #5554 DU R0
EM BB, 5 2 AR 355 nm EAMBOL 5 9% O ik AT VA AT I AN 4 28081, R 1% R R
X 2= d5f P 2 P FR A i 0 AR ) RS SO IR AT IR, 45 AR IAAE 2~3 km Ak n] s A B R 1)
BRI 1 000 WUkL/IFH B SIARE = B, FE 1 km Ak R 58 4R I A < v e 1.

FEEBE T MANBOGEOEEIE, ZRAZAHBHEEARA (NAQYAG) HOGARMLR 1 064
nm £1 4 3 S 1) B SRAS I AN 246 = B, R Nd:YAG #0287 2E 40 md RERE [ 9 ns fikpF i) 266 nm
BWOGHEOR D6, R 10 AN @ U EE 300~500 nm f75¢ G061, i I E T LAIAS 2 km BLAMR S
B WOt IAESEE AN Dugway K577 A%, vPAN @ S ARGe ), RH T X
R 1Al AL BOR AT ISR, AT RLIX 43 AR ) B AR AR ) S IR 15T,

2 W KA AR T —FiR 3 2 WK A ROEOG A, B TR RS A WL G
PIBT, ZERM AL 1 064 nm FEABOEE BAT IR ERER 2 ], = ORI D8 UK R ST e s
9, U RS 280~580 nm JEHEVE A I OGEUE, g HEREAET 1~10 nm. SRPERL
S I8 TE H RIS [ D 30 km,  SOGIRTE FARIITEFE A 4 kme ZBOGER R 2RENSE E, JFHAAM
SLIIHRE R G, EFEHAIARE] 20 min, AT HE— R ERAE 50 AT 5 ) 571,

3.3 HARFEFE

S RO 5 9 G I R A I B AR R SIS SRR o A T A A A BRI G ) R L PR
MR, IR AR 568 7. NS AR RS OGS 1 S BOR A S 28, A2 TR E
R RN

WO T AT R Gt 5= BLHE G (19 170 82— PRI R SR, 32 i 129 e A TR A A AH B fr e
BRI 1/100 000~1/1 000, 5 ZEH FH B8 my Dh 28 (1 e . B R 5000 o' H AR DU 2% A B8 A 38 ) kL 715
SWERS . FHik, JFRET ICCD Al MAPMT (A& RS mtkre o E W H . ks, Sl
PEES LM TR A 50O WO B IR S5 &, AT LA SE IR A B R AR

F1 R K BH 5 5% 6 14D 8 270 52 A5 2 ' R0 IR 3 1 2 ' TR S TR I 1) i R, v KBRS A R PMIT
HMe UL AR o N 1 X — ia) 8 n] L% & AR FH IS [R] [ 745 1ICCDB8-%%1, Shoshanim #1 Baratz¥1JF
RITRI R G HT 266 nm I € S0 B AN IR 8 1 OB A7 %08, OB H A T DLE A ORI FR N &
WE R P AR, EEERRK S, 7558 KRB 6 78 2 12614 F AT BRI ] 2.5 km &b fy4E
YR =
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16 TE B 1) AR I K ke ot BE B PRI R S R AR BRI A L WEARR B, RO BRI K
(248~294 nm) SHEK MWK (W 355 nm) AH LG5 6 ' 1 B SR 0000, TR A 1R I K BB K I K
HRGAERSF R GRRliFesgnn , BUTIFmE CRNTEELEEZ R fla, 7EEa = Hist
Jile R PEE NS ALY IR « A% BB SRS VR AH MR IR DA, RIS B I BT A I EOR AR SR A 248~
295 nm A1 310~450 nml®L; 17 K 25 il A= W00 A7 M e frig JBR M 8 AR HF IR, L UBORRT R SR A 9 il
340~370 nm Fl 440~470 nmi®l, [k, 7E 340~370 nm 1 248~295 nm & I K N A W05 e
o A LASRAGIX 4397 75 5 40 1 A0 B0 T PR 6 R A
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