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Research on Detection Technology of Bio-Aerosols with Tryptophan
Intrinsic Fluorescence Measurement
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(‘ Shanghai Institute of Optics and Fine Mechanics , Chinese Academy of Sciences, Shanghai 201800, China)
* Graduate University of Chinese Academy of Sciences ., Beijing 100049, China

Abstract Bio-aerosols are closely related to environment quality and human health. Aerosol detection technology
with optical measurement method, which is rapid, nondestructive and sensitive, becomes to the mainstream of
research. So far, there is no national standard about the evaluation and calibration method to the detection system.
Based on the measurement of intrinsic fluorescence, a set of bio-aerosol detection equipment including virus aerosols
is developed, with which a method of calibration is proposed using tryptophan as the target. The experimental results
show a good linear response between the detection equipment to tryptophan aerosol with an excellent correlation
(R*>0.99), the sensitivity of 4000 L™ '. The research demonstrates the reliability of the bio-aerosol fluorescence
detection by measuring the content of tryptophan. Further more. the feasibility of prejudgment to the species of bio-
aerosol particles with the multi-channel fluorescence detection technology is discussed.
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Fig. 1 Emission spectra of some organic molecules

excited by UV laser of 266 nm
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Table 1 Absorption peaks and emission peaks of

some organic molecules

0 : Wavelength of Wavelength
rlganlc< absorption of emission
motecules peak /nm peak /nm
Tyrosine 275 300
Tryptophan 295 353
NADH 380 460
Riboflavin 260, 350, 450 525
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Fig. 2 Optical layout of UV light induced fluorescence detection unit
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Fig. 3 Emission spectrum of UVTOP280 (a) and stray light spectrum of fluorescence measured (b)
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laser of wavelength 280 nm

3 AniE T IEMEA

Sk B XA 4 9 B AV ISR PN 1 A R i 1Y)
RGN o X AF ] P 3 JE G 0 4 B R A T R R A AR
SCR R IE AR 2 T — &b
D51 FE A bR UE D G IR A I 45 SR AT — b
Wit
3.1 MRERS

PRAERGEANE 6 FT7R , AT IR K A2 V& PR
A S5 s R T 2 2 . AR I R A A T S
A bR E Y R I R RS B A R e
O/

channel
Vi

aerosol-particle
collection unit

nitrogen

aerosol generator

buffer

fluorescence

particle counter : :
detection unit

K6 HrE R LR E A

Fig. 6 Schematic of calibration system

A S ARG DN 2 P Y R ROk e R LT
R AR o el 45 S B XS RLAR O 0.5 pm DA B KL
DN S S e U T AR RN L S DR A R R
ERRLTRER L. fEbrE RGP T2kt
fRRL Bl X R 0.5 pm LA BB SRR
L EAT 55 LA S I 0 A R B
3.2 REBRBHIHF

R FH A & A AR Venturd 5800 44 12 i 1)

R TR W5 AL LUR TS e 1 SR IR . (8 2R
JE S i A P 0 9 VR R 5 YR R < AE 100 mL 4f
KA 500 mg 8 5 B By A I 58 40 1R G, BT
W R 5 mg/mL, A 6 C R IREE % B IR FE .

) B I ) 78 8 ) 5 1 VA IR, VR Bl
FHRAETI WM B . T WEAFEWEES
Vi IS AL AR 43 AT 1 O« T 1A 8 AR AU L AR B
) SV S e BE 414 R 0.3.0.5.,0.7,1.0,2.0 pumbJ

0512009-4



Yo

T @R PRAL 5 0B 1Y 2 ) O IS I 45 AR 5

kAR TR, K 2 R INARAY 3 A IR BRL T B
A . LL 0.3 pm DA EREAR KL 5 8O0 1 — AL (E XS
Kol A5 AT AR B A5 3 T A [R) R A DX T8] AL 1 Ky
Fel. eh 2R rb ol A (0 SR U RO 1ok A 2 AR
HAE 1 pm S LU IXTRL N HAE A TR 25 15 T 45 R4
TN R A '@ 1= D I R S A e Q5 R 1B N N

BIAEAN [ T 26 AF T 6 4 BIDRE 1R AR Al 19 4% Fil
RLAR A (0 28 R U IR T~ R BE 0 A AR T . TR
SR FH 2% R AR A 10 R 1 BB i) L3RR R MORL 1 ik
BN T uht g B BT U BDRLAR R R T s
AT BRI AR BE N 0.5 pm,

2 AR BB T E AR X LE

Table 2 Particle distribution of tryptophan aerosols

Particle Group 1

Group 2 Group 3

diameter /pm Concentration /L ' Percentage /%

Concentration /1!

Percentage /%  Concentration /I.”"  Percentage /%

0.3 75920 1 99085 1 20548 1
0.5 51245 0. 60 67786 0.68 13320 0. 64
0.7 13926 0.18 18251 0.18 3345 0.16
1.0 1125 0.01 1507 0.02 277 0.01
2.0 0 0 0 0 0 0
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Fig. 7 Detection results of tryptophan aerosol excited

by laser of wavelength 290 nm and 365 nm respectively
Brpar LA . (B2 BRTE 365 nm KR DG
AP MAE 280 nm KB GT AT LUK
5 RL TR AR e B 50 . HAUGS R LA AH G
ZAHON 0,995, S5 R A SCHTOF ) A9 2R U
IS G 0 2 T %ok PR R I R e 1 A e %
Ao WBEDOL s R BUE Ry 0.1V, U 4

] Y A A IR G D 2 X TR I T A A SR

W2k 4000 L1,
R T A B R Y SO X E T
AN TR B [E) A TR — V3 MR AT T = IR E R M, W
YRS I R) [T PR 24 48 h, AR ) &5 SR 1l 8 s
AL S 90 IR 5 R0 W 5 14 L (i B s i) i) A8
b 52 BT T B A R T IR B ek
KR LR PR R 04 B J2 0. 995.0. 996 Fil 0. 990,
T3 Ab s R R GEHEAT AR W R T I 1 AR ok
RO REAR AT B PR Sy 3 43 €5, 22 1R B 6 () 170 4 A o %
FAEY TR AR RS
1.6

= first time
« second time
a third time

121
081

0.4

Flourescence voltage /V

A
10000 20000 30000
Particle concentration /L

0 40000
[ 8 AN [ TC I ) ) €0, 0 R AUV I AE 280 nmL i K
BOROETT B A 45
Fig. 8 Detection results of tryptophan aerosol prepared

in different time excited by laser of wavelength 280 nm
3.4 XWHERHW

MR B8OO A3 2 SE it BR 5 €8 20 R 1 Sy R
IS 48 G 0 o I ) ) A T ARG T B R T B A S B
AL S0 AG I e 5 A ISR 1V B LA RAF Y
MM DR M RV A OC R B T 0. 99, FEBA
RE LT 4000 L,

0512009-5



2 i

B800 # Bk W] LAy 365 nm KR LK
i NADH f2A9 BAE 280 nm KW AL
YOI T . AETLBRE BT . R A 280 nm K
U R AT LA 4 S 43 A8 0 A A 96 995 75 78 DD T i)
YW R AT e AER 1 R Al F H . NADH
A LATE 280 nm KT A2 30" AR 5 6= R A L 3K 59
Mo, Frih, 7GR RS NADH W # [ i 47 78
B AT A HE— 25 RIS . DL — i SRk A L
25 B P EAE 43 30 55 0 s DT 43 A 19 40 S5 1 A X6
B O A Y BRI 2 AT A

4 4 e

O RNE N B IETR W — B, ) 2 AF 4 TR HE R
BAEMNAEmY I AR SR T —F DL =R R
o 78 W 1 A2 W S TR I s s 3 S8 BT R I 5 A
E RGBT, 38X A& IR 5 B800 9 ik P
Fhp o 1 b5 78 SE 56, IF 5 365 nm I K A KA
AR AR R I R A T S B A RAE T B TEBH T
ARSCHE T B O 2 R G 9L B 0 & R 28 G K I Y Al
itk

T3 A s AR I €0 2 IR 1 92 e i FE T DUAR 2 AR
KBz e & &, TR NADH 554
JRAE A5 Fp A R S B A AR AH TR, R A 280 nm
F1 365 nm K IOR O RS R I &R 4845 1 R
A 45 A W AL B S L RT DL A3 B S R ) 1
R B o 5 6 A2 WRLF B RE AR S5 S E0 A AT AT DA A
YL i AP R AT BOA S

& X M
1 Richard DeFreez. LIF bio-aerosol threat triggers: then and now
[C]l. SPIE, 2009, 7484 74840H
2 Ronald G. Pinnick, Steven C. Hill, Stanley Niles et al.. Real-
time measurement of fluorescence spectra from single airborne
biological particles [J]. Field Anal. Chem. & Technol. , 1999,
3(4-5): 221~239

3 Chunxia Feng, Lihua Huang, Jianbo Wang et al.. Theoretical
studies on bioaerosol particle size and shape measurement from
spatial scattering prof iles[J]. Chin. Opt. Lett., 2011, 9(9):
092901

4 Lan Tiange, Xiong Wei, Fang Yonghua et al.. Study on passive
detection of biological aerosol with Fourier-transform infrared
spectroscopic technique[ J]. Acta Optica Sinica, 2010, 30(6):
1656~1661
2ERAY. e AR, B S NS B AR 2 A ik R
WM A D IEL) ], 5 4k, 2010, 30(6): 1656~1661

5 Sylvie Butieau, Jean-Robort Simard, Susan Rowsell e al..
Bioaerosol standoff detection and correlation assessment with
concentration and viability point sensors [ C]. SPIE, 2010,
7838 . 78380]

6 Chang Guangin, Song Cunyi, Wang Li. Evaluation of biological
activity of psychrophilic bacteria with fluorescence spectroscopy
[J]. Acta Optica Sinica, 2010, 30(s1): s100503
WREE RAESC, VE R TV A A W T 0 66 R T A
[J]. k554, 2010, 30(s1): s100503

7 Charles A. Primmerman, Detection of biological agents [J].
Lincoln Laboratory Journal, 2000, 12(1) . 3~32

8 Yan Yan, Luo Shan. Weak light detection lead by photomuliplier
tube [J]. Laser & Optoelectronics Progress, 2000, 37 (2):
38~40
g, B SRR S S EOE W] ks ke T
F it &, 2000, 37(2): 38~40

9 Partide Technology [ OL ]. [ 2012-02-23 ]. http://www.
thermoscientific. com/particletechnology

10 Zhou Guangchao, Zhao Yongkai, Han Jie e al.. Research on
submicron particle sampler based on inertial impactor [ ] ].
Chinese J. Scientific Instrument, 2010, 31(6) . 1381~1386
JOGE, ROk, w0 A S — BB T vl S S AROK R
TREEARDIELI]. B AAFIR, 2010, 31(6): 1381~1386

11 Liang Chunlei, Huang Huijie, Zhao Yongkai et al.. Study of
miniature optical sensor for laser particle counter [ J]. Acta
Optica Sinica, 2005, 25(9) . 1260~1264
PR BB BOKHL . HORASR T B BB
I IEL)]. B F ., 2005, 25(9): 1260~1264

12 Feng Chunxia, Huang Lihua, Zhou Guangchao e al..
Computation and analysis of light scattering by monodisperse
biological aerosols [ J]. Chinese J. Lasers, 2010, 37 (10):
2592~2598
WA, EALAe . DL S5, B3 R RO BUR R T
BT, P ESE, 2010, 37(10): 2592~2598

13 Xu Pingping, Ye Weiping, Yuan Qiakuang. Size measurement of
particles vaporized in different media [ J]. Chinese J. Public
Health, 2001, 17(3): 265
VRSP, T, 2R, AR BT 25 A S R T RN B T
[J]. #EA%T A, 2001, 17(3):265

ZERE: T8

0512009-6



