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Rapid trace microbia detection system
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Abstract: For the higher time consumption, complex constructs and lower detecting accuracy of
microbia detection, this research presents a fast, simple microbial detection system with a low
detection limit. Combining fluorescence marker, filter membrane, laser scanning and fluorescence
imaging technologies, a rapid scanning system for the trace microbia detection was designed. On the
basis of the scanning lens with a large field of view,a large depth of field, and a longer focal length,
the fast detection for a microbial sample was implemented by combined with a 2D scanning
galvanometer. Basic principles of the detection system were described and the optical system was
designed and optimized. The collected signals were analyzed, and the performance of the detection
system was demonstrated and tested. Experimental results show the detection system accurately
detects microbial samples ranged from 10 cfu/mL to 2.5X10° cfu/mL in 10 min, and the detection
limit is 10 cfu/mL. The system meets the demands of real-time detection of medical high-purity water
and other sensitive detection situations.

Key words: laser scanning;microbia detection; trace detection; optical system design; fluorescence imaging

r#s B #3:2015-07-02; 48T H#9:2015-09-08.
E4TH EE - H#A W EKL T BT E (No. AWS11Z005-4): E & FH # & K & W % By 5 H (No.
20127X10004801)



3062 e KE TR

5 23 &

1 3 7

Wil 5 4k 2 R B A e L Tlk A 7= L ol 24 71 K
B o 24 it WA 000 5 G 88 ek i SIC BN 20 TR ) PR S
s AL o AT PR IE Tk A= 7 Fe P o A A A T i, 24
NI & = T

2T A B A A =X DA A% G 1 - A B
S B T X 1 3 G E. TS I [ Ny S = N L
THEC T EOE B L RT EEE  SAAR (H R AT
Y1 TR H5 % L R RS L B (R R 48 ~T72 h, ANEE
WA P SRR, A, A e
WA R R 450 20 IR VB SR A A KR
b e e e Al I < N S NS L Ry (U NI
FRUHPIRAES S EOT RS RN . BRI
BoESex Hbrdy s i AT e b B S L B T 0O
U v AT L, BB ORI 37 T B SR E
7% RS I B ) A X S 0N L A AR B
(1) B A 7 O — U T BE LI 11 DX 3 35 /0N 5 e 4F
N T HAE BB 3% 7, BAG S 6 47 12 AR 2 A1
PE B B AN L AT AR R
2565 IARAL R 19 S A W R T B R A B T P
Ji& it =S R N 32 T AE S B RE 8 s Il LA L PP
TRFEET R By ) T, it =X At AR 3 e 0 A e ' A
D IAT 7 2 5L BN I A W R AR TR 2 S B0 R
NSNS K a7 BB O 2 N I S (E = w11 O}
AR 1) A DU 440 TR & HE 107 ~10° cfu/mL (cfu/mL
JyEF mL K H RS A AR B0 L A RERG B E A
e FBE AR T 107 efu/mL A9 IR 2 CHR ARG I /K 3% W
B mL 41 BRI T 100 M REg Y,

AP TIREMAEYIEEN RS, LR
250 308 2o FCFL U8 RS Aok 8 R AT AR W AR L 9O YL Rt
Fric, SEEL H AR B bR o GG o, BRI FH K5
TR VK 24 3 41 72 G0 % D8 R R A7 228 A R D
TS BT B 40 BT 1) i 37 AR R, IR iR B T
IR R I ) R

2 R OH

FH 76 20 B 1 48 1 5T K A A AR AR
T A% WA B4 B 43 G343 S RNA [R] Asf 440 7 A i A%
Y, DNA b T4 M b AR S T — A IXChE,
PEEL SYTO9 %t 4e kL 5 41 i DNA A1 RNA %5
G MR YRS 41 N DNA fil RNA 456
Ja » HA N RO RAE VOGRS T AH XK 45

FIPOLRRRE RS m . M SYTO9 4
TS A T B A R AT G 0 e RN A2 AR R R
LSRR ER AN N A

KR WL R K 1~ 6 pm, FEE N
0.3~0.9 g, A SCARE IR 357 22 06 b4 J5 9 T 3T
I DOCME T TP/ AFE KR I millipore fLAR
N 0.4 pm. BN 13 mm 1 5 Bk B2 R 22 0 L
e S A U R R (R N i - R
AN T A TR L SE B AN S R
SrEgE o ABACAL U R R B A — g Y MDRE B2 7E
JeE RGBT A AR G0 3E 2 U R AT A A
YA BB SR/ S ) GG I DRt 5
LA P A Y 5 8 0 B A S BLUR SR A . AE
WOCHAT QR B A & 1 9O E S 2O 5
L R G R RO AR A R AR I AL BT AR
i s A AR B DL R P AR Ak B R 2
TR X £ BT A9 BB AG T K

3 AFAR%KERT

WE 1R IR & A W P s R D R g
MOt E E Y ORE o E s RS
5 UEOG B B B AL OB R I A A
o, S AR B RN A O A R R S S
O 4R sh AR AL 1 4 s S AR AL 2
T B4 % Ba A Je R S A AR B0 . B
AR R I A S E Y G #E AL, LR
JGERH TIH B FER R M %ot 2, 3 SOt Rl iy R
R, BOCRSWE PR &IOS .l 50
B 45°WCE 1Y 43 5 R RN S B 4T R R
H L A B G I 476 nm L A BE 20 nm
He G XK S 530 nm, A SE N 20 nm [y
DG S, XY il AR B 45 AR 45 IR B e 4 B
D 28 Z YR 4R B SR FF R A O R AR B B
FEASUE RS b SRR, 08 R T Y B L €5 A R AR 32
PN e 920, 5 i 1 A 3 5 s iU A0k
W ZHERE R E S ASOLES AR a5
JEES ., OB ERE PO K N532 nm, W R
i 40 nm WA E UG A, DL BR BUR O s R4 5
Bife TE LA AL AL 3R A R ] S A AL g — 2B T BR
i3 Sk R S A 20 . AR LA LS T DO R
D' A% 3848, T o0 A5 1 A 1Y B0 IX B B AR
9 8 mm, T LUKROG R AR IS 4 B T A5 15 mm
IbEBOCHR B BEAAYA N 5 mm, JGH ARG EE
S AWK« 18 3 B SR AR R R A o B FE A



511 RKRE,F IRy AT R 5 3063

PG TR BT E 2 R E AT BN SR, O R E SRS BT (400~
(FRCRcZ/ (FE 700 nm A UL B i 0 AR AE 95 %0 B b ATE
HEN S5 mm, A EKBEN 39 mm, # G H
10. 3 mmX10. 3 mm,

AL HREFOCRFEE 1/e ENRGER 5

B T erm VTSGR 1/ A B AR T W
P n*fjﬂ FAFICNED . T HOL A ST HOCR R %
¢ = L v HLBEEE KL 30 pm 2 A7 TR 7 O BE KD

476532 0m 532 gy | M7 10 pmZi Ay s IARGESEHED R A r=1. 2221/ D,

jfai;ﬁauf }H}Jw W;;: AHHOEH LB 476 nm, £ RIS m,

- x +—— o S BER LS - 5 J A7 B8 AR

JUSB% geqle DAE 5 mm e A7 (HSERRHOE R AR

- ke FHL. 67 mm e A7, T EEAT AL 050
1R UL R 58 A ALY K 3 A% ITAEEHEA/N I 10 pm 22

Fig.1 Schematic of rapid trace microbia detection system A5, 7E Zemax P Xt B B 10 B T 0k 4T R 4040
3.1 SRS B, L A 97 R 8L (Point Spread Function, PSF) H1

MR RSk SRR B s OBEMRE R At 2 proR, o B ()
PR, Bk B B Bl AL AR L F g 9 38,88 mm JEAR AT 0. 12 mm (9 PSF 4, 14 (b)
AR/, W W B MY 5 3% R 600 pm X 4 38.9 mm. JEAE A 0.1 mm 9 PSF &L, E (o) N
600 pmZEfT MR DA LMK, sty 39. 1 mm BEAE A 0.1 mm 1Y PSF LB (D h
FEAR Y A Sh AL 3 R . s Bk R . KR 39, 11 mm AR AT 0. 11 mm ) PSF [, 3@ i fiy
TR /INEU(E AL AR 1 4904 35 0 8 IS 2 AT K93 A HAMHT RGFEN 0. 23 mm Aifq,

1.0} 1 1L.OF
0.9+ 1 0.9
0.8F 1 0.8
=07} 1 207
Z 0.6F 1 2 0.6
2 05} 1 205t
04 1 = 04t
0.3+ 1 0.3
0.2F 1 0.2F
0.1F L J 0.1k
0.0L—— : : : : : : : . ] 0.0 . . : : : - . . :
-81.55 0.0 81.55 -81.66 0.0 81.66
Position/pm Position/um
(a)38.88 mm (b)38.9mm
1o s : . . : : . 1 Lof g T T T . . T
0.9+ 1 0.9}
0.8+ 1 0.8}
=07 1 =07
'z 0.6F 1 'z 06}
2 0.5+ A 4 2 05
= 04} 1 =04l
0.3+ - 03F
0.2} - 0.2t
0.1+ J 1 o1}
0.0L—— - : : - - : : - L 00 - : - - - : - - -
—-81.55 0.0 81.55 -81.66 0.0 81.06
Position/pm Position/um
(¢)39.1 mm (d)39.11 mm

[l 2 R X o) oS- 1 S AR R [ BE 2 1 PSF &
Fig. 2 PSFs at different positions



3064 ﬁiﬁi

X

B
H

N

T 523 %

W Zemax P H AT BB B0 SOR K
0.23 mm, 7E 6% R S8 BT 58 R HE AT 2 G0 1) 5
PRl i . H 3M A FE A HL DLC300 SR 4 5
EUE, AT se BRI . W& P 2L0. 03 mmh 2 K
FAECBE MG, LI SR 0. 21 mm 24T, R AR
A PR CBE R I 3 Fros . Hod 58 2 756 4
i V5% oA XoF 9 SV T8 A7 5 1 AR LM o A% e 375 A
52 4755 2 W AT B A TR EECEE B RS X o - T
0. 12 mm, A 5t F [, & 08 EZAHEE 0. 03 mm;
554 AT A5 1 e P T B B R B B S AR X &
0. 09 mm, AT 5O F T, 32 5% - 1 AT 5ROF T S
XoF Y- THT A B 225 0 i) B Oy 7 5 R B ROl s IR R
SR B RN SR BE 2 R SEUR . OGEE S B X
YA S T 37 17 2 5P T R T T T 2 T AR RO A
TR YR BCBRE R HOCR R B AR

3.2 HEFLE

Tob AL B TH I 474 0B B A Jm 3R T G
A R HOL 2 BOLAE 0B BT PEBE, WA 4 Ca)
JIe 7R A BOG 2 MR I & R T, 8 T A
i 2 BOGAE 5 8 S 2% OGS 2E AL B 7R
IR PEAE 5, 2w R R, B T IR R
LU BB ARE BRI 39 mm, B K
#4920 mm, A 70 mm BB, BT UOL
AR AL TS L OERERN 10 pm,
ZEWOCT K BT AR 223 Bl R 5 BB M 20 pm
ZE A G BT L I ALAR R/ 0. 03 mm f3E
Fafl. WCEILESLR BT L E s UL RS
TE %0 3 BT FUIR BRI A BB BR T T HLE = . i
KA BB S AF T WA 4 (D) P, Kb 2 oW
BFHE.

P 3 SRR B0 B IR 45 B 007 B A9 728 PE 1 L

Fig. 3 Variation of spots with positions



%114

R R A IR A P R AG T R 3065

() R mILFEFL

(a) Without confocal aperture

10.02

10.015

10.01

0.005

(b fim A FL 1L
(b)With confocal aperture

B4 LB FLATIS H 2 R0 7 55 5
Fig. 4

Background signals received before and after

adding cofocal apertures
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Fig. 5 Schematic of scanning process
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