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The most important key element in the bio-chemical agent detection process is to identify the
species of the agent quickly and accurately. The sensitivities and accuracies of the sensing device
are also playing a vital role. With the advance warfare agent manufacturing technology, the new
generation and mixed agents have been created. This will make the present detective devices
inadequate; therefore the more sophisticated and precise detective devices are needed. This paper
will first review some of the present in-time detection techniques and then focus on the principle and
capacities of the new generation detector —electronic nose. We also discuss the potential of
electronic nose to become the bio-chemical in-time detection method in the near future.

BRI S MEEOEE (N) B 0.1 mg-min/m’ > BN =
HEHFSEEINT 3% 10" 57 MtE2EBENAS
BE > JRg AR TR FREE > REHEE

WO RS o (LR ROR N\ JEAE A R IE
PIRFTRIERRTFER - PEERIEAVHES - (LERRERAIY
TR BEIZ - TRRE L R R ERS (EEE—
A R R A R ISR (COCL,) (G R #iR
BEmZINER) > SHEBLE (L) B 3200
mg- min/m’ > F5E I FURER S ELERT VX RS

38 FHEAE T 550 94.4

1/ B B A Y 35 R AE B AR PR Bl 1
fm o MEPR TS ED (8 P (L SR Y 21 22 (HAE
H A< B ELHH 0 (o FH VDO AP SR BB R b SR 7]
B BEEMIEN SRR RS (R
A 30%) © RESEMRAENTRERRE » JRERKR T %
B ABEE 5500 4 o Bl HERJL——F MR



H—E R I B A TE R - SERERR RN E DI ER 7
BRI FUE H AR IR AR A BN E L E R
Hes B > DIFBCF AR AEY) - (LR
IERES - JVE ] REE ORI R A T T R
WA E T H » FRILZAN » fE TR EFAL
HILER f i 8Re T2 » HOREM R ERHA Bl -
ERAR K RAES  —H5 BB KFER
K 5o [BEASEREBINEZBIEEENESA
ANEZTR - KA G BRI L2 B SRR A
SERFAL G 4 B BRI B L TR R AN
EENF RN - EEIESFIEE B
BAT BB T e i DARE (S ERY 22 3 S -

EFAAAEM 2002 4 6 HRVRBEERT
MR R AR AR ST - R BB A A7) B A
B [ERERBEZEEEUE [EREEELE K
BERF R E A S BHRES  NERRFEH
R EE A B BIRH R B R IET » 2T
HAEBEME - BEER T ER LY E e AL M
STFFH o KBTI REEC R B R MERTR
o ARAMALZERNLEY S - IR R
(chlorine) ~ fiHE&#%E (ammonium nitrate) FIFF% 4
{LZE A (petroleum products) 55 » E K B A A
HRMEETZE b REEER RIS 2 BT
fEiE AR LR - it rs e LBt
&%) (Chemical Weapon Convention, CWC) » HE
PR EAl RS e 2 E R E A B E T LEY)
g o LHERE RIS T LR - 2R
TEE R E DL ER RS L E Y B LR - BRI
FHAR &34 R R E SRR LB - 1
8 WAL ER IR REY)FR I E A 5 S - KR
BREEA R0 LR e B LK F AR (Hhnge
PR MR R TR I B R ST B AR - DUES
RE S0 15 18 57 B S5 35 U2 1T sk ok S 1) g 0 0 228 7R
% REFRADBRE -

=~ BB EEEBER R IRET

FEALERERA AR IS D - E AR A5
— R RS R LR R - T (R R
LBPE ~ R RIS RS B HE - b
BRI i TG A LUR BRI R B T ok > Rl

% A ER T e B R AR AR ARG - P
LB - AR A R E i R -
Ry B SR YRR - FMHAEER
Y pH {EDE REA R » FIZRE R LB SRR
o ghEMEREREE S EFEIEE S S EHEE
i IR A S A R E A A & A - #5
BRI - FREER LSRN - DL E
T R T 5 AR AU 15—20 438 RETE A
— Kbl - e R RHEER AN 2 - R igES
T B E Y S FHES (metal oxide
semicondutor) ~ L2 X & (electrochemical
reaction)” ~ KHEEEERT (flame photometry)® FI1{H X
EEIALT AN (Fourier transform infrared)™ {F 5
{Efgastt o 15 LI AR RE R E R B 0 2 A LB 2
AT R AR i B O RN
WHEREE] 12 78 - (HEefMMEHRHICKE
N BE LYFERaERS - KB K E
REHRLIMEGEHER A S 52 M LEYE TE
i - (LR NEEHR P B R B LR Ak en
FRTHAS PR BRI G s = B - (ERE RS (E
RE(E RIS PR - T — A LB e s mT (o
N[ B A T (e S AR A (L BB > (H R
M7= - BRI EIR AT - FEIENY - HAl
e A E B flo Al B BB E LT (lon
mobility spectrometry) ~ 7% A& I LR (surface
acoustic wave resonance) 15 E S R AE (HH 75
(laser gas detectors) » DA M E#LE =@k R 2 7
MR F— PG -

1. BB E L

BT3B RSB 3T (ion mobility spectrometry)® H]
LI — kAl R B L2 R Bl - & (T2
1EH BE T R AR Ve Bt FFRE I REAY
BB R M PR R LY TE - SRR
EBEEEEAVAE 1 EEEZHBE T (on
source) ~ Tt (gating grid) ~ B BFE (ion
drift tube) FIEEFESS (collector) TR » MR RE
B 75 St A BT UR Y - R (F RRYE SR ONi
BER Y Am) B IEEZS R R FEIEBE T (reactant
ions) * [T IHCFRF S & PR Bl RO B AR o 49 -l A
A BT — 43 [ JfE (ion-molecule reactions) > {1

FHEAE T 5580 94.4 39



- EmREAD
60
50
L . 3% ;ni
_ = 30
E@L 5 20l
I & 10
1. 0o 5 5 . 10 15 20
BT B Y AR Driftzeit/ms

RS ER L (m/z) BIELBET (sample
ions) » F& FHEIE- MR A B R T A2 A5 S
li] 7 B B BISE - ILREANEE L (miz) #Y
HEFEEEETERRIT - R/ N A BT
(mlz) NEFp 53 A 5 2 LB ER P G REm HY - R
EWEREEREA T ETEAS - HIHEHET
EBRIRITREIREE - @ELE 100 2MAFELA] 5SS
— K - E BT ~ (EREREREEMPH
S REIRF FETE 38 B E R I FE A - W
T B LB A R IRH R -

e P e e T b 25 Ay B!
TGS P 7B (radioactive ionization) > IAT{# F
“Ni B Bt > B TS R R IR R T
Ah o FHE A EA AR B WK KGR EE (flame
ionization)” ~ Z24MEIFEE (UV ionization)® 1 X ¢
B (X-ray ionization)” » T EABERE/)N ~ E&HH

E}‘é]ﬁﬁ[é (3%59) |
- +
oen T 0
+ \ ~ -
'lll ‘\-.\

BETRRS R
i /'-

/
™ JW e

Xi5HaRess (W)

(b) RIRE

2. REAERERBEHTER -

40 FHEAE T 550 94.4

H - TEAONAFEEEENES  HERCAtE
—IERRES - BRI BURERE R I PR i R e A
R E RECERE LT R EATS SR
B R IR B 1 B 3% o IR 1 =X B R i R U
(pulsed corona discharge ionization, PCD)"” jit /& #iLHI
HIBIF » EBR T AE B G R e s - ZhT LA
IS mHFRERCR - (B2 B A EAERE T &
G RN ENEERRE RS -
Bt BB E R E AT B E R B BT - BRIE
Ry BB Gk esdh - CIMEERZ I AL
WS R L & BB KRR BRI 5 R I R
I AR R F LR Al S R Ry AR B AR g e -

2. REFRHLIRS

REBRIRS " B— BB EHBE -
HEHREEE - #E8R/ HERFESIBERE
(EHIFERE - 10" glom’) - HJRH T 2R {FREEE A
Fri e B2 2 — (i X FRiRRE s (AE 2) - 728K X
TRIMARE A T R IR N AT 4% B I a5 RmERs
R R R B 2 A > W ST LAY ST R
—fERUEIR - FERERF - B — MR IIHES
8 AR I AR RIRE MR b JHERR A SR E SR
AT AS T - T3E (BB (BRI i A (R O
S8 T U T B S A A P T RS
FRAEL FHE & SN BE B AE B B S R L RAAR T R
% o EEEEREEE G AR RR 2% - I
7 g Y R R 0 R PR S M SRR IR (5507
TR O AR (S SR R E R - AU T T



EF
£eflEs

BT
CER SR

E57EIE

VB R IRSE R L O - BT E R RAIAEGL -
RIS SR NG 7702 o T A =R R
EY) (polymers) W b 44 S AEIZRIH - BI58RK
8 EEE L E IR LEERRES » ER T
HEEER IR FIDTEE R B AR SR - B
el Y ERES o B B AL R FE R E I T
6 A B i B R R L R AR R R B R 2 - BV
T Z2 7 L RAN -

1970 = 11 7 TT (R L B fn i FH 2R &I RR
KRR E AT RS - HE—REAE  BRT
HERK - HEE/NFERN  ERRN AT PSSR
iU ~ RV ERF TR O HARRCASE G ARH
PR - RIEE Ry L 2R ER A Rl A HE R = as
—EEEEMAL o RMAEW B =R LB fOR
BB ERRET » SRS RE N 2(E
FE—KOYE  MEREESSEETIRESY &
SR BRI —— K F R H—# 2R R
SRR AIRERIE » FRFEANA e R M = N 5 =
RS AR TYIETT A 7 AR S (I R R
H AL R AR L R il

3. B RBEAIE

32 AR G O Y MR R R Rl 22
FOEHRIBTTET » WRNEAHERSRER - #15
FHERIRY) > TEREs FT-IR AR IR LY
BARE » FREAEIERZ2IRE - FRFE%%
HACEYE T BES R ERE R S HEE » H AT

3.
FHAMBARZ R KL
T E -

AT EA —ffe EE 5 (tunable diode lasers, TDL) #&&r
HERR SR R BRGNS R AR AR (laser gas
detectors)"” » HIl /2 FEHHE S 5 H B — I B AGE
PR 22 FEIEL TS - 208 T AY AT R RS EE 5 ik
EIHPEEFETELIME (700—2000 nm) » [ AE 55
HE R ORI RE R BT A RLIME - FrLUE s —
TR A — IR RIS - A RS R
RS EA R RS T AR R E— % RILE
BMREEENE - A SRR EE T -
BRI EHERMAE 3 fERESEEH
ARSI T AR 2 A HE SRR AanlIRE A
FH & RS AR h i S B B R B 22545 R R 9 A SR
A A L DRI AT S S A 537
VIROTERAER R < HLANA ARG =AY R B
EEAZI (mW) fEE > FIlER—EIFE L2
TEH  (HHRAFEEEE IR - FLUREEE
FEHIR %9 1 2 2 WElRETE s — KL (] - S#EH
AR&E S m R (AR - BEBAEENRET) - Siba
FEER YRS FE FH 2 oA (B R AR BRI R 51 - o m]
[FIRFEANER a2 R E 28, - 2658
SHTYIRIERETT o FIE R St I BE 152

=~ (2B BRI R i 2 IRET

AT AT — SR — BN BT T > T
IHE AT RE SRR E T AR - 2D
U ESS ~ RLAMRRESR IR EAAE - SRR

FHEAE T 5580 94.4 41



[

)

o BERJESRTHRET NERE > BT RE
- MR RESR R AR E o R EE
7y HE W RIESRR R N EREEE o B ER
IR ESS - EEBIESRANR RS - A
FreCHI LR BRI B2 IR & R Al A N B
HIBRELE K » BRSO H—E R M r ) Eia s
MATREREUE A - RILEH R LA 2 g
BRI A5 BE ARG 75 2 43 M (s o 2R SEE A T P ik B e T
{E o ABFAMHLEA G2 WE 73t ir o a H IR
% o B HE S DR e R HEEFE
WoE - Bl R GRS N R S R ek
Reki 51 R s B TR BE A BE & P EE T IRE &
HFEE T B (e-nose) " F/E RN —TEEEE -

NEHIRE /2 E AR TR A SR
IR b Rzaffss - sk o+ (BRI i A A2 A
OER » S A A SEIRE IR - FfE—
R K ISR F B e A SRR R e =Y - T
B NFEE Iy T & A2 F Y B 2R (IR 2
AR BOHlZstl A > EEEE2EE
Bi% - FREH R S R SRR R R E
AT QNBCAEAN R A BRI 2R B T e R )
'BEHBE - (B A E ARSI E SRR
R — R IR R [FIZEE -

B S ESTIREE MRS A N E - HER
R T FifE « —RBFaRWREZEHER —H
N E RIS R PR SV R BRI 2 - IR

=

D CeT)

R /-"—_"
T 0 4 | R
t ! H
o :,_,,/'—’_:
f”m' %
= < i ;
gmm 1,’__.................»_.
L TET i'—-:_;
P S0 )

' b}
7 00 el oF
n'
). —— =
Sample draw
Lo | =]

100 200 300 400 500 600 700 8.0  90.0
Time

=z

TR ZE [ fEAT = (spatially resolved) FE & o Hf#
TERHE B E—EBEEYH eI —F e 2 L2Y)
G o W S B R R e 2 A LB S R
GBI o LI AR ER G T 2R S SRR
AL RER R Rl Rk - RS HEE IR
B30 — M R A Rt R A 47 B R R SR S
IR By R AT 20 (temporally resolved) BE & © [
A E SRR SRR S T T T 43 > T A
2] R H P e B (5 5% & v (T R SR PR R 1
TE o ABNVE IR - H AR R 2
FEIE] » HEREEEEAT » RIBE 1Y EE
HELE B RHT - TR E A PIRERIR - T
IR E 2T E T - A3 2 S B2 R M
&= ZEPIRARREER ERNER - E15
Z Bl bR AT R EAM L ERERR S » IR A] 2R e
gttt R TR I RO GH V) Rk - R AT R
R S AE R E AR AR -

4 L L RHE A ST — TR
HET&  ERERES Y EEE BRI > 5T8
T ER S LY(E S (AN (a) EFHAYEL) Hiee
JERUR? & Rk Z WS A B (A (b)) - TEIRIR
WRHE TR I R FE AU E A AR E] - R E R
WRECAELL > HEERUERE A LAREE R RIFLIAZE
PAF B 43431 (principal component analysis, PCA)
AANLAFIET - [& 5 2 FF Cyranose 320 & F &4 1T
FTE A SR AR R R ERE - E R

0.20

0.154

AR/R

0.10 4

0.05

0_W!III |.-|I|I.| II"I-.I " |IIII|II

172'3°4'5°6 7 8 910 1112131415 1617181920 2122 23042526 2728293031 32
Sensor Number

(b)

4.(a) & RAIRA Y BB )RR B 0 SRR B 1R 7] G AL > (b) HRAFE RAZRBHEE -

42 FHEAE T 550 94.4



ARR

0.18
0.16

OO0000C
coo—maa
PN T ISINEN

0.02
0.00

AR/R

014
0.12
0.10
0.08
0.06
0.04
0.02
0.00

ARR

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

ARR

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Gasoline — Training Set Response
L Spilled Oil Response

*IIIJJ lﬂ | _--_-.'.J-_.-._.-‘-"‘l-

Jet fuel

e

l Diesel
ii i‘h-'.L.I--L-LIIL--LLI....-II

ML b,

|||||||||||||||||||||||||||||||

123 456 7 8 9101112131415 161718 19 20 21 2223 24 2526 27 2829 30 3132
Sensor Number

5.4 Cyranose 320 & 7§ 5 %465 A o4 5
it 8 & b Uk 4G S 3

AR - FMIAH BT S DA > FEE
ERksr AT HTECEE > FTHE 6 FRZE ZHEE ]
HUE H TR ATTEAE - RIS AL WA R R LA
{LERRRA AT EOR I - AP — E 3 A LER BT 5K
F o Rt AR K - HATfERILEE &
FEERGHUTARIREEERS - AR - R
&) (polymers) EEHIZE ~ E'%{ LER AR B R SR
IREFREHGES - EEOE (PR

TRAP

SAW
SENSOR

Gasoline

Jet fuel

&, | —
o AR )
L

*

\ Fi

Spilled oil

Fuel oil

B 6. ik T4 ki B AE Cdnih & RS
i e

FEZITH -

ST R R a At R R (H ks B
T Rl e DR AT R R A B B R B B
TR B S TR RN B0 7) - EIEE
il 72 AR S R A AT S R ek it 1 AU FH B PP RS L ot A
anitE AR AT RARHETT 70 B - FRE FRE SRR B AR
SR REE R RATTAERER" - DUERNE
A B [ S (I 5 9 o P 1 2 IR SR S (5 (A
8) » AR B MTE ROt A E SRS - LRI
B Ay B AR (AT SRS - AN T RE R ]
A (10—20 F) SERRA RIS AR HIE - Bk —

7.

PR AT R AR ®E

*k;ﬂz (SAW) fatx &
F 8 BHEETER -

FHEAE T 5580 94.4 43



Gasoline
0.0

/
l

oo Spilled oil

0.0
—_—

— — T
18.0~ i ™20 18.0 P TN20
! p

/
. ,\4.0 5-‘% .

-«"‘(’)’
" ’
14.0\ &
-

Jet fuel

0.0

EAN
“,\40
]

‘_"‘}/s.o

. ] 1 o L L
. i 18.0 ! 2.0 3 ; o
12,0 ' //80 / ' \ 12,0 e 8.0
e K i i 10.0
o o . 2 :
16.0/H ‘.\ : i ,\40
t o bl o= ]
Diesel 140} ; Fuel oil

0.0 \
-— T
i 20
' ’

SLIE Y E R B BUE H AE 1 ppb (53T &
BEALEYH TN ERERS) » LA ERSRE
Ry R AR EMER - BRI EIRGZESIPOR - 52
T~ S B RE EEEE EREOK - [E 9 2 A
YRR EE T B Ul AT s (L2 2 g AT I
chRT TN E 10 P HEE S AN AT E H Y R AL 22
i o & 10 HIZ2FAMEL 7100 Fast GC Analyzer 7&
SRR AT 7S/ NRE N A 2 BB L - AR (e
FRRE SR P FEERAEES 180 S $8 R LS Il @k ik L
4 o (HBLRESE A RERINR A BN Y -

R AR 2 B A (b B R L FE A 1R
B FhsESF T (lab on a chip) EAYELSIR
EAEEISEAS > B 1 2HIMERIHEE T %
it HATEMERMTCHE ~ BT BT SAW &
JETCAF U NENE D —(E AR S - AT AR
{E AR S L2 BB E R e R i 2 R (el 2R
FTEUAR « BT S Ei e — Ik R R & R AR
£ ERSE T RBERHIED - Ile R RE T LR
BB ITRE ST RARFR T IR TAERES -

44 FHEAE T 550 94.4

0.0

H 8.
T EAF K Sl b SV E € 4
W o 0 R R E o

fLEE ~ BEER ~ FREHERSL - BN — IR G AR A
B JRAEE R A - RER— R E R
FERI AT > SEAHEITERE R (GC/MS) {2 AlEk
R Eds > 5 U DR B T S POl AT -
{of T AT SR B R R

27.00
o Sarin
Geaie] T AYL {_ DMMP
..... [o) MeO* \..,M
Awulo S iOMee
.......
""""""" o
I i TEP
12,00 el Ve e
P o]
" e —I
Soman
KHz/s | smrnn s GD ?I
* }P\.-Me
~
\Fd \‘\\ ok
bz e e e
-3.00 ' . . . :
10.00 20.00

[ 9.7100 Fast GC Analyzer & T & 5 #7 & 48104
BAZRATE > BB FTERLE 10 48R
P =T 3R R iR v AR AL 22 R ] o



M ~ #5538

Rl C B A LERE R - FEMRF rTREA HL AT
& IS E M > I AR - SRR
R A LB B - (R TR E R 2R
TEEREE AL ~ RAF - X R Rl > MERERET] -
R bR P BETEEE RS A A2 3B B o RO FE 3% 1R
Ko REFIERRER > KIBLENE ~ BSH Hb
ZE - HAEHIERES A - BERUE - YEHEDE - BRED
MR e SRR HE - HATHErETA AL
il e ds Pt e - BRI BHBER
a0 TSR HI LI E T GRS > TReE A
LB TR - HESRF 7 B R M A9 TE H A RERUE
2 AR AR IR A BB E RN
R A o FEEBRRIERE L B E A A K
IR PRAT 5 T IR SR - AN — 1 ~ WTEERME - 7
VREEE ~ R - YRR - (BRI DURCRAR
EFTES > DI EERER T RET TR (HSe BT 2
HEATRRE. > IR A (L B -

SENRK
1 RELRE, SF M, (L5, EPITAR I S B L
(2002).

2. Jane’s NBC Defence Systems, 20,76 (1999).

3. LB, AELRGREST, 55 70 1 (2002).

4. D. J. McGarvey, J. R. Stuff, and B. R. Williams, and H.D.
Durst, Spectrosc Lett, 33 (5), 795 (2000)

5. K. Winegar, Sampling and Analysis of Airborne Pollutants,

10.

7100 Fast GC Analyzer & #
MR B B e e 55D BE R RLTR
Z Ak AR ey & RTH
B F 180 o 45 RF LR g R
%k (peak C) LT & A& -

SAW REFETTHF

BT OBTH
B=HBIRHITTH

11 AL ey ek B AT 2 % > L AT IR 48R M T
P~ BT 5 # U SAW B JE TR S AN
FMEA—E L KA R o (RE H A Sandia
Lab News, April, 24 (1998) http://www.sandia.
gov/LabNews/LLN04-24-98/chip story.html)

Lewis Publisher (1993).

6. H. H. Herbert, F. S. Jr., William, and H. ST. Robert, Anal.
Chem., 62, 1201A (1990).

7. E. Atar, S. Cheskis, and A. Amirav, Anal. Chem., 63, 2061
(1991).

8. St. Sielemann, J. I. Baumbach, H. Schmidt, and P. Pilzecker,
Anal.Chim. Acta, 431,293 (2001).

9. H. R. Doring, G. Arnold, and V. L. Budovich, VIP Sources for
IMS presented at 9th International Conference on IMS, Halifax,
Nova Scotia, Canada (2000).

10. R. B. Turner, S. J. Taylor, A. Clark, and P. D. Amold, European
Patent, Patent number WO9728444,7 August (1997).
11. R. T. Vinopal, J. R. Jadamec, P. deFur, A. L. Demars, S.

FURIFENZE — 6= Rl 944 45



Jakubielski , C. Green, C. P. Anderson, J. E. Dugas, and R. F.
DeBono, Anal. Chim. Acta, 457, 83 (2002).

12. M. S. Nieuwenhuizen and J. L. N. Harteveld, Sensors and
Actuators B, 40, 167 (2000).

13. F. D. Amato, P. Mazzinghi, and F. Castagnoli, Appl. Phys. B-
Lasers, 75,195 (2002).

14. E. R. Thaler, Laryngoscope, 112, 1533 (2002).

15. J.J. Whiting, C. J. Lu, and E. T. Zellers et al., Anal. Chem., 73,
4668 (2001).

cEHERLEABIFERENER L  HEBREEY
ERILERNERR -

cRAKBAEEAHEZBEGBEEENTIARZLERL  HE
Bl #EREERABE -

cBERALELHBICEMERSLERL AERE
EEERLEASZR -

cEEREEABIRGRERRIEEL  AERE
EEERYERR

46 FHEAE T 550 94.4

* Hsin-Hwa Tseng received his Ph.D. in chemistry from

National Tsing Hua University. He is currently an assistant
professor in the Department of Chemistry at Chinese

Military Academy.

* Yong-Chien Ling received his Ph.D. in chemistry from

Florida State University, USA. He is currently a professor
in the Department of Chemistry at National Tsing Hua
University.

Deng-Nan Horng received his Ph.D. in chemistry from
National Taiwan Normal University. He is currently a
professor in the Department of Chemistry at Chinese

Military Academy.

* Chia-hung Lu received his Ph.D. in mechanical

engineering from National Chen Kung University. He is
currently an assistant professor at Chinese Military

Academy.



