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Development, challenges, and future of the breath sensor

Zeng Tianyu, Xu hang, Huang Xian

(School of Precision Instrument and Opto-electronics Engineering, Tianjin University, Tianjin 300072, China)

Abstract ; Volatile organic compounds (VOC) in human exhaled breath reflects the health condition of body, which can be used for the
assessment of disease. Disease-related exhaled biomarkers (e.g., acetone, nitric oxide, ammonia and ethanol) can be obtained by mass
spectrometry. However, the source of most VOC is still unknown. Recently, the sensor-based exhaled breath analysis has made great
progress. It is expected to achieve low-cost screening for early diagnosis and pathology of large population. The development of breath
sensor has gained increasing interest. These studies are primarily concerned with specific sensors for the detection of individual
compound. At present, the breath sensors include metal oxide sensors, carbon nanotube sensors, and colorimetric sensors. In addition,
e-nose systems that consist of semi-selective sensor array to simulate the mechanisms of smell sensing of human have been demonstrated
in many medical applications. This article reviews and discusses the major mechanisms of different breath sensors and their recent
applications in respiratory analysis.
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Fig.1 Sources and biochemical pathways of biomarkers

in exhaled breath
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Table 1 Biomarkers for some diseases

&Y R SRS
A AW (ke ke ke e ke 58 k¢) AR
AL S A Y it LA
5% JIE e A QL
[ELE HEDRIPS , B 5
ERRALE Y (PR PR | 2RSS S

ERMAEY (A2 e =) JRBEAL , 5 R0

—RAA SR X I
Sl e CURE BRI RN = R i

R A o 1 2 3 38 T AU A5
(gas chromatography, GC) 5% JFi % ( mass spectrum, MS) f]
D5, B THO GGG A AR 1 5 2 R T ARG e
M. GC i I A it , &R HAWAS I 75 125 7T 55
HAHE A, MS, ko da B 1 A6 K I 4% (flame ionization
detector, FID) Fl & T iF # 3% (ion mobility spectroscopy,
IMS) o JAETF & Al 28 ORI I rh i i SR SE B
%(D_“J % , ﬂl] J:ﬁi‘ ? ?H? fZ }i @ fﬁi‘ fé? ( proton transfer reaction
mass spectrometry, PTR-MS) F1 3% £ & F i zh & i i
(selected ion flow tube mass spectrometry, SIFT-MS) &,
(B3 A I 3ok 72 52 B I, A28 B DR AR, O AR IAE N
PR IELE B A0S v BT o [ B A 7 vk A L, 38
TECTEAS I AR A HAT 5 R ANy £, i A
M1 A e 98 15 DO A 7 W = I 1 AP B R
ST B AR ALK AT I IE R OGO 3 (tunable
diode-laser absorption spectroscopy, TDLAS) Yt %7 06
ii% ( cavity ring-down spectroscopy, CRDS) | FHJp s iy Hi Ot
1% (integrated cavity output spectroscopy, 1COS) | JiE 35 I
53 ( cavity enhanced absorption spectroscopy, CEAS) |
Jo U T 0 i S 3% ( cavity leak-out spectroscopy, CALOS) |
St 75631 ( photo acoustic spectroscopy, PAS) Fll £y 2 4 5
Y& A % 3% ( quartz-enhanced photo acoustic spectroscopy ,
QEPAS) %5, HHi i FH IO 635 H AR W & 4 Y1 bn i 9
(n CO, NO &) Ay I A 2 v] LA 3K . fH 32 1 T30
FCUENAS i AFRIANE IR 55 R 2R PR ) 1 KBl

AUMAL R T2 N AE AR PG TN, 25 5 )
FIRE T 3 A S5 PR BT b o ZEIE b, SR A I
v PTVE DA AT 3 B9 AR R 01 2 i PR32 W A M
T e R T e S TR A, gk 2 B, B
AL TRAF AT L O IE L AR R 2 s S ALY 12 1A
S B AR (4 A, 3T 40 K bR A T A% I e
NG AR AL SEAS TR B i B A 45 C il i
S AR A AN R TR Al B R T ) A
Nl T AR RE N ST
AR B 9 2 ) FL 1 o R G N R T B R i
RN AR SR T S AR A AR R Bl
YIRS ar - dE R RS IR E R EN (RS A=Y
EZWTFEIERLT THLERN (BET7 B AR E A, ] Jg
SIFRBE AR T R R . BRI R RS T
AN Jm AR R TS LR B 55

*x2 BRIE&KEIGKRPERNEYSEREDRNF
Table 2 Exhaled biomarker detection methods used

in the clinic
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Fig.2 Typical colorimetric sensors
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Table 3 Different nanostructures of metal oxide gas sensors
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Table 4 Applications of metal oxide and polymer sensors

in respiratory detection
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MR T R R R HLS 2 BB AT R
51 MWCNT, Hxt H,S KR AT 4 3. 3 ppm, JF 722 NO, |
NH; F1 SO, g &< H 5] H,S,

W L 2P AR IR AN BRI FTIE OGS AL 4R
RISAAAL AR 55 >R A LB ( Langmuir-Blodgett ) £ AR 7E
P ARG ET | AR B BE R 9 K A8 T 1R DG 2T A% J%
o AL L ARSI A% I8 4% (quartz crystal microbalance ,
QCM) , TAE 53R 53 51 e Tk AN KA W BT 53 BT 400 s D' B 55
AR AL AAGI VOC fyFpE™™

e O KA AR A At FL AT R vy e 7 3 R R
RF /NI i AR 2538 200 0, 78 BT ST AT T 1
RIERTF, R S5 PR, =R TAEM H AT B 42 R A
BB, BRATR T D0/ N IR B2 8 3l RN B BSOS 1 5 T[] R
X 7B A B BT FE, T BR 16 O BT 1 RN 2k
T 2,

x5 BTEFIEBHBRAKRESEERS
Table 5 Carbon nanotube gas sensors for medical applications
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Table 6 E-nose for lung disease detection
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Table 7 Gas sensors based on flexible substrates in recent years
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