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Abstract: The composition and content of volatile organic compounds (VOCs) in exhaled breath are
closely related to change in the human physiological state. Some biosignature molecules generated by
human metabolism, including disease marker molecules, are expelled from the body via exhaled
breath. By accurately detecting disease markers in exhaled breath, the onset and progression of
relevant diseases can be effectively monitored. The rapid development of modern breath analysis
techniques, including electronic nose (E-nose) sensor systems, gas chromatography-mass

spectrometry (GC-MS), selected ion flow tube mass spectrometry (SIFT-MS), proton transfer reaction
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mass spectrometry (PTR-MS), and extractive electrospray ionization mass spectrometry (EESI-MS),
has provided rapid, non-invasive detection methods for disease diagnosis and progression monitoring.
Among these techniques, E-nose sensor systems are characterized by portability and rapid screening
capabilities. GC-MS serves as the gold standard for offline analysis due to its strong qualitative and
quantitative capabilities. Real-time online techniques, including SIFT-MS and PTR-MS, are noted for
their speed and sensitivity. EESI-MS enables direct analysis of complex samples. In recent years,
research on exhaled biomarkers for disease diagnosis and treatment has been conducted on a wide
range of diseases. For example, acetone in human exhaled breath can serve as a potential marker for
diagnosing diabetes; hydrogen produced in breath after lactose intake is a potential marker for
diagnosing gastrointestinal disorders; isotope-labeled carbon dioxide ('>CO,) produced in breath after
ingesting *C-labeled urea serves as a marker for detecting Helicobacter pylori infection. However,
there are significant differences in the types, content, diagnostic sensitivity, and specificity of disease
markers obtained by different researchers using various methods. Factors such as poor comparability
and lack of standardization severely constrain scientific research and the development of related
industries. Therefore, standardization requirements are critical in three key areas. Firstly, breath
sampling protocols vary significantly. Factors such as collection methods, subject’s physiological
states, and environmental VOC contamination profoundly impact results and comparability.
Secondly, analytical instruments, especially sophisticated mass spectrometers, require reference
standards and calibration protocols to ensure consistent performance and inter-laboratory
comparability, including addressing instrument background and sensitivity drift. Thirdly, the
complexity and instability of breath matrices make the development of reliable reference materials for
calibration and quality control extremely challenging, thereby hindering accurate quantification and
method validation. This paper summarized detection techniques for VOCs in exhaled breath,
discussed advances in breath biomarker research, and analyzed current challenges in standardized
sampling procedures, analytical instruments, and reference materials. The perspectives provided
herein are intended to serve as a reference for future research on breath-based disease diagnosis.

Key words: exhaled breath; volatile organic compounds (VOCs); mass spectrometry analysis; disease

biomarkers; clinical diagnosis; standardization
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Table 1 VOCs in exhaled breath of healthy people™
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Table 2 Comparison of human exhaled VOCs detection techniques
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Fig.1 Schematic diagram of E-nose detection device and flow chart of data acquisition and processing”®

X AL 52 Z 95 (A8 4n i ), E-nose
WA I T S iR AR B S 5 2 AR G, e
e 3R SIS W ORI, I AR — £ i A
TEAW S, Shang P & T —FpE#E T
LI SAL RN R G, ZRG LN TR
FIUlE . AR AR AR IR, DL K 4Kk
SR A v BE A SR AT A R AR A, T T
N A TS, 5 i A A S ) A DG I R
PER VLAY, K H FRAKE 6 nmol/mol, Hu 5™
FIH B 4 26 BLA e SR 7 BIORE G e o P Y 2R

i (black phosphorus, BP) -5 — 4t fife fb. 41 F1 & AL B
S RAS M E A, ORI TRl T ET
BP/Ti,C,Tx (G0 HE 100125 SR 2% B 9, D5 FL i
— 0 2 R SRS BT & 5 B m il AL g
> B SRR R SRR AS B A TN 5 R, 45 4 fil
RN O I 95 58 25 W< VOCs 1 G TN A 1t 2%
k%] 69.2%.

E-nose 45 AR 75 MU0 #r vp de B 51 ) B9 4
FAE T HAR R A PR 5E R A R 45
I3, A HAE o 1) B3 O A PR R TR . AR,



46

IT VAR S bR N AT AR AE— 2 B R BR M.
Je, RAF Z RS L AR REIE X Z Rl vOCs #E47
PESI BT, (032 A5 IR AR A DU BE 77 0% BR A, e AR A
fift BT 52 2 P ASRE AR I 4y o UK, K ik
VOCs J I3 R 3 23 5% il % 84 o4 L ) M g,
BORGUE T BRI 25 R E . 7R 2
A R R W B BEAL T BB 5T P, B-nose 75 45 H:
b AR, 37— AR L BRI T AR s
W TR . BT, 48 K283 T E-nose
AR IES A2 Wi 5T i b T 52 56 w0 R B
FEBBE, FRAFIE S AR UAGIE A 7= S Al i b . R
ok, Wil A B v P R B TR A IR I & A N T
AE VRS (R R W % B2, E-nose A7 B2 78 $5 0 12 W
5 A T v R Ok R B
1.2 SHEeE-REKARA
AR IS (GC-MS) /A ARIES, VOCs
ARG 0 450 355 107 FH e )z B B AR, PR R 11 43
5 R H, g N R VOCs 43 BT I “ & pr
W o ZBEARG A AMHAEN S ERES
T 1 v R A, DA M SR AE R T B A
I 45 20 43 75 [ 2 F0 RN 3 0 A =22 18] 1 3 T 2 8K
S S IUAN IR 2 53 0 i 380 B, 43 B s B 4 G it
AT AT, i B R A Y AR
T (2 70 eV) i B o, S8 A & W i g
T B A A 452 B0, B GC-MSS 5 K HY 43 B Al
LYY Y ERE ST, AT SEBUN EREAS A2 28 iy
(A B U3 5 B o T, s T RL 201 1971 4E,
Pauling 14 YK % Fl GC-MS ¥: 78 A AR I v 46 )
250 Ff VOCs'. i, 2 Bk 5T il w SR H
GC-MS $ AR 5¢ WL b 1 58 2 52 1 o B, PRl H
Bl E S SE e, 5 E DR B R I R R R AT
‘M

=

HL# .

Bl A N\ T R RN R B N 40 B AR R
(9 AS BT T B, 3 T GC-MSS 35 46 1“5, VOCs 1Y
HH DG BF 5% L 7E K5 22 & . Rudnicka 55 Pfifi H
Mann-Whitney U %55 . #1051 R £ 7 B7 . K+ 5347
RN T 28 I 248 45 550808 53 1 T 1, XF GC-MS R
A1 i s A8 T 5 i B AR T L2 1% I SR T
0t AT R BE AR AT, O R 7 RS AR 12 W
CELEG TR . 1R WY R A I I 55 ), 1% 7 T
ST R £R A i B N AT RLIX 43 o Schleich
AFPR T GC-MS HARKG 276 44 7 i £ 3 (1) 1
S,RT TR TE S WibR &Y, WS A
4 S A {4 7% (comprehensive two-dimensional gas
chromatography, GCxGC ) £ I & 4 ¥ KA TH (8] it
TEXF 53 Ah 245 44 BBH SRR HEAT B 2 E,
UEPA R | -, 2-C i S 2 beix 4 Ff VOCs 7l
A RIX A3 A TR S R . B GC-MS
SRR P AT e T, I BOR R RIS T X H T
1 AR & I e b 35 0 1 e Can it s ) iR AT
i A 51207,

5 B-nose f b, GC-MS A & RBE S
IR A I BB ) Y S L H . SR, GC-MS X A
ST RS R PR L ERETE LA, YT
A R E K2R AR TR AR, T e B
WA I 2 HAB I AT AL B FE . HLAh, GC-MS
oz I 38 B A 0 ) I PR 2 By S TR
S EERAR A O, X 23 FEAIRGE o NIST FE AT
i PRI 8 A R, T 7T 29 GC-MS $ AR X i
ST R EPERE T o T, 38 A B0 B A i A 2
e B3 B 2 I WP SR i R A T A3 S, AT
P v S I ) 7 A R R R (R R S IE KA

Analytic barrier bag
(Omi odor-air service corp.)

GC-MS

Shimadzu GCMS QP-2010

Gas condense unit
Shimadzu TD-2

Direct breath sampling

+ Column temperature: 35-250 °C + Trap cooling temperature: —20 °C

« m/z22-250
Calibration: 5.8 ppm of toluene

+ Sampling volume: 120-240 mL

2 MESEHEM GC-MS S irinizt

Fig.2 [Exhaled gas sampling and GC-MS analysis procedure

131]



513

TRICALAE . BT 23 M BB 12 I B AR BIE 5 2 Je S A oAl i 3K 47

T EsF VB, R R R R A Y R B A A T, TE R
SR PR SE I WS I A 7oK o [FEE, BT GC-MS %
RARFE R | BAEE 24, AT T ILAE I R 5 1
I B GCxGC A Y B K fi
520 GC-MS %8 Y R4k &, GC-MS A
A2 N TR A R S s 0 445K

13 ERBEFREREHEAR

BB TR I (selected ion flow tube
mass spectrometry, SIFT-MS) J& — F 3& F it & &
PEIR B X SOR A W TR iy T AR
HLE I M AR, 2 T Adams Fl Smith 7£ 1976
A Ay I 5 i R R R R PR R s R R R
4y F IR 3 F1 20 SR STFT $: R . Veronica
Bierbaum 5 % Jifi Charles DePuy #f ik & & SIFT
BAR W Se ok 22—, ] e ek AR R <
FHE T T RV B9 o B %4 AR 1 ik — 2
& J#& , Smith 1 Spanel T 1996 4F 1 41l [ it T
SIFT $£ A 1) 4115 B A 21 55 (00 435 V8 5 48 w85 1Y)
23 3,)VOCs 43 H7 v 1 1 FH 7,

SIFT % A 3 32 I 1 2 A< A e sS40 s
PR E R B T, 40 H,0', NO'HI 0,7, X st
T B 8 DU AR T 0t R A A TORG A IO A O
e NS, 5HAHA T ARSI
R4y T BT RN, A2 L 43 BT 0 B o DU AR AT
AR I U R F R 3. AR E T 58
Wi oy F KA B F-or F IRV 8h 124 S8k, it
AT B I AR i DL R B R S SR
B TE 5 0 E A, nT x2S SR AW B o i it
352 et o S S AR T A A R
W, w8 N it —2JF & Tl A= O, OH
0, . NO, fll NO; %5 [H & F 1Y) Voice200 %¢ & , i%

Microwave
plasma

Quadrupole
mass filter

Air

|

B BAUHE R T VOCs Fa il (1) e 5k, a8 mT S
Z R A TR I 43 Sl I R AR Y
SIFT-MS & b & Ji& S PR R /N | i T35 i 14X
a, JFC SR k. BT, XA TN T
SR 9T, AL 45 IR BT 2 Ko pr 0 & iRk
TRV AR 5 2 55 22 A4

SIFT-MS 45 AR T8 993 73 FF B 530 12 Wi s s
Yy 0 358 77 T 3 A A DAy PR A 0 T R A R A
AW A 1. Tsou %W H SIFT-MS 7 %t
148 2 2220 B12E 112 B il S8 5 RN 168 44 filt Bk
P B SREA AT 307, T A RS A I
H i 116 Fh VOCs, FIH XGBoost HL# 2% 2] 5. 1%
HEST T AT VOCs /& it 431 45 S 10 i 48 100 0 A5
B, A R T MR VOCs S5 5t T
PR L, ol 5K il s 000 10 oA A R L SRR R
SME 43 35 5 92%. 96% 1 88%. Yoshie 45
2T 45 9 2L AR g B RN 5191 IR 2L AR R X B2
() ISR, 38 2k g Sy 22 T 98 B ] A AR AR X Ay
X2 HNHE, AR B, 3,7- T 2,69 -1
Pt 2B AN T TR £ TR 1 A T A AR IX 4 L AR
i R S X R4 . Karen 25 Wi T 2% i A L
PV 27 YAk BB L S AR B N 55 0 PFASREAS, Xt
JO T 5 M R 19 g Ak B Oy X 3 e e W 4y
FFNA W B A BB AR REAR BT 8, PP TR
[F] K5 40 P Ak P R 5 70 K FOR B 22 5% . Annalisa
SFUHHSE T 68 24 B RSFIRYT AR M B R R
54 2 g e TS 4, K H SIFT-MS £ AR 73 #r 32
W A M VOCs, i 52 X # T 1E FRE
(receiver operating characteristic curve, ROC) Hif £k
R, =W R AR 2R P e k) T X
A3iX 2 NBE; AR &3, 50 rh = ik

Quadrupole mass
spectrometer

Drift tube

@ Analyte

T Carrier gas

(He)

3 SIFT TERERER""

Fig.3 Schematic diagram of SIFT working principle
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