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Abstract Analysis of exhaled VOCs from health and patients may help building association between VOCs and
different diseases condition, which could offer a possibility of noninvasive monitoring of disease. VOCs were
collected in 30 healthy subjects and 60 patients with upper respiratory tract infection. Analysis of 97 VOCs was
performed by gas chromatography and mass spectrometry (GC-MS). The concentration of alkanes, alkenes,
halogenated hydrocarbon, oxygenated hydrocarbons and aromatic hydrocarbons in health and patients breath was
analyzed. Analysis of variance (ANOVA), principal component analysis (PCA) were used to analyze the VOC
differences from patients and healthy ones. The results show that the concentration of isoprene differ among
patients, healthy ones and indoor air (P<0.05). Patients show higher concentration of n-pentane compared to
healthy ones (P<0.05). Patients with bacterial upper respiratory tract infection show higher concentration of
propanal compared to healthy ones. The results of PCA show that there were significant VOC differences between
patients with upper respiratory tract infection and healthy ones (P=0.019), but no differences between bacterial and
non-bacterial upper respiratory tract infection.

Key words exhaled VOCs; upper respiratory tract infection; healthy; ANOVA-PCA

[ 5 & A LR & B 114 (2016 YFC0207102) %% B
Wik H 1 2017-04-10; & [0] H 31 2017-04-27; RIZ5 H R H 1: 2018-06-27

807



R RFFM(ARFIEIR) 28 548 S 4H 20184 7 ]
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JH Shapiro-Wilk 77 72 6 56 1E A 434 o X AR IE 4543
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AT ANOVAS T X 50028 $e J5 75 AN il DA TE 28 43 A1
I Rh, FKruskal-Wallisik #EFTIE S 50646, B3
PERL I A PE/NT0.05MRR E R B E . N TH
B APE R VOCSAL I ) gk, $2 iR R0R, F
FH B4 53 B (PCA) 7 i, TEORIEE AR B i 1
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AR5, AR ST I PCAS HT 45 S AT (5 Y
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WFFE R, AN A rh ETAvVOCs, BiE
FEA G, AR S SPEVOCsFI T R, If:
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I8 R0 B 4L 1749, LA 316, fE R AT
SFEAR3OM, ZiE EAGFESRIHERInEL,
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H1 VOCs, A 5% 4t 1 4 I A fAR i A 97 Fif
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Table 1 Basic information of patients and healthy person

21 5 AR AR BEREIGle  AEPC ERRd O ZSERTK/A HARREVA0LTY PR I LA /%
. Y] 12 30+8 58 38308  3.7+3.8 4.8+1.6 8.1+42 70.748.2
gl B
RGP 17 27+6 59 38.240.6  2.3+22 3.442.0 14.1+£2.3 79.9+4.5
B 22111 I [ 9V | 1 ) 31 28+10 55 38.1£1.0  4.6£2.7 4.843.2 6.442.2 60.4+15.0
fa A 30 17~26 52 >2
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®2 FE.BEAFRHS5EHRES VOCs REKFE (ng/m’)
Table 2 VOCs concentration among patients, health breath and indoor air (ug/m?)

21531 FEE e ARk Te)E iz HAth TVOC
AT (N=12) 49.0£29.9 997.6+172.4 144.7£749  23.1£163  573.9+15.7 624124  1794.4+231.2

AL (N=29) )
MAHEM-AHN=17)  78.6+79.9  1029.4=413.7  165.6£61.3  29.0+149  628.2%1857 59499  1936.8+497.7

EAEN=31) IR 83.9+105  1031.14332.5 112.1464.8  26.1425.6  553.3£121.5  6.4+133  1812.9+482.6
{dE A (N=30) 46.1£31.6 690.1:40.6 7874393  52.7421.5  115.0£1029  2.9426 985.5+194.1
ZPH(N=10) 45.8+63.9 51.3450.8 65.1455.3 2.542.6 8.2+6.6 42429 177.24178.3

®3 FmE.BEAFHS5ERNES VOCs £ F(pg/m’)

Table 3 Differences of VOCs concentration among patients, health breath and indoor air (ug/m*)

IR IEZS5311i (ANOVA)
vOC -4 I R4 €[ TaRE EN P e
M RSD/% e RSD/% ¥fH RSD/% YA RSD/% A RSD/% A B C
S b 1.8 124 2.8 59 3.0 98 6.2 42 1.1 63 Y Y
IS 7.7 106 7.9 64 7.8 37 1.6 50 1.3 62 Y
S I 520.3 40 741.7 46 480.7 44 104.1 97 3.0 59 Y Y Y
ZHIZE 2.8 93 3.4 89 4.0 92 7.7 54 43 62 Y
] FH 22 0.2 143 0.1 98 0.3 75 1.7 31 0.5 67 Y Y
1,3,5-= A 1.1 79 1.6 69 2.8 57 1.1 55 43 65 Y
1,2,4-=HILR 3.0 80 43 73 5.5 112 2.1 50 13.5 67 Y
1,2,3-= A 0.9 82 2.1 152 1.6 104 0.7 42 33 65 Y
XU 5 IR IE 25341 (ANOVA)
vOC - I R4 €[ TaRE EN P e
M CRpusmERE PE CEMUSNER PE CRUsNERE Pl CRPER RE CKUER A B C
L 0.3 0.6 1.3 1.1 0.5 0.4 72 53 0.6 0.2 Y
N 12.3 42 12.4 24 1.8 2.5 6.6 47 4.1 2.4 Y
ECkE 1.0 0.4 1.5 0.7 12 0.6 3.6 1.0 0.8 0.0 Y Y
S T IR 1.5 3.6 1.8 38 1.2 1.0 0.7 0.6 0.3 0.1 Y Y
ETmE 0.9 1.0 1.0 1.6 0.7 0.8 23 2.7 0.6 0.1 Y
2-%Fid 8.1 9.2 34 4.8 6.3 3.9 25 4.1 0.3 0.1 Y Y
R IE 254347 (Kruskal-Wallis #:56)
vOC oY ] I B2 BT R4 {EE EN P
P CRPOMEE dE CRusER Ml CRROSEE E cRRsMER P CEISNEE A B C
LV Ay 1.6 2.0 4.1 1.2 2.0 22 0.2 0.2 10.3 5.9 Y
STt 0.7 0.4 1.0 0.6 0.7 0.4 6.0 24 0.4 0.2 Y
—H 1.9 27.5 30.8 17.5 16.9 20.5 4.0 3.8 3.9 1.2 Y
22-ZG N 0.4 0.5 0.4 12 0.3 0.6 2.8 3.3 0.1 0.1 Y Y
Xt R 3.7 24 5.6 32 3.7 2.2 9.7 49 1.5 0.9 Y Y

UL A R 5 R AL ) 24 R 3 (P<0.05); B Fn R A 5 5 9 A5 AL IR 24 7 3 (P<0.05); C Fnfig iR 5 & A8 AL ) 24 57 0 35
(P<0.05). 25 WFHITMARME: ANOVA B[R )7 240 M F 5 K5, P<0.05; Kruskal-Wallis #:55, P<0.05.
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LFES IR VOCs 18 b IR B 555 (e R ] ) 57 1)

AR, Mk, —HE, BB ZE, FO I R R N >28 P R s P A A o R
Lt ST e GRS, HA Rk e W B T4 (P=0.019),
RN . BN IEA BEEF(P<0.05), HEH H PCA 788184 EHF, Bty

£ 4 PCA S#H 35 # VOCs B & H 1
Table 4 PCA loading components obtained on 35 investigated VOCs

vOC F1 F2 F3 F4 F5 F6 F7 F8
Bk 0.73
TR AN 0.66
A e 0.61 -0.59
LV e g 0.62 -0.53
ST 0.78
—A M 0.64
3 0.66
S ieke 0.62
— = A b 0.90
TSk 0.54
3- IR 0.61
FHBRCT kT 0.56
Fo ke 0.48 -0.47
S T 0.54 0.50
B 0.58 0.46
T 0.79
=M 0.53
(LERiAT -0.47
0.86
1,2 Z8 ok 0.82
HIER O b
1,2-Z5 Lkt 0.83 -0.47
T 0.71
4-FBE-2- T 0.53
UIES 0.83
IESELE 0.80
CE 0.80
ER S 0.53
V¥ 3 0.86
i thS 0.85
ZHIER 0.76
KL 0.73
IEA—%t 0.81
] 0.57
SR -0.53
O mmMZe Bo1 2065 s 700 sse 436 300 308
2T 2/% 2391 44.56 55.64 62.64 68.18 72.54 76.43 79.51

VA BB R 28 e 46 X 7R 0.46 LA T OB
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ST . A e A A Lk

3 i
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2), EBARIAE RN b o AT B W B Y R
SRR IE o LR S T, e A BRI A ok
JE R N EE AL, 78 L SR AR
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RN, S AR TR A AR PR FE K TE67~821
ng/m’ 2 [ B2 AR R NS I R 104.1

F1

F2 '.:?".‘0
3 )

F3
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Fig. 1 Principal component analysis score plot
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