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4 4440444 AT he concentration of exhaled CO as a biomarker for certain diseases has attracted significant attention. How-
ever existing CO concentration detectors suffer from low sensitivity and slow response times. To address this we de-
veloped a high-sensitivity rapid-response exhaled CO measurement system based on absorption spectroscopy utilizing
a quantum cascade laser with a central wavelength of 4. 59 , m and a 3. 8 m multi-pass cell. The CO concentration was
analyzed using both direct absorption spectroscopy DAS and wavelength modulation spectroscopy WMS . The
DAS method demonstrated a linearity of 0. 998 with a detection limit of 3. 68 x 10,,. For WMS the linearity remained
0. 998 at CO concentrations below 6. 00 x 10,, achieving a detection limit of 3. 00 x 10,,. Through Allan variance anal-
ysis optimal integration times of 170 sfor DAS and 250 s for WM S were determined  corresponding to improved detec-
tion limits of 2. 00 x 10,, and 3. 00 x 10,t, respectively. Finally exhaled CO concentrations from 14 volunteers were
measured demonstrating the system'’s capability to distinguish between smokers and non-smokers. This provides a sci-
entifically validated tool for assessing smoking statusin clinical smoking cessation programs.
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Fig. 1 Schematic diagram of the structure of the detection system
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Fig.4 Measured CO concentration of Direct absorbance signal under different scanning voltage: (a) measured data, fitted data, and
residuals at different scanning voltages.; (b) concentration values and their STD at different scanning voltages
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Fig.5 Peak-to-peak values of 2f signal under different modulation amplitude: (a) 2f signal, fitted signal, and residual under differ-
ent modulation amplitudes; (b) trend chart of 2f peak-to-peak value and signal-to-noise ratio under different modulation amplitudes
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Fig.6 Direct absorption and wavelength modulation measurement of CO concentration values: 50 group CO concentration values
measured by direct absorption and wavelength modulation at each concentration; (b) linear graphs of CO concentration measured by

direct absorption and wavelength modulation at different concentrations

qaq
q9aqqq™

aqq

qq

d, a9 qaqen qd o qaqoa aq
qqaqaa™  qq
aq
qq
aq aq
aq qq
qq
q9q9q9q qq qgagaq™ aq
qq
R'  qagaq
qq q9aqqq™ aqq

10 Measured data;
— — Fitted data
N 0.99
s
ﬁ ” ,}\.gjoﬁls;\;eg).%l()'z
6=8.64x10"
097} SNR=38.9
3.7x10% ) ) )
g ‘ g o \ | MM‘ |
Zoom JnlkwmmmvhﬂwmIMW’/VM*{M,FWUb’lM{v‘WATU‘L]WW}Mwfnlﬂ’q‘m \‘WW\V ‘
70'0030 192 384 576 768 960
Datapoint
(a)
1.43x10° CO a

aq
am
aq aq
ac aqq 9qq
qqqaeaq™
aq aqga dgd9qq @ A
a dqq
aqq 4aqqqq a qqaq
0qqqqa qqgq  Qqaqq 99 qaqqag™ q
aaq qq a9
aq 0aqqaq g 9qqq
QqAqaeq Q99 Qqq9qq qq qqqqqq™
0aqqq
o
Sl
,*MMMWW”WM Mﬂf’" ANV
(b)

Fig.7 Direct absorption and wavelength modulated signals of 1.43x10° concentration: (a) directly absorbed signals and fitted sig-

nals and residuals; (b) wavelength modulated signals and fitted signals and residuals
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