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A Study on the Measurement of Halitosis of Human Mouth
with Chemical Gas Sensor Arrays

Seok-Jun Lee!, Sun-Tae Kim!-*, Han-Soo Kim?

Abstract

This study was carried out to apply chemical gas sensors for the identification of bad breath which is one of the important sensitive
problem for the humans' daily life. Seven sensors, including five semiconductor sensors and two electrochemical sensors, were tested for
the three panels three times in several conditions. The results showed that the reproducibility of sensors were generally good, and
electrochemical sensors showed better reproducibility while semiconductor sensors showed better sensitivity. No rinsing before
measurement showed relatively better results in terms of both sensitivity and reproducibility. Semiconductor gas sensors for hydrogen
sulfide shows the highest sensitivity, and it was recommended to use the odor-free bag for the measurement of bad breath.
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Fig. 1. Device configuration.
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Table 1. Sensor specifications used for mouth odor evaluation

#1 #2 #3 #4 #5 #6 #7
Sensor ) Electro—chemical
Semiconductor type gas sensor
Type type gas sensor
Sensor . . )
Ltd MiCS  MiCS FIGARO FIGARO Winsen |NEMOTO NEMOTO
CO
D tGiS bl HC ;2 H, EtOH  HoS NH; Hy,S
etectable | ;o
Detecti 10 10 1 0 0
etection 130 130
Range(ppm) | 1000 1000 1000 | 1000 1000
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Table 2. Panel information

Panel Sex Age Health Status
A F 22 good
B M 26 good
¢ F 21 good
ol 42719 T4 S Aok ) 901

of 4 AN MHSE  ARY HES ARt THS
Hobe S U7 B 102 594166 mLol 23773
ZA7)% Sol7t A} WSSHAA 24 Apha, 18 50% 5
ok AAJIE) What 7o) Bl go] o] 2ol dint, o] 3y &
oF 9} WHSA Al ] Eigiol hehA Bk 14 54 %
)70 BHHE B 3717t B/ HES sto] A W
sher 2stol A Eetol TH7 SREEA Slsiie
2 274 ke AFSH g 2sHe W

SI9F A2 3 o el ol FH19) W8S

01

o
Lr‘ﬁ
-',J

3.1 FHEH7I2 MM Rt Bt At

:I_Li
2 33 &%
A 2=

A7) AR A4 H71E st glole] S dike
98 AABIGOM, 77 24 3 WS T3 A
A 8

QI 17 ffsto] BAehe olgsto] tixgks

b}

e

—280-



A Study on the Measurement of Halitosis of Human Mouth with Chemical Gas Sensor Arrays 1611

SRolskT}. 1 AT th2gke] 9= #4 *ﬂﬁ—é— Al efgt v 2]
AlA E8gko] it 0ol 7HEA Ur 20] Ao AA Q]
<o) BRSO whet AllAmict *11*1 E%‘Ol oh=A Vet
£ AZ & S AT el tell 33] St Axke) Hatgks A
B2 ARgslglon, ERHARE ANEE 0,1~7.02 Yelsith A
42 0.8 BRSD~5.7 %RSDE F551A Vel waba] 13
Z74719] Al S22t olet A B7F Anks o83t 49
EAS ksl A 7hsE AR ekEr) Table 390 7515
78719] 2743} Panel®] &7 A4S UehfSich

Table 3. Sensor signals for blank test and for mouth odor test of
panels

Sensor
#1 #2 #3 #4 #5 #6 #7
Ist 0.0 0.2 00 23 0.0 0.0 0.0
Blank 2nd 0.0 0.5 0.0 1.9 0.0 0.0 0.1
3rd 0.0 0.2 0.0 1.7 0.0 0.0 0.0
Ist 929 90.6 929 130.0 1565 82.6 6.9
2nd 914 949 906 121.7 1574 834 69
3rd 89.9 869 89.8 116.1 1482 865 7.0
Mean 914 90.8 91.1 122.6 1540 842 69
SD 1.5 4.0 1.6 7.0 5.1 2.1 0.1
%RSD 1.6 44 1.8 5.7 33 24 0.8

Panel
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Table 4. Sensors reaction Characteristics of oral cavity no rinsing
and rinsing(Before adjusting the sensitivity)(n=3)

Sensor

#1 #2 #3 #4 #5 #6 #7

P No Mean | 107.3 | 85.9 | 853 | 157.0 | 1543 | 653 | 7.2
2 Rinsing SD 52 | 38 | 46 | 74 | 21 20 | 00
n %RSD| 48 | 44 54 | 47 1.3 30 | 00
© Mean | 100.7 | 85.5 | 83.9 | 13921389 | 789 | 7.3
11\ Rinsing SD 3.1 7.1 | 109 | 143 | 172 | 25 0.1
%RSD| 3.1 83 | 13.0 | 102 | 124 | 32 1.6

P No Mean | 91.4 | 90.8 | 91.1 | 122.6 | 154.0| 842 | 6.9
a Rinsing SD 1.5 | 40 1.6 | 70 | 5.1 2.1 0.1
n %RSD| 1.6 | 44 1.8 | 57 | 33 24 | 0.8
€ Mean | 76.5 | 843 | 73.5 | 97.3 |133.5] 82.1 | 7.0
}13 Rinsing  SD 36 | 108 [ 113 | 62 | 106 | 34 | 04
%RSD| 47 | 128 | 154 | 63 | 79 | 42 5.0

P No Mean | 109.1 [ 111.2 | 164.1 | 129.0 | 184.6 | 81.6 | 7.2
a Rinsing SD 19 | 32 | 70 | 48 | 22 06 | 02
n %RSD| 1.7 | 29 | 43 38 12 | 07 | 29
€ Mean | 98.4 [100.0 | 133.0 | 125.6 | 167.3 | 809 | 7.1
1 Rinsing  SD 94 | 38 [ 285 | 29 | 116 12 | 03
¢ %RSD| 9.6 | 3.8 | 215 | 23 | 69 1.5 37
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Fig. 2. Reproducible results of no rinsing and rinsing(Before
adjusting the sensitivity).
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Table 5. Sensors reaction Characteristics of oral cavity no rinsing
and rinsing(After adjusting the sensitivity)(n=3)

Sensor

#1 #2 #3 #4 #5 #6 #7
Mean | 124.2 | 113.0 | 161.9 | 151.8 | 173.6 | 273.1 | 60.8
SD 89 | 107 | 155 | 87 | 120 | 12.1 | 14
%RSD| 7.2 | 9.5 96 | 58 | 69 | 44 | 23
Mean | 1153 [ 106.5 | 155.6 | 138.3 | 164.9 | 287.8 | 59.0
Rinsing  SD 37 | 60 | 109 | 27 | 54 | 3.1 0.6
%RSD| 32 | 56 | 70 | 2.0 | 33 1.1 1.0

No
Rinsing

>—0 5 o g

Mean | 102.4 | 103.8 | 135.5| 131.8 | 166.0 | 305.8 | 58.4

E Rjys‘i’ng SD | 76 | 73 | 150 | 104 | 99 | 142 | 15
a %RSD| 74 | 70 | 110 | 79 | 60 | 46 | 25
e Mean | 94.1 | 111.8 | 137.0 | 1133 | 1629 | 296.0 | 57.1
}13 Rinsing SD | 58 | 139 | 185 | 83 | 113 | 78 | 1.0

%RSD| 6.1 | 125 | 135 | 73 | 70 | 26 | 18
b N  Mean | 9898941040 1481|1598 3164] 361
a Rinsng S | 15|39 | 65| 67 | L1 | 162] 05
n %RSD| 16 | 44 | 44 | 45 | 07 | 51 | 09
e Mean | 87.7 | 824 | 854 | 136.0 | 146.6 | 323.5| 547
é Rinsing SD | 52 | 77 | 99 | 126| 97 | 87 | 07

%RSD| 59 | 93 | 116 | 92 | 66 | 27 | 13
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Fig. 3. Reproducible results of no rinsing and rinsing(After adjusting
the sensitivity).
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Fig. 5. Pattern analysis of no rinsing and rinsing(Before adjusting the
sensitivity).
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Table 6. Result of indirect injection and direct injection(n=3)

Sensor

#1 #2 #3 #4 #5 #6 #7
Indict  Mean | 87.2 | 82.5 | 126.9 | 113.8 | 143.6 | 307.5 | 59.2

P
a  Measurement SD 04 0.7 04 22 0.2 109 | 0.1
n (OdorlesBag) %RSD| 04 | 09 | 03 | 19 | 01 | 35 | 02
e " Men | 1161]1226] 1555|1289 1755 3363 | 800
Lo oy 1o [ 119 [ 121 | 53 | 64 | 06 | 33
A measurement

%RSD| 37 | 97 | 77 | 41 | 36 | 02 | 41
p hiwn  Mean| 737 | 785 [ 768 | 1387|1317 2429 555
a measurement ~ SD 14 1.0 0.6 13 06 | 244 | 0.1
n (OdorlessBag) %%RSD| 1.9 | 1.3 | 0.7 | 09 | 04 | 100 | 0.1
e . Men| 759 | 865 | 638 141514323138 586
1 Diredt 25 1 09 | 87 | 134|150 | 114 | 08
B measurement

%RSD| 32 | 1.0 | 136 | 95 | 105 | 36 | 14
p it Mean | 756 | 741 | 970 [1269 13812397 | 538
a measurement ~ SD 1.5 0.9 04 0.2 0.3 146 | 0.1
n (OdorlessBag) %%RSD| 1.9 | 12 | 04 | 02 | 02 | 61 | 0.1
<1f Mean | 85.2 | 82.3 | 105.0 | 143.3 | 164.2 [ 2943 | 55.1
C

mealzi:;em 67 | 16 | 185|119 | 103 | 189 | 05
%RSD| 79 | 38 | 176 | 83 | 63 | 64 | 09
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