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Abstract

In general, the Japanese spend some eighty present of their day working in thermally-insulated, air-tight residential of office
buildings. Lack of proper ventilation in these buildings give rise to a number of problems including concentration of hazardous
chemical substances emitted from building materials and open type heaters, and a rise in room humidity and condensation.
Furthermore, lack of proper ventilation promotes increased growth of room bio-pollutants (allergens), such as mites, mold and house
dust, and studies of allergic diseases traceable to these substances have shown marked tendency to increase over the years.
Currently, one-third of all Japanese suffer form some form of allergic diseases, while about one-tenth are hypersensitive to chemical
substances.

Now believed to be responsible for anaphylaxis to chemical substances, concentrations of formaldehyde (HCHO) and volatile
organic compounds (VOCs) given off by interior finishing materials and furniture is very low in residential spaces. To accurately
measure these concentrations, it is necessary to concentrate the air sample during sampling and to employ high-precision analyzers
such as a gas chromatographic (GC) analyzer to obtain the results. Since these complicated sampling and analytical operations
require a high-level of expertise, the development of an on-the-spot precise measuring instrument has long been awaited. This
study examines the application of three semiconductor-based odor sensors each capable of measuring and evaluating HCHO and
VOCs levels in low concentrations quickly and in a timed sequence. HCHO and VOCs in a variety of concentrations were measured
both in the field and in a special laboratory chamber. To evaluate the characteristics of each sensors, the results of the
measurements were compared with results obtained form high —precision analyzers, such as a GC Analyzer, a Gas Chromatography
Mass Spectrometer and a Liquid Chromatographic Analyzer. A relatively good correlation was obtained between the results,
indicating the sensors can be used to develop an effective complementary system to enhance the analyzers. Furthermore, the effects
of moisture and chemicals which could interfere with the proper operation of the sensors were studied under various conditions to
clarify the characteristics of the interference.

In conclusion, this study proposes some the essential technology required to accurately and quickly measure HCHO and VOCs
levels in low concentrations in residential spaces.
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Table 1 Comparison of odor sensors’ characteristics

Sensor type™ 1 2 3 4 5 6
. Catalytic . . .

Detection type . PID FID Semiconductor Metal oxide semiconductor | Quartz resonator and membrane
combustion

Air flow (sampling) rate About 0.5 ¢/min| 0.4 0/min. 0.8 ¢/min. Not required 0.5 ¢/min. Batch type

Sampling time About 1 min. 4 sec. 10 sec. Continuous 90 sec. at 90% Varies depending on measuring

substances and conditions
Sensitivity About 2ppm (for| 0.1ppm 0.5ppm A few ppm (varies depending  |Below 0.1ppm, except for Varies depending on substances to
toluene) (for benzene) (for methane)  |on accuracy) NH;H,S and lower fatty acids|be measured and sensors in use

Conbustible Depends on the ionization TVOCs can be measured. Low in sensitivity to NH; and

lower fatty acids. Other Basically VOCs can be detected

Substances that can be measured  |hydorocarbon  [potential of gases. CH, and | ~ All hydrocarbons |HCHO can be detected :
e substances can be measured  |with ease.
gases C3Hg cannot be measured. although sensitivity is low. N
without problem.
Output signal level/interface 0-150 mV/ 0-1V/RS232C 0-1 V/RS232C 05V 0-200 mV/ +1V/RS232C
‘Temperature 0-40°C 0-35°C 0-45°C Not provided 0-40°C 0-40°C
Environments for
measurement o . There should be no dew There should be no | There should be no dew . g
Humidity Not provided condensation. dew condensation.  |condensation. Not provided 20-90% RH
T Temperature compensation is  [No error due to variations in
Temperature/ | Temperature possible temperature arises. Basically there is no need to
humidity Not provided Not provided Not provided compensate for variations in
compensation - . iations i environments for measurement.
Humidity Not provided Erro'rs.due to .varlallons in
humidity are introduced.

*1 Commonly used sensors are listed.

*2 Generally speaking, odor sensors are susceptible to changes in humidity

29



EWNBREE®L Vol.l No.l [1998]

RH OfZH#B L, 20U sy ZORESREICRIT D
B AE T 0.22 [8],/ B Cdh o 72,
31 Y —KITKHIEREELE TVOC ELUV
HCHO iR & MR

Fig.1 |2 h/Lm U5 L7- VOC (TVOC) 1 Dl
R 2R, TVOC I oW THE, 8 BifEI#£12 3,000 g+
C,Hy/m*ir< 12 L, WHO I —1 v SE)HE 300 ug
/mPERESEAT, ZHUE, NERLSE T EZOY
HTHDIZD, WM SEERND VOC FEXREAIC
S TWaizb Bz bbb, -, HCHO JREE
, 8 B[ 1412 WHO OB 0.08ppm ##E %, Zhh,
VOC LREOFRIRIC L 5 b0 L HEg iz, Eic, 7
A7 u< ~ 77 7 E & (GC/MS 734T) DFERD 5
K%#K%UéIEV@Zd,FWI/,Tﬁ/,F
VDAFNRUBy, DT BRI THo
77

Fig.1 (& —S # A THREORKRREE( & TVOC
BERS OBSREZ T, TVOC #EE2 0~% 3,000
pge CHy/ m* ®EFITHEN, B ¥—8 Z 1 FHRiE
b AL, BERNOIAQ B—EM CFf) 2L T
B3R CE 7z, TVOCRE L oV —fREs o
FABAAUE v=208.38¢""", #HRHIEL R* T 0.9845 TH Y,
FEWND TVOC JBIE L& P —S ¥ A T Ol & BAT
TRARE N HERR T & 72, HCHO HEEEA 0 2> 5#9 0.12ppm
W ERLEBO, tr¥—S 4 THRrEE OBGRL
VOC IRE L AR ZEB 27 Lic, M IX
y=0.0385¢"""™, R*(X 0.9937 TH Y, ZH 5 H RAF/eH
MR oz, €T, Rk ¥—S #1472 Hn
TRIFOICE=X 1V 7352 & T, ENO TVOC X
HCHO R EOMRBRFMA IRBIC /2D 2 5 & B %, &6
IRt EED D Z L L LT,

800 |——- — 3,500
0 . /f/ /Y 3,000
w600 |
£ | 2500 =
2 500 / 5
£ | y = 208,38 =
L | R: = 0.985 2000 5
Z a0 | w0
2 100 | 1500 =2
B - 8
= / Lo 3
' =
100 — ! 500
- s TVOC
0 . 0
0 5 10 15 20 25 30

Passage of time (hour)

Fig. 1 Relationship between Type S odor sensor’s
readings and TVOC concentrations

(measured in Type T apartment building)
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Fig. 2 Relationship between odor sensors’ readings and TVOC concentrations

(measured in type H apartment building)

(Left: Type T6 odor sensor, Right: Type T2 odor sensor)
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Fig. 3 Changes in Type S odor sensor’s readings and TVOC concentration with time
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Table 2 Effects of relative humidity on odor sensor’s readings

HCHO; <0.016ppm

Relative humidity Type T2 odor sensor Type T7 odor sensor
Set value Reading Variation Variation™ Slight Variation™ Variation Slight Variation
%RH %RH %RH \Y, Y, \ \
45 40-50 3 26~28 - 0.7~1.2 0.05
60 55-65 8 2.68~28 - 09~1.2 0.058
75 68-75/71-79 8 2.8~3.0 - 1.1~1.6 0.05
90 91.5-92.5 1 2.6~3.2 - 04~1.6 -
HCHO; =1.0ppm
Relative humidity Type T6 odor sensor Type T2 odor sensor
Set value Reading Variation Variation™ Slight Variation™ Variation Slight Variation
%RH %RH %RH \Y \ \ \Y
45 40-50 5 3.4~3.65 - 1.3~1.62 0.08
60 53-70 10 2.85~3.35 - 0.74~1.68 0.07
75 66-87 10 26~28 0.02 0.68~1.12 0.05
90 85-92 1 2.25~2.72 - 0.84~1.36 -

*1 Variatio: variation in ordor sensor’s reading (V) in mimutes

*2 Slight variation: instantanious variation in ordor sensor’s reading (V) in seconds
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