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SOCIALLY RESPONSIBLE MANAGEMENT OF THERMAL ENVIRONMENT,
ESPECIALLY HOT ENVIRONMENT

Masatoshi TANAKA, Professor Emeritus Fukushima Medical University,
80-6 Yagita-Shinnmei, Fukushima-city, 960-8164 Japan, E-mail: mtanaka@fmu.ac.jp

Abstract: Acute heat strokes often occur as a result of working in hot environments. However, heat strokes recently
sometimes occur during daily life inside as well as in outdoor work environments. Air temperature, humidity, wind
velocity, heat radiations and so on are essential to evaluate thermal environmental conditions. Japan spreads the
range of latitudes from 46° to 24°. Seasonal variations in weather are very marked and the climatic conditions vary.
Japan mainly has a very hot and humid climate during summer. With regard to the thermal standard for offices,
humidity especially creates a problem in the indoor thermal conditions. Therefore, it is better to decide the
threshold limit values of the thermal conditions according to seasons and activity levels. Inadequate thermal stress
may cause discomfort and adversely affect performance, safety, and harm to health. Further, thermal factors in the
work and daily life environments must be measured and evaluated under workload conditions like deskwork for

safety and activity efficiency, and during daily life for comfort and health.
Key words: Thermal condition, Climate, Thermal standard, Activity efficiency,

1. Occurrences of heat stroke
Occurrences of heat stroke or cold injury in the outdoors were related to the weather, such as a heat or cold waves,
and geographical features, such as inland areas or basins where these influences of the climate were great. Under
the intense heat or cool of seasons, agriculture production or electricity consumption had great social influences
nationwide.
In a newspaper article regarding the occurrences of heat strokes in Japan, those due to work was 29%, daily life
activity was 38%, and exercise was 33%. Occurrences of heat stroke during daily life activity were observed mostly
in persons older than 65 years old, as well as during outdoor work such as agriculture.
According to the database of the emergency transportation records from 1991 to 1995 of the Fire Defense
Agencies in Fukushima Prefecture, Japan, there were a total of 435 cases of heat stroke and dehydration, 193
cases (44.4%) in August, and 155 cases (35.6%) in July. These heat disorders occurred 18.6% during labor
activities (outdoor work, agriculture etc.), 26.9% during daily life activities, and 33.5% during sports activities.
Heat disorders in the elderly in their seventies and octogenarians were many in rural area, 67 cases (15%) and 78
cases (18%) respectively, and in the case of below 10 years old, and in the fifties, there were fewer, 20 cases
(4.6%) and 34 cases (7.8%) respectively. A large number of the cases, which discomfort index (ID) 80-84 and
above ID 85 ranges were many, 169 cases (39%) and 134 cases (31%) respectively (Tanaka 1997).
The discomfort index (ID) shows the relationship of thermal comfort and thermal conditions that is humid and hot.
The discomfort index or temperature humidity index is calculated from air temperature (Ta) and humidity (RH). The
equation of discomfort index (DI) is as follows.

Dl =0.81Ta + 0.01RH (0.99Ta — 14.3) + 46.3

—128—



REGBRANEEMNE (BEZE - GHEEIREMEESS)
SRR E S

Ta; air temperature (*C), RH; relative humidity (%)
Discomfort index is over 75; slightly heat & humidity, D 80-84; severe heat & humidity, and above ID 85 range;
intolerable heat & humidity. Discomfort index is especially useful inside house or building where usually is no heat
radiation.
Numbers of midsummer days, that is days with over 30°C maximum daily ambient temperature, appeared from
May to September, frequently July and August in Japan. A significant positive correlation was found between the
numbers of midsummer days and heat disorder in each month (N.A.O. 1994, 2005, 2010).
Typical occupations in hot environments are a blast furnace, a cupola, melting glass in the indoor workshop. The
workshop, which is remarkably hot, is usually higher than dry bulb air temperature of 40°C, wet bulb air
temperature of 32.5°C, glove temperature of 50°C.
From the data which related with thermal conditions and death by heat stroke, air temperatures of about 40°C are
safe, if conditions are dry such as when the humidity is less than 10%. But it becomes more severe for work even if
the air temperature is about 28°C in humid conditions near relative humidity 100%. Clearly a correlation is
observed between occurrences of heat stroke and hﬁmidity in a hot work environment (Roth 1964, Thomson 1979,
Tanaka 2007).

2. Natural or artificial thermal condition

Japan is an island country: Hokkaido being the northern island, Honshu the main island, Shikoku in the Inland Sea
and Kyushu the southern island are the four main islands. From Hokkaido to the Okinawa islands, Japan spreads
the range of latitudes from 46° to 24°. So seasonal variations in weather are very marked and the climatic
conditions vary at each area.

On the thermal conditions and climate of the selected cities in the world: average annual air temperature at Naha in
Okinawa, southern island of Japan was 22.7°C, and monthly average air temperatures were 28.5°C in July to
16.6°C in January. Average annual humidity was 75% and monthly average humidity was 84% in June to 68% in
December. Average annual air temperature at Sapporo in the northern island Hokkaido was 8.5°C, and monthly
average air temperatures was 22.0°C in August to —4.1°C in January. Average annual humidity was 70% and
monthly average humidity was 63% in April to 77% in July and August. At Tokyo capital of Japan, average annual
air temperature was 15.9°C, and monthly average air temperature was 27.1°C in August to 5.8°C in January.
Average annual humidity was 63% and month average humidity was 75% in July to 50% in January. At Havana
capital of Cuba, average annual air temperature was 24.8°C, and monthly average air temperatures were 27.3°C
in August to 22.0°C in January. The average annual humidity was 76% and monthly average humidity was 78% in
June to 75% in December. At Montreal in Canada, average annual air temperature was 4.0°C, and monthly
average air temperatures were 17.5°C in July to -10.2°C in January. The average annual humidity was 71% and
monthly average humidity was 77% in November to 64% in May (NAO 1994, 2005, 2010).

The climate in Japan is generally hot and humid in summer, and cool and dry in' winter. The climate in Havana is
annually hot and humid. The climate in London is generally a neutral temperature and humid. The clinfate at San
Jose capital of Costa Rica is annually constantly warm. The climate at Montreal is cold and moderately humid in
winter.

Hot climates directly influence disease occurrences such as heat strokes and dehydration in summer. Also,
climatic conditions by season are indirectly related to risk factors of diseases such as malaria and Japanese
encephalitis. People in rural areas are familiar with natural conditions and are sometimes exposed to severe
weather conditions. On the other hand, most people in urban areas are familiar with artificial conditions and have
some access to air conditioning systems in hot seasons and cooling disorders frequently occurred.

Using vital statistics of seasonality of monthly deaths in Japan, the death rate from infectious diseases showed
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previously 2 peaks, one in summer and one in winter. There was also a second peak in the summer (August and
July). In 1950, there was a similar to that which occurred in 1947. In summer, gastrointestinal diseases, infectious
diseases, Japanese encephalitis and so on were common. On the seasonal disease tendency from 1906 to 1910,
death rates from digestive diseases, such as dysentery, diarrhea and inflammation of the intestine, and other
diseases, such as beriberi, tuberculosis, whooping cough and so on, were higher in summer. 50 years later, from
1957 to 1961, the death rate from dysentery was the only one peak in summer. In recent years deaths from many
diseases were more common in winter, the exceptions being cancer, infectious diseases and suicide (Tanaka 1998,
HLSA 2012).

One cause of skin cancer is undoubtedly overexposure to a certain range of ultra-violet rays to the skin. In this
case people have many chances to be exposed to cancer-inducing ultra-violet irradiation in summer. Ultra-violet
radiation is beneficial to life in moderation, but harmful in excess.

Mortalities from seasonal diseases or meteorological disease are associated with environmental conditions.
Physical conditions such as light, air temperature, pressure in natural climates or artificial climates, and mental and
social conditions such as culture, economy and so on, can be associated as a single factor or complex set of

factors.

3. Thermal standards for working and daily life
The heat and cold stress threshold limit values or the thermal standards of offices are usually decided by the
Ministry of Health, Labor and Welfare, the Society for Occupational Health and so on. The heat and cold stress
threshold limit values for working are intended to protect workers from the severest effects of thermal stress and to
describe exposures to heat or cold working conditions under which nearly all workers can'be repeatedly exposed
without adverse health effects (ACIGH 2001, Committee for ROEL 2013)
Tablel. Occupational Exposure Limits for Heat Stress ,

work load WBGT (*C)

RMR ~1 (very light, = ~130kcal/h) 32.5
RMR ~2 (light, ~190kcal/h) 30.5
RMR ~38 (light moderate,~250kcal/h) 29.0
RMR ~4 (moderate, ~310kcal/h) 27.5
RMR ~5 (heavy, ~370kcal/h) 26.5

The criteria for heat stress in Japan are for healthy male workers, who were acclimatized and work wearing normal
working clothes for summer, drinking adequate salted water of a concentration of about 0.1%. Working period is
continual for one hour or intermittently for 2 hours. These criteria are mainly for working in factories and so on.
Assessment of heat stress can be used for evaluating the risk to workers on safety and health. As the heat stress
approaches to human tolerance limits, the risk of heat-related disorders increases (Table 1, Committee for ROEL
2013). '
Under the condition of high environmental temperature, the addition of a vapor impermeable clothing barrier may
greatly increase the heat stress for the individual wearer and heat exhaustion may rapidly occur.
The WBGT (Wet Bulb Glove Temperature) offers a useful first-order index of the environmental contribution to heat
stress. It is influenced by air temperature, radiant heat, and humidity. WBGT values are calculated using one of the
following equations: V

- With direct exposure to sunlight:

WBGT out = 0.7 Thwb + 0.2 Tg + 0.1 Tdb
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+ Without direct exposure to the sun:
WBGT in=0.7Tnwb + 0.3 Tg
Tnwb; natural wet bulb temperature, Tg; glove temperature, Tdb; dry bulb air temperature
The working load measuring unit for occupational health in Japan is mostly RMR (Relative Metabolic Rate). RMR

is calculated as follows:

Energy at work — Energy at rest
RMR =

Basal metabolic energy

Basal metabolic energy is calculated with body surface area (m?), which is calculated with body weight (kg) and
body height (cm). The “Very light” workload category is under RMR 1. Activity examples are car driving and
deskwork such as writing. The “Light” workload category is RMR 1~2. Activity examples are standing work such as
watching operation or walking along at about 45m/min. The “Moderate” workload category is RMR 2~3. Activity
examples are walking along at 70m/min ~ 95m/min or cleaning a floor. The “Slight heavy” workload category is
RMR 3~4. Activity examples are cycling at about 170m/min or a steel grinder. The “Heavy” workload category is
RMR 4~5. Activity examples are sawing by hand or inverting.

Workload in Japan is mostly RMR 1~2 for automation or mechanization. RMR 4 of workload may be possible to
work continuously for one hour. Workload over RMR 4 may work intermittently. For example, threshold limit values
show WBGT 30.5°C for “light” workload of RMR 1~2 .

For work practices in severe conditions, the workers should be under protective observation; buddy system, or
supervision, and the workers should be instructed in safety and health procedures.

Regarding the recommend levels for thermal conditions in office buildings or during daily life, these are intended for
people to work or live safely and comfortably. Air temperature in office building is 17 ~28°C. Relative humidity is 40

~70%. Air velocity is below 0.5m/sec in Japan (Table 2, Environmental Health Division 2011).

Table2. Threshold Limit Values of thermal condition at office building

ltem Standard (Japanese government) Propose comfort standard
Air temperature sitting work standing work
17 -28°C summer: 24 -27°C  20-25°C
winter: 20-23°C 18-20°C
Air velocity <0.5m/sec <0.5m/sec
Humidity 40-70% 50 - 60%

There are many differences of climate in each area or season and so on. On the thermal standard for offices,
humidity is also a problem in indoor thermal conditions. Therefore, it is better to decide the threshold limit values of
thermal conditions for season and activity levels.

Meteorological observatory and weather station are mainly measuring air temperature, wet bulb temperature
(humidity) and wind velocity as thermal factors. It is better to measure glove temperature with direct exposure to
sunlight. So WBGT values can be calculated and should be common knowledge for all citizens. It is useful for
weather information in summer to prevent heat disorders. In this case, weather is changeable, temporarily sunny,
cloudy or rainy. So one equation, namely the equations with direct exposure to sunlight may simply be enough for

calculation of WBGT values. Under no direct exposure to the sun, globe temperature becomes almost the same
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values as dry bulb air temperature. Wind velocity should be added for evaluation of environment, because wind

velocity affects to thermal condition outside.

4, Safety, activity efficiency and thermal environment

Thermal stress at work is the net thermal load to which a worker may be exposed from the combined contributions
of metabolic cost of work, environmental factors (air temperature, humidity, air velocity, and radiant heat exchange)
and clothing requirements. Inadequate thermal stress may cause discomfort and adversely affect performance,
safety and be harmful to health. Occupational exposure to environments of hot and cold may have adverse effects
on man’s performance, health and comfort. Such thermal condition is a reality in many outdoor jobs and indoor
activity. Hot working condition is regarded as one of the main causes of accidents, illness and other health

problems.

4 -
(very
uncomfortable)

oO—-CO 5 min

®---® 90 min
M + SE l

(uncomfortable)
3_

(slightly
uncomfortable)
2

comfort sensation

(comfortable) :
1L

15 20 25 30 35
upper air temperature (°C)

Fig.1. Comfort sensation at 5 min and 90 min according to vertical air temperatures (N=6)

Hard work or activity under hot conditions has led to a marked increase in heat casualties and heat disorder, such
as heat exhaustion, heat stroke, and heat syncope; often in combination with dehydration. The most serious
consequence of exposure to intense heat is heat stroke, which may be fatal. It is caused by a sudden collapse of
temperature regulation, leading to a marked rise in heat content of the body. The rectal temperature may be 40°C
or higher (Merca 1989, Parsons 1993).

Relationships between heart rate and core body temperature were discussed and regression lines for body
temperature on heart rate were formulated for work safety. Under conditions of high environmental temperatures,
the addition of vapor impermeable clothing barrier increase greatly the heat stress for the individual wearer and
heat exhaustion occurs rapidly.

Heart disorders, caused by thermal stress would occur under transit condition where workers were removed from
hot workplaces to cool rest places. The people with heart disease, abnormal of electrocardiogram (ECG),
hypertension and so on need to take care of their thermal condition, especially elderly people who would have a
disorder of the heart or blood circulation (Fanger 1970, Mercer 1989).

At desk work, on the relationship of peak performance at a certain level of arousal, deterioration of performance
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either at low or high arousal levels occurred, the arousal levels induce uncomfortable, and hot temperatures afféct
performance. The paradox of improving rather than deteriorating mental performance under certain thermal stress
levels is explained by the inverted U-shaped relationship between arousal and performance (Kamon 1975).

On the experiment of human subjects in artificial chamber where thermal parameters could be controlled
accurately, the subject was exposed to upper air temperatures of 15, 20, 25, 30, or 35°C, while the lower part of the
body was exposed to the constant air temperature of 30°C. There were little differences between the values of
5min and 90min of the one-digit-addition test in scores at 15 and 20°C upper air temperatures. However the values
at 90min were lower than those at 5min at 25, 30 and 35°C upper air temperatures. The score values decreased
with increased upper air temperature, especially at 90min. The number of errors was slightly higher at 5min at 25°C
upper air temperature. The values of comfort sensation at 5 and 90min at 20, 25 and 30°C upper air temperatures
were similar, but at 15 and 35°C upper air temperatures the values at 90min were higher than at 5min, that is,
there was an increase in the amount of discomfort. Mildly uncomfortable ambient conditions where upper air
temperatures were cool and lower air temperatures were warm, improved performance. However, at 35°C upper
air temperature, performances worsened as the subjects felt uncomfortably hot (Fig.1, Tanaka 1987).

Comfortable conditions reduce -the arousal level. Slightly uncomfortable air temperature or humidity elevated
arousal, which improve the performance. This has been found in many of the task performances as arithmetic
visual judgments, auditory, skills, reaction time, and so on. Decreasing ambient temperatures or raising the
ambient temperature, eventually elevate the arousal level beyond its optimum to the range where performance
deteriorates. The strain of decreasing or increasing the body temperature, which becomes over-arousing after a

period of time, causes the reduction in performance.
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WHEntE SRETER BRERKFEFIELEZE iR
DoEE ERR AEETEENTET HIEHRE
Wt % LEER AHBTNRERASEREMEE  BdR

MREE

T2,

ERWER AW TH D 2-=F ) -1-~FV/ —/L(QE1H) 2 FRWE & 5 BNZERI5
DEFINAR, AT =T U RENLEE SN TS, HETFR, Ak & oFRE
THY ., FETOEHODBOBRERDH D, KOODREILLD & OHENELL, FDRE
RIS, SO REREY., 7 Z N AT NOSER ERE 2 b T 5, 2E1H DR
bR e LOHBES TP 5, BREITH . KO 7 U — NEEDT 72 EOIFEMTON

A BIEREB®

B OSENERE TE U 20ER, S5EER.
ARCIEME DRI 2 & DL 7 BVIERRE

(Sick Building Syndrome:SBS ) {22V T
I FENZERIEIOIRITE, EEE, BRER
&L OEBEIZIER LI T T B,
REZ, ENOEREMEE LAY (VOC) IZX
DAL LT, MBS OMERERERES
R ARRRE & DEBEMER ST,

BRINCIE 1990 RS 2-=F -1-~FF
B/ —/V(QEIH) I3ZENEKIERE DO
DL LTEEEINTRBY, E2NRETO
2FE1H 25 L FE=E OEEEDBE
U8RI 0vdh 5 (Wieslander G 5
1999, Norbick D & 2000, Walinder R &
2001) , AETIL 2002 i1z 2E1H (2R
3 LEZ BN BEDEFRE PR TH
% (Kamijima M 5 2002),

B. BiAE

PubMed, EZF4gEEND 2E1H, EAN
ZERIEYDF— T — RIZ X > THREL., 55
NI STRETE, & BITENL OB s
B E BTV o9 2E1H (ZEE A0k R
L7,

T RARZE L. ENZEET A D THY ,
FE COBE & M &3 DRFFRICEES L
VY,

C. IRFERBLUER

B, 2E1H 12 X % RINZeRIB YO
EOERRIZET HHEIIHERY D2 Fh
SOEREILT LHAL TR, Fiz,
2E1H DOZEANTOFEELRFEMTICEL T,
PRI & E 05 TTEHIOAK AR RS
BEZT LR EOBAEMDRENZ L -
THEREND LTHEZFNHY ., Bn’d
B,

AE, ZNETD2EIHIZ XL Db h~DfE
RRPFEIC B DAL 2E1H 12 X 5 ENZE
KIBYDERER L O DRAMFICET 5
FROEEAAT, BFEE TICHAL M-
TFEEEHERT D & &b, BERFSIET S
7= DIZENTO 2E1H ORANHNEEZE
2B,

E MBI+ 5 EREE
(D) —BERETOERSE

ZIBDKETD DEHP O45fEYTh 5
2E1H %, BH55)>5 D sozyme DAMKIE &
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BOERFEEZ BN AR H -T2
(Wieslander G, et al. 1999),
FEREOWMBIERIZa 7 U — MNETE
FE DN & AIBRID T VT U DK SR %R
3 2E1H A BhEN o7 (Norback D,
et al. 2000), ZHEDE CILERHBEIRENS
BlER &5, ZIREOBY Il BRI
MEHoTos, 2E1H JREEBHIN LTV
(Walinder R, et al. 2001), > 27 E/VAEEE
BEBEORE LZENTIX 2E1H 2SR
TH Y, 2E1H 233 v 7 EIVIERREDFRY)
HIZ720 5 52 L EHERE L7z (Kamijima M,

et al. 2002), PVC FF#f2>6 2E1H 23 L

TR OB Cids BA RN L
TVYz (Tuomainenn Aet al. 2004), PVC
FREDS 2E1H 2SR L U BIB DS
Ty 7 ©OVIERRE & i BRI L
TVVe (PutusT,etal. (2004), &+ DL -
TREDEREHTHF4EIT 2E1H BED
BOENETT TR LN, 2E1H DIKEED
EEDOEERE DIERHERIZEAT, SRE
OEEOFIRZE OERIERNCHER T 25
A OBHUENY 65. 5~336 ug/ M THD LHEEL
7= (BB 5 2005), =2 2E1H ([ZRE L7
VAT TIRE EEEBRE LR L, ~LA
7T HEER CIIROER & 2E1H Ojikikz e
T LTz, W0 7 ARR Tl 2E1H OFEE 7288
Db o7ehd, [FREIHMRRE Cholz,
. B, MEREHEROBENE nasal patency
DI & B DRTHEREIK T Z - 7Bk DS
AL Tz (Wieslander G & 2010),
2E1H BEOKT & & bIEROELEFR
2 5FEER L OEERR B R OFF 2 035
DLW GED 2011),

%< DHED—HRENT 2E1H 2SR
BB 52D L MR LTS, L
L. OEROFEBRFATHALDOT, i
DEEDS 2E1H (2K DFERSYE ~ DR
R 5 Z LI TE AR,

(2) 2E1H IZ & B BNZeRIBYD3RE

F1IZENZER 1 2E1H BE O EI 2 £
&z, Bk THOENZER A 2E1H JREEIZBS
TAHRFIDEETT, 1984 4512 Andersson 5

(1984) HPE|ERNZERUZ X DHEOEEDH -
T BRSO BEK Ing/m’ D 2E1H &5
HLZbDThHD, 0%, BCkKTIL FE

(Hodgson AT & 2004), ¥z« UAE U
% (Norback, D & 2000, Wieslander G &
2010) . FEHPT (Walinder R & 2001,
Tuomainen A & 2004), % (Putus T b
2004) TOIWEH D,

DTV NTEEAF LHEEETFT
DERNPEFE DN 2. 7-8. 1 u g/ DS
B Cdh-o7- (Hodgson AT & 2000),

T« U U MRk COENZEEH 2E1H
BEIZOWT, SRBZE TH -7 L il
LT 2 sk A 5 L, REE T
1212 2-32) p/gn® THoDITH LT, %
HTX 1pg/m Ko7~ Norback, D 5
2000), Eie. BHOBSAHHER S D N
U BERR 1 MR i 0. 3-0. 6 p g/m* THo7z
25, B L QO EERTE L TR
U707~ (Wieslander G 5 2010),

FHEECTOENZERH 2E1H EEIZOUN
T, @728 2 sk COVIREIX 9. 8
g/m THoT=DIZH LT, {Bo TV VehoTz
SR CONGIREL 1.5 pg/m’ ThoTe

(Walinder R & 2001), /v E/VIEGRE
BEDTRAE LT BV COEPEEE DO (4
FDIX2 (1-3) pg/m* Th-o7~ (Tuomainen
A% 2004),

ZRETHENZEEH 2E1H BEIZOWT,
B 2 FEDORFRE 3 E T 1 A TOENR
B 45 ug/m’ THoEDIZH LT, 6 AT
1%10-17 p g/m® TH o7z Reiser R & 2002),
L% 10 FEOFR 1 Higk COENRE D

&) 1% 2 (1-3) peg/m’ Tho7z (Putus
T & 2004),
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HASCORNIDHRETL, 2002 FIZ EE S
FEORFRETEIRE (164-1086 1 g/nf)
D 2E1H ZRHLI=LDOTH S, Dk, F
® (EBB, 2005 MiHEoH, 2009; &b,
2011), X (KED, 2009), FHHT (Sakai
K & 2006, 2009,78H:5 2010, A & 2007),
vay B rE—L (ERD 2008) TOH
E0H 5,

R TOERNZERH 2E1H EEEIZOWT,
vy 7 EOVEREERER DD BENREL
To KRR COENRELT 25.0-1183 pg/m’
ThoTeDIZH LT, Fik 30 ALl EEIEHE

LKL T 4.86.2ug/m (LED

2005), Zith 1 ERFEDORFRE 3 ED 9 A
DEPEETL 37. 1-62. 1 p g/m THoT=DIT
STLT2 ATIE12.4-27. 0 p g/ Tho 77,
2E1H XV EEED VOC 13eh o7 @b
2011),

FETOENZESH 2E1H BEIZOWT,
SUBANLELINDES 13 B 25 51 19 B¢
2E1H ZHH L, ZOHhIdE @F) 1315

(ND-783) ug/m* CToh-o7- (KE D, 2009),

BT COENZEL T 2E1H BRI OV T,

42 EV 99 EBFh 92 =BT 2E1H 2L, %
DR &) 1% 16. 5(ND-2709) u
g/ ThoTz, EEED 2E1H i3 —50EE
DHFTHY |, F—BHNTHENFBTRE 2R
BEEZEN 572 (Sakai K & 2006), 56 /v
67 ZE T, BRI LE C AZF 165 £ T2E1H
ERRH L, EZEOTESRE (87 SD) X
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g/m’ ThoTz, ENEEIIKIRIZHAIL T L
&, BEIZO > TRENF - (Sakai K
5 2009), EHRICz > CRREEREINGRO
TV E/VOENBEENL 230270 u g/m* T
-7 (HFS 2007),

% 0 DY 3 v BB Z—120 DT
TOENZERH 2E1H EE DS E

&) 1% 6.2 (K1.3-69.2) ug/m’ Tho
77, 2E1H JREEDZENSIML 9. 3 TENTHRIZ

EHEEE Cho7- (ESREES, fil :2008), &
#% 31 EDENBETH 11 BH6=T2EIH %
FRHL L, & DIEEHE (&EBH) 1.0 33 ND-1. 30)
ug/mt TIho7z,

BRKkE BARTOREZLERT S &
Andersson HD#RE (1984) ZERFIE. BA
TOEIIFCK & U CERE Ch ol
ZOFRDO—>E LT, BRTOREIIEZS
AT TCWBBENE Do T=DITR LT,
K TIIAEATON WV ER3E 2 b
Niz, 7=, FEILEE OFERSEGTiThoh
7o CHEE SID DS, HERSHHHZRET A0
1FE AL To DT KN 2E1H ENR
B RIE LT BB IR Th -T2,

2E1H DFAR
(D BRTOREER

2E1H OFBLFATR & LT, RAFER
T TW3, Feld and Laboratory
Emission Cell (AT, FLEC) 1AIZ X A5KD
5D VOC BEDHEIE T, 2E1H I3R15
HE LTz TVOC D 47~76%% 55T
7~ (Toumainen A & 2004), PVC HbtZ
Ellzar 7 V— bORED D 2E1H 23K
B LTV~ (Wieslander G & 2010), —E
BTy L NEIC X BHET, 2255 2E1H
BIPRS00 2E1H FREEIZ B LT
mLcwiz (EES 2005), FREH»HD
2E1H EDBIEZAT > T VRS, ]
2o 2E1H OFATR E UTUREHEL
TWBEEIZZV Y (Andersson B. et al. 1984,
Wieslander G 5 1999, Walinder R &
2001, PutusT & 2004), FREFAIRE Lz
Wa? 2E1H OFAERE LT, (1) B4

FEEREED) BRICEEND LD, 2
#4400 DEHP 72 EORER| L a7 )
— MR & ORI X AIEERISICE - T
FIATER LIZDD, (3) BAEMOREERK
Mgz b,

FRLIAD 2E1H OFAZER & LT, #2508
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ZHEERE (Leovic KW & 1996) EHTLU WS
—YFNarta—4 (BakéBird Z © 2004)
PERE SN TND, FTLvvs—YFas e’
2—&5 2BIH 37 = /—/b, kx|
HCHO, XF L& bl aEnn:
(Baké-Bird Z & 2004), F7-, EAZERK
VA, ERRERGEEZ BB VOC LT
2E1H 2 En s CEFH 2011),

(2) A EEER DO EHY)

PVC #&Te 0 B RS 2E1H 23k
B2 &%, F v 3% (Hodgon & :1993)
BIOFLEC #£ Jarnstrom & 2008) Tk
BINTWB, #EAI D S 2E1H A3HE
B EDHENHD (Jarnstrom 5 2008),

(3) RM R EBRI DI 5318

ERE &7 VA Y DS DEHP O
KR X > T 2EIH 38 4E L, =2 Y
— NEEOD pH T AT /NVEONIKSfR%ES |
ER T3 THo7- Bjork & 2003),
IKEYRDE2 o727 A MZ DEHP %E#
WM U356, KGROFENEAL T
2E1H e &A3%0>o 7 (Tomoto & 2009),

Alexanderson (2004) 33 X U'Wilke & (2004)
%, PVC b= 27 ) — MCEREY L7
BEW 2EIH 3 BAETHZ L 2R LT, PVC
ka7 LY 7 (BUF, SL) #fic
Bho7854, 2E1H OB HNE 2 L.
2E1H EEi IR RaE & & bIiclind s
Z &, SLAHFEARENENEE 2E1H fkEL
EOMEINIL TV (BEHE B 2007), HEEAIE
PVC 4% SL MBS 87284, PVC
PRAH DEHP 35 X UBEERIF O 2E1H 2%
BUT AT NVONUKGHEC L > T, 2E1H 28
By 5 2 L. 2E1H OREEHREE SRS
2072 ? 2E1H OREUIEEEAITIIR <K
# DEHP OIKSFRTEERF 5 & LT
% (Chino & 2009), F ¥ o 73—k & EIGK
BECTPVC EFXANI—y Neary

V—RNAFGAZENTE, av 7 V—bo
K EERNENE 2E1H HEEN L -
7= EERE 2011),

& EN5 2E1H H& &t arisH|

(DEHP ®°DEHA 72 &) & =a7 J—REK
R DK & DT VI Y MKSFREINT &
T 2E1H 2VERET 2356, KBS E < 52
AREYBENRZUNG ENR SRS R AT
T BT ENEZHND,PVCHKMIZIZ2E1H
DFAR & 72 5 FIEBRINKREIZE T
%, a7 V— MEEFOKGE, 227U
— MEEEEZRMTES ZLickoTay
7 U — ORI HE S TR DMRRERS
N3 EEBEZLND, TORE, [IBDOLEHY
HEZE713 2E1H BEEEM L, KIEAMEK
T+A4ZFL 2E1H HEN B+ 2
EMREHRICO o Tl SN A Z &2/
Do FEBEIN 27 U — NRERHRIKSy & 15k
BT B2 L, +DBOKSPHE LTS
Z &, KENENT & D 3 EH, TERIDT
N VARG ET 2E1H ASKEIZART S
WELEETH D,

(DA OGN

A MR IZ4%72 VOC 2RAESED T
ERENBILTED ., 2E1H b SEESR
HEEEY (MVOC) OOEDTH B,
Sunesson » (1996) (Zd AU, 2E1H 23%
ELEMRDOAERN? S Penicillium
commune ZHRH L7z, Nalli & (2002, 2006)
12 AUZ, Rhodococcus rhodochrous i3 bis
2-ethylhexyl adipate, DEHP ¥ XU DEHA
ZofE LT 2E1H 2ART 2 Z L 58T,
WAEMTERT % VOC I3EfECHRER L 72
DIEMBHC L > TRESERY, ENEN
DHE & BB OMAE T TENEIRF
HDVOC B3¥AL, ENETOEVOC ik
HEIZRT 5 2E1H OFEEIE 60%LL &
EHOTVW (FMBEED 2002), BRI /ER]
LTziB - 7-88 5 2E1H 23E LTV =
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23, VOC W& L EMEDORITITERER
RBEI/20>o 72 (Claeson & 2007), W E%
BEFE U/ BEE)ND 2E1H 233 AE L, I EIC K
> TEERAH D DEHP 235 SNI-/RERTH
5 EHEEE T~ (Van Lancker & 2008),

b0 2E1H AR ERDOES-
B

b0 2E1H OFARE LT, (1) B4
SOBSEA. (2) FREHREBAIDT VA VK
DERERD, (3) BAEMORBERN»E %
bz,

B OB T EZICRH Sz 2E1H 256
[ ORERIZHE > TE DFEE B LT
<HFAVE 2E1H 1 IFRMPEERICE T T
W5 2EIH IZHR LTV LHEE SN D, &
DHEGTI—FEITH Y, KEOMD VOC &
[EHEIZ R ORGE & & HIZF DOREEII
HLT EEBZBND,

BT HRERGE LT b RSB E D
2E1H 2MRH SN D EN T, FOBREIFR
BOFFTAERTENL, [IEMETT 5
AW T3 Z ERRYMICHZ-T
e 5 L35 (Sakal B 2009), ZD
FIRE LT, RMICEENS A (DEHP
X° DEHA 72 ¥) L= 7 U — MEEFDK
SEDT NI YIRS L - T
2E1H MERTHZ ENEZIND, Tz,
BAEM ORI & D\ O IXFTEBRIOSAE
W X B OfRERI CHDTTREE DL H B,

ENAZER T 2E1H O3A4R & LT, Nalli
5 (2006) 1% 2E1H ARROIEEYRHRRE (7
VI3 U KGR, SACFS ) 13N Tl
Z 212K <, AR O A R R
2E1H OERLAFEEOHIRERTHD L
TATND,

H—y b, arrV—hr, BER—F,
Wight, 7o AF v B A ETIRRE
CIERREE T 1 BMEIRICHE LTt RE
L7384 (O e LHERR) & VOC 2404

Uiz, BRI DD VOC & & Bt
L TOEYDOAEFITIRS BEL TV,
2E1H M EIXB - /=& CERBEETH-o
2o VOC 15T L 5% D LB R
DOFFETER LT, VOC & s+
BEREOMAYEOMIZITE BRI
h>o7= (Claeson ©» 2007),

FENZERH 2E1H EEIIEML Qe
1RO TIIEKHAEDIRE b FREY)
LHERL TRREmD Th oz LT 8HEN
»H5 (Walinder & 2001), ZIBOEMD=E
WZEEH 2E1H RESEE L Q=B X
D EIRE ChoTeds, I ERMBEDOZER R
EEIREER UL~V T REBEThHo T

(Norbdck & 2000), f8AEMAEB OBER L
T 2E1H BEESEEIN L T 503, Z25H %
EMREIIZEDOEN & Z 5 TRVEND
FITREBEWNIRL, FOREE BT

(Wieslander & 2010),

BoTIREEDE A > h~—R NMZ DEHP
ZESINUZZ 2L, 2E1H OSEgiEE s
NTEY (Tomoto & : 2009), SLANITESE
FEBAG, HHVNE SL 1z PVC 71—
CIMERE LB RIZIIESED 2E1H
DB E TS (Chino & :2009),
WA 1 BREICHEYED 2E1H #4587
3 EEEZIZLL, ZOFEED 2E1H i
DEHP O7 VA VKGR L > THERRL
e L EZ BOPRYETHD,

|NZEEH 2E1H OGRS AR &
LT, RIS T VA U KGRI i
R BEMDORFAESMDEELHD LB
2 DILDN, EHEE DR CIIREE OB
RENWEEZD,

SBNZE& T 2E1H HEEE R o5

2E1H OZERNBEELIRTIELHEE L
T, (D=7 V— NTHORE, Q) #BR
WX BT, (3) 227 U — R TFHiE Dk,
(4) 225 2E1H O REDNE 2 Hivd,
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