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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 (Dl) is as follows.

DI =0.81Ta + 0.01RH (0.99Ta — 14.3) + 46.3
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Ta; air temperature (*C), RH; relative humidity (%)
Discomfort index is over 75; slightly heat & humidity, ID 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 humidity 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 climate 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 usuaily 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 ~3 (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:

- With direct exposure to sunlight:

WBGT out = 0.7 Tnwb + 0.2 Tg + 0.1 Tdb
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