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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 temperafure
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

~T70%. 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

Item 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.
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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 affect
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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