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Case #1

e An 18 yrs old male
e US citizen (N.Y.), four days in Israel
e Trekking in the Judea desert mountains

e Died from heat stroke



Case #2

Death, Havoc and Heat Mar Chicago Race

CHICAGO, Oct. 7 — As temperatures soared into the upper 80s, hundreds
of runners in the Chicago marathon fell ill and at least one died on Sunday,
prompting officials here to halt the annual race for the first time in its 30-

year history.
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Heat Shuts Down Chicago Marathon, Leaves One Runner Dead, Scores
Hospitalized

Published October 08, 2007 Assoclated Press

CHICAGO - In scorching heat and high humidity, the Chicago Marathon took
a deadly turn Sunday...

One runner died, at least 49 were hospitalized and thousands were denied
the chance to cross the finish line in the race long known for its brisk fall
temperatures and flat terrain...

"The 88-degree heat and sweltering humidity were so draining that
organizers shut down the second half of the course 3 1/2 hours after the start.

About 10,000 of the 45,000 registered runners chose to not race in the heat
despite more mist stations, cooling buses and water-soaked sponges, while
another 10,934 started but didn't finish, officials said.


http://www.ap.org/
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The six “agents” affecting heat balance

e Environmental factors

e Ambient air temperature (T,; ADBT)
e Radiant temperature (Ty; MRT)

e Humidity (rh; VP; T,)

e Wind speed

e Behavioral factors

e Metabolic rate (physical activity) (M)
e Clothing properties (clo; i)



The amount of heat that has to be dissipated by
evaporation of sweat

The maximal amount of heat that can be dissipated by
evaporation of sweat
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Physical activity (M) Cooling power of the

environment (E,.,)

Tc is proportional to the amount of heat stored in the body,

which is the balance between E,.. and E

req max
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How to transfer this complicated information
In a simple way to the target population?

KISS

9) ¢



Target population

Educational system
Military

athletes

Hikers

workers







“rational indices” — based on calculations of the heat balance
equation

“empirical indices” — fitting mathematical models to data from
the responses of human subjects

“direct indices” — based on direct measurements of
environmental variables

Since 1905 over 100 indices
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Based on thermal sensation experienced
upon entering a given environment

Houghten & Yaglogou, 1923



Effective Temperature (ET)

e Radiation was accounted by substituting T, with T, (CET)

e Several corrections (Gage et al 1971, 1972)



Apparent temperature (AT)

the human-perceived equivalent temperature

It feels like ...

Steadman, 1994



Apparent temperature (AT)
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Wet Bulb Globe Temperature (WBGT)

A simple substitute of “Equivalent effective temperature
corrected for radiation” (ETR)

WBGT=0.7T,+0.2T,+0.1T, (outdoor)

WBGT=0.7T,+0.3T, (indoor)

Yaglou & Minard, 1957
ISO 7243



Wet Bulb Globe Temperature (WBGT) chart

Temperature in Degrees Celsius
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NOTE: This chart is calculated using temperature and humidity, assuming a very clear sky (maximal solar load), and
atmospheric pressure of 1ATA (760 mmHg). Chart A was developed by Professor Yoram Epstein to be used in Ariel's
Checklist for hikers in Israel.




Wet Bulb Globe Temperature (WBGT)

metabolic rate and acclimatization
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The level of risk for heat injuries during long runs
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Heat stress Moderate work Hard work

category
(WBGT) Work/rest  Waterintake  Work/rest  Water intake
(min) (mi/h) (min) (mi/h)
(gg'(fce:) 60/15 300 40120 500
(25%676;‘0@ 60/15 750 40/20 1000
Vel 40120 1000 30/30 1000

(27.8-29.4°C)

Red
(29.5-31.6°C)

1000

Black Exercise is forbidden
(>31.7°C) Very high risk for heat casualties

https://arielschecklist.com/wbgt-chart/
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Discomfort Index (DlI)

27

2|

DI = 0.5(T, +T,)

DI Heat stress
<22 no
22-24 mild
24-28 moderate
28-30 heavy
>30 extreme

Sohar et al, 1959
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Heat stress (DI units)
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Europe heat wave 2003

6000

4000

0

Excess of mortality in number (03 - mean 98-02)
2000

-2000

152 181 212 243 273
Time in day starting on June 1st 2003

The average increase in mortality in comparison to
the multi-annual average at the same time of year

Robine et al, 2008
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International Standard Organization (1ISO)
American Conference of Governmental Industrial Hygienists (ACGIH)

American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE)

Canadian Centre for Occupational Health and Safety (CCOHS)



Eliminating heat related injuries —
from forecast to practice

e Heat related injuries might be fatal, but in most cases are preventable

e Prevention is on the national level (MOH, MOE, MOL, Armed Forces),
by issuing adequate regulations about how and what to do in cases of
extreme heat stress

e |t is the responsibility of the target population to follow the specific
heat stress alarms in the media and to the instructions and regulations
distributed by the safety and hygiene officers of the organization



Eliminating heat related injuries —
from forecast to practice

Heat related injuries might be fatal, but in most cases are preventable
Prevention is on the national level and organization levels

On the national level (MOH, MOE, MOL, Armed Forces), by issuing
adequate regulations about how and what to do in cases of extreme
heat stress

On the organization and personal level the target population is
responsible to follow the specific heat stress alarms in the media and
to the instructions and regulations distributed by the safety and
hygiene officers of the organization
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Apparent temperature (AT)

AT =Ta + 0.33%Pa - 0.70%Xws - 4.00

AT = Ta + 0.348%Pa - 0.70%ws + 0.70%xQ/(ws + 10) - 4.25

Ta =dry bulb temperatue (°C)

Pa = water vapor pressure (hPa)
ws = wind speed (m/s)

Q = net radiation absorbed (W/m?)

Steadman, 1994






Apparent temperature (AT)

100 29 31 33 35 37 39 41 43 45 48 50 53
95 128 30 32 34 36 38 40 42 44 47 49 51 54

90 28 30 31 33 35 37 30 41 43 45 48 50 52

85 127 29 3132 34 36 38 40 42 44 46 49 51 53
80 |26 28 30 32 33 35 37 30 41 43 45 47 50 52 54

é 75 126 27 2031 33 34 36 38 40 42 44 46 48 50 53
= 70 125 27 2830 32 33 35 37 39 41 43 45 47 49 51 53
E 65 |24 26 27 29 31 32 34 36 38 40 42 43 45 47 50 52
= 60 |24 252728 30 32 33 35 37 38 40 42 44 46 48 50
= 55 12324 2627 20 31 32 34 36 37 39 41 43 45 46 48
% 50 {22 24 25 27 28 30 31 33 34 36 38 40 41 43 45 47
= 45 {22 23 24 26 27 28 30 32 33 35 37 38 40 42 43 45
a0 - 2425 26 28 29 31 32 34 35 37 39 40 42 44
35 24 26 27 28 30 31 33 34 36 37 39 40 42
n - 27 28 30 31 33 34 36 37 39 40
75 _ 30 32 33 34 36 37 39
20

21 22 2324 25 26 27T PR O20 30 31 32 33 34 35 36 37 38 39 40 41 42 43
Temperature (C)

B Lessthan29 Mo discomfort
B 30-39 Some discomfort
Bl i0-45 Great discomfort; avoid exertion

B8 Above 45 Dangerous
T Heat Stroke Imminent




Relative Humidity (%)

Apparent temperature (AT)

Apparent temperature (AT) from temperature and relative humidity - after Steadman 1994
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Environmental heat exchange Environmental heat exchange

+H(r+c) -H(r+c)
Metabolic heat Sweat evaporation
(Mhed (E)

AS = (M'Wex) t H(r+C) -E

Tc Is proportional to AS
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AS = (M'Wex) - H(I’+C) -E
-—

The amount of heat that has to be dissipated by
evaporation of sweat

The maximal amount of heat that can be dissipated by
evaporation of sweat



