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Overview of presentation 

1. Brief review of human thermoregulation. 

2. Discuss industry-based exposure limits for work in the heat. 

4. Examine work demands in the mining industry. 

3. Whole-body calorimetry: a tool for measuring heat loss. 

5. Discuss current research: aging and heat dissipation. 

6. Heat adaptation: can it improve heat dissipation as we age? 
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Resting body core 

temperature ~ 37ºC Heat stress/load  

Environmental heat load 

• Solar radiation 

• Air temperature and humidity 

Central nervous system 

• Increased temperature is sensed by the hypothalamus 

• Initiate appropriate effector response to increase heat loss 

Sweating 

• sweat glands activated  

• sweat gland output increased 

 

 

 

 

 

Skin blood flow 

• release of vasoconstrictor tone 

• active vasodilation 

Increased sweat production  

• increasing evaporative heat loss 

Increased skin perfusion 

• increases thermal conductance of peripheral 

tissues 

• transfer of warm blood from core to skin 

Increasing core and/or skin temperature 

• Activation of core and skin thermal receptors 

Activation of heat loss responses  

via sympathetic nervous system 

Heat balance achieved – body core temperature stable 

Heat stress/load  

Metabolic heat load (exercise) 
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Despite our increasing knowledge of the mechanisms governing 

human temperature regulation, there remains a paucity of 

information about the effects that aging may have on the body’s 

physiological capacity to dissipate heat.   
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Exposure limits for work in the heat 

Note: TLVs assumes workers are adequately hydrated, not taking medication 

and are in generally good health. 

Hydration 

Status 

 

Age 

 

Body 

composition 

 

Fitness and 

health status 

 

Factors to consider? 
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The Snellen whole-body calorimeter  
 

Precisely temperature controlled air flows at a constant rate partly into a ~1.8 m high and 

~1.6 m diameter cylinder (with a volume of ~4000 L) and into the surrounding air space 

(climatic chamber) producing a zero temperature gradient across the walls of the 

calorimeter.  

Reflective walls on the inside of the cylinder deflect 

any radiant heat emitted by the participant.  

 

The modified Snellen whole-body air calorimeter 

yields an accuracy ±2.3 W for the measurement for 

the rate of total body heat loss and with a short 

response time and low thermal inertia it permits the 

minute-by-minute assessment of dynamic human 

heat balance across a range of exercise intensities 

and environmental conditions. 
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How do we interpret the calorimetry-based data? 
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Figure. Mean percentage of time spent at 

different levels of physical effort during 

the work shift for the different mining 

jobs.  Values include the work shift lunch 

break during which time the participants 

remained seated resting.  The 

classification of levels of metabolic rate 

(M) are as defined by ISO 7243 .   

With the exception of manual 

shotcrete, 46% of time is 

spent performing at moderate 

to very heavy work loads (i.e., 

234<M>468 W).  
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Figure. Mean work time expressed 

as a time weighted  average (A, top 

panel) and percentage of total work 

shift duration (B, bottom panel) 

spent at different levels of core 

temperature (°C) during the work 

shift.   
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Figure. Mean (solid line) as well as lowest (dotted line), and highest (dashed line) individual core temperature (°C) responses 

measured over the course of the work shift prior to and after the lunch break.   Note: average (±SD) mid-shift (typically lunch) 

break duration was 44 (21) minutes for Manual bolting, 28 (16) minutes for Conventional Mining, 40 (13) minutes for 

Production drilling, 52 (11) minutes for Production ore transport, 61 (14) minutes for General services and 67 (12) minutes for 

Manual shotcrete 
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Are older workers at greater risk of developing heat-related 

injuries when performing the same job? 
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Young adult: 

Age: 25  

VO2max: 55 mLO2/kg/min 

Body fat %: 14 

Medical conditions: none 

 

Older adult: 

Age: 60  

VO2max: 31 mLO2/kg/min 

Body fat %: 35 

Health conditions: diabetes 

 

 

 Assuming that both workers are performing same physical task: 

in physical work capacity =   in physical effort = early onset of fatigue 

in heat loss responses =   greater heat gain =   risk of heat-related injury     

The young versus the older worker: a face to face comparison! 
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M-W:             Ereq: 

Young (20-30 yrs) 

Middle-aged (40-45 yrs) 

Older (60-65 yrs) 

Am J Physiol 305:R619-R629, 2013 
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Young (20-30 yrs) 

Middle-aged (40-45 yrs) 

Older (60-65 yrs) 

Am J Physiol 305:R619-R629, 2013 
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Med Sci Sports Exerc 45(12):2265-2276, 2013 
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Med Sci Sports Exerc 45(12):2265-2276, 2013 

1.6-fold 
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To what extent does aging attenuate the body’s maximal 

capacity to dissipate heat? 

Note: Values ± mean SD.  

BSA: body surface area; MAT: middle-aged trained; MUT: middle-aged untrained; 

*, denotes significantly different from Young 

†, denotes significantly different from MAT 

‡, denotes significantly different from MUT 

§, denotes significantly different from Older 
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Ex 1 (300 W) 
Young – MUT = 11.8% 

Young – Old   = 7.8% 

 

MAT – MUT = 11.5% 

MAT – Old    = 7.5% 

 

 

Ex2 (400 W) 
Young – MUT = 8.9% 

Young – Old   = 9.8% 

 

MAT – MUT = 9.4% 

MAT – Old    = 10.2% 

 

 

 

Ex3 (500 W) 
Young – MUT = 10.7% 

Young – Old   = 13.2% 

 

MAT – MUT = 9.7% 

MAT – Old    = 12.2% 

 

 

300 W 

 

400 W 

 

500 W 
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300 W 

 

500 W 

 

400 W 

 

Ex 1 

 
Ex 2 

 

Ex 3 

 

When evaluating heat loss responses you must factor in both 

the metabolic and dry heat load 
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Ex 1 (300 W) 
Young – MUT = 11.8% 

Young – Old   = 7.8% 

 

MAT – MUT = 11.5% 

MAT – Old    = 7.5% 

 

 

Ex2 (400 W) 
Young – MUT = 8.9% 

Young – Old   = 9.8% 

 

MAT – MUT = 9.4% 

MAT – Old    = 10.2% 

 

 

 

Ex3 (500 W) 
Young – MUT = 10.7% 

Young – Old   = 13.2% 

 

MAT – MUT = 9.7% 

MAT – Old    = 12.2% 

 

 

300 W 

 

400 W 

 

500 W 
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338 kJ 
403 kJ 

544 kJ 514 kJ 

 

Young – MAT = 19.3% 

Young – MUT = 61.2% 

Young – Old   = 52.5% 

 

MAT – MUT = 35.1% 

MAT – Old    = 27.8% 

 

MUT – Old = 5.4% 

Where do you rank? 
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Exercise training can improve cardiovascular health and fitness in 

older adults but can it improve the body’s physiological capacity to 

dissipate heat?    

Figure 1. Mean (±SE) changes in evaporative heat loss relative to the required evaporation for heat balance (Ereq) during exercise 

performed at rates of metabolic heat production equal to 300, 350, and 400 W·m-2 during the induction of heat acclimation. (*) 

Significantly different than day 0. (§) Significantly different than day 7.  Both p≤0.05.    Med Sci Sports Exerc, under review. 
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Figure 2. The cumulative change in body heat content measured across the three exercise periods. (*) Significantly different than day 

0; (§) Significantly different than day 7.  All p≤0.05. Values are mean ± standard error.      Med Sci Sports Exerc, under review. 
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Aging and heat adaptation 

unpublished data 





+73% 
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Take home messages 

• Age matters: both middle-aged and older workers are under-protected 

using current heat exposure guidelines. 

 

• Older workers who work in the heat are more heat-resilient.  However, it 

is a two edge sword: they can tolerate greater levels of thermal strain and 

longer exposure times but the risk of a heat injury may rise.   

 

• Keep your workers exposed to challenging work conditions on a regular 

basis – this helps maintain fitness and improves their physiological 

capacity to dissipate heat.  

 

• Cooling strategies can be used to compensate for age-related reductions 

in the rate of heat dissipation (e.g., spot cooling, improved clothing 

designs, cooling vests, etc.). 

 

• Monitor all workers and understand a workers end-point: young workers 

may sweat more but dehydrate more quickly.  Older workers will sweat 

less but will store more heat.  Depending on their level of fitness, older 

workers will fatigue more quickly. 

 



Need more information? Don’t hesitate to contact me at: 
 
gkenny@uottawa.ca or 613-562-5800 ext. 4282. 
 

Thank you for your attention! 


