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The conditions were a great 
hindrance to work, and are thus

a source of much loss to both mining 
companies and miners.”

Heat stress in the mining industry has been a cause for concern for many decades.
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PART I 
THE HISTORY OF HEAT STRESS

Université d'Ottawa I University of Ottawa

Report on Cornish 
Miners and Heat 

Stress

Research  into 
Factors affecting 

the thermal 
environment  on 

mineworkers 
begin

Uuptick in the 
Documented 
Mine Workers 
Heat-Related 

Deaths 

Introduction of Mine 
Worker 

Acclimatization 
Procedures 
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The prescribed work-rest allocations are based on environmental conditions (WBGT) and estimated work intensity (with adjustments for
clothing worn) with the primary goal of maintaining body core temperature within safe limits (≤ 38°C; 100.4°F).

Low Moderate Heavy
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• ~75% of workers achieved sustained core temperatures in
excess of 38.0°C.

• ~43% of workers achieved sustained core temperatures
greater than 38.5°C.

• ~25% of workers achieved sustained core temperatures
greater than 39°C

Miners (USA and Canada) (n=74)

Workers in physically demanding occupations regularly exceed
safe work limits, yet it often goes unnoticed.

The work demand, environment and clothing/equipment create a
level of heat stress that cannot be adeqautely defended by the
body's physiological systems which means workers are at high risk
of developing a heat-related illness or traumatic injury.

(J OccupEnviron Hyg. 2012;9:491; Ann Glob Health, 2018,84(3):360)
©

http://www.epri.com/


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m9

The conditions were a great 
hindrance to work, and are thus

a source of much loss to both mining 
companies and miners.”

Heat stress in the mining industry has been a cause for concern for many decades.

Human & Environmental Physiology Research Unit

PART I 
THE HISTORY OF HEAT STRESS

Université d'Ottawa I University of Ottawa

Report on Cornish 
Miners and Heat 

Stress

Research  into 
Factors affecting 

the thermal 
environment  on 

mineworkers 
begin

Uuptick in the 
Documented 
Mine Workers 
Heat-Related 

Deaths 

Introduction of Mine 
Worker 

Acclimatization 
Procedures 

"No miner shall work in any part of a
mine where the environmental 

conditions are conducive to heat stroke 
unless he has been acclimatized to such 
conditions; there is however no upper

limit to which acclimatized workers may 
be exposed."

Introduction of 
Regulations

120 YEARS OF DOCUMENTED EVIDENCE

Workers Continue 
to Regularly 

exceed Safe Work 
Limits

ACGIH: Heat Stress 
Threshold Limit 

Values 

Low Moderate Heavy

©

http://www.epri.com/


© 2021 Electric Power Research Institute, Inc. All rights reserved.w w w . e p r i . c o m10

Human & Environmental Physiology Research Unit

PART I 
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We recently launched a Canada-wide survey series to (1) assess current heat risk management methodologies and practices to help determine
critical factors and measures of heat stress and heat strain and identify gaps in the safety management system as a whole, and (2) characterize the
key determinants of heat stress and strain by sector (i.e. underground, open-pit) to support the development of standardized heat management
practices.

Employees reported various HRIs, 
including heat rashes (23%) heat 

exhaustion (21%), significant in-shift 
weight loss (17%), heat cramps 

(14%), heat stroke (7%), heat fatigue 
(7%), and heat edema (6%). 

88% of employees 
reported that their job 
exposes them to heat 

stress, with 64%
completing their duties 

daily or almost daily, and 
for >2 hours of their shift 

(61%). 
75% of managers 

indicated that heat 
stress is a problem 
at their work site.

78% of managers 
reported having heat stress 

management programs, with 
69% relying on the American 
Conference of Governmental 

Industrial Hygienists guidelines. 
55% do pre-task assessments, 
31% do post-task reviews and 
only 6% do pre-employment 

screening.

Only 47%
of sites perform 
personnel heat 

strain monitoring 
or assessments.

"the initial shock to my system was
extreme. I had significant difficulty
dealing with the environment...I lost
30lbs, in the initial 30 calendar days after
starting work."

Based on the HSSI, 24% of 
workers are at HIGH risk 
for HRIs, and 41% are at 
MODERATE risk for HRIs.

53% of sites do  
not have extreme 
heat event (heat 

wave) plans. 

In contrast, 67% of 
managers indicated 

that they feel 
employees do not 

report all HRIs. 

89% of employees indicated 
they would report signs and 
symptoms of HRIs to their 

supervisor.

47% of managers 
reported lost time due to 
HRIs, with an average of

3.5 per year (range: 0-30), 
and 33% believe the 

frequency of HRIs has 
increased in recent 

years.
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Heat stress is a deadly occupational hazard that is projected to increase in severity with global warming. While upper limits for heat stress
designed to protect all workers have been recommended by government and occupational safety institutes for some time (e.g., ACGIH
guidelines), heat stress continues to compromise health and productivity.

Rise of global warming is placing
traditionally temperate regions at risk
for extended heat periods and heat
waves.

Changing industry demographics - an
aging workforce, retention of
employees, new hires, and female
workers.

Nearly all workers in the mining
industry experience moderate to high
levels of heat strain - due to
environmental heat exposure or due to
metabolic demand and personal
protective equipment.

Eliminate one-size-fits all approaches to heat stress management.
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A Hot History, a Hotter Future: Creating a Heat-Resilient 

Workforce for the Mining Industry in the Face of a Warming 

Planet – Part II

Glen P. Kenny; PhD (Med), FCAHS, FACSM
Professor
Industry Research Chair (Heat Strain Monitoring and Management)
Director, Human and Environmental Physiology Research Unit
University of Ottawa, Ottawa, ON.



(Note: 187 thermal stress indicators – Temperature, 2022;9:227) 
©

Mining, Metallurgy & Exploration (2021) 38:497–508

A historical view of the 167 heat indices highlighting the most distinguishing 
characteristics of each period 



Panel A. Number of heat-related accidents in the mining industry
(surface and underground) by level of experience: beginner (0–1 year),
intermediate (1–5 years), advanced (5–15 years), and expert (> 15
years). Data: Mine Safety and Health Administration (MSHA).

Number of heat-related accidents in the underground mining industry
from 2010 until September 2019 (Panel B). and by season (Panel A).
Data obtained from MSHA.

A.

B.

Mining, Metallurgy & Exploration (2021) 38:497–508 ©

C.

Number of cases under-estimated for several reasons:

• surveillance of heat-related illnesses is inadequate 
(J Occup Environ Med. 2006, 48:357), 

• heat illnesses are often misdiagnosed 
(Am Fam Physician. 2010;82:169), and 

• criteria to define heat-related illness often differs (Am 

(J Foren Med Path. 1997;18:11). 

Workers may not report heat-related illness to 
employers due to (Am J Ind Med. 2015;58:203):

• fear of discipline or termination, 
• economic incentives, and
• Other. 



A Heat Index screening threshold of 85°F (29.4°C) could identify 

potentially hazardous levels of workplace environmental heat

An individualized approach to occupational heat stress management is 

of critical importance to protecting worker health and maximizing 

productivity

2018

2019

©

In our opinion this 
recommendation 
was a dangerous 
step backwards.



Heat strain is the overall physiological 
response resulting from exposure to 

a heat stress.  

©



The prescribed work-rest allocations are based on environmental conditions (WBGT) and estimated work intensity 

(with adjustments for clothing worn) with the primary goal of maintaining body core temperature within safe limits 

(≤ 38°C; 100.4°F). 

Approach extends upon the simple use of environmental parameters to consider clothing and work intensity.

Existing approach for managing heat stress in workers ©



Human and Environmental Physiology Research Unit

Heat stress remains a challenge for the mining industry

Miners (USA and Canada)

• ~70%, sustained core temperatures >38.0ºC. 

• ~40%, sustained core temperatures >38.5ºC. 

• ~25%, sustained core temperatures >39.0ºC. 

(J Occup Environ Hyg. 2012;9:491; Ann Glob Health. 2018,84(3):360)

Why is this a problem?

The work demand, environment and 

clothing/equipment creates a level of heat stress 

that cannot be adequately defended by the 

body’s physiological systems which means workers 

are at high risk of developing a heat-related illness 

or traumatic injury.  

Workers in physically demanding occupations regularly exceed safe work limits, 

yet in most cases it goes unnoticed. 

©

36 yrs

49 yrs

Figure. Example of workers who experienced a severe heat injury.



• Workers suffer excessive heat strain despite following work guidelines.

• Guidelines do not consider the diverse working population and the factors 

that modulate a worker’s heat tolerance from day-to-day.

Under protected

protected

Figure. Peak body core (rectal) temperature for young (n=9; 21 years; white bars) and older males (n=9; 58 years; grey bars) during a
work simulation in accordance with the ACGIH TLV® guidelines for moderate-to-heavy intensity work (typical of the average work 
effort in many mining jobs) in different WBGT. 

Current heat management guidelines are not protective

©J Occup Environ Hyg. 2017;14:703



Monitoring a workers 

response to heat can 

dramatically reduced the 

risk of heat-related 

injuries (or death) or 

injuries caused by heat-

induced fatigue.

DEPARTMENT OF HEALTH AND HUMAN SERVICES

Centers for Disease Control and Prevention

National Institute for Occupational Safety and Health

Criteria for a Recommended Standard

Occupational Exposure  
to Heat and Hot Environments

HEPRU research staff [left] 
assessing electric utility worker 
in Texas, USA (46°C, 55%RH; 
Core temperature: 39.6°C

©Appl Physiol Nutr Metab 2018;43:869



Translating the science: 

• Monitoring changes in one or 
more physiological variables can 
help you estimate a worker’s level 
of heat strain during work in the 
heat.

• However, subjective measures 
underestimates a workers level of 
heat strain.  

©
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Translating the science: 

• Monitoring local 
environmental conditions is 
critical.

• There exists significant 
variability in safe work times 
amongst workers within a 
given environment.

©



Translating the science: 

• Understanding the work 
demands is critical to defining 
safe work times

• Time-weighted averaging is 
appropriate for quantifying the 
metabolic demands of variable-
intensity work to assess 
occupational heat stress.

©
Med Sci Sports Exerc. 2020; 52:2628



Translating the science: 

• Monitoring a workers response to 
heat can dramatically reduced the 
risk of heat-related injuries caused 
by heat-induced fatigue.

• However, there exist individual 
variability between individuals 
doing the same job, within the 
same environment.

Heat strain
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Translating the science: 

• workers experience reductions in heat dissipation 
and higher core temperatures for the same work 
performed on the next day- the ‘hang over’ effect.  

• this response occurs even if the level of heat stress is 
the same and work intensity is reduced.

©

The ‘hang-over’ effect of heat stress How can to mitigate these next-day effects?

Good. 
• cool down as soon as possible following a work 

shift.
• ensure adequate rest following a work shift 

(e.g., avoid strenuous exercise).
• hydrate after a work shift, even if you’re not 

overly thirsty .
• ensure you get adequate sleep.

Best. 
• perform harder tasks at start of work week and 

or intersperse less intense days between 
workdays.

• reduce work pace by ~15% on the next day if 
work tasks cannot be changed.

• consider reducing shift duration over 
consecutive days in hot weather.



Tolerance time

Core temperature

Worker with hypertension Worker with type 2 diabetes

Translating the science: 

• Two workers of the same age and work ability can have the 
same core temperature and heart rate, yet one is at a much 
higher risk of collapsing early during work in the heat – can 
you identify this person? 

• Despite our ability to monitor human performance in hot 
environments, we are still under protecting many workers.

• Get in the know – know your worker, plan the workday.

©



Our review provides insight into the mechanisms by 
which aging, and age-associated chronic disease limits 
the acute physiological response to heat stress. 

It also highlights the fact that our understanding of the 
mechanistic links between extreme heat events and 
health are, in many cases, still insufficient. 

Importantly, we highlight the urgent need to move 
toward ecologically minded study design is required to 
better integrate physiological research in public health 
programs and climate-health models and improve our 
ability to protect the most vulnerable sectors of the 
population. 

Translating the science: 

• Current work guidelines do not provide information on the safe initial work times 
before heat-alleviation strategies should be employed (e.g., rest breaks, cooling). 

• However, a recent large scale study from our lab provides this information.

©

Have a plan 

Watch the weather 

Be prepared to 

reorganize your 

day

Keeping your workers safe in extreme heat with proper planning

Appl Physiol Nutr Metab. 2022; 47: 110; Appl Physiol Nutr Metab. 2022;47:711



Key take-home message:

‘Industrial innovation was born largely from the 
mining sector, and history is full of noteworthy 
examples’ (Ontario Mining Association).  

However, there remains significant shortcomings of 
current heat management guidelines that continue to 
compromise the health and safety of workers who 
must perform their duties in the hot environments.

With climate change fueling an increase in the 
occurrence of hot weather, the risk of heat-related 
injury and disease is expected to rise dramatically 
over the next decades. With the support of research, 
the mining sector is well positioned to lead the 
charge in creating innovative ways to protect 
workers.



The Human and Environmental Physiology Research Unit (HEPRU) 

Home of Operation Heat Shield Canada 

Together….Creating Heat-Resilient Workforce

4282



Questions?



Heat indices in mines



Heat indices in mines - continued
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