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Ensuring safety
and health at work

in a changing climate
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Record-breaking
Heat-related Threats

in 2023

Highest Count of Health-
Threatening Days

In 2023, there were 50 more days in
a year where heat posed a serious
health risk compared to what would
have been expected without climate
change.

Highest Exposure to Heat
Stress Risk During Exercise

In 2023, people exercising outdoors
were exposed, on average, to 1,512
hours of at least moderate heat
stress risk -- a 27.7% increase from
the 1990s.

Delayed action puts
everyone at risk

Despite the health threats brought
about by climate change, progress
towards net zero greenhouse gas
emissions has been limited.

To achieve an equitable and healthy
future, resources should be urgently
redirected towards efforts that benefit
people’s health and bei

» 5

Following decades of delays in climate change
action, avoiding the most severe health impacts of
climate change now requires aligned, structural,
and sustained changes across most human
systems, including energy, transportation,
agriculture and health care

2024 report of the Lancet Countdown on
health and climate change




HOW DOES THE BODY RESPOND
TO HEAT?



THERMOREGULATION
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OUR
UNIQUE
CHALLENGE

“Relax. Pot temperatures have been going
up and down for centuries.”




Protection

against
heat injury

Manage
heat stress

Accident
prevention

>
O =
Q>
c S
‘© ©
mu
=
0 =
o




HEAT STRESWGS. HEAT STRAIN

Air Velocity Ambient
Temperature

Relative Solar e
Radiation from

Humidity \ / Radiatien y
machinery
Clothing ' : /
i

4 A D ~ Clothing \ &
» Ambient | %
. s

-
= e Temperature
= ..
° Urban Heat . 1!.'0:02.
M sland effec
; -

8 & =2 Relative
g Humidity

Air Velocity

XD

X

Muscle Contraction
| from High Power
| Output

Muscle Contraction
from High Power
Output

XX

d

Climate + Clothing + Exercise

(Heat Stress) —  Heat Strain A\




Yong Loo Lin
School of Medicine

ANUS
.u

P eaversity
@ MYOPIA
LACK OF
Increased Heat PHYSICAL
DECISION REEE RIRESS ACTIVITY
MAKING
IMPACTS
, MENTAL HEALTH
DETERIORATION
INCREASED
TRAUMA,
SUICIDES ﬁ FERTILITY
OTHER
UNKNOWN CHRONIC
IMPACT EXPOSURE

@ UNACC.
PETS ADULT
ELDERLY

INCREASED
RISK TAKING

DIRECT &
INDIRECT
IMPACTS OF
EXTREME
SUSTAINED
HEAT &
HUMIDITY

©

OUTDOOR
PR - WORKERS PR@%%@%T
SEECAL & Reduction in Productivity &
DISABLED Performance
ATHLETES EMERGENCY WORKERS IN QrHER

MILITARY RESPONDERS HOT INDOOR ENV STUDENTS



= The Washington Post
Democracy Dies in Darkness

Hotter days bring out hotter tempers,
research finds

Studies add to the literature showing how people act out aggressively when it’s hot

Gem & R O Two new studies warn that a hotter world

' Wil will be a more violent one

s

Temperature and violence

Total homicides in Chicago, by month, 2001 - 2018, with average daily high
temperature by month

HOMICIDES AVERAGE HIGH TEMP
(Washington Post illustration; iStock) 1 ’ O 5 1 82
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Heat and Risky Behaviors: How 1,000 75
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Heat increases risk taking

Appl Ergon. 2017 Jul,62:150-157. doi: 10.1016/.apergo.2017.02.018. Epub 2017 Apr 6.

Effects of heat stress on risk perceptions and risk taking.
Chang CH', Bernard TE?, Logan J

# Author information

Abstract

Exposure to extreme heat at work is a serious occupational hazard, as exposure can result in heat-related ilingsses, and it has been
linked to increased risk of accidents and injuries. The current study aimed to examine whether heat exposure is related to changes in
individuals' psychological process of risk evaluation, and whether acclimatization can mitigate the effect of heat exposure. A study with
quasi-experiment research design was used to compare participants' risk perceptions and risk-taking behaviors at baseline, initial
exposure to heat, and exposure after acclimatization across male participants who were exposed to heat (N = 6), and males (N = 5) and
females (N = 6) who were in the control group who were exposed to ambient temperature. Results show that participants perceived the
same risky behaviors to be less risky (p = 0.003) and demonstrated increased risk-taking behaviors (p = 0.001) after initial heat
exposure. While their risk perceptions returned to baseline level after acclimatization, their risk-taking behaviors remained heightened
(p = 0.031). Participants who were not exposed to heat showed no significant fluctuation in their risk perceptions and risk-taking. Our
findings support that risk-related processes may explain the effects of heat exposure on increased accidents and injuries beyond its
direct impact on heat-related illinesses.

Copyright © 2017 Elsevier Ltd. Al rights reserved

36 lives lost: Workplace fatalities in
S'pore in 2022

Participants perceived the same risky behaviours to be less risky
after heat exposure

Beyond its direct impact on heat -related illnesses, heat exposure
can increase accidents and injuries



Heat and Risk -Taking Behaviour

Cognitive Task BART (1) — Adjusted Total Pump

Count
BART - Adjusted Total Pump Count
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Adjusted Total Pump Count
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Ice slurry ingestion attenuates the significant increased in risky
behaviour from PRE to POST in AMB condition.

Cognitive Task BART (2) -Total Earnings
BART - Total Earnings
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Greater risk-taking propensity in AMB was rewarded with higher total
earnings, but risk is not always rewarded.
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HEATSAFE

A multidisciplinary approach to augment occupational health and Fay
work productivity in a warming world Follow us o Teter:

@ProjectHeatSafe

Heat Strain in Occupational Populations Project HeatSafe’s Multidisciplinary Approach

Heat Injuries &

Productivity ~
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Pregnancy
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Multi-domain

Heat Stress
Management
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v Economic analysis of work productivity
loss due to the heat
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Cost-effectiveness Logistics
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v' Impact of heat strain on workers’
physiology and performance

v" Social and knock-on impacts of heat

3. Physiology and " o
on workers and their families

Ethnography
= field case studies
v' Potential interventions to adopt in
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Are construction workers working within safe limits?

Body core temperature < 38.5cC Low physiological strain
A 39.5; D 10
39.0
8.
38_5_————————————
Recommended
O 38.01 6

aPSI

o -
- 37.5 N\—’N |
370 i Low strain
21 :
36.5 1 ,

36 0 ' ' Lunch ' ' ' 0 Little to no ?train ' Lunch . ' '
10:00 12:00 14:00 16:00 18:00 10:00 12:00 14:00 16:00 18:00
Time Time
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Core Temperature (°C)

— 'Lunch break
— Core Temperature

38.8 — Heart Rate (Coolbit)
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During Ramadani Fe | t
drink. Perceived that heat affected him negatively.

10:00
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b 1.0/AC to 38.5/C
(2h 49min)

thirsty

14:00

16:00

at

30 year old Lifting Supervisor with 7 years experience
BMI: 23.6 kg/m? (Overweight)

Pre-Shift Hydration Status: Hydrated

Profiled in Warm period (during Ramadan)

Peak Core
Temperature of 38.6/C
@ 16:11

Start (11:42)

Shift ended
@ 18:25
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150
140
130

'120

110

(wdq) ajey pesy

100

80

70

i
1
H
'

02:00 04:00 06:00

50

08:00

19




39.4
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38.2
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37.4
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160
140
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60

Elevated Core Temp (°C)
starting Core Peak: — 38
Temperature 39.4/4C
of 37.6/C 37
/ 36
.................. 35
e =S ”~ 34
Core Temperature higher than average throughout 33
10:00 12:00 14:00 16:00 18:00
Time
Heart Rate (bpm)
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Peak: 156 m———
bpm 8
6
.......... 4
........... 0
Heart Rate higher than average throughout 0

10:00

12:00

14:00 16:00 18:00
Time

35 year old General Worker

BMI: 28.5 kg/m? (Overweight)
Pre-Shift Hydration Status: Hydrated
Profiled in Warm period

. Peak: 38.1AC
Skin Temp (°C) May be working near
hot machinery
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Skin Temperature higher than average after 14:00
10:00 12:00 14:00 16:00 18:00
Time

Adaptive Physiological Strain Index

Peak: 9.6
(AVery hi
strain)

Average aPSIof 4. 4 3: Al owo strain
10:00 12:00 14:00 16:00 18:00
Time
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Heat Stress Education Video
- Native language
- Heat-health knowledge

Scheduled Breaks under Shade
- Break 1: 1000 to 1015
- Break 2: 1430 to 1445

Break 3: 1630 to 1645

Personal Equipment
- Work attire
- Insulated bhottle sleeve

Ny N <> Ny N <>
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Perceptual
Physiol ogical str

Heat adaptati on
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Dehydrati on
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Heat 111 ness
Ki dney

syn
damage/ i n

strain

21



A

P




12500-

10000-

7500-

5000-

N
o
S
=

Step Count (INT - CON)
=

-2500-

What were the positive

outcomes from the
interventions?

In steps
1,500 more on average

-5000

Participant

Possible increase in
work output
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PROJECT HEATSAFI RESEARCH TO POLIC
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= MINISTRY OF
(\ MANPOWER About us

Human Potential Translational
Research Programme
Yong Loo Lin School of Medicine

S

A multidisciplinary approach to augment occupational health and Enhanced Measures to Reduce
work productivity in a warming world e Heat Stress for Outdoor Workers

@ProjectHeatSafe

Singapore

e

Heat Strain in Occupational Populations Project HeatSafe’s Multidisciplinary Approach B

o
Heat Injuries 4
Cross-sectoral &

Productivity Multi-domain

HeatStress THESTRAITS TIMES

Management

Mandatory hourly breaks for some outdoor

€13 workers when weather gets too hot: MOM

Personal &

Familial

Hoat g welkbeing About 1 in 3 workplaces inspected from
. . ea’ ' Workforce ~

Heat Stress + Clothing + Exercise — (%0~ A\ | March to June breached heat safety
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] .
Methodology E Evalu a’(i_ng F(( MANPOWER About Us work Em”:‘.’ym"t Wad”;‘p'ali: safety More N/ 5] mymom portal
~ | Interventions passes practices and hea
Expected Outcomes ]
. . - : a N ) @ > eee > 2024 >
v Economic analysis of work productivity | (9@ —
loss due to the heat ' [| % =
v Impact of heat strain on workers’ \ = | em— . .
L UL 7 el 5 . /] S
g p—— _ physiology and performance e o Revised framework to guide

conditions at worksites

/ N

employers and protect outdoor
workers against heat stress

v Social and knock-on impacts of heat | A
on workers and their families : ~, /
v Potential interventions to adopt in _ ﬂuﬂ
S )

occupational settings N " /

3. Physiology and
Ethnography
field case studies

6 September 2024 | Workplace safety and health

Sustainability Productivity

2. Administer surveys REVISED FRAMEWORK TO GUIDE EMPLOYERS AND PROTECT OUTDOOR

WORKERS AGAINST HEAT STRESS

With global warming, rising temperatures in Singapore will place workers,
especially outdoor workers, at an increased risk of heat stress. Unlike the general
population, outdoor workers have less discretion over their work activities, and may
be more vulnerable to heat stress. The Ministry of Manpower (MQM), in consultation
risks of heatstrob with the industry and tripartite partners, has reviewed our heat stress management
measures to ensure outdoor workers are adequately protected at varying
temperatures, while allowing flexibility for employers to adjust and implement
measures based on their localised conditions.
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Yong Loo Lin
School of Medicine

EANUS
ﬁ National University
of singapore

REPRESENTATIVE REQUIREMENTS
mcccC e r'((6 erss or

Ministry of Culture, Community and Youth V MINISTRY OF HEALTH

Ministry of Education
SINGAPORE

General Public School-going Children & Adolescents  Patients Construction Workers

- Impact of heat on health - Impact of heat on health and - Impact of heat on patient - Medical surveillance for heat
and performance participation in physical activity recovery, thermal comfort and injuries

- Changing dynamics of - Risk factors for heat injuries health outcomes - Preactivity risk factors and
sports participation - Heat acclimatisation for real-time monitoring

sedentary individuals Healthcare Workers

Athl nd Official - Impact of heat on productivity Platform/Gig Worker

- Sport-specific and decision-making - Impact of heat on productivity,
recommendations - Heat adaptation measures while safety and health outcomes

for heat adaptation in PPE



SOLUTIONS

Lengthening work tolerance

Max. limit

Attenuation

Thermal Strain

Start state

Alioeded jeay buipuedxy

Work Tolerance
Alhadadet al. (2019); Front. Physiol.



PHYSIOLOGICAROLUTIONS
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WORK REST CYC

ACCLIMATIZATIO I HYDRATION

Reduction Reduction

Attenuation Attenuation Attenuation

Alhadadet al. (2019); Front. Physiol.

@)



Ol d nAnDrugo, New Tricks?




Heat Resilience & Performance
Centre (HRPC)

We W am

The HRPC will be a first-of-its-kind research centre, to better enable the SAF to
manage future challenges arising from climate change & extreme heat. It will consolidate
technical expertise from the Yong Loo Lin School of Medicine in NUS, DSO National
Laboratories & operational insights from the SAF. Its four key research thrusts are:

| ’ > Active & comprehensive surveillance to deepen

B S s

understanding of exertional heat illnesses by
discovering new factors that could influence the
onset of heat injury, to reinforce research focus &

esilience & W =

Real-time prediction & detection of at-risk
soldiers to comprehensively prevent heat injury

' B 2
Ty l : . e through the development of capabilities to visualise
\ & // ot ” the “heat health” status of troops, allowing for
S L active risk management & training cptimisation.

Strengthening soldiers’ heat resilience through

== Iy . B =it investigations into novel & more efficient heat
mitigating strategies by pushing the boundaries in
physiological knowledge of heat health & harnessing

research in material sciences, design & engineering.

novel solutions & designs for military
infrastructure through the adoption of
physiological, social & technological concepts.

Infrastructure enhancement to reduce

heat stress of soldiers through R&D into X
()
{ )




SOUTHEAST ASIA HEAT HEALTH HUB

A Regional Hub of

A PLATFORM FOR OUR REGION TO COLLECTIVELY PREPARE FOR & PROTECT POPULATIONS
FROM THE HEALTH IMPACTS OF EXTREME HEAT

PEOPLE
Champion collaborative approaches Develop SEA focused reports on

Connect people and institutions form multi and platforms to gather and engage community policy, research lessons,
disciplinary partnerships to reduce heat risks with key stakeholders impacts and challenges
SCIENCE & INFO Create programs and resources to Advocate for evidence - based
_ _ _ share activities, experience, and information, policies & guidelines to
Accelerate the generation of evidence, actionable research approaches address heat related health risks

knowledge, and standardised guidance and risk

metrics
Catalyse regional, national and local policy and O O O
action to minimize societal consequences of heat

impacts Urban Heat Occupational Heat  Cultural & Traditional
Practices

mm W P|ans to initiate a WHO Collaborating Centre for Heat Health

bor S 7N
1o N US Heat Resilience & Performance Centre ‘& s _ﬂ?’%\ World .Health
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