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< Mission: to address the negative impacts of workplace heat stress on the health

and productivity of workers in strategic European industries
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~™ THE HEAT-SHIELD PROJECT

< 20 partners | 11 countries
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~ % 1LO METHODOLOGY TO ADDRESS OCCUPATIONAL CHALLENGES

< Assess needs
— hazards assessment
— profile of the target population
— background on the social context
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~™ FIELD STUDIES ACROSS EUROPE

< HEAT-SHIELD mission: to address the negative impacts of workplace heat stress
on the health and productivity of workers in strategic European industries

tourism agriculture manufacturing construction transportation
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~* FIELD STUDIES ACROSS EUROPE — METHODOLOGY

Metabolic Rate Mean Skin Temperature Occupational Heat Stress
second by second time-motion continuous skin temperature from continuous environmental data
analysis or real-time analysis four sites using wireless thermistors using a portable weather station
Heart Rate \"
beat by beat heart rate data using « /p
heart rate monitors
SN
» e —
- @
T Core Temperature
—D
continuous core temperature
data using telemetric capsules
a- - - -
-
- m L ) | [ ] -
L | n . N ] | |

6/45 loannou et al., 2021, Int J Env Res Public Health



~* FIELD STUDIES ACROSS EUROPE — MITIGATION

< Personalized warning system

< Adaptation strategies

othing

Cl

work-rest ratios hydration mechanization

~< Vulnerable workers
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ALL PROJECT OUTPUTS ARE SHOWN IN OUR WEBPAGE

< QOutputs to date:
— guidance documents
— 52 scientific articles
— >40 conference presentations
— 6 videos

— 9 infographics HEAT?®
SHIELD

— Heat Maps Public Guidance News Scientific ~ About HEAT- -SHIELD  Conta

< www.heat-shield.eu
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#° HEALTH IMPACT OF OCCUPATIONAL HEAT

< During or at the end of a single work shift under heat stress

— 35% of workers experience symptoms of
occupational heat strain

Articles

Workers’ health and productivity under occupational heat
strain: a systematic review and meta-analysis
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#° HEALTH IMPACT OF OCCUPATIONAL HEAT

< Those who frequently work in the heat experience

— 4-fold increase in the likelihood of having heat strain

Articles

— 0.7°C higher body temperature

strain: a systematic review and meta- ana|y57$
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~ ™" HEAT IN THE WORKPLACE
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~ ™" HEAT IN THE WORKPLACE

Tourism
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#° PRODUCTIVITY IMPACT OF OCCUPATIONAL HEAT

uring or at the end of a single work shift under heat stress

— 30% of workers report productivity losses

Articles

Workers’ health and productivity under occupational heat
strain: a systematic review and meta-analysis
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#° DO YOU THINK THE HEAT AFFECTS YOUR PRODUCTIVITY?




~«* DO YOU THINK THE HEAT AFFECTS YOUR PRODUCTIVITY?

< Loss of 1% of labor time for every 1°C increase in
environmental temperature, for this worker

30

25

N
o

—
o

Labor loss (% of work shift)
o

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Environmental temperature (°C) .
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~* IMPACT OF HEAT STRESS ON LABOUR PRODUCTIVITY
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~™ VULNERABILITY MAPS FOR EUROPE AT NUTS?
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Change in fraction of world agricultural GDP (%)
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~™ THERMAL INDICATORS TO ASSESS OCCUP HEAT STRESS

< Process to evaluate the efficacy of thermal indicators for assessing
occupational heat stress and protecting workers

Part 1 Part 2 Part 3 Part 4
Systematic review Delphi exercise Multi-country field evaluation Consensus recommendations

iR Lo

g e
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~™ THERMAL INDICATORS TO ASSESS OCCUP HEAT STRESS

< 232 publications (1905 — 2018)

< 339 thermal indicators

— 187 calculated using
meteorological data

<61 suitable for use in
occupational settings

% of all Indices Developed

23/45 loannou et al., under review, Temperature



~™ THERMAL INDICATORS TO ASSESS OCCUP HEAT STRESS

< Criteria to consider
when adopting a
thermal indicator

1-yr Cost-Effectiveness

10-yr Cost-Effectiveness )
24/45 loannou et al., under review, Temperature



#° THERMAL INDICATORS TO ASSESS OCCUP HEAT STRESS

Minimum Moderate Maximum

Overall Score (%)

Delphi criterion: 1 2 3 4 5 6 7 8 9 10 11 12 13 50 1

. . . .
Field experiments evaluating the efficacy of 61
Wet Bulb Globe Temperature loutdoor) (Yaglou; 1956)
Universal Thermal Climate Index (Jendritzky; 2012)
Temperature Humidity Index (Nieuwo't; 1977)

. . .
Temperature Humidity Index (Kyle; 1994)
Meteoroliogy-nasead INalcators 10r occupationa e i 7
Humidex (Mastersan; 1979)
Relative Strain Index (Lee; 1966)
M M M M M Radiative Effective Temperature (Blazeiczyk; 2004)
settings to quantify the physiological strain
Apparent Temperature (Kalkstein; 1986)
Fighter Index of Thermal Stress (Direct Sunlight) (Stribley; 1978)
Apparent Temperature (shade) (Steadman; 1984)

experienced by those who work in the heat

Equatorial Comfort Index (Webb; 1960)
Simplified Wet Bulb Globe Temperature {(Gagge; 1976)

0

. . Apparent Temperature (Smoyer-Tomic; 2001)

Apparent Temperature (indoor) (Steadman; 1994)

— 9 countries (Australia, Cyprus, Canada
/ / / Discomfort Index (Weather Services. of South Africa; 2018}

Fighter Index of Thermal Stress (Moderate Qvercast) (Stribley; 1978)

Denmark, Greece, Qatar, Slovenia, Spain, and

Apparent Temperature (shade) (Steadman; 1994)

Normal Equivalent Effective Temperature (Boksha; 1980)
Simplified Universal Thermal Climate Index (Blazejcyk; 2011)
Apparent Temperature (sun) (Steadman; 1984)

Robaa's Index (Robaa; 2003)

Apparent Temperature (sun) (Steadman; 1994)

M M M Approximated Subjective Temperature (Auliciems; 2007)

— 372 experienced and acclimatized workers P
Equivalent Temperature (Brund 1984)

Simplified Wet Bulb Globe Temperature (American College of Sports Medicing; 1984)

Wet Cooling Power (Landsberg; 1972)

M Heart Rate Safe limit (LaFleur; 1971)

— to WO r S | tS e r W O r e r Heart Rate (Moderate Intensity) (Fuller; 1966)
Environmental Stress Index (Moran; 2001)

Simple Index (Moran; 2001)

Skin Temperature (Blazejczyk; 2005)

Equivalent Effective Temperature (Aizenshtat; 1974)

Cooling Power (Becker; 1972)

Equivalent Effective Temperature (Aizenshtat; 1982)

Simplified Radiation Equivalent Effective Temperature (Boksha; 1980)

_< Wet Kata Caoling Power (Chamber of Mines of South Africa; 1972)
C O re O y te | | I p e ra t U re Modified Environmental Stress Index (Moran; 2003)
Psychrometric Wet Bulb Temperature (McPherson; 2008)

Temperature Resultante Miniere (Vogt; 1978)

. Wet Globe Temperature (Botsball (Botsford; 1971)

—< m e a n S |< | n te m e ra t U re Skin Wettedness (Bazeicyks 2005)
p Dry Kata Cooling (Maloney; 2011)

Mean Radiant Temperature (Ramsey; 2001)

Temperature of the exhaled air (McPherson; 1993)

Net Radiation (Cena; 1984)

e a r t r a t e Dew Point (Bruce; 1916)

Radiation Equivalent Effective Temperature {Pigmented) (Sheleihovsky; 1948)

Radiation Equivalent Effective Temperature (Non-Pigmented) (Sheleihovsky; 1948)

Effective Radiant Field (Gagge; 1967)

< urine specific gravity S

25/45 loannou et al., under review, Temperature
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~™ THERMAL INDICATORS TO ASSESS OCCUP HEAT STRESS

< Simply measuring one or more meteorological parameters (air temperature,
humidity, wind, solar radiation) does not adequately reflect the physiological
heat strain experienced by working individuals

< The indoor and outdoor Wet-Bulb Globe Temperature (WBGT) as well as the
Universal Thermal Climate Index (UTCI) emerge as the most efficacious meteo-
based indicators for guantitying the physiological strain experienced by
workers in different occupational settings

Big Data Thermal Indices Informed Decisions Products & Apps

26/45 loannou et al., under review, Temperature



# IMPROVING OCCUPATIONAL HEAT STRESS ASSESSMENT

< Wet-Bulb Globe Temperature (WBGT) ---> largest evidence base for
use in occupational settings

< Popularize adoption of WBGT for work settings

g EONIKH i 24.07.2020 | EN
ij HIPOR( jJJJ‘J Aev uTTGPXE! I‘Ipou&grrvoinqllKgupgtr‘;‘
YIHPEY|A Aev UTIGpXEN AEATIO OUEANWBHY AVEHWY.

A POINQIEIZ v MPOEIAOMOHIEIZ v MAPONKAIPOE NAYTINA AEPONAYTINA  KAIMATOAOMIA  ATPOTIKOZ TOMEAZ  EMOXIKEE NPOrNQZEIE

e T | il |
H rerees 24.07.2020) EN | Asiktng WBGT AEATIAKAPOY
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&b VITHPESIA: Atv umGpyel AEATO SUEANLOOV AVEIGY OUVBriKeS, Aivouv pia KAk EXTIUNON TGV OUVBNKGY MOV ENIKPATOUV Kai Eival IBIITEPa XPIOIHO OTIG EUNABEIG OUGDES, ONWG INKILKEV  Modyvwon EANGBOS 3-7 nuepiov !
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opaBe avBpONWY ou Ennp ayeoa ané TG UVBiiKes, Or BeikTes auTol SEQPTANVTAI Gpeca and Tn BepHOKPATIS,  MIPOFNOEEIE NOAEQN

A POINQIEIZ + MPOEIMONOMIEIZ v MAPONKAIPOI NAYTINA  AEPONAYTIANIA  KAIMATOAOTIA  ATPOTIKOZ TOMEAT  ENOXIKEZ NPOTNOZEIT ™V uypaoia, TRV TaxUTNTA TOU QVEPOU, TN VEQWON, TNV nAiakf oxmivoolia (xwpika kar xpovikd). O Biokhiparixdg Seikrng WBGT (Wet
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Mpoyvioeis Evpuaiin Mkewv Méyiotes EAGIOTES Otplokpacies
Mpoyvixoeis Mepioyav IoTopkol il Mp6yviwon Gcppoxpaoiag
ot povio
P Mpdyvuwon Atixtn UV |
NPOMNOEIE APIOMHTIKON MONTEAON TAPOXH YTHPEZION = Mpéyvwon Acikiy WBGT |
Mpoyvwon Geppoxpaciag Migronomtixd Kaipwdy Zuvenwiov t Mpocojoiuwon Eévag Aopupbpou |
Tpoyvuon Acixrn WBGT Khpanxs dedoptva @
Npooopoiwon Exévac Aopupopou Npuwroyevh Merewpaloyixd AcBoptva MONTEAO COSMO
pa Mpoyvuwonxs Npoiovia, (@) TYETHMA AAXEIPIEKE MsL
Movitho COSMO NOIOTHTAE EMY 500 HPA
850 HPA
Hpaxheio ¢ 61% a s Yerég |
; Néguon
Npdyvwon Kaipod Npéyvewon Geppoxpaoiin Xépreg Nay & UM
= = : Bopugopr Aveyiog
Emva Merewpohoyid
XPOMATIKOE AEIKTHE WBGT
O KAIPOE XTEX : 2020007723 weGT weGT Xowpe |
. Hemmopls ) ©) Kavsoroong |
Mercwpohoyios £1aBus EMVixod
MéyioT Oeppoxpacia °C: 33.6 1 78818 $256.277 [ hews
EAéxi0T Oeppoxpacia °C: 25.7 2 8289 275.204 By
5 3 85879 204.31 | kipwo
e |
S ¢ seoses s [
Axpaia Kaipix kai Khiyamiké Feyovéra Mercwpoloyuai L s 290 2322 padpo
Erfoia ExBean Tou WMO yia Tv YnoowipEn
Nayxéopa Kéraotaon 1ou KAipatog AV,
2018 V! >4 |
- = |
“ﬁummmoz :
TATAAN TATm = = = L
— — AEYKO: Kavovikij Spactnpiomra

© 20172020 EMY Ap OpoxXohons Opada Epyou Enmxonuvia . oo CHWF EUMETSAT EUMETNET COSMO MODEL

PIO}GS OV éVTOVN EpYagia Yia in
okiaon. Ppoviida yia SiaoTAaTa avamauong. KatavaAwan vepou (ava 30 Acrrd)

From the webpage of the Greek National Weather Service

27/45 I T g —— , oRe R e p———




FAME

~™" FACTORS DETERMINING RESPONSE TO HEAT

Consecutive shifts
Acclimation state Intra

Hydration state individual
Shift duration o

Medication w

Sleep state
lIness

Modifying
factors
Inter-

Tale [\ile VY
9

9
- R |
Heat strain w S Physical characteristics

g Psychophysical Chfohic disease
Physiological Religion
Performance Age

Sex
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~ ™" ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH

< Gain support

— identify and involve key actors that provide ongoing advice, support, networking

29/45 International Labour Organization



~™ COLLABORATION WITH KEY ACTORS

< Workshops with industry and worker stakeholders

— Florence, Italy

— Athens, Greece

— Tgnder, Denmark

— Nicosia, Cyprus

— Ljubljana, Slovenia

— Loughborough, UK e O

— Madrid, Spain Wl /. :ntation to Climate Change and the world of work
< Supporting European Trade Union Confederation
< Supporting Global Heat Health Information Network
< Meetings/Workshops with policy makers

— WHO, Geneva

— Honk Kong, China

— Wellington, New Zealand

— Doha, Qatar

— Athens, Greece
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~ ™ CONTRIBUTION TO WHO, UNFCCC, AND GHHIN

World Health g
@ Organization ~UNEP DTU
e PARTNERSHIP

naouomcron EUTOpe

Workshop . . ‘
#TEPA2020 4 -

Education and training to enhance
climate adaptation action across sectors

28 July 2020 | 12:00 - 13:30 CEST

Register now at bit.ly/TEMA_EducationW$S ¥ / .' ' .ﬁ.*‘:‘ Q' 5 R ¢ L
P-A !QUT'.' AR @ _<le v e 3 : '. i '”-_.-' ‘ v 7, ‘_ T e N . b ¥ Heat and health
020 CLIMATI > ‘ _ , 3 ‘ 1n the WHO

- ' _ | _ European Region:

Kochrendn brpons Climate
J <“l' rl‘EES‘e'l‘): +( Centre

Dialogue:

ESGLOBAL HEARHEALTH . ¥ 3
FINFORMATIO! iNETwomq : Sg

— {
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~ ™" ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH

< Establish education objectives and content
— identify specific learning objectives to create an activist workforce that will advocate effectively for a healthier work environment
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~™ TECHNICAL REPORTS ON OCCUPATIONAL HEAT STRESS

Odnyia mepi TV sh@yIoTOV TPOSEYPULPOV VYEIUG KUL ACPAIELUS Y10
v £k0gon TV epyalopévov 6g KIvovoug TPoepyopevovs amd
QuoIKOVG Tapdyovreg (Oepikn Katamwdvnon)

Abnva
Tavovdpiog 2021

KEY FINDINGS

ASSESSMENT OF
OCCUPATIONAL HEAT STRAIN

in Qatar

ILO Project Office
for the State of Qatar
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~ ™ WHO — WMO REPORT ON OCCUPATIONAL HEAT STRESS

< Technical report on occupational heat stress to be jointly published in 2021 by:

World Health

: “ ) \‘Qj WORLL
Organlza’tlon ~

METEOROLOGICAL
ORGANIZATION
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~ ™" ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH

< Select education methods
— select methods based on objectives, content areas and the profile of the workforce
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~™ INFORMATION FOR WORKERS & EMPLOYERS
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~ ™ PERSONALIZED WARNING SYSTEM

. . e g‘,_%é[,; A HOME 2 REGSTEREDUSER 4R NEWUSER  EJCONTACTS  EBENGUSH~
< Online platform providing
forecasts and guidance
up to 30 days in advance

Forecast The Project

(o
HEAT
< Designed for workers and ALt

Heat stress depends on the weather as well

as your individual physiology and working
I I | . conditions
e p Oye rS Risk of hot* days

<
100 % Weather Work Rate
sty B,
75 %

50 % Clothing \

Eauipment (PPE) medica condiions
25 %

The Individual
Acclimatisation, age,

Use the advanced Heat-Shield alert system
and get scenario specific and personalized
forecasts, advice on hydration, how to
minimize heat load, solutions for specific
industries...

© MeteoSwiss READ MORE
based on ECMWF
forecast of 19.11.2018
* WBGTsun > 27 °C

Personalized heat alerts and rest /hydration advice
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~ ™ PERSONALIZED WARNING SYSTEM

HEAT
SHIELD

Already registered? Insert email and password

m.morabito@ibimet.cnr.it

LOGIN
Lo Forgot password?
& Worker kst Stakeholder
Create your profile Create your profile
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~ ™ PERSONALIZED WARNING SYSTEM

"'"'l-j £iz English
BUILD YOUR PROFILE I o ' AR

r heat alert threshold

PROFILE HEALTH S

Let's start with the basic information

Email (required Password (1«

m.morabito@ibimet.cnr.it

Street Name

Country (EU)

select
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FAME
LAB

PERSONALIZED WARNING SYSTEM

HEAT® .
SHIELD i

fr Forecast Profile [£f Feedback

Short term heat stress risk

HEAT STRESS RISK LEVELS

LTY] 444 MOT SIGMIFICANT

MODERATE

HIGH

Hydratation
& drink about half a liter of water per hour
& 4 drink about a liver per hour

44 4 444 & & & drink more than a liter of water per hour

L nal il ] rarm arm
L oA W

Work breaks

£ no further breaks are neeeded

small breaks
T increase the number of brezks with cooling
PP frequent breaks in shadow or cooled area

LONG TERM RISK

EDIT PROFILE
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~ ™ PERSONALIZED WARNING SYSTEM

73 Posta in arrivo - Cartelle locali ) Heatshield Heat Warning -~ X =
L3 Scarica messaggi v /" Scrivi v [ Chat /2 Rubrica | © Etichetta v t Q
HeatShield <heatshield.unifi@gmail.com> © Rispondi  ~ Inoltra & Archivia @) Indesiderata
Heatshield Heat Warning

Marco Morabito
According to your profile's features, the heat stress threshold is expected to exceed in the next five days, in the area you selected

Please check the suggestions indicated in your profile

Heat Shield Staff

@ Elimina  Altro v
06/07/2018, 05:00
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#° PERSONALIZED WARNING SYSTEM

HEAT® - -
SHIELD @00 §

Forecast

HEAT STRESS RISK LEVELS

NOT SIGMIFICANT

MODERATE
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~ ™" ADDRESSING HEAT EFFECTS ON OCCUPATIONAL HEALTH

< Implementing an education program
— carry out the plan

7 N\
< Evaluate and follow up gﬁ@v

— allow lerners to judge the progress toward new knowledge, skills, attitudes or actions

— allow educators to judge the effectiveness of the training and what has been accomplished , —
44/45 International Labour Organization




OVERVIEW OF RESEARCH OUTPUT
FROM THE HEAT-SHIELD PROJECT

Andreas D. Flouris FAME Lab, University of Thessaly, Greece

European Union funding
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