Guideline

Preventing Effects of Working in
High-Temperature

2024

DO O @ saudincost @ www.NCOSH.gov.sa



Introduction

This guide aims to inform employers, project managers, and workers aboutthe
health risks associated with workingin high temperatures, as wellas methods for
prevention and management. It offers practical advice and preventive measures,
both engineering and administrative, along with awareness messages.

This guidelineis in line with the proceduralmanualfor occupationalsafetyand
health of preventing effects of workingin high-temperatureissued by the Ministry
of Human Resources and Social Development (Ministerial Decision No. 196086,
dated 29/10/1442). The proceduralmanual draws on global best practices,
relevanttechnologies, and established standards as key sources of information.

Scope

This Manual is about the occupational safety and health requirements related to
work in thermal environments by clarifying roles, responsibilities and preventive
procedures from risks and impacts, through providing the mentoring and
education programs, as well as the need to provide preventive occupational
safety and health requirements in all workplaces and responding to
emergencies fromexposure tothermal hazard atworkplace.
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Terms and Definitions

Sunstroke (Heat stroke):

Heat stroke, the most severe formofheatillness, occurs whenthe body's heat-
regulating systemis overwhelmed by excessive heat. Itis a life-threatening
emergency andrequiresimmediate medical attention.

HeatSyncope:

Heatsyncopeoccurswhenapersonfaintssuddenly andloses consciousness
because of lowbloodpressure.

TWL (Temperature Working Limit):

Refersto the maximumtemperature atwhich people can work withoutbeing
exposedto significanthealthrisksfromheat. The TWL is calculated using factors
such as airtemperature, humidity, wind speed, and solarradiation, anditsvalueis
determinedbasedon internationally recognized occupational health and safety
standards.

Self-employment:

Itis work thatallowsworkersto adjusttheir work rate accordingto environmental
conditions.

Acclimatization:

The process ofthe bodyadaptingto heat. Acclimatization maybe lostin as little as
three days away fromwork. Peoplereturning to work after time away willneed to be
reacclimated. Acclimatization helpsthe bodyredirect bloodto the skin’s surface; the
heartbecomes more efficient, and sweating startssoonerwith more regulated salt
(electrolytes)loss.

Unacclimatized worker:

Thisterm refers to newworkers orthose whohavebeen outofworkformorethan 14
daysduetoillnessorleave(inacolderclimatearea).

Lightwork:
It involves minimal effortand is limited to sitting, standing, and moving the arms.

@ ﬁ o @ SaudiNCOSH @ www.NCOSH.gov.sa



Terms and Definitions

Heavy work:

Itinvolvestasks suchas lifting, climbing, pushing, and using the entire bodyto performthe
work.

Indoor workplaces:

These are enclosedworkareaswhere suitable temperaturesmust be maintained, notless
than 20 degrees Celsiusin cold areas, with cooling measures available in hotareas, and
adequate ventilationin place.

Heat Map:

A map thatservestoillustratethe geographic locations with the highesttemperatures during
the summerseason.

Global Warming:

Theincreasein global surfacetemperature along withan increase in carbondioxide levels,
and anincreasein methanegases as aresult of the greenhouse gas effect, which contributes
to an overallincrease in earth’s atmosphere temperature.

Heatwaves:

A heatwaveis a period of unusually hotweatherthattypically laststwo ormore days overa
specific area.
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Heat Map

The historicalclimate data fromthe General Authority for Meteorology and Environmental
Protectionforthe summerseason show average maximumtemperatures across the Kingdom,
with a continuedrise intemperatures across all regions generally. However, moderation with
coolnessoften prevailsin the southwestern highlands andthe coasts ofthe Tabuk region, as
illustratedin the figure below.

The figure1.1 below illustrates the average maximum temperatures at a height of 2 meters above
the ground surface for the climatic summer season (June -July - August).

The Heat Map of Kingdome of Saudi Arabia

Heatwaves:

Heatwaves refer to prolonged periods of excessively hotweather, typically accompanied by high
humidity. These extreme heateventscan posesignificant health risks to individuals, especially
vulnerableworkerssuch asthose with pre-existing health conditions, pregnant or olderworkers.
Heatwaves canalso have adverse effects onfarming, infrastructure, and the environment at
large.

Therefore, basedon reviewingthe data providedin the table belowand severalinternational
sources, includingthe heat maps forthe ban on working under sunlightin Australiaandthe heat
mapsforthe banonworking under sunlightin Singapore ,New Zealand ,and the United state of
America, allthis countries haveworkedto create heatmapsillustratingthe geographical
locations most affected by heatin their respective countries. Takingintoaccountthe climatic
differencesinvarious geographicalregionsduringthe ban on working under sunlight,and based
on globalcomparisons, the heatmapsforthe Kingdomfigure1.1 have beenincluded, indicating
thetargeted areas of the decision, which are most proneto heatwaves, with the exception of the
southwesternregion (Asirregion) and the coasts ofthe Tabuk region (fromthe city of Haglin the
north to the city of Al-Wajh in the south) due to the moderation of theirweatherduringthe
summer period, however, In many equatorialregions (Tihama), temperatures canremain high
throughoutthe year, regularly averaging >30 °C through the year and spikingto >40 °C. as
illustratedin the table belowtable 1.1.
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Heat Map

Table 1.1.Weather stationswith latitude, longitude, elevation, average maximum (Tmax) and minimum (Tmin) temperature.

ID Station name Latitude (°N) Longitude(°E) Elevation (m) Tmax(°C) Tmin (°C)
1 Abha 18.23 42.66 2096 30.08 16.21
2 Khamis Mushait 18.29 42.8 2057 34.49 21.91
3 Al-Baha 20.29 41.64 1653 31.31 17.18
4 Taif 21.48 40.55 1455 35.05 21.93
5 Najran 17.61 44.41 1217 38.39 22.95
6 Bisha 19.99 42.61 1182 38.97 23.06
7 Hail 27.44 41.69 972 38.04 22.15
8 Turaif 31.68 38.73 846 35.20 19.23
9 Tabuk 28.37 36.6 800 37.55 21.88
10 Sharurah 17.47 47.12 740 41.91 25.22
11 Al-Jouf 29.78 40.10 668 38.27 22.97
12 Gassim 26.30 43.77 646 41.94 24.76
13 Madina 24.54 39.70 636 42.30 28.28
14 Riyadh 24.92 46.72 614 42.02 25.02
15 Arar 30.90 41.14 544 39.57 23.47
16 Guriat 31.40 37.28 507 37.02 18.42
17 Rafha 29.62 43.49 449 40.91 23.73
18 Al-Qaysumah 28.33 46.12 362 42.92 26.54
19 Makkah 21.43 39.79 249 42.96 28.89
20 Al-Ahsa 25.30 49.49 181 43.99 27.31
21 Wejh 26.20 36.47 21 33.46 24.25
22 Dhahran 26.26 50.16 17 37.02 18.42
23 Jeddah 21.71 39.18 16 38.25 26.07
24 Haqgl 24.14 34.06 10 31.79 25.80
25 Gazan 16.90 42.58 6 38.07 29.32
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Health impacts Related to Working in High Temperatures and Direct Sunlight

Heatgain inthe humanbody canresultfrom both externalfactors, such as environmental
heat, andinternal sources, stemming from metabolic processes. Rapid exposureto elevated
temperaturesbeyondthe normcanimpairthe body's thermoregulation mechanisms, leading
to various heat-relatedillnesses like heat cramps, thermal stress, heat strokes, and even

death.

Heat-relatedfatalities orrecoveries can occur swiftly, evenwithinthe sameday, or manifest
with delayed effects, sometimes days later, particularly exacerbating risks forvulnerable
individualsduringinitial phases of heatwaves. Even minor deviationsfrom seasonal
temperature averages correlate with increasedillness and mortality rates. Extreme heat
exacerbateschronic conditions like cardiovascular, respiratory, renal, cerebrovascular

diseases, and diabetes-related ailments.

Workers’ Health Problems Related to Working

at High Temperatures and Under Direct Sunlight

Heat Exhaustion Heat Stroke.

Heat Rash Heat Cramps

Symptoms and Signs of Heat Stroke Associated with Working

at High Temperatures and Under Sunlight

Excessive Fainting Confusion Very high body Convulsions
sweating temperature
orred, hot (over40
and dry skin degrees
Celsius)

@ ﬁ o @ SaudiNCOSH @ www.NCOSH.gov.sa



' Mational Council for
Oecupational Safety & Health

Symptoms and Signs of Heat Exhaustion Associated with Working in
High Temperatures and Under Sunlight

Nauseaor Headache Vertigoand
vomiting dizziness

2

Irritability Rapidheart Veryhighbody

g

(over 40 degrees
Celsius)

Excessive Coldand

sweating  moist skin

X

Generalized Thirst
weakness
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Symptoms and Signhs of Heat Cramps Associated with Working

at High Temperatures and Under Sunlight

Muscle spasm Pain

Symptoms and Signs of Heat Rash Associated with Working

at High Temperatures and Under Sunlight:

Red skin spots or clearblisterswith itch often occursonthe neck,upper chestandskin folds
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Steps to be followed if a worker suffers a Heat Exhaustion

Stepsto be followed if a worker suffers a Heat Exhaustion:

O1 AR

Callthe supervisoratworkand ask formedicalhelp.

Move the personto ashaded and coolerplaceto restwith observation.
Givethe personcoldwateraslongasheisconscious and notvomiting.
Remove and loosenthe person’s clothes.

Help coolandventilate the person by placing coldcompresses andice packson
the thigh and underarmor soakingthe person’s clothes in cold water.

Staywith hem/themuntilthey're better or take the workerto the medical care
center oremergencyroomformedicalevaluation or treatmentif the signs or
symptomsworsenordid notgetbetter.

The worker mustnotreturntoworkonthis dayeven if he gets better.

Active the acclimatization procedures.

Steps to be followed if a worker suffers Heat cramps:

AL S o

Make the worker restin ashaded andcoolplace.

Theworker should drink electrolyte beverage orwaterif notavailable.
Pourwateroverthe personor spraywith ahose.

Wrap the personinwetcloth and positionafantoward him/her.

Waitfor afew hours before allowing the worker to getbackto the hardwork.

Askthe workerto seek medical careifthe cramps do notgetbetter.

Stepsto be followed if a worker suffers a Heat rash:

1.

Tryto workin acoolerand less humid environmentwhenever possible

2. Keepthe affectedareadry.

3. Donotputiceontherash areas, asthismaycauseforcoldburns.
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In case of emergencyinthe workplace, dialthe emergencynumber
provided or contact 997 for Red Crescent Operation.

-

We would like to note thatthermalstressis the health conditionresulting
fromthe body’s inabilityto getrid of unhealthy high temperatureswhen
exposedto manyinternaland externalfactors

~N




Acclimatizationfor New Workers in Hot Areas and Training Methods

Acclimatization meansthe helpful physiologicalcoping which occursduringthe recurrent
exposureto ahotenvironment

Increasethe efficiency of sweating:

(Early sweating, increased sweat secretion, reduced saltloss in sweatwith
recommendingto drinkelectrolyte beverages duringwork to replace salts).

Circulatory Stability:

Aerobic capacitywill ensure ability to do workwith lower core temperature and effective
heartrateto increasedbloodflowto the skin ata certain core temperature with minimal
impacton physical ability.

Acclimatization Schedule;

To acclimatizeworkers, theirexposure time canbe graduallyincreased in hot
environmental conditions overthe period of 7-14 days. New workers willneed more time
to adaptthan workers who have previously been exposed. As forthe new workers, the
exposure schedule mustnotexceed20% of exposureon thefirstday, and this percentage
shouldbeincreased byno morethan 20% on every additional day.

Asforworkerswho have priorexperiencein the job, Acclimatization schedule should not
exceed 50% on thefirstday, 60% on the second day, 80% on the thirddayand 100% on
the fourth day.

In addition, the acclimatization levelreached by each workerisrelatedto the primary
physicalfitness of the personand overallthermal stress suffered bythe person.

Preserving Acclimatization:

Workers can preservetheir acclimatization eveniftheywere away fromworkforafew
days, likewhengoing back home to spend the weekend. However, if theywere absent for
aweekormore,theremightbe agreatlossinthe helpfuladaptationswhichleadsto an
increased possibility of developingheatrelated diseases andthe need to gradually adapt
to the hotenvironment.

@ ﬁ o @ SaudiNCOSH @ www.NCOSH.gov.sa



Criteria of choosing a temperature indicator and dealing with it

There is more than anindicator to use, and they are as follows:

 Limitworktemperaturein work environments.

« Qutdoor temperature indicators.

Thetwo previous indicators have beenchosenbased onapplyingthemto work environments
similarto the work environmentin the Kingdom of Saudi Arabia. The National Councilfor
Occupational Safety & Healthrecommends using the limitwork temperature especiallyin
internaland external work environments exposed to different weather conditions such as
humidity, wind speed and hightemperaturesin dry areas.

Thermal Work Limit Indicator in Indoor and Outdoor Work Environment:

When tousethe Thermal Work Limit Indicator?

ThermalWorkLimitIndicatoris usedinindoor and outdoor work environments, during
exposure to differentweather conditions such as humidity, wind speed and high
temperatureindryareas.

To calculate thethermal Work Limit Indicator,the value of the following
measurements should be taken into consideration:

* Drythermometer temperature (ambient air temperature) (Celsius)
» Wetthermometer temperature (humidity/evaporation) (Celsius)
» Black thermometer temperature (radiant temperature) (Celsius)

« Wind speed (m/s)

Thedevicesused to takeall these measurements and automatically
calculatethelimitwork temperature are available. There are also alternate
devices that can beused to take the measurements, and then entering
thesemeasurements inthe electronic calculator to calculate the limit work
temperature
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Engineering & Administration Controls

Thermal Work Limit Indicator (TWL)- Work Zones

Procedures and Measures- Restand Work, Schedule of Drinking Water Needs

Work Zones

Low risk
Unrestricted
zone TWL
from 140 to

less than 220

High risk zone
TWLIless than

115

(XX £] o @ saudincosH

Procedures

Schedule for Needed
Amounts of Drinking

Water (hours)

Schedule for Rest/Work

(minutes

N

No restriction on self- Thiszone is
working rhythm for trained Light work 600-1000 safe forall
workers who drink large mL/h continuous
amounts of water self-works
_
/" Caution area refers to the situations I
where environmental conditions require This zone is
additional precautionary procedures:
jonat precat y procedt Light work 1-1.2 L/h safe forall
practically applying the engineering continuous
preventive measurestoreduce thermal self-works
stress, forexample, providing shaded
areas and enhancingventilation. It is not Continuous
recommended for any person to work Heavywork More
- : than 1.2 L/h self-work
alone, nor to hire a nonadaptive person. : , c
Make sure to drink enough fluids suitable 49 m'r.]UteS works
\_for the work type. 15 minutes res .
Focus on applying the required (work -
restcycle):
, Light work
It is not recommended for any person to 45 minutes work-
work alone. 15 minutes rest
It is not recommendedto hire a non- All types of work

adaptive person.

In a high-risk zone, drinking water and
identifying the signs of thermal stress
should be emphasized. The worker

should be equipped with a personal 2

liters water bottle on the site at all times.

\_

Morethan1.2L/h

Heavy
work 20
minutes

work-
40 minutes rest

/

Table No. 1
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Outdoor Temperature Indicator

Temperature Measuring Definition:

It means measuringtheincreaseinthe ambienttemperature of the worker above the limitit
cannotendure,whichexposesthe workerto manyrisks wheredeath maybe the final stage.
The source of heatinthe work environment may come from natural sources such as

sunlightorfromindustrial sources such as heatresultingfrom ovens, welding operations or
otherworkequipment.

Target Group:

Al people who work in outdoor work environments with high temperatures according to
table No. 2.

Outdoor Workplaces (in the Open Air)

When working in the open air, the weather’s effects in this environment can have avery
significant and dangerous impact on the employee’s safety, and if the risks are not

properly considered and managed, this effect might be immediate or might occur on
the longrun.

Measuring the Temperature:

The devices usedto take these measures are available, some are electronic, and othersare
mercurial.
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Example of an electronic Example of a mercurial
thermometer thermometer
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When to use an Outdoor Temperature Indicator?

A thermometer can be used to help identify the risks of heat-related diseases for workers in
the open air the procedures needed to protect the workers, and when to put such
procedures into force. Depending on the value the thermometer indicates, the risks of
developing heat-related diseases may range from low to very high to extreme. With the
increase of the thermometer indicator value, there is a need for more preventive measures to
protectthe workers.

The thermometer values are divided into four scopes associated with four risk levels, which
help to take the appropriate procedure according to the temperature data. This has been
developed for workers to use on worksites according to table No. 2.

Thermometer Indicator Preventive Measures Risk Level

From 39.4t0 46.1 degrees Additional precautions to

High
Celsius protect the workers. g

More than 46.1 degrees Issue stricter preventive
Celsius measures.

High Risk

Table No. 2

Employers should respondto any high temperature indicator; such response matches
the type of steps to be followed to treat the other risks in the workplace including the
following:

1. Trainworkers onhow to identify and prevent heat-related diseases.

2. Daily Monitoring of the thermometer onworking site and notify the workers to
take necessary precautions.

3. Implement a preventive plan with ongoing review and feedback.
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Use of protection measures to be taken at each level of risk to notify the
workers with the appropriate preventive plan. The plan should address
the following:

Risk Indicator Level

Preventive Plan

High Risk

Providing supplies (ensure

availability of enough water,

provisionsfor break areas and v v v v
other supplies)

Providing canopies, personal
protective equipment, fans, steam
sprayers, air fresheners and

portable thermometer.)

Emergency planning and response
(train supervisors and crews for v v v v
emergencies)

Workers’ acclimatization

(increasing the workloads

gradually, allow more frequent v v v v
breaks sothatworkers can adapt

to temperature)

Modified work schedules (create

systems to enable modifications

to the work schedule) v v v

Training (train workers to identify

diseases related toheatand

acquaint them with the relevant v v v v
preventive measures)

Physiological, visual andverbal

monitoring (using direct

observation and physiological

monitoring to check for symptoms v v v
and signs of heat-related

diseases)
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General Risk Management Principles

Thefollowing can be consideredwhenyou are managingthe risks associated with

workinginthermal environments (note thatthe list could stretch even further):

1. RiskAssessment: Conductathoroughrisk assessmentto identify potential heat stress
hazards. This couldinclude evaluating the thermalenvironment, the nature of work
being conducted, the metabolic heatload, and the type and condition of the Personal
Protective Equipment (PPE).

2. Heat Stress Management Plan: Develop and implement a heat stress management
plan tailored to yourworkplace and the type of work being conducted. This plan should
include, butnotlimited to, heat stress conditions, worker acclimatization processes,
hydration policies,and emergency procedures for heat-related disorders.

3. Environmental Monitoring: Regular monitoring of the environmental factors, including
air temperature, humidity, air velocity, and radiantheat, using suitable instruments as
outlinedin BSEN 27726 (orISO 7726).

4. Modify the Work Environment: Whenever possible, control the workenvironment to
reduce exposure to hotconditions. Thisincludesthe use of ventilation, air conditioning,
shieldingfromradiantheatsources, or schedulingwork ata coolertime of the day.

5. PPE Selectionand Use: Ensure thatthe PPE provided is suitable for the task and offers
a balance between protectionand thermal comfort (see section5.4inthe appendixfora
subjective assessment).

6. Consideration of the Impact of Wearing PPE: Recognizethatwearing PPE canincrease
metabolic heatproductionand reduce the body’s abilityto lose heat. Adjustwork
practices accordingly, suchasbyincorporating more frequentrestbreaksincool(or
shaded) areas (see section5.6inthe appendixforrestcycles).

7. Acclimatization: Gradually acclimatize workers to hot environments, especially those
wearingthermalorimpermeable PPE, to increase their tolerance to heat.

8. Health status: Those with anychronic disease shouldinformtheir physician of
occupationalexposuresto heatstress and followthe recommendations.
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