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Cold stress \ | 4

“The principal determinant of cold stress are air temperature and
wind speed. Most body heat loss during cold exposure occurs via
conductive and convective mechanisms, so when ambient

temperature is colder than body temperature, the thermal
gradient favors body heat loss, and wind exacerbates heat loss by

facilitating convection at the body (Gagge and Gonzalez 1996).”

ACGIH 2019 cold stress documentation
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Thermoregulation

* Thermoregulation is the
body’s mechanism to balance
body’s heat exchange with the
environment

* Vasoconstriction
* Arterioles get smaller to reduc
blood flow to the peripheries

(skin) to keep core warm

Heat gain/generation = Heat loss
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Types of Heat Loss \ | 4

* Radiation — Heat is lost to the environment due to a temperature gradient
from an object to the environment.

e Conduction — Heat loss through direct contact with a cold object. Heat loss is
the greatest when in direct contact with cold water (humans cool 2-10 times
faster in cold water).

e Convection — Movement of heat from high to low temperature from an object
to fluid. In this case fluid can be air and water or internal body fluids.

* Evaporation — Loss of heat through the process of .% é&’fﬁfﬁ?i;’?by
evaporation of water

changing sweats from liquid state to a gaseous state.

Radiation
Moving air removes Emission of
radiated heat i
electromagnetic
radiation
Conduction
Direct transfer

by contact
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Body’s response to the cold

* Peripheral vasoconstriction
* Shivering
* Hair erection with goose bumps

Blood Capillary
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Adverse health effects

Cold
Stress
|

Local cold

injuries

Hypothermia (core

temperature <95 F(35 C)

Skin/tissue temperature <32

F(0C)

Skin/Tissue
temperature > 32F

H

Frostbite
Cold/Dry

Non-freezing cold injuries

|

Wet/Cold
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e Clinically, it is defined as body core temperature below 35 °C.

* Hypothermia develops when heat losses exceed heat gain
generation which caused core body temperature to drop.

* Early symptoms of hypothermia are feeling cold, shivering,
exhibiting signs of lack of interest (apathy), and social withdrawal.

* Pronounced hypothermia includes confusion or sleepiness, slurred
speech, and a change in behaviour or appearance.

e Severe hypothermia is associated with cardiac rhythms changes
and require immediate treatment to restore body temperature.
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Core temperature and physiological responses  \F

Stage Core Temperature (°C) Physiological response
Normothermia 37
Mild Hypothermia 35 Maximal shivering; increased
blood pressure
34 Amnesia; dysarthria; poor
judgement; behaviour change
33 Ataxia; apathy
Moderate Hypothermia 32 Stupor (loss of sense)
31 Shivering stops; pupil dilate
30 Cardiac arrythmia and decrease
output
29 Unconsciousness
Severe Hypothermia 28-13.7 Ventricular fibrillation; loss of
reflexes; no response to pain etc.
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“rostbite

* Frostbite occurs when the tissue
temperature falls below 0 °C.

* The skin surface has been reported to be
freezing at -3.7 —-4.8 ° C.

* Frostbite is most common in exposed skin
such as nose, ear, cheeks, and exposed
wrist but it can also be seen in the hands
and feet due to peripheral
vasoconstriction.

* The first sign of frostbite is numbness
which occurs at skin temperature below 10
° C, however, the cooling sensation starts
at 28 ° C.
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Frost nip

* Itis areversible ice crystal formation on the skin surface.

* Exposed person is not usually aware that frost nip is occurring because it is usually
painless and develops slowly.

» Affects earlobes, fingers, toes, cheeks, and nose.




Non-freezing cold injury (NFCI)

e Chilblains are the painful inflammation of
the small skin blood vessels in response
to repeated cold exposure (not freezing
air) of the skin. It is a superficial skin NFCI
which can occur after a few hours of
exposure to bare skin.

* Trench foot also known as Immersion
foot is caused by cold and wet
conditions. It can occur at temperature
as high as 15 C in wet conditions from
prolonged exposure (estimates vary from
>12 hours to 3-4 days). Most common
cause of this condition is to wear wet
socks and shoes over many days.




Risk factors

* Anthropometric characteristics
* Aging

* Aerobic fitness and training

* Clothing

* Exercise in the cold

* Dehydration

* Cold induced bronchospasm
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Cold acclimatization \ | 4

e Acclimatization can occur upon chronic exposure but the
physiological changes are modest.

* It is achieved through habituation, heat acclimatization, and
insulative acclimatization.

* Habituation produces less pronounced effects as compare to heat
and insulative acclimatization.

* Cold acclimatization is slow to develop and less practical in
protecting from cold strain or maintaining normal body
temperature.
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Wind Chill
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Wind chill temperature (WCT) A\ 14

Air Te
Wind
Speed
(km'h)
5 4 -2 -7 -13 -19
10 3 -3 -9 -15 -21
15 2 . -11 17 -23
20 1 -5 -12 -18 -24
25 1 -5 -12 -19 -25
30 0 -5 -13 -20 -26
35 0 -7 -14 -20 27
40 -1 = -14 -21 -27
45 -1 -8 -15 -21 -28
S50 -1 -g -15 -22 -29
a5 -2 -8 =15 -22 -29
G0 -2 -0 -16 -23 -30
65 -2 -8 -16 -23 -30
70 -2 -9 -16 -23 -30
75 -3 -10 -17 -24 -3
80 -3 -10 -17 24 =31
Occupational Health Clinics for Ontario Workers Inc. ACGIH TLV book 2021
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Frostbite times for exposed facial skin A\ 14

Wind Chill temperature Time to frostbite

0to-27 Low risk for most people

-28 to -39 Increasing risk for most people in 10 to
30 minutes of exposure

-36 to -47 High risk for most people in 5 to 10
minutes of exposure

-44 to -54 High risk for most people in 2 to 5
minutes of exposure

-55 to -81 High risk for most people in 2 minutes of
exposure or less

Occupational Health Clinics for Ontario Workers Inc. ACGIH TLV book 2021
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OHCOW tool
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7 OHCOW....

for Ontaric Workers Inc.

Cold Stress Calculator

Wind felt on face - windvane begins to

As the speed of the wind increases, your body will notice a decrease in temperature because the wind owver skin helps ta 10 o

dissipate heat from the body. To understand how cold is the environment, the wind speed is combined with the

temperature to calculate "Wind Chill Temperature”. The Wind chill temperature provides an estimate of the cooling power 20 Small flags extended

of the environment and thus plays an important role in the cold stress risk ment and p ing workers from its .

savere adverse health effects such as frostbite and hypothermia. a0 Wind raises loose paper, large flags

flap and small tree branches move
Small trees begin to sway and large

The Gold Stress Calculstor was created as a simple means for determining what precautions should be taken to protect

workers from cold stress related adwerse health cutcomes. One can enter cutdoor tempearsfure and wind spead in the 40
following calculator to calculate the adjusted temperature or wind chill temperature. flags extend and flap strongly
i . o i Large branches of trees maove,

If you are unable to access cument weather information to obtain wind speed., refer to the table to the nght. 50 telephone wires whistle and it is hardto
Enter the Current Wind Speed Enter the Current LEe an umbrella

10 Temperature (°C) —30 - -

(km/h) - Must be > 0 &0 Trees bend and walking againg the
wind is hard

nanse Teeranr )| oo

- High risk of frozsthite far mast people in 10-30 minutes of exposure Mo Risk
Risk to Workers
Low Risk
Health Concerns - Moderate Risk
- High Risk
DOre=z in layers of warm clothing, with an outer layer that is wind-resistant. .
Very High Risk
Precautions
- Severe Risk
References
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Work-warm regimen- Withdrawn by ACGIH \F
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Sunny sky No noticeable wind Wind 8 km/h Wind 16 km/h Wind 24 km/h Wind 32 km/h
tﬁmpﬂe'r"amm (5 mph) (10 mph) (15 mph) (20 mph)

C 'F Max. Number Max. Number Max. Number Max. Number Max. Number
below | below work of work of work of work of work of
Zero* zero* period breaks™* period breaks™* period breaks™* period breaks™* period breaks™*
26 to 15 to 120 1 120 1 75 5 55 3 40 4

28 19 minutes minutes minutes minutes minutes
29 to 20 to 120 1 75 5 55 3 40 4 30 3

31 24 minutes minutes minutes minutes minutes
32 to 25to 75 5 55 3 40 4 30 5

34 29 minutes minutes minutes minutes
3510 30 to 55 3 40 4 30 5

37 34 minutes minutes minutes
38 to 35 to 40 4 30 5

39 39 minutes minutes
40 to 40 to 30 5

42 44 minutes

43 45

and and
below | below




Risk assessment

How cold is 1t?

1. Identify/Assess Hazard

Alr Temperature
Wind

Reaiir

Solar Load
Immersion
Sea-state
Altitude

2. identify/Assess Contributing Factors

Determineg Uniform & Eguipment available

for each person

Identify High-Risk Workers

Work Rates

Load Carried
Duration
Availability of Clothing/Shelter
Food & Water
Experience
Fitness

Fatigue

Health

Body Fat
MNutritional Status
Time of Day

3. Develop Controls

Implement Cold Mitigation

Obtain Appropriate Weather
Information

Provide Proper Clothing &
Equipmeant

Provide Warming Facility

Provide Food & Water

Implement Exposure/Re-Warming
Schedules

Mandatory Clothing Changes

into Plans

4. Implement Controls
Adopt & Implement Controls

|

Changing Weather Plan
Develop standard operating
procedures (SOPs) for:

=  Self Checks

#»  Buddy Checks

=  Supervisor Checks

5. Supervise
Evaluate & Correct Controls

- Enforce Controls
- Modify Behaviar
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Risk mitigation \ 1 4

* MLTSD requires employers to develop a cold stress prevention
program which addresses worker training, monitoring method,
monitoring/sample plan, preventive measures such as proper PPE
and warm-up schedule, provide warm shelters and warm liquids,

first aid and emergency response plan.

* The training should include recognition of hazards, health effects,
prevention of cold related illness, use of proper PPE, and safe work
practices.

* Thermometer should be available to measure temperature when it
is <16 C and it should be recorded every 4 hours when <-1 C (the

wind should also be recorded at <-1 C)

Occupational Health Clinics for Ontario Workers Inc.
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 WCT should be obtained and recorded with other data if the WCT is
<-7 C.

* Below -12 C the workers should be under observation (buddy
system or supervision) and the work pace should be such that
excessive sweating does not occur. If so, breaks in warm shelters
and dry clothing should be provided.

* New employees should not work full time from day one so they can
acclimatize to the working environment and the protective clothing.

* Work should be designed as such that the constant sitting or standing is
discouraged.

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention
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e Schedule maintenance or repair jobs in warmer months if possible
* Schedule cold jobs for the warmer part of the day

* Reduce physical demand of workers

e Use relief workers or assign extra workers for long demanding jobs
* Provide warm liquids to workers

* Provide warm shelters (COVID-19 spread ??7?)

* Provide worker training to prevent cold stress

NIOSH: Cold Stress Recommendations | NIOSH | CDC

Occupational Health Clinics for Ontario Workers Inc.
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https://www.cdc.gov/niosh/topics/coldstress/recommendations.html
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Recommendations for employees \ 1 4

* Wear appropriate clothing in layers of loose clothing. Tight clothing
reduces blood circulation to the extremities.

* Protect ears, face, hands, and feet in extremely cold weather
* Boots should be waterproof and insulated
* Wear a hat (hats reduces the amount of heat lost by the body)
. il'akedbreaks in the warm shelters or locations and keep hydrated with warm
iquids
e Carry extra cold weather gears such as socks, gloves, hat, jacket, a change of
clothes
* Avoid touching metal surfaces with bare skin
 Monitor your physical condition and that of your co-workers

* Workers with predisposing health conditions or using certain medications
should be extra cautious

Occupational Health Clinics for Ontario Workers Inc.
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Winter is coming: What to wear for outdoor work | Workplace Safety North



https://www.workplacesafetynorth.ca/news/news-post/winter-coming-what-wear-outdoor-work

Clothing insulation and METS/Temp
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Refrigerated cold rooms

e Most of the literature is about
severe cold conditions

* Work-warm regimen does not
apply
* Wind chill chart is not applicable

* Thermal discomfort, health and
safety and productivity.

* COVID-19 ????

Calculation of storage capacity of cold room - Knowledge -

Dongguan COLDMAX Ltd.



http://m.coldmax.com/info/calculation-of-storage-capacity-of-cold-room-51274982.html

NIOSH HHE

* HHE was performed for an
airline catering employees who
complained about thermal
discomfort and cold fingers.

* The temperature was
maintained at 40 F (4.4 C) by
recirculating the air by air-
conditioning units on the roof.

DUL IV LVOW LTS0S LD IWHVLD

Case Study
Recommendations to Improve Employee

Thermal Comfort When Working in 40°F
Retrigerated Cold Rooms

Cold rooms are commondy used for food storage and preparation, and are usially
kept around 40°F following food safety guidelines. Some food preparation employees

may spend 8 or more hours inside cold rooms. These employees may not be aware of

the risks associated with mildly cold temperatures, dampness, and Emiled ventilation,

We performed an evaluation of cold rooms at an airline catering facility because of

concerns with exposure to cold temperatires. We spoke with and observed employees
in o cold rooms, reviewed deily iemperature logs, evaliated emplovee's physical
activity, workfrest schedule, and protective clothing. We measured temperature, percent
relative hamidity, and air velocities at different work siations inside the cold rooms.
We concluded that thermal comfort concerns perceived by cold room employees may
have been the resul! of air drafts at their workstations, insufficient use of personal
Protective equipment due to dexterity concerns, work practices, and luck of knowledge
about good healfh and safety practices in cold rooms. These moderaely cold work
conditions with low air velocities are not well covered in current occupational health
and safety guidelines, and wind chill calculations do not apply. We provide practical
recommendations to improve hermal comfort of cold room employees. Engineering

control recommendations include the redesigning of air deflectors and installing of

suspended baffles. Administrative controls inclide the changing ot of wet clothing,
providing hand warmers oulside of cold roms, and educating employess on cold
stress. We also recommended providing more options onpersonal protective equipment.
However, there is & need for guidelines and educational materials tailored to employees
i moderatedy cold environmenis lo improve themal comfort and minimize health and

Column Editor
Shannon Gaffnay

Raported by
Diana Ceballos
Kenneth Mead
Jessica Ramsey

National Institute for Occupa-
tional Safety and Health, Cincin-
nati, Chio

Address  correspondence 1o
Diana  Ceballos,  National
Institute for Qccupational Safety
and Health, 1090 Tusculum Ave,
MS 11, Cincinnati, OH 45226-
1998; e-mail. DCeballos@cdc.
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NIOSH recommendations \ | 4

* Increase the level of activity of the workers by redesigning the
work.

* Wear finger less gloves to improve dexterity.

* Redesign deflectors on the fans to redirect air from the employees.
* Hang baffles for the ceiling

* Provide hand warmers

* Allow changing wet clothes and enough time to dry sweats in a
warm area.

Occupational Health Clinics for Ontario Workers Inc.
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Relevance to COVID-19 spread

TABLE Il Temperatures and Relativa Humidity Measured Inside Cold Rooms

Temperature, °F
Work — Work  Work
Workstaton ~~ Sampling e~ fe RH safion]  dtafion]  tationd  Average
Cdoom! ~ %06am-S04pm. [ 6795 | Average 4 4 4 §
Momm 40 4] 8
Mimmm 4 4 iy
Cdoom? ~ S06am~445pm \50-80 | Average il ¥ N§: il

Momm 3 3 NS
Miimm 4 4l NS

<6 ACH presents high risk for COVID-19 air transmission
SARS-COV?2 survives in the air longer if the RH is <30%
or >60%

TABLE Ill. Air Velocities Inside Cold Rooms on
September 21, 2011

Number Air velocity! (feet per

of minute average and
Work area  Shift  samples range)
Coldroom I Day 7 59.3(14-116)
Night 7 53.3(24-105)
Coldroom 2 Day 6 46.3(30-240
Night 6 03.4(25-259

M atan A & ranoa Af ot solAcitice mae antad notood AF o sinads smlng rhon tha

ACGIH 2021 recommends <200 fpm
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Cold Stress Calculator
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Canadian Centre for Occupational Health and Safety
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Home = OSH Answers = Physical Agents

OSH Answers Fact Sheets

Easy-to-read, question-and-answer fact sheets covering a wide
range of workplace health and safety topics, from hazards to

diseases to ergonomics to workplace promotion. MORE ABOUT =

ANSWERS
Download the free OSH Answers app

LA Download on the GETITON
@& App Store P> Google Play

Search all fact sheets:

SEARCH

Type a word, a phrase, or ask a question HELP

Cold Environments - Working in the Cold

CLOSE ALL

What factors modify our response to cold?

A cold environment challenges the worker in three ways: by air temperature, air movement (wind speed), and humidity (wetness). In order to work
safely, these challenges have to be counterbalanced by proper insulation (layered protective clothing), by physical activity and by controlled exposure
to cold (work/rest schedule).

Air Temperature: Air temperature is measured by an ordinary thermometer in degrees Celsius (°C) or degrees Fahrenheit (°F)

Occupational Health Clinics for Ontario Workers Inc.

) _ https://www.ccohs.ca/oshanswers/phys_agents/cold_working.html
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waoes | \/\/OrKing in Cold

Preventlon CO nd |t| ons

The Occupational Health and Safety Regulations, 1996 require
employers and contractors to take measures to protect the health and
safety of the employees who must work outdoors in the cold weather.

Experienced workers usually know the best clothing to wear for their jobs. However, when
workers are unexpectedly assigned to outdoor jobs in extremely cold weather, the employer
or contractor is expected to:

* Provide appropriate clothing; or
# Allow the workers to obtain suitable clothing before starting the task.

Special attention should be given to good hand and footwear, as well as face and
head protection.

How fast a person’s body cools in cold weather depends on:
= Air temperature,

* Wind speed,

* Heat of the sun, and

+ Work being done.

The fingers and toes usually feel cold first. Shivering then sets in. Shivering is the

body's way of warning that it needs to be warmed up. If not warmed, a person may
become distracted by the discomfort, and become more likely to have an incident. The risk
of frostbite also increases. Employers and contractors should provide a heated warm-up
shelter(s) at the workplace where workers can get indoors and out of the cold weather.

Tha Wnrk The Work Warm-Up Schedule shows the warm-up breaks required for working in cold

Occupational Health Clinics for Ontario Workers Inc.

P tion Th h Int ti
revention fhrough fntervention https://www.worksafesask.ca/wp-content/uploads/2019/03/Working-in-Cold-Conditions-Fact-Sheet_v4.pdf
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Safety North~
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ﬁ‘ Winter is coming: What to wear for outdoor work

News

Winter is coming: What to wear for

Every Worker Newsletter

outdoor work

Hazard Alerts

Friday, November 05, 2021
Avoid cotton and goose down to help prevent hypothermia

Newsroom

¥ Search News by Tags In Ontario, working outside during the
Canadian winter can leave workers
susceptible to illnesses like hypothermia
All Workplaces or injuries from frostbite. Hypothermia
happens when the body’s core
temperature drops below what is
Forestry required for normal metabolism and

Mine Rescue body functions.

Mining

Forest products

Paper Printing and “Due to the long-term effects and
Converting potential fatalities of cold injury, a few
ounces of prevention are worth a pound
of cure,” says Mike Lemay, Health and
Pandemic Safety Specialist at Workplace Safety

General

Occupational Health Clinics for Ontario Workers Inc.
Prevention Through Intervention Winter is coming: What to wear for outdoor work | Workplace Safety North
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(D] @ Centers for Disease Control and Prevention
7 CDC 24/7: Saving Lives, Protecting People™ Search NIOSH~ | Q

Advanced Search

The National Institute for Occupational Safety and Health (NIOSH)

Workplace Safety and Health Topics ‘3 0 ® @

1) Workplace Safety and Health Promoting productive workplaces /M'
TOpiCS through safety and health research
Cold Stress COLD STRESS

Cold Related llinesses Waorkers who are exposed to extreme cold or work in cold environments may be
at risk of cold stress. Extreme cold weather is a dangerous situation that can

Cold Stress and PPE

Cold Water Immersion bring on health emergencies in susceptible people, such as those without L ;
. . . Working in Cold Environments and
shelter, outdoor workers, and those who work in an area that is poorly insulated
Recommendations or without heat. What constitutes cold stress and its effects can vary across Bow YoLr DoFCan dep

different areas of the country. In regions relatively unaccustomed to winter

Resources weather, near freezing temperatures are considered factors for cold stress. Whenever temperatures drop decidedly below
normal and as wind speed increases, heat can more rapidly leave your body. These weather-related conditions may lead to
serious health problems.

Hazards to Outdoor Cold-Related Ilinesses Recommendations
Workers

Cold Water Immersion Resources
Related Topics

Protective Clothing Features

Skin Exposures and Effects

Preventing Cold-related lliness, Injury, and Death among Workers

2 Workers, both indoors and outdoors, in services, transportation, agriculture, construction, and other

=

industries may be exposed to environmental cold stress that can lead to thermal discomfort and in some

Occupational Health Clinics for Ontario Workers Inc. https://www.cdc.gov/niosh/topics/coldstress/default.html
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Occupational Safety and Health Administration

OSHA v STANDARDS v ENFORCEMENT TOPICS w HELP AND RESOURCES v NEWS v

Safety and Health Topics <~ Winter Weather

Winter Weather

20 WAIKTUTER WA UTRIER

? 37yO." Plan. Equip. Train.

| ) To prevent injuries, illnesses, and fatalities during winter storms.
\ \
Introduction Cold Stress
Cold Stress Cold Stress Can be Prevented
It is important for employers to know the
Freparedness wind chill temperature so that they can
) gauge workers' exposure risk better and
Hazards/Precautions plan how to safely do the work. It is also
important to monitor workers’ physical
OSHA Resources

condition during tasks, especially new
workers who may not be used to working in
the cold. or workers returning after
spending some time away from work.

Additional Resources

Emergency Preparedness and

Response The National Oceanic and Atmospheric Administration (NOAA) Weather Radio is a

nationwide network of radio stations broadcasting continuous weather information from
the nearest NWS office. It will give information when wind chill conditions reach critical
thresholds. A Wind Chill Warning is issued when wind chill temperatures are life
threatening. A Wind Chill Advisory is issued when wind chill temperatures are
potentially hazardous.

Workers' Rights

= Who is affected by environmental cold?
= What is cold stress?
s Hnw ran rold sfreqs he nreventerd?

Occupational Health Clinics for Ontario Workers Inc.

CONTACTUS FAQ ATO ZINDEX

https://www.osha.gov/winter-weather/cold-stress)

Prevention Through Intervention

ENGLISH ESPANOL

Q SEARCH OSHA

Know Your Winter Weather
Terms

Blizzard Warning: Issued for
sustained or gusty winds of 35 mph
or more, and falling or blowing snow
creating visibilities at or below 1/4
mile; these conditions should persist
for at least 3 hours.

Wind Chill Advisory: Issued when
wind chill temperatures are expected
to be a significant inconvenience to
life with prolonged exposure, and, if
caution is not exercised, could lead
to hazardous exposure

Wind Chill Warning: Issued when
wind chill temperatures are expected
to be hazardous to life within several
minutes of exposure.

Winter Storm Warning: Issued


https://www.osha.gov/winter-weather/cold-stress
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VWind Chill Chart Safety
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Wind Chill (¢F) = 35.74 + 0.6215T - 35.75(V27%) + 0.4275T(W-15)
Where, T— Air Termperature [(“F) V= Wind Speed (mph) Effective 1

Viinter Weather Safety
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Wind (mph)

Education, COuireach_, FAQs

WWN -

Links and Partners

A

The MWWS Wind Chill Temperature (WCT ) index uses advances in science, technology. and computer modeling to provide an accurate, understandable. and useful
formula for calculating the dangers from winter winds and freezing temperatures. The index does the following:

= Calculates wind speed at an average height of &5 feet. the typical height of an adult human face., based on readings from the national standard height of
33 feet, which is the typical height of an anemometer

Is based on a human face modsl

Imncorporates heat transfer theory based on heat loss from the body to its surroundings, during cold and breezyfwindy days

Lowrers the calm wind threshold to 3 miph

Uses a consistent standard for skin tissue resistance

Assumes no impact from the sumn, i.e.. clear night sky.

YWind Chill Chart: Color Chart in PDF, Black and White
Wind Chill converted to Knots.

Hawe more questions? Check our_Eraeguently Asked Wind Chill Questions, Terms and Daefinitions page and download our free wind chill brochure.

WiWind Chill Calculator

Occupational Health Clinics for Ontario Workers Inc. https://www.weather.gov/safety/cold-wind-chill-chart
Prevention Through Intervention
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