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Cold stress

“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 reduce 

blood flow to the peripheries 
(skin) to keep core warm

Heat gain/generation = Heat loss
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Types of Heat Loss
• Radiation – Heat is lost to the environment due to a temperature gradient 

from an object to the environment.

• 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).

• 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
changing sweats from liquid state to a gaseous state. 
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Body’s response to the cold 

• Peripheral vasoconstriction

• Shivering

• Hair erection with goose bumps

Blood Capillary

Sweat Gland

Goose Bump

Hair
Trapped 
Warm 
Air
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Adverse health effects

Cold 
Stress

Local cold 
injuries

Skin/tissue temperature <32 
F (0 C)

Frostbite

Cold/Dry

Skin/Tissue 
temperature > 32F

Non-freezing cold injuries

Wet/Cold

Trench 
foot

Chilblains

Hypothermia (core 
temperature <95 F(35 C)
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Hypothermia

• 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.

• 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
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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Frostbite
• 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.





Frost nip
• It is a reversible 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)
• 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.



Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention 

Risk factors 

• Anthropometric characteristics

• Aging

• Aerobic fitness and training

• Clothing

• Exercise in the cold

• Dehydration

• Cold induced bronchospasm
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Cold acclimatization

• 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 
Temperature 
(WCT)
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Wind chill temperature (WCT)

ACGIH TLV book 2021
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Frostbite times for exposed facial skin

Wind Chill temperature Time to frostbite

0 to -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

ACGIH TLV book 2021



OHCOW tool
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Work-warm regimen- Withdrawn by ACGIH



Risk assessment 
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Risk mitigation
• 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)
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Risk mitigation

• 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.
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Recommendations for employers

• 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

• Use relief workers or assign extra workers for long demanding jobs

• Provide warm liquids to workers

• Provide warm shelters (COVID-19 spread ???)

• Provide worker training to prevent cold stress  

NIOSH: Cold Stress Recommendations | NIOSH | CDC

https://www.cdc.gov/niosh/topics/coldstress/recommendations.html


Occupational Health Clinics for Ontario Workers Inc. 
Prevention Through Intervention 

Recommendations for employees
• 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)

• Take breaks in the warm shelters or locations and keep hydrated with warm 
liquids

• 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



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
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Clothing insulation and METS/Temp



Refrigerated cold rooms

• 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.
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NIOSH recommendations

• 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.



Relevance to COVID-19 spread

ACGIH 2021 recommends <200 fpm<6 ACH presents high risk for COVID-19 air transmission
SARS-COV2 survives in the air longer if  the RH is <30% 
or >60%  
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Resources

Cold Stress Calculator - OHCOCold Stress Calculator - OHCOWhttps://www.ohcow.on.ca/resources/apps-tools-calculators/cold-stress-calculator/W

https://www.ohcow.on.ca/resources/apps-tools-calculators/cold-stress-calculator/
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https://www.ccohs.ca/oshanswers/phys_agents/cold_working.html
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https://www.worksafesask.ca/wp-content/uploads/2019/03/Working-in-Cold-Conditions-Fact-Sheet_v4.pdf
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https://www.workplacesafetynorth.ca/news/news-post/winter-coming-what-wear-outdoor-work
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https://www.cdc.gov/niosh/topics/coldstress/default.html
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https://www.osha.gov/winter-weather/cold-stress)

https://www.osha.gov/winter-weather/cold-stress
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https://www.weather.gov/safety/cold-wind-chill-chart



Thank You!


