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Learning Objectives
• Describe temperature change-related occupational 

injuries and illnesses.

• Recognize occupational hazards and return to work 
obstacles due to environmental considerations.

• Identify key information and work restrictions that 
improve health outcomes for workers returning to 
work.



IPCC – extreme weather more common
Where all-time records were set in 2021 (NYTimes, Jan 11, 2022):



July 2002 June, July 2012

January 2019

https://www.nytimes.com/inte
ractive/2022/01/11/climate/re
cord-temperatures-map-
2021.html?referringSource=arti
cleShare

https://www.nytimes.com/interactive/2022/01/11/climate/record-temperatures-map-2021.html?referringSource=articleShare


Heat-Related Illnesses (HRIs)

•Heat rash; heat syncope; heat cramps
•Heat exhaustion (non-specific symptoms, like 
sweating, dizziness, irritability, fatigue, thirst, 
nausea, vomiting)

•HEAT STROKE = MEDICAL EMERGENCY
•Core body temp ≥ 104°F (40°C)
•CNS dysfunction (confusion, slurred speech, 
coma, death)

Tustin 2021



HRI’s – Accompanying Diagnoses

•Skin burns
•Dehydration
•Rhabdomyolysis
•Acute kidney injury (AKI)
•And maybe chronic kidney disease (CKD)

Tustin 2021



Heat-Related Traumatic Injuries

• Increased risk of acute, traumatic injuries
• Probable mechanisms- HRI symptoms, 

impaired balance, muscle fatigue, dehydration, 
inattention.

• Both indoor and outdoor
• Young age
• Male

Spector 2019; Tustin 2021



• Agriculture
• Strongest association: 

ladder injuries, cherry pickers
• Construction
• Under 25 yo and over 54 yo
• New workers; Small employers

Washington state workers comp injuries, 2000-2012: 
more injuries on hotter, more humid days

Spector, 2016; Calkins, 2019; Spector, 2019

https://savefamilyfarming.org/activists-drop-farm-worker-housing-demands-before-court-
hearing/ https://www.osha.gov/stop-falls

https://savefamilyfarming.org/activists-drop-farm-worker-housing-demands-before-court-hearing/
https://www.osha.gov/stop-falls


US Bureau of Labor Statistics 
Nonfatal injuries and illnesses caused by heat, 2015 

Likely 
under-
reported!

NUMBERS: RATES:



ACCLIMATIZATION

https://www.osha.gov/heat

https://www.osha.gov/heat


Cold-related Illnesses (CRIs)

• Symptoms: muscle pain and stiffness; weakness, swelling, 
decreased ROM, paresthesias; fatigue, confusion; erythema 
or pale skin, painful, numb fingers 

• Frostbite
• Chilblains; Trench foot; Cold urticaria
• Hypothermia (leading to coma, death)

Makinen and Hassi, 2009



Cold-related Injuries and Aggravation of 
Underlying Conditions

• Slips, trips and falls
• Raynaud’s (reindeer herders!)
• Musculoskeletal disorders (CTS, 

de Quervain’s …)
• Aggravation of Asthma, COPD, 

Heart disease, Skin diseases (i.e. 
psoriasis)

https://www.bing.com/images/search?q=reindeer+herders+and+snowmobiles+pic&qpvt=reindeer+he
rders+and+snowmobiles+pic&form=IQFRML&first=1&tsc=ImageBasicHover

Stjernbrandt and Farbu, 2022; Makinen and Hassi, 2009

https://www.bing.com/images/search?q=reindeer+herders+and+snowmobiles+pic&qpvt=reindeer+herders+and+snowmobiles+pic&form=IQFRML&first=1&tsc=ImageBasicHover


Cold stress: Definition; Mechanisms; Epidemiology

• What constitutes cold stress?  Varies by location, exposure scenarios, 
job duties, PPE, and host risk factors [OSHA Cold Stress]

• ACGIH defines as core body temp < 96.8°F; Hypothermia is core body temp < 
95°F

• What mechanisms are thought to cause cold-related health effects?
• Shifting of blood flow to keep body warm
• Decrease in blood flow to muscles - ischemia; vasospasm – decreased 

agility; also limited movement due to PPE.
• Increased energy needed to perform work.
• Augmented pain response? [Stjernbrandt and Farbu, 2022]

• How common are CRIs?  BLS: CRIs 2017 1.8/10,000 FTE’s with a range 
of 1.4 in 2012 to 3.9 in 2014.  (likely under-reported and under-
counted!)



CRI Prevention

• Train workers and supervisors on 
signs and symptoms of CRI

• Monitor workers for CRI; buddy 
system

• Provide appropriate PPE
• Regular breaks to warm up
• Change out of wet clothes
• Hydration
• Acclimatization may be important 

in cold environments also!
https://www.cdc.gov/niosh/docs/wp-solutions/2019-
113/pdfs/2019-113.pdf?id=10.26616/NIOSHPUB2019113

https://www.cdc.gov/niosh/docs/wp-solutions/2019-113/pdfs/2019-113.pdf?id=10.26616/NIOSHPUB2019113


What factors related to extreme 
weather should we consider when 

returning a worker to work?



CASE

https://www.mercurynews.com/2018/07/25/woodland-
hills-mail-carrier-peggy-frank-touched-so-many-peoples-
hearts-sister-says/

https://www.mercurynews.com/2018/07/25/woodland-hills-mail-carrier-peggy-frank-touched-so-many-peoples-hearts-sister-says/


Case Information

• 63-year-old postal worker
• April 2018 slipped on wet leaves, rainy day, fractured ankle.  Off work 3 

months.
• July 6, 2018 – first day back on job.
• Temp reached 117°F
• 3pm – found by coworker unconscious in her truck
• EMS called. Resuscitation failed. Pronounced dead at scene.
• PMH- Cardiovascular disease, Obesity, Previous HRI
• Med Examiner: Cause of death – Hyperthermia
• OSHA investigation:  General duty clause and recordkeeping citations; fine 

$149,664



Acclimatization

• Heat-related fatalities highest in new and returning, 
unacclimatized workers

• Definition:  body’s ability to adapt to heat (thermoregulation)
• Improved sweating efficiency, higher plasma volume, 

improved circulation, redistribution to skin for evaporative 
heat loss

• Acclimatized people have increased skin blood flow, lower 
core body temps, and lower heart rates than unacclimatized

Arbury 2016, Tustin 2018, Tustin 2021



What does an acclimatization protocol look like?

• Takes  7 – 14 days to acclimatize
• Lose acclimatization in 7-14 days (so, need to re-acclimatize)
• Several acclimatization approaches.  One approach is to 

increase work in heat by 20% over 5 days.
• Some workers may need longer time to acclimatize.
• Accompanying measures:  

• longer, more frequent rest breaks in shaded, cooler area
• appropriate hydration 
• buddy system

NIOSH Crit Doc-slide 22; Tustin 2021



Occupations and Job Tasks
Outdoors

• Agriculture
• Construction (particularly roads, 

roofing)
• Fire fighters
• Landscaping
• Mail and package delivery
• Oil and gas well operations
• Public Service workers (gas, electric)
• Truck drivers

Indoors
• Bakeries and kitchens
• Electrical utilities (particularly boiler 

rooms)
• Fire fighters
• Food processing
• Iron and steel mills; foundries
• Laundries
• Manufacturing with local heat 

sources, such as furnaces
• Warehousing (cold storage)



Heat Stress = 
Environmental Heat   +   Metabolic (Heat) Load

ACGIH (2020) TLV – Heat Stress:

NIOSH 2016



Clothing, PPE, Work hours and environment

https://www.cdc.gov/niosh/topics/firefighting/

https://www.cdc.gov/niosh/topics/firefighting/


Personal Risk Factors

• Age
• Pregnancy
• Acute infection or illness
• Previous history of HRI
• Obesity (particularly if deconditioned)
• Chronic diseases, such as HPTN, CVD, DM, Asthma, 

COPD, Kidney Disease, MS, Hyper and hypothyroidism
• Skin diseases, such as psoriasis

Tustin 2018, Tustin 2021



Personal risk factors -
Medications

• Many medications: 
• Diuretics
• ACE inhibitors, beta-blockers,
• Antihistamines, anticholinergics, 
• Anticonvulsants, 
• Antipsychotics, benzodiazepines, tricyclic 

antidepressants
• And more

• Drugs, both legal and illegal: 
amphetamines, opioids, cocaine, alcohol

Tustin 2018, Tustin 2021



What factors related to extreme weather should we 
consider when returning a worker to work?

• ACCLIMATIZATION
• Occupation (indoor, outdoor) 
• Job tasks (workload)
• Work hours, shiftwork
• PPE, clothing
• Personal risk factors
• Social determinants of health

Tustin 2021



RTW in Extreme Temperatures -
What you can do to prevent HRIs and CRIs

• Be aware of the weather.
• Is worker at risk?
• Ask your patient:  “Do you have any concerns about 

hot/cold temperature at work?”
• THINK – Is this worker unacclimatized?
• Prescribe an acclimatization schedule.
• Ask for help – IH, OEM nurse or doctor.
• Educate your patient



You might save a life …
• I’m glad your ankle is feeling better.  Your 

physical therapist tells me you reached all your 
goals!  That’s great.  I think you can return to 
work.

• I notice the temperatures are going to be pretty 
high this next week.  Do you have any concerns 
about the heat?

• Tell you what, I am going to recommend a 
gradual return to full duty for this next week.  
That should help your ankle get used to the 
walking and your body get used to the heat. 
Does that sound ok with you?

• And remember to drink plenty of liquids and take 
some rest breaks in a cool, shaded place!

• Thanks doc!  I really miss my route.  …

• Well, I have been pretty comfortable at home in 
the air-conditioning.  I guess I’ll just need to get 
used to the heat again!  You know, I wish they 
would air-condition our postal vehicles.

• Yes, thanks!

https://www.bing.com/images/search?q=clip+art+d 
octor+talking+to+patient&id=92C794A6A2950E94E7B251DD1E6094EDC72ED499&form=IQFRBA
&first=1&disoverlay=1 



Tools for HRI Prevention

https://www.cdc.gov/niosh/topics/heat
stress/heatapp.html

https://www.cdc.gov/niosh/topics/heatstress/heatapp.html


OSHA Resources

https://www.osha.gov/sites/default/files/publications/OSHA4135.pdf and 
https://www.osha.gov/sites//publications/OSHA3156.pdf

https://www.osha.gov/sites/default/files/publications/OSHA4135.pdf
https://www.osha.gov/sites/publications/OSHA3156.pdf


“The environment we create will determine 
what prevails. In other words, what we 
nurture and encourage wins.”

Jane Goodall

“Whether you’re a government leader, an 
entrepreneur, or a voter with a busy life and too 
little free time (or all of the above), there are 
things you can do to help avoid a climate disaster.  
That’s it. Let’s get started.”    Bill Gates

https://www.bing.com/images/search?q=jane+goodall+on+climate+change&qpvt=Jane+Goo
dall+on+climate+change&tsc=ImageHoverTitle&form=IQFRML&first=1

https://www.bing.com/images/search?q=Bill%20Gates%20pic&qs=n&form=QBIR&sp=-
1&pq=bill%20gates%20pic&sc=8-
14&cvid=641199ACCB2B4F7291ADD1E3F786DCB2&first=1&tsc=ImageHoverTitle

https://www.bing.com/images/search?q=jane+goodall+on+climate+change&qpvt=Jane+Goodall+on+climate+change&tsc=ImageHoverTitle&form=IQFRML&first=1
https://www.bing.com/images/search?q=Bill%20Gates%20pic&qs=n&form=QBIR&sp=-1&pq=bill%20gates%20pic&sc=8-14&cvid=641199ACCB2B4F7291ADD1E3F786DCB2&first=1&tsc=ImageHoverTitle
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Extra slides



Acclimatization Schedules

• Best Practices:
• Identify at-risk workers (new, returning, temp workers)
• Gradual return to extreme temp environment
• Closely monitor

• Longer acclimatization periods (14 days plus) confer longer 
lasting benefit

• Additional considerations:
• Adjust time of workday (cooler times)
• Decrease workload
• Work farther from heat source Tyler 1026, Dannen 2016, Tustin 2021



Hydration
• 1 cup water every 15-20 minutes
• If in heat more than 2 hours, begin drinking 

electrolyte-containing fluids (can alternate)
• Well-balanced diet also important
• “Hypo-hydration” increases with age
• Remember to consider meds (ie. Diuretics)
• Worker monitoring options: pre- and post-

shift weights; training to assess urine color

NIOSH 2016



Heat and Chronic Kidney Disease

• CKD in agricultural workers – Latin American, Sri Lanka, India, 
Egypt, ?US

• Recurrent dehydration and AKI with high workload
• Other possible causes:  pesticides, arsenic, NSAIDs, fructose, 

hypokalemia, hyperuricemia
• Several studies show that hydration and decreasing workload 

prevents decreased kidney function (sugarcane workers)
• Consider kidney function testing in medical surveillance

Correa-Rotter, 2014; Sorensen, 2020



Medical surveillance

• Consider a pre-placement and RTW questionnaire (several 
OH clinics have developed these)

• Consider a physical exam- particularly BP, vital signs, 
focused exam

• Consider labs – serum creatinine, GFR

Tustin 2021



Why doesn’t OSHA have a heat stress (or cold 
stress) standard?

Heat Injury and Illness Prevention in Outdoor and Indoor Work Settings 
Rulemaking | Occupational Safety and Health Administration (osha.gov)

US Department of Labor announces enhanced, expanded measures 
to protect workers from hazards of extreme heat, indoors and out | 
Occupational Safety and Health Administration (osha.gov)

https://www.osha.gov/heat-exposure/rulemaking
https://www.osha.gov/news/newsreleases/national/09202021
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