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Enough?



Introduction

-Nick Grosch, Battalion Chief, South Metro Fire Rescue: MS, EFO, 
CFO, FSCEO, MIFireE, Veteran

Leading into the Future



Annual Report on Firefighter Fatalities in the 
United States



Ages and Trends

On-duty firefighter fatalities (2013-2022)
Does not include COVID-19 fatalities for purposes of trend analysis

Firefighter fatalities by age (2022)›





NFPA 1582 Essential Job Tasks (2022)



NFPA 1582 Essential Job Tasks (2022)



NFPA 1582 Essential Job Tasks (2022)



Guessing game

-1957 VW bug: How many horses? How about the quarter mile?
-How many MET’s do you need to complete these tasks?



How can we measure fitness?

This Photo by Unknown Author is licensed under CC BY-NC

https://www.iphonemod.net/how-to-use-apple-watch-monitor-heart-rate.html
https://creativecommons.org/licenses/by-nc/3.0/


Measurement Spectrum of Fitness

Direct VO2 Testing

(Submaximal and 
Maximal)

Heart Rate Testing

(Submaximal and 
Maximal)

Field Testing



What is VO2?
Ability to do work

• Definition:
• Rate at which oxygen can be taken up, 

distributed, and used by the body in the 
performance of exercise that utilizes 
large muscle mass.

• VO2max is the maximal rate at which 
oxygen can be taken up, distributed, and 
used by the body in the performance of 
exercise that utilizes large muscle mass.

• Reported in the units:
• mL O2 per kg body weight per minute
• METs



Aerobic capacity (VO2) relies on:

Cardiovascular

MusculoskeletalPulmonary



Let’s talk VO2

• Direct measurement of VO2 requires:
• Gas analysis machine
• Knowledgeable personnel to administer and interpret the test
• If doing maximal testing, medical supervision may be required.

• What about METs?
• MET = Metabolic Equivalent of Task
• 1 MET = 3.5 mL/kg/min
• NFPA 1582 (2022) identifies 12 METs as a standard for firefighters

• 12 METs = 42 mL/kg/min



What about 
Adenosine 
Triphosphate (ATP)

• Adenosine triphosphate (ATP), the energy 
currency of cells, can be used immediately to 
power molecular machines that support cells, 
tissues, and organ function. This includes building 
new tissue and repairing damaged tissue. ATP can 
also be stored to fulfill future energy demands.

https://iu.pressbooks.pub/humanphys/chapter/cellular-respiration/


Why is a VO2 score significant? 

• The Four Horseman of Death: Cardiovascular and Cerebrovascular 
disease, Cancer, Neurodegenerative disease and Metabolic 
diseases. (Dr. Peter Attia)

• Metabolic syndrome is a group of conditions that increase the risk of 
heart disease, stroke and type 2 diabetes. These conditions include 
high blood pressure, high blood sugar, too much fat around the waist, 
and high cholesterol or triglyceride levels. (3 or more)

• Can we do our jobs? 



Background: 
Physical Fitness- 
MET’s

• What is a MET: Metabolic 
Equivalent of Task: Is defined as 
the amount of oxygen consumed 
while sitting at rest.

• Simplest form is a VO2 
measurement divided by 3.5 = a 
MET score. Ex: a VO2 of 42 = 12 
MET’s.

• National Fire Protection Agency 
(NFPA) 1582 
• 2022: Standard identifies that 

firefighters meet a 
measurement of 12 MET’s



MET’s: Light to Moderate Exercise 



Tentative Interim Amendment (TIA) No.   
1761 on NFPA 1582- 21-Dec-2023
The Standards Council decision means that NFPA 1582 will 

include revisions to the aerobic fitness requirements as part of 
TIA No. 1761, including:

• New requirements for firefighter aerobic capacity adjusted for 
age and biological sex

• Specific thresholds, below which a physician shall recommend 
restriction from more than half of the essential job tasks of a 
firefighter as described in NFPA 1582.



Table 8.2.2.3(a) Cardiorespiratory Fitness and Aerobic Capacity Standard for 

Firefighters, Adjusted for Age and Biological Sex of the Individual (50th Percentile), 
Using Treadmill Protocol



• 1: Recommend to the AHJ that the individual be restricted from performing 
essential job tasks 1,2,4,5,6,7,8,9, and 13.

• 2: Require the individual to participate in prescribed cardiorespiratory 
(aerobic) fitness program.



EVALUATION OF 
VO2 
CONSUMPTION 
FOR FIRE 
SPECIFIC TASKS

• Overview: • The purpose of this study is to better understand 
the metabolic demands of fire evolutions cumulatively and 
fire tasks individually. • 

• The VO2 Master, a portable, wireless device, was used to 
measure VO2 max, ventilation, heart rate, respiratory rate, and 
tidal volume. 

•  The evolutions were created to simulate fireground activities 
that respective crews would normally be assigned to perform. 

• Rest periods were included between all assignments and 
tasks to simulate being on deck, receiving a new assignment 
or changing tasks as an incident evolves while collecting 
recovery data after physical exertion. 

• Evolutions were completed in either pairs or as a crew. 

• Tasks were completed either individually or in pairs.





What about South Metro’s 
MET’s

1. Session A Layout (at JSF): 

• Evolution A1 – PAIRS: Deploy pre-connect, conduct 360, 
advance hose, 5s hit on stairs, push to 2nd floor, flow and 
move to fire room, hydraulic ventilation, & overhaul. 

• Task 1 – PAIRS: Hose advance with 90-degree turn (70ft) 

• Task 2 – IND: Hose deployment 

• Task 3 – IND: Flow for 10s, flow and move 15ft, flow 10s 

• Evolution A2 – CREW: Deploy 2 1⁄2 line, conduct 360, 
advance hose, 5s hit on stairs, push to 2nd floor, flow and 
move to fire room, hydraulic ventilation, & overhaul. 



SESSION A 

TASTasks Mean Mean Min Min Max Max
Standard 

Deviation 
N NN

Flow Water METs 4.9 1.9 7.3 1.9 16 

Flow Water VO2 

[mL/kg/min] 
16. 3 6.7 25. 8 7.4 16 

Hose Advance 

METS 
5.6 2.5 8.7 2.0 20 

Hose Advance 

VO2 

[mL/kg/min] 

19. 4 8.8 30. 4 7.3 20 

Hose 

Deployment 

METs 

6.3 2.4 11. 1 2.7 15 

Hose 

Deployment VO2 

[mL/kg/min] 

22. 1 8.3 38. 9 9.1 15 



EVOLUTIONS Mean MinMin MaxMax Standard Deviation N N

Evolution A1 (pairs) METs 11. 6 5.2 15. 8 2.9 25 

Evolution A1 (pairs) VO2 

[mL/kg/min] 
39. 6 18.2 55. 4 11. 1 25 

Evolution A2 (crew) METs 10. 9 4.5 18. 2 3.7 25 

Evolution A2 (crew) VO2 

[mL/kg/min] 
37. 3 15.6 67. 3 13. 5 25 



Session B 

Session B Layout (at St 32): 

• Evolution B1 – PAIRS: Throw two 14ft ladders 
and one 24ft ladder, forcible entry, primary 
search, live victim removal to top of stairs. 

• Task 1 – PAIRS: Forcible entry with one on the 
halligan and one on the axe 

• Task 2 – IND: Ladder deployment, either two 
14ft ladders or one 24ft ladder 

• Task 3 – PAIRS: Victim drag approx. 40ft 

• Evolution B2 - CREW: Throw two 14ft ladders 
and one 24ft ladder, forcible entry, primary 
search, live victim removal to bottom of stairs. 



SESSION B 

TASKTASKS Mean Mean Min Min Max Max
StanStandard

Deviation 
N N

Forcible Entry 

METs 
7.1 2.3 12.3 2.1 28 

Forcible Entry 

VO2 [mL/kg/min] 
24. 8 8.0 43.1 7.4 28 

Ladder 

Deployment 

METS 

6.5 2.2 12.0 2.4 28 

Ladder 

Deployment VO2 

[mL/kg/min] 

22. 7 7.7 42.1 8.4 28 

Victim Removal 

METs 
6.6 1.8 14.1 2.4 28 

Victim Removal 

VO2 [mL/kg/min] 
21. 0 6.4 49.5 9.0 28 



EVOLUTIONS Mean Mean Min Min Max Max
StStandard Deviation 
Deviation 

N N

Evolution B1 (pairs) METs 13. 6 4.5 18.9 2.9 22 

Evolution B1 (pairs) VO2 

[mL/kg/min] 
47. 8 15. 8 66.4 10. 2 22 

Evolution B2 (crew) METs 13. 2 4.7 16.9 2.7 19 

Evolution B2 (crew) VO2 

[mL/kg/min] 
46. 0 16. 3 59.3 9.4 19 



Using a 
Submaximal 
Test 
to Predict 
Maximal 
Performance

• Submaximal = Ability to do work at a 
submaximal level

• Pitfalls of using a submaximal test to 
predict maximal performance
• Assumes a linear relationship between heart 

rate and VO2
• WFI / Gerkin 

• Uses an age predicted maximal heart rate 
• Variance = ± 25 beats per minute

• Includes body mass index (BMI)(height and weight) 
within the prediction equations
• Two people with same performance time but 

different BMIs will have different VO2maxs
• Some studies have identified 36% of sampled 

firefighters categorized incorrectly as fit for duty. 
(Klaren, R. E., Horn, G. P., Fernhall, B., & Motl, R. W. (2014). Accuracy of the VO2peak 
prediction equation in Firefighters. Journal of Occupational Medicine and Toxicology, 
Article 17. https://doi.org/10.1186/1745-6673-9-17

https://doi.org/10.1186/1745-6673-9-17


Wellness Fitness Initiative 

• Created by the Fire Service Joint Labor Management.
• Supports predictive health and wellness initiatives and 

standards
• Outlines two sub-maximal tests that calculate a VO2 

measurement: based on heart rate response during the 
graded exercise.

• Time in minutes (TT), and body mass index (BMI) to 
estimate VO2: VO2 max (ml/kg/min) = 56.981 + (1.242 x 
TT) – (0.0805 x BMI). 

• Simply put: once an individuals reaches 85% of their 
target heart rate and maintains it for 15 seconds the test 
is stopped. The remaining 15% of the results are 
predicted.



Measurement Spectrum of Fitness

Direct VO2 Testing

(Submaximal and 
Maximal)

Heart Rate Testing

(Submaximal and 
Maximal)

Field Testing



Maximum Heart Rate



Measurement Spectrum of Fitness

Direct VO2 Testing

(Submaximal and 
Maximal)

Heart Rate Testing

(Submaximal and 
Maximal)

Field Testing



What if I am not doing 
any testing?

• Pack test- Arduous (6-10 MET’s –predictive)
• Field Test-Moderate duty
• Walk test- Light duty
• 1.5-mile run/walk test

• VO2max (mL/kg/min) = 3.5 + (483/1.5-mile time in 
minutes)

• 12-minute walk test
• VO2max (mL/kg/min) = (distance in meters –

504.9)/44.73

Use a field test:



Where do you start?





Questions / Contact Information 

Email: nick.grosch@southmetro.org

Leading into the Future
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