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Outcomes of a Heat Stress Awareness Program on Heat-Related
lliness in Municipal Outdoor Workers
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Introduction: Heat stress is an occupational hazard. Exposed workers may
suffer heat-related illness, disease exacerbation, increased injuries, and
reduced productivity. Response strategies include mitigation policies and
preparedness. Methods: Frequency of heat-related illness and workers’
compensation costs before and after implementation of a voluntary Heat
Stress Awareness Program were evaluated retrospectively in outdoor
workers from 2009 to 2017. The program consisted of training, acclimati-
zation, and medical monitoring as outlined in NIOSH’s Criteria for a
Recommended Standard: Occupational Exposure to Heat and Hot Environ-
ments. Results: Of the 604 workers assessed, those with two or more risk
factors reported a heat-related illness at greater frequency, which decreased
after program implementation. Median workers’ compensation costs
decreased by 50%. Discussion: Heat-related illness prevention programs
can be effective in reducing the frequency and severity of these occupational
injuries as well as associated costs.

Keywords: acclimatization, climate change, heat exposure, heat-related
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H eat stress is an occupational hazard. Unnecessarily, thousands
of US workers suffer from heat-related illnesses (HRIs) and
dozens die annually due to exposure to hot environments while at
work.! Workers exposed to hot environments have reduced produc-
tivity, increased susceptibility to work-related injuries, exacerbation
and poorer control of diseases such as diabetes and hypertension,
and a host of HRI ranging from heat rash to potentially fatal heat
stroke.?> From 1992 to 2016, the Bureau of Labor Statistics (BLS)
has documented 783 worker fatalities and nearly 70,000 worker
injuries resulting from heat exposure.* Even so, the burden of
occupational HRI and subsequent death is substantially underesti-
mated due to lack of recognition and misattribution of symptoms to
other illnesses.> Unfortunately, HRI is expected to increase in
frequency and severity due to increasing temperatures worldwide.*’
The National Oceanic and Atmospheric Association has recorded
increasing temperatures in the US and globally over the past
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century.® Indeed, the last three decades have measured warmer
than any other decade since 1850.% Clearly, there is a reasonable
concern that there is and/or will be an increased risk for HRI in
workers.2"1°

Strategies toward protecting employees who work in hot
environments have been recommended by various national orga-
nizations and are also being implemented by some employers. In
2016, the National Institute of Occupational Safety and Health
(NIOSH) published its third revision of their Criteria for a
Recommended Standard, Occupational Exposure to Heat and
Hot Environments, which outlines training for, medical monitoring
of, and research on worker populations exposed. This criteria
document came out of the disaster recovery effort associated with
the British Petroleum Gulf Oil Spill Response in 2010. NIOSH used
the lessons learned from the 739 HRI associated with this disaster,
into practice and recommended strategies to protect workers.''
These strategies include employer HRI prevention programs such
as worker and supervisor training on heat stress and HRI, the utility
of first aid and emergency response to HRI, implementation of an
acclimatization program, work site controls based on environmental
data, and medical monitoring of exposed workers.'>!?

Three states have already implemented their own worker
protection regulations. After a wave of worker deaths,'* California,
Washington, and Minnesota adopted varying levels of specific HRI
prevention mandates to protect workers through the State of Cal-
ifornia Department of Industrial Relations (CalOSHA), Washington
Department of Labor and Industries, The State of Minnesota
Department of Labor and Industries, respectively (MnOSHA).">~"7
However, even if states and workplaces do not have specific heat
illness prevention mandates, they are still required to protect workers,
as exposure to hot environments are recognized as an occupational
hazard with a propensity for HRI that can cause serious physical
injury or death, covered by the OSHA General Duty Clause.'®
This overarching worker protection clause states that employers
are required to provide a place of employment that is “free from
recognized hazards that are causing or are likely to cause death or
serious physical harm.”

This study seeks to determine the outcomes of a voluntary
Heat Stress Awareness Program (HSAP) in outdoor municipal
workers exposed to subtropical humid climate in Central Texas.
The study period is from May 15, 2009, to September 15, 2017. The
intervention was implemented in March 2011.

STUDY BACKGROUND

A HSAP was implemented for the municipal employees of a
mid-sized Central Texas city in 2011 after anecdotal evidence
suggested that outdoor workers employed at certain municipal
departments were at risk for heat stress and HRI. Departments with
workers whose job descriptions specified work in hot humid
environments with moderate to heavy physical demands were
included in the HSAP. The departments that met these criteria were
Streets and Traffic, Parks and Recreation, Utilities, and Solid Waste.
The fire department was excluded from the program due to the terms
of the department’s service agreement.

The HSAP consisted of training and medical monitoring of
enrolled employees. Pre-placement and annual training program on
heat stress awareness and HRI prevention was developed by the
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TABLE 1. Maximum and Average Temperature May to September 2009-2017 in Central Texas

Temperature in °F by Month

May June July August September
Year Max Average Max Average Max Average Max Average Max Average
2009 94 86 106 98 103 99 104 100 101 87
2010 99 89 99 95 101 96 107 101 100 91
2011* 100 87 106 100 105 103 110 105 107 96
2012 96 89 107 96 104 98 105 98 103 90
2013 93 84 105 95 104 95 104 97 103 94
2014 91 84 94 90 100 94 102 98 99 91
2015 89 83 97 92 103 96 106 98 99 95
2016 92 82 98 93 103 98 105 94 99 91
2017 92 86 100 92 106 97 100 93 99 92

“Texas weather deviation in 2011-warmest and driest on record (NOAA, 2011).

medical director for supervisors and employees. The HSAP was
based on guidelines outlined in OSHA’s Heat Stress Technical
Manual and NIOSH’s Criteria for a Standard, Occupational Expo-
sure to Heat and Hot Environments. The HSAP consisted of specific
recommendations to department supervisors and the Safety man-
ager on heat stress and HRI recognition and prevention. These
recommendations mirrored the OSHA’s Technical Manual Chapter
on Heat Stress and included unlimited access to cool water or cold
sports drinks close to work site; providing canopies or other access
to shade; establishing provisions for acclimatization schedule for
new workers or established workers returning from an absence
during hot season; work/rest procedures so that exposure time to
high temperatures and/or the work rate is decreased; specific
procedures to be followed for heat-related emergency situations;
first aid protocols for immediate aid to employees displaying
symptoms of HRI in the field, and the ability to communicate to
supervisor if help was needed. An integral part of the HSAP was the
development of an acclimatization program for new workers, work-
ers returning from HRI, or absences of 3 or more days during hot
season. The hot season is defined as May 15 to September 15. Two
Employee Health Service (EHS) nurses, personally trained by the
Medical Director, disseminated training material to department
supervisors and provided in-person training to each department.

The medical monitoring program was developed and super-
vised by the Medical Director. It was based on the NIOSH guide-
lines outlined in the Criteria for a Standard, Occupational Exposure
to Heat and Hot Environments. NIOSH recommends medical
monitoring of workers exposed at or above Recommended Alert
Levels (RALs).!> The subtropical humid climate in Central Texas
consisted of average high temperatures of 95°F (35°C) with an
average humidity of 43% to 83% during 2009 to 2017."° Wet bulb
globe temperature readings to determine RAL were not available
during this volunteer HSAP, but the average summer high temper-
atures”° (Table 1) and associated average summer humidity readings
met NIOSH’s recommendation to implement heat index associated
protective measures for worksites.?!

The medical monitoring of exposed workers was initiated with
a Heat Stress Awareness Medical Evaluation Questionnaire, which
queried prior HRI, chronic illnesses, medications, and body mass
index (BMI) among other risk factors that place workers at greater risk
for HRI. Depending on responses provided in the questionnaire, the
worker was scheduled for an evaluation and individualized HRI
prevention counseling either with the medical director or the employee
health nurse, or mailed a Heat Stress Awareness letter regarding risk
factors and HRI prevention education before the hot season.

Workers medically monitored for an increased risk of HRI at
the EHS were given an OSHA Quick Card on Heat Stress, printed in

English and Spanish, at the end of their clinic visit for personal
reference at work. This OSHA Quick Card briefly outlined signs and
symptoms of HRI, as well as preventive and first aid measures.'?
The department supervisor was notified of worker’s ability to
perform essential job requirements with or without accommodation
in a heat stress environment. As updated educational resources
became available from OSHA and NIOSH, these were utilized in
individualized training; for example, the OSHA-NIOSH Heat
Safety Tool was introduced into supervisor and personalized
employee training."'>'* This occupational safety and health tool
provided by OSHA and NIOSH, available in Spanish and English,
provides real-time index and hourly forecast, specific to employers’
and workers’ location, allowing planning of outdoor work activi-
ties."'>!® A Spanish speaking EHS staff member was available for
medical monitoring examinations and injury/illness evaluations for
Spanish speaking employees.

METHODS

A retrospective analysis of workers’ compensation data of HRI
before and after the implementation of the HRI prevention program
for at risk outdoor municipal workers was performed. The setting is a
mid-size city in Central Texas in a subtropical humid climate. Yearly
medical monitoring demographics for the exposed employees
was kept in a confidential medical file located in the EHS.

From 2011 through 2017, a confidential, self-administered
questionnaire assessing risk factors for HRI was distributed
yearly during February and March to included departments. This
allowed for medical monitoring before the hot season (May 15 to
September 15). The questionnaire identified the following risk
factors: BMI, medications, chronic illnesses, alcohol and energy
drink use, history of prior HRI, work in a second hot job, and
extensive skin pathology. Using these risk factors, workers were
categorized into four HRI risk groups with the following proto-
cols implemented:

(1) Group N: No increased risk. Workers were sent results of
questionnaire and information reinforcing heat stress and
HRI prevention education.

(2) Group M: Minimal increased risk. Workers with one risk factor
(such as hypertension or BMI >30) were asked to report to EHS
for a brief evaluation and counseling by EHS nurse. The
worker’s HRI risk factor was reviewed, vital signs taken, finger
stick glucose if relevant, and HRI prevention education was
relayed to worker by the EHS nurse. An OSHA Quick Card on
Heat Stress and Heat-related Illness was dispensed for each
visit. The worker was referred to the onsite physician by the
nurse if an unstable health risk for HRI was identified.
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TABLE 2. Comparison of Employees with and without Heat-
Related lliness (HRI) by Risk Level

TABLE 3. Comparison of Employees with and without Heat-
Related lliness (HRI) by Body Mass Index

No HRI HRI
Risk Level (for Developing N (582) % N (38) %
Heat-Related Illness)
Normal: No increased risk 228 42 10 26
Minimal risk: one identified risk factor 211 39 15 39
Concerning risk >2 risks or prior HRI 105 19 13 34

Cochran—Armitage test for trend: P =0.019.

(3) Group C: Concerning increased risk. Workers reporting two or
more risk factors for HRI were offered medical monitoring
examination, individualized HRI prevention, and informal first
aid training with the onsite physician.

(4) Group U: Unstable health condition. Workers with an unstable
health condition and a more immediate risk for HRI were
restricted from work in hot environments by the onsite physi-
cian until their health condition was managed. Workers placed
in this category once able to return to work in a hot environ-
ment, were recategorized as Concerning Risk (C), and offered
additional clinic visits during hot season to monitor
health status.

Summary statistics, such as frequencies and percentages
for categorical data or means and median for continuous data,
were used to describe the population. To determine whether HRI
risk increased with increasing risk group or increasing BMI,
Cochran—Armitage test for trend was used. To determine differ-
ences in cost per HRI, before and after implementation of the
HSAP program, Wilcoxon rank sum test was used. To examine
changes in HRI over the 9-year period (2009 to 2017), logistic
regression grouped in 3-year increments was used. All analyses
were performed using SAS statistical software (Version 9.4, SAS
Institute Inc., Cary, NC).22

HSAP (Entire HRI
Cohort)
Body Mass Index (BMI) N (582) % N (38) %
Normal: BMI 18-25 77 13 6 16
Overweight: BMI >25 to 30 219 38 10 26
Obese: BMI >30 to 40 133 23 7 18
Severe obesity: BMI >40 153 26 15 39

(Cochran—Armitage test for trend: P =0.29).
HSAP, Heat Stress Awareness Program.

RESULTS

A total of 604 workers participated in HSAP medical moni-
toring from 2011 through 2017. Workers were 96% male, 67%
white, with a mean age of 44, range (19 to 70) years. Median years
of service was 4.6, range (<1 to 37) years. Municipal departments
included in the HSAP were utilities (35%), Parks and Recreation
(22%), Streets and Traffic (22%), and Solid Waste (20%). From
these departments, 63% of employees had three or more visits to
EHS for heat stress medical monitoring and individualized HRI
prevention training. During the 9-year study period, 38 workers
experienced 44 HRIs.

Workers with HRI were more likely to have two or more risk
factors for HRI compared with the workers with no HRI (34% vs
19%, P=0.019, Table 2). Increasing BMI category did not show a
significant increase in HRI compared with those without HRI
(P=0.29, Table 3).

Workers” compensation costs per HRI decreased. The
median cost incurred per illness was $208 after HSAP implemented
compared with $416 per HRI in the prior 2 years (P =0.0009,
Fig. 1). In addition, over the 9-year time span, HRI significantly
decreased (Fig. 2). The odds of an HRIin 2015 to 2017 decreased by
91% and 66% compared with 2009 to 2011 and 2012 to 2014,
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FIGURE 1. Violin plots of cost incurred per heat-related illness case.
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FIGURE 2. Heat-related illness frequency before and after implementation of the heat stress awareness program.

respectively [odds ratio (OR) 0.092, 95% confidence interval (95%
CI): 0.034 to 0.250 and OR 0.338, 95% CI: 0.122 to 0.936]. The last
2 years of the HSAP review that the municipality submitted no HRI
workers’ compensation claims.

DISCUSSION

This study data revealed three salient points: workers’ com-
pensation costs went down by 50% per HRI, worker’s with HRI had
two or more identified risk factors, and the total number of HRI
cases decreased after implementation of the HSAP.

The reduction in cost per HRI may have been because those that
did occur were less severe due to the intervention. Increased employee
and supervisor awareness of the signs and symptoms of HRI, and
when to report it, may have allowed earlier medical intervention
and thus decreased workers’ compensation costs. Obviously,
decreased costs reflect an underlying reality of decreased morbidity
and even mortality from the severe and potentially fatal illness.

After implementation of the HSAP, workers with two or more
risk factors were offered medical monitoring, training, and first aid
measures tailored to their health condition. Accurate identification
of workers at risk allows more efficient use of employer’s resources
in preventing these illnesses. Interestingly, a statistical difference
was not found when the risk factor BMI more than 30 was factored
alone for study period.

Over the course of HSAP, the HRI rate per year decreased,
and by the last 2 years, there were no reported HRIs during the hot
season in the cohort. This HSAP, consisting of simple and inexpen-
sive measures, appears effective and potentially lifesaving.

A strength of the study is that the program was administered
by only one Medical Director, which allowed for consistency.
Although retrospective, this research used existing data that were

recorded in real time. As such, recall bias regarding the presence or
absence of symptoms was not an issue. The HSAP used the
evidence-based recommendations and guidelines developed by
NIOSH. The screening questionnaire was based on the risk
factors outlined in NIOSH’s Criteria for a Standard: Occupational
Exposure to Heat and Hot Environments. Further strengths are
the study’s population size and the 7-year duration of the medical
monitoring program.

Limitations of the study include employee turnover, the fact
that the screening questionnaire was not validated and the fact that it
was self-administered. However, all health data reported in the
questionnaire were reviewed and confirmed by medical staff.

CONCLUSION

These findings contribute to the small but growing body of
literature on strategies that have been found to be successful in
reducing and preventing HRI. We found that training of supervisors
and employees on HRI and its sequelae, training on workplace
strategies that can be implemented to prevent HRI, determining
employee fitness for duty before work in a hot environment, and
periodic medical monitoring may help decrease frequency of occu-
pational HRI. The cost of workers’ compensation claims can also be
reduced. The reduction in HRI and associated workers’ compensa-
tion costs was temporally related to the introduction of the HSAP.
The study supports NIOSH’s Criteria for a Standard: Occupational
Exposure to Heat and Hot Environments promulgation into US law.
Occupational HRI’s toll on workers and employers is gaining
recognition in this era of climate change, as ambient temperatures
continue to rise® resulting in unmistakable changes to our way of
life.** Effective, meaningful, and specific regulations to protect
vulnerable workers are needed now. Proven heat illness prevention

© 2019 American College of Occupational and Environmental Medicine 727

Copyright © 2019 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited



McCarthy et al

JOEM e Volume 61, Number 9, September 2019

protocols can be targeted for populations extending beyond the
outdoor worker to save costs, health, and lives.

ACKNOWLEDGMENT

The authors acknowledge Mariksa Hernandez, Employee

Health Front Office Lead, for her tireless support of this
research project.

10.

11.

728

REFERENCES

. Occupational Health and Safety Administration. Safety and Health Topics:

Occupational Heat Exposure. 2011. Available at: https://www.osha.gov/
SLTC/heatstress/index.html. Accessed March 28, 2017.

. SarofimMC, Saha S, Hawkins MD, et al. Chapter 2: Temperature-related Death

and Illness. The Impacts of Climate Change on Human Health in the United
States: A Scientific Assessment. U.S. Global Change Research Program 2016.
Available at: https://health2016.globalchange.gov. Accessed September 10,
2017.

. Wu X, Brady JE, Rosenberg H, et al. Emergency department visit

for heat stroke in the United States, 2009 and 2010. Inj Epidemiol. 2014;1:8.

. Bureau of Labor Statistics, 2016. Injuries, Illnesses, and Fatalities Databases.

2016. Available at: http://www.bls.gov/iif. Accessed October 13, 2017.

. Luber GE, Sanchez CA. Heat-related deaths: United States, 1999-2003.

MMWR Morb Mortal Wkly Rep. 2006;55:796—798.

. Smith KR, Woodward A, Lemke B, et al. The last Summer Olympics?

Climate change, health, and work outdoors. Lancet. 2016;388:642—644.

. Anderson BG, Bell ML. Heat waves in the United States: mortality risk

during heat waves and effect modification by heat wave characteristics in 43
U.S. communities. Environ Health Perspect. 2011;119:210-218.

. U.S. Dept of Commerce, National Oceanic and Atmospheric Administration.

Global Climate Change. Available at: http://www.noaa.gov/. Accessed
August 30, 2017.

. Balbus JM, Malina C. Identifying vulnerable subpopulations for climate change

health effects in the United States. J Occup Environ Med. 2009;51: 33-37.

Knowlton K, Rotkin-Ellman M, King G, et al. The 2006 California heat
wave: Impacts on hospitalizations and emergency department visits. Environ
Health Perspect. 2009;117:61-67.

King BS, Gibbins JD. Centers for Disease Control and Prevention. NIOSH.
Health Hazard Evaluation of Deepwater Horizon Response Workers. Health

20.

21.

22.
23.

24.

Hazard Evaluation Report HETA 2011. 2010-0115; 2010-0129-3138.
Available  at:  http://www.cdc.gov/niosh/hhe/reports/pdfs/2010—0115-
0129-3138.pdf. Accessed March 12, 2012.

. National Institute for Occupational Safety and Health (NIOSH). Criteria for

a Recommended Standard: Occupational Exposure to Heat and Hot
Environments. 2016. Available at: http://www.cdc.gov/niosh/docs/2016-
106/. Accessed May 25, 2016.

. Occupational Safety and Health Administration (OSHA). Heat Stress. OSHA

Technical Manual, Section III, Chapter 4. Available at: https://www.osha.-
gov/dts/osta/otm/otm_iii/otm_iii_4.html. Accessed February 12, 2017.

. Jackson LL, Rosenberg HR. Preventing heat-related illness among agricul-

tural workers. J Agromedicine. 2010;15:200-215.

. State of California Department of Industrial Relations. Heat Illness Preven-

tion Title 8 Code of Regulations. 2006. Available at: https://www.dir.ca.gov/
title8/3395.html. Accessed September 10, 2018.

. Washington State Department of Labor and Industries. Outdoor Heat Expo-

sure Rule WAC 296-62-095. Available at: https://www.lni.wa.gov/Safety/
Topics/AtoZ/HeatStress/rules.asp. Accessed September 10, 2018.

. State of Minnesota Department of Labor and Industry. Heat Standard. 2009.

Available at: https://www.dli.mn.gov/business/workplace-safety-and-health/
mnosha-compliance-standards-and-regulations. Accessed September 10, 2018.

. Occupational Safety and Health Act § 5.1970. Available at: https://www.osh-

a.gov/laws-regs/oshact/completeoshact. Accessed September 10, 2018.

. US Climate Data. 2019. Climate Waco-Texas and Weather averages Waco.

2009-2017. Available at: https://www.usclimatedata.com. Accessed January 24,
2019.

The Weather Channel, Texas Waco Regional Airport Station. Available at:
https://www.wunderground.com/history/monthly/us/tx/waco/KACT.
Accessed May 9, 2019.

U.S. Department of Commerce, National Oceanic and Atmospheric Admin-
istration. National Climate Report-Annual 2011. Available at: https:/
www.ncdc.noaa.gov/sotc/national/201113. Accessed May 12, 2019.

SAS Institute. SAS. version 9.4. Carey, NC: SAS Institute; 2013.
Perkison W, Kearney G, Saberi P, et al. Responsibilities of the occupational and
environmental medicine provider in the treatment and prevention of climate
change-related health problems. J Occup Environ Med. 2018;60:¢76-81.
McCarthy R, Perkison W, Guidotti T, et al. How can climate change impact

the health of workers? Part 1: Increased ambient temperature. J Occup
Environ Med. 2018;60:¢288—¢289.

© 2019 American College of Occupational and Environmental Medicine

Copyright © 2019 American College of Occupational and Environmental Medicine. Unauthorized reproduction of this article is prohibited


https://www.osha.gov/SLTC/heatstress/index.html
https://www.osha.gov/SLTC/heatstress/index.html
https://health2016.globalchange.gov/
http://www.bls.gov/iif
http://www.noaa.gov/
http://www.noaa.gov/
http://www.cdc.gov/niosh/hhe/reports/pdfs/2010-0115-0129-3138.pdf
http://www.cdc.gov/niosh/hhe/reports/pdfs/2010-0115-0129-3138.pdf
http://www.cdc.gov/niosh/docs/2016-106/
http://www.cdc.gov/niosh/docs/2016-106/
https://www.osha.gov/dts/osta/otm/otm_iii/otm_iii_4.html
https://www.osha.gov/dts/osta/otm/otm_iii/otm_iii_4.html
https://www.dir.ca.gov/title8/3395.html
https://www.dir.ca.gov/title8/3395.html
https://www.lni.wa.gov/Safety/Topics/AtoZ/HeatStress/rules.asp
https://www.lni.wa.gov/Safety/Topics/AtoZ/HeatStress/rules.asp
https://www.dli.mn.gov/business/workplace-safety-and-health/mnosha-compliance-standards-and-regulations
https://www.dli.mn.gov/business/workplace-safety-and-health/mnosha-compliance-standards-and-regulations
https://www.osha.gov/laws-regs/oshact/completeoshact
https://www.osha.gov/laws-regs/oshact/completeoshact
https://www.usclimatedata.com/
https://www.usclimatedata.com/
https://www.wunderground.com/history/monthly/us/tx/waco/KACT
https://www.wunderground.com/history/monthly/us/tx/waco/KACT
https://www.ncdc.noaa.gov/sotc/national/201113
https://www.ncdc.noaa.gov/sotc/national/201113

