
The Effects of Heat Stress on Air Force Employees Conducting Fuel Cell Maintenance
Activities on Air Force Jets

Introduction:
The degree to which metabolic responses occur in reaction to hot environments differs

per individual; however, when any human body is exposed to heat and the internal (core) body
temperature rises, the body must rid itself of the excess heat. It does this automatically by
increasing cardiac output and expanding larger blood vessels to accommodate the increased
flow.1 This heat-stress-induced increase in the body's metabolism is potentially a confounding
variable in the association between jet fuel constituent metabolism and performance and health
measures.

Of the 324 persons who completed the study, a total of 140 employees, not including
those at Dyess AFB, were monitored for core body temperature as well as other measures of
metabolic activity including skin and ear temperatures, heart rate, and gross motor activity.

These measurements of heat stress and heat strain are being compared to some of the
many heat stress guidelines that have been developed to protect people against heat-related
illnesses. The objective of any heat stress index is to prevent a person's core body temperature
from rising excessively; the World Health Organization concluded, "It is inadvisable for deep
body (core) temperature to exceed 38 'C (100.4 'F) in prolonged daily exposure to heavy
work.'2 NIOSH guidelines also use a maximum core body temperature of 38 'C as the basis for
their environmental criteria.3 The American Conference of Governmental Industrial Hygienists
(ACGIH) offers additional physiological guidelines, as well. For individuals with normal
cardiac performance, sustained heart rate should not exceed 180 beats per minute minus age; the
core temperature of unacclimatized workers should not exceed 38 'C (100.4 'F), while the core
temperature of those workers who are accustomed to the work environment (acclimatized)
should not exceed 38.5 °C (101.3 'F). Finally, a worker should not experience profuse and
prolonged sweating or symptoms of sudden and severe fatigue, nausea, dizziness, or
lightheadedness, or lose more than 1.5% of body weight over the shift.4

Methods:
With the development of new technology, measuring core body temperature has only

very recently become a viable option for research and industrial applications. During this study,
NIOSH researchers used the CorTemp Wireless Core Body Temperature Monitoring SystemTM to
monitor up to six employees daily. The CorTemp Temperature Sensor is swallowed and
provides continuous monitoring of core body temperatures until the sensor is passed from the
body, about 72 hours after being swallowed. The sensor has a temperature-sensitive crystal that

4 vibrates in direct proportion to the temperature of the surrounding body tissues. This vibration
creates an electromagnetic flux that continuously transmits harmlessly through the body tissues.
A recorder receives this signal and translates it into digital temperature information that is then
displayed on the unit and simultaneously stored to memory.

Heart rate, gross m6tor activity, skin temperature, and ear temperature monitoring were
also conducted using the Mini- Mitter Mini- Logger Series 2000®. Employees wore an aural (ear)
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temperature probe, a skin temperature probe, Polar chest-band heart rate monitor, and an activity
sensor on the wrist.

Environmental factors most nearly correlated with core body temperature and other
physiological responses to heat were also monitored using two wet bulb globe temperature
(WBGT) instruments. One was placed inside the hangar with the fuel cell maintenance
employees, and a second was placed outside to monitor outdoor environmental conditions every
day during the study.

Status:
Currently, analyses are being conducted on the environmental and physiological

measurements that were collected in order to assess the extent of heat stress and strain
experienced by each employee. Analyses will also help identify variables that will in turn help
other study researchers identify the potential and extent of heat stress confounding.

Findings:
Analyses are currently ongoing.

Discussion/Conclus ions:
Site-specific NIOSH reports will be completed and forwarded to management and

employee representatives at each Air Force base included in the study. These reports will
include sampling results for groups of employees only (no individual data will be provided), and
will provide recommendations for abating heat stress conditions and heat strain, if applicable.

LCDR Ann M. Krake, M.S., REHS/RS
National Institute for Occupational Safety and Health (NIOSH)
April 16, 2001
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NOTICES

This report is published as received and has not been edited by the staff of the Air Force Institute
for Operational Health (AFIOH).

Publication of this report does not constitute approval or disapproval of the ideas or findings. It
is published in the interest of scientific and technical information (STINFO) exchange.

When Government drawings, specifications, or other data are used for any purpose other than in
connection with a definitely Government-related procurement, the United States Government incurs no
responsibility or any obligation whatsoever. The fact that the Government may have formulated or in
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otherwise in any manner construed, as licensing the holder or any other person or corporation; or as
conveying any rights or permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

The mention of trade names or commercial products in this publication is for illustration
purposes and does not constitute endorsement or recommendation for use by the United States Air Force.

The Office of Public Affairs has reviewed this report, and it is releasable to the National
Technical Information Service, where it will be available to the general public, including foreign
nationals.

This report has been reviewed and is approved for publication.

Government agencies and their contractors registered with Defense Technical Information Center
(DTIC) should direct requests for copies to: Defense Technical Information Center, 8725 John J.
Kingman Rd., STE 0944, Ft. Belvoir, VA 22060-6218.

Non-Government agencies may purchase copies of this report from: National Technical
Information Services (NTIS), 5285 Port Royal Road, Springfield, VA 22161-2103.

//signed// //signed//

GROVER K. YAMANE, Col, USAF, MC, SFS CANDACE L. MCCALL, Lt Col, USAF, BSC
Preventive Medicine Consultant Chief, Risk Assessment Division
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