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Acute Injury and Illness

Aluminum Smelter
3 Years of OSHA 200 and First Aid Records

Anode Setters and Tappers

Heat-Related Illness
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Heat Disorders

Levels of Heat Stress
! None:  Below TLV (70% of time)
! Moderate:  Just Above TLV (20%)
! High:  > 3°C-WBGT above TLV (10%)

All Noted:  First Aid plus Recordable
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Odds Ratios for Heat Disorders

Moderate:  25 (CI: 3.1 to 202)
High:  158 (CI: 21 to > 1000)

Injury and Illness by Season
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Heat-Related Illness (Ohio, 1979)

Unsafe Behavior
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Odds Ratios for Injuries

Moderate:  1.4 (CI: 0.9 to 2.2)
High:  1.7 (CI: 1.0 to > 2.9)

Just Out of Curiosity

What about Musculoskeletal Disorders

Theories
! Fatigue
! Psychomotor Performance
! Competing Physiological Demands

Odds Ratios for MSDs

Moderate: 1.8 (CI: 1.1 to 2.9) 
High:  2.4 (CI: 1.4 to > 4.3)
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ACGIH® TLV®,
ISO and

EPRI Guidance

Somewhat Similar Approaches

UPDATE

Clothing Adjustment Factors

Clothing Adjustment Factors [°C-WBGT]

Previous 2006 USF
Work Clothes (Baseline) 0 0
Cloth Coveralls 3.5 0
Double Layer Cloth Clothing 5 3
SMS Coveralls [eg, Kleengard®] --- 0.5 -1
Polyolefin Coveralls [ie, Tyvek®] --- 1
NexGen® Water-Barrier 2
Above with hood/head covering +1
Vapor-Barrier Coveralls with Hood --- 11

USF:  Cotton Coveralls = Nomex® Coveralls = FR9® Coveralls 

Environment Plus Clothing

Effective WBGT (WBGTeff) =

Measured WBGT

 + Clothing Adjustment Factor (CAF)
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ACGIH® Thresholds

TLV®

Action Limit

Metabolic Rate by Category

Reference Metabolic Rate [W]

Previous 2006
Rest (Baseline) 115 115
Light 230 180
Moderate 350 300
Heavy 465 415
Very Heavy 580 520

Screening Action Limit

Note: TLV®/BEI® Book rounds these
numbers to the nearest 0.5 °C-WBGT
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Screening TLV®

Note: TLV®/BEI® Book rounds these
numbers to the nearest 0.5 °C-WBGT

EPRI Action Times
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USF Short-Term Time Limit

for tlimit < 120 min

Body Core Temperature

Acceptable Limit
! Acclimatized, Healthy, Experienced:  38.5 °C
! Unacclimatized and Unselected:  38 °C

Oral Temperature
! No recent drinks/food, Mouth closed
! Core is Oral plus 0.5 °C

Heart Rate

Sustained heart rate greater than
(180 - Age)

Recovery heart rate greater than 120 bpm
at one minute
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Symptoms

Sudden or severe fatigue, nausea,
dizziness, or lightheadedness.

MEDICAL EMERGENCY
Disorientation, irritability, malaise, chills,
unconscientiousness

Sampling Strategy

Follow Good Industrial Hygiene Practice

Considerations
! Frequency (changing conditions)
! Sample of workers

Oversample for Greatest Heat Stress

No Pattern of Excessive Strain

The heat stress is still considered high but
managed.

Implement General Controls
Maintain Controls
Monitor Conditions and Strain
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Pattern of Excessive Strain

Heat stress is high and not well managed.

Implement General Controls
Implement Job Specific Controls
Maintain Controls
Monitor Conditions and Strain

General Controls

These are fundamental actions when the
Action Limit is exceeded.

Include
! Training
! Hygiene Practices
! Surveillance

Hygiene Practices

Drink water or other acceptable fluids

Self-limitation

Healthy lifestyle

Adjust expectations with a return to work
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Surveillance

Counsel and monitor those with personal
risk factors for heat-related disorders.

Consider preplacement physical

Job Specific Controls

Engineering Controls

Administrative Controls

Personal Protection (Cooling)

Engineering Controls
Reduce metabolic rate (power assist)

Change clothing requirements

Add general air movement and ventilation

Reduce or capture process heat and moisture

Shield radiant heat sources
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Administrative Controls

Limit Exposure Times

Provide Adequate Recovery

Allocation of Work

For Comparison
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Personal Cooling

Circulating Air Systems

Circulating Water Systems

Ice Cooling Systems

Others

Estimating Cooling Time

Step 1.  Compute the Amount of Ice -- IW [kg]
Step 2.  Estimate Cooling Efficiency -- Eff

! 0.5 to 0.8
Step 3. Average Metabolic Rate -- MR [kcal/hr]

! MR [kcal/h] = M [W] / 1.16
Step 4.  Estimate the Cooling Time -- tcool

! tcool [min] = 60 * 80 * Eff * IW / MR
Step 5.  Estimate Time Limit -- tlimit

! tlimit [min] = tcool + 15 min

Heat Stress and Strain TLV®

Webinar
Webinar in April 2006 is available for sale

www.acgih.org/store/ProductDetail.cfm?id=1897
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HEXAN

Heat Exchange Analysis
Rational Exposure Assessment Method

Hexan Example

Analysis
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Recommendations

Reanalysis

Visit Me on the Web

www.health.usf.edu/~tbernard

Heat Stress Materials
! Forms Related to ACGIH® TLV®
! Excel Workbooks

Plus other stuff


