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. SUMMARY

On August 12-13, 1990, a heat stress evd uation was conducted by the Nationd Ingtitute for
Occupationa Safety and Health (NIOSH) at Lehigh Portland Cement Company in Mason City,
lowa. This hedth hazard evauation was requested by the Cement, Lime, Gypsum, and Allied
Workers, Divison of the International Brotherhood of Boilermakers, Loca 106. The scope of the
request was to evauate the heat stress conditions that the kiln ass stants were exposed to during
the water blasting of the prehesat tower riser.

Environmenta assessment of this work location included measurement of the wet bulb globe
temperature (WBGT) index, and an estimation of the metabolic heet load of the task. Basic
physiologic monitoring of the workers was performed prior to and following the water blasting,
which included body weight, blood pressure, pulse rate, and oral temperature.

Despite the mild weether for August (84°F), environmental monitoring reveded WBGT vaues that
ranged from 87-103°F. Dry bulb and black globe temperatures approached 123°F and 140°F,
respectively. The metabolic heat load of the water blasting was determined to be medium to high.
The task required full body movements, lifting the water blasting gun (25-30 1bs.) with extended
arms, and gpplying force to trigger and aim the blasting gun. The workers ability to remove heat
by evaporation of perspiration was impeded by the use of persona protective equipment (PPE)
which conssted of flame retardant wrist deeves and gloves, flame resstant cover-dls, outer
wridtlets, hdmet, face shidd, shroud, and auminized boots. The heat stress potentid was
supported by the workers physiologic indices - pulse ratesincreasing by 100 begts, ora
temperatures gpproaching 100°F, and body weight reductions up to 4 pounds.

The environmental conditions of the water blasting exceeded the WBGT evaduation
criteria published by NIOSH and the American Conference of Governmenta Industria
Hygienigts (ACGIH). A sgnificant radiant heat load was present, the PPE impeded
evapordive loss, and the air stream of the "cooling” fans exceeded 100°F which
increased the heat burden. The recommendations presented in Section IX of this report
include the ingdlation of additiond radiant heat shields, refractory linings, and cooling
ar ventilation, repositioning areafans, improved accessto cool potable weter,
implementation of a heet stress management program, and the use of body cooling and
hest reflective persona protective equipmen.

Keywords: SIC 3241 (Portland cement manufacturer), water blasting, calcining prehesat tower,
kiln assstants, heat stress, wet bulb globe temperature index, radiant heat, convective hedt,
persond protective equipment.
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INTRODUCTION

On August 12-13, 1990, a heat stress evaluation was conducted by the Nationd Ingtitute for
Occupationa Safety and Health (NIOSH) at Lehigh Portland Cement Company in Mason City,
lowa. Thishedth hazard evauation (HHE) was requested by the Cement, Lime, Gypsum, and
Allied Workers, Divison of the International Brotherhood of Boilermakers, Locd 106. The
scope of the request was to evauate the heat stress conditions that the kiln assstants were
exposed to during the water blasting of the preheat tower riser. The labor union reported that the
ar temperature in the preheat tower has exceeded 150°F and that employees have experienced
headaches, nausea, and exhaustion.

Environmental assessment of this work location included measurement of the wet bulb globe
temperature (WBGT), an assessment of the air velocity, and an estimation of the metabolic heat
load of the work task(s). Basic physiologic monitoring of the workers was aso performed prior
to and following the water blasting; measurements included body weight, blood pressure, pulse
rate, and oral temperature.

Following the on-gte evauation, an interim |etter was sent to the company and union in
September 1990, which identified the heat stress potentid to be high and preliminary
recommendations included improved access to cool potable water, use of auxiliary body
cooling equipment, and continuation of salf-regulated rest schedules. These issues were
aso discussed during the closing conference on August 13, 1990.

BACKGROUND

Lehigh Portland Cement Company manufactures portland cement utilizing the flash cdcining
preheat process. Cement isadry complex mixture of cacium slicate-duminate-ferrite. The raw
materias include limestone, sand, clay (and/or shae), and a smal amount of iron. The
manufacturing processes and sequence are as follows. mining the raw materids; crushing to
reduce rock sze; drying to remove moisture; grinding/blending the raw materids; cacining to
convert the powdered materiadsinto "dinker" (fused cacium duminaslicate); and find milling of
the finished product.

The HHE request was concerned with the water blasting of the prehesat tower, whichisa
necessary step in the calcining process. In order to convert the raw materias into portland cement
clinker, the blended materials must be heated to 2900°F in long rotary kilns. The use of a prehesat
tower makes this process more efficient. The raw materid feed is pumped to the top of the tower
and sequentidly flows (via gravity) through four cyclones. Cod is combusted, which preheats the
feed mix to 1800-2000°F before it enters the rotary kiln, thereby reducing the required length of
the kiln necessary to produce clinker. Hardened deposits form on the interna surfaces of the
preheat tower riser (junction between the cyclone stages and the rotary kilns). These deposits
must be removed a least once per work shift, with awater blagting gun. Thisgun, whichis
approximately six feet in length and weighs 25-30 Ibs,, isinserted into ports to water blast the
ingde of theriser. In order to cut through the hardened residue, a narrow diameter (0.5
millimeter) stream of water is projected from this gun at aforce of 6000 pounds per square inch

(psi).

Two kiln assigtants perform the water blasting on each shift. The company employs four roteting
shifts. Hence, eight employees water blast as a part of their normal job duties. There are eight
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other employees who may occasiondly subgtitute for the kiln assstants to complete thistask. The
prehest tower is aconcrete block and sted structure containing

8 floorswith a number of quarter and hdf floors (platforms), and has wall openings which face
east and west. Access ports for the water blasting are located on the 2Y%, 2%, and 3rd floors. At
this height, the west wall openings of the preheat tower open into the kiln building.

METHODS

A.

Industrial Hygiene

Environmental measurements were obtained using a Reuter Stokes RSS 211D Wibget®

heat stress meter manufactured by Reuter Stokes, Canada. This direct reading instrument is
capable of monitoring dry bulb, natural (unaspirated) wet bulb, and black globe temperatures
in the range between 32° and 200°F, with an accuracy of + 0.5-1.0°F. Thismeter dso
computes the indoor and outdoor WBGT indices in the range between 32° and 200°F.
Mesasurements were collected about four feet from the floor after the meter was alowed to
dabilize

Air velocity was approximated to the nearest 50 feet per minute (fpm) using the information
provided in Occupetional Exposure to Hot Environments, Revised Criteria 1986 and the
subjective sensation of air movement as described by no air movement, light, moderate, or
heavy breezes?

Description Air velocity (feet per minute)
No sensation of air movement <50
Sengng light breezes 50-200
Sensing moderate breezes 200-250
Sensing heavy breezes > 250

Metabolic heat produced during the water blasting operations was estimated using energy
expenditure tables and the guiddines provided in Occupationa Exposure to Hot
Environments, Revised Criteria 1986, and Threshold Limit Vaues for Chemica Substances
and Physical Agents.>? Using this method, the average energy expenditure for a"standard”
male worker (body weight 70 kilograms; body surface area

1.8 square meters) can be estimated utilizing basa metabolism and specific task andysis
information regarding body position, movement and type of work. Table 1 lists the average
energy requirements for the task analysis components. Assessment of the metabolic heat
demand of the job task(s) is essentid to alow one to apply the appropriate WBGT
evauation criteria to the observed environmental conditions. It isimportant to note that
errors inlesti mating metabolic heat from energy expenditure tables are reported to be as high
as 30%.

Medical

Concurrent with the indugtria hygiene survey of the environmenta heat exposure, two kiln
assgants from each of the first and second shifts were evauated for heet stress/'strain. This
evauation condsted of persond interviews, as well as measurements of pulse rate, ord
temperature, blood pressure, and body weight. Each worker served as his own control in
this pre- and post-exposure comparison.
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In addition to demographic information, the employee's past medical history was obtained,
including any episodes of heat-related disorders. Pulse rate was counted by pal pating the
carotid or radid artery for 15 seconds and multiplying by 4 to obtain the rate per minute.
Ord temperature was measured with an eectronic clinical thermometer that uses disposable
probe covers. Blood pressure was taken above the ebow in a standard manner with the
participant in astting position. Body weight was measured using a portable bathroom scae.
These measurements were taken at the beginning and near the end of the shift. Additiondly,
pulse rate and oral temperature were measured as soon after each water blasting task as
practical. Measurements were made within one minute of the worker stopping work.

V. EVALUATION CRITERIA

A.

Industrial Hygiene

There are anumber of heat stress guiddinesthat are available to protect againgt heat-related
illnesses such as heat stroke, heat exhaustion, heat syncope, and heat cramps. These
include, but are not limited, to the wet bulb globe temgerature (WBGT), Belding-Hatch heat
sressindex (HSl), and effective temperature (ET).3*> The underlying objective of these
guidelinesisto prevent aworker's core body temperature from risng excessvely. The
World Hedlth Organization has concluded that "it is inadvisable for degp body temperature
to exceed 38°C (100.4°F) in prolonged daily exposure to heavy work.”® Many of the
available heat stress guiddines, including those proposed by NIOSH and the American
Conference of Governmentd Industria Hygienists (ACGIH), aso use a maximum core body
temperature of 38°C as the basis for the environmenta criterion. 2

Both NIOSH and ACGIH recommend the use of the WBGT index to measure
environmenta factors because of its smplicity and suitability in regards to heet stress. The
Internationa Organization for Standardization (1S0), the American Indudtrid Hygiene
Asociation (AIHA), and the U.S. Armed Services have published heat stress guiddines
which aso utilize the WBGT index.”®° Overdl, thereis generd smilarity of the various
guidelines; hence, the WBGT index has become the standard technique for assessment of
environmenta conditions in regards to occupationa heat stress.

The WBGT index takesinto account environmental conditions such as air velocity, vapor
pressure due to atmaospheric water vapor (humidity), radiant heat, and air temperature, and is
expressed in terms of degrees Fahrenheit (or degrees Cesius). Measurement of WBGT is
accomplished using an ordinary dry bulb temperature (DB), a natura (unaspirated) wet bulb
temperature (WB), and a black globe temperature (GT) asfollows:
WBGT,;, = 0.7 (WB) + 0.3 (GT)
for ingde or outsde without solar load,
Or
WBGT,, = 0.7 (WB) + 0.2 (GT) + 0.1 (DB)
for outsde with solar load.

Originaly, NIOSH defined excessively hot environmenta conditions as any combination of
ar temperature, humidity, radiation, and air velocity that produced an average WBGT of
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79°F (26°C) for unprotected workers.’® However, in the revised criteria for occupationa
exposure to hot environments, NIOSH provides diagrams showing work-rest cycles and
metabolic heat versus WBGT exposures which should not be exceeded.! NIOSH has
developed two sets of recommended limits: one for acclimatized workers [recommended
exposure limit (REL)], and one for unacclimatized workers [recommended dert limit
(RAL)]. Refer to Figure 1 for the diagrams describing these limits.

Similarly, ACGIH recommends Threshold Limit Vaues® (TLV) for environmental hest
exposure permissible for different work-rest regimens and work loads? The NIOSH REL
and ACGIH TLYV criteria assume that the workers are heat acclimatized, are fully clothed in
summer-weight clothing, are physicdly fit, have good nutrition, and have adequate sdt and
water intake. Additiondly, they should not have a pre-existing medica condition that may
impair the body's thermoregulatory mechanisms. For example, acohol use and certain
therapeutic and socia drugs may interfere with the body's ability to tolerate het.

Modifications of the NIOSH and ACGIH evauation criteria should be made if the worker or
conditions do not meet the previoudy defined assumptions. The following modifications have
been suggested:

1. Unacclimatized or physicaly unconditioned - subtract 4°F (2°C) from the
permissible WBGT vaue for acclimatized workers.

2. Increased air velocity (above 1.5 meters per second or
300 feet per minute) - add 4°F (2°C). This adjustment can not be used for air
temperatures in excess of 90-95°F (32-35°C). This correction does not apply if
impervious dothing isworn.

3. Impervious clothing which interferes with evaporation:
a.  Body armor, impermeable jackets - subtract 4°F (2°C).
b. Raincoats, turnout coats, full-length coats - subtract 7°F (4°C).
c. Fully encapsulated suits - subtract 9°F (5°C).

4. Obese or elderly - subtract 2-4°F (1-2°C).

5. Femde- subtract 1.8°F (1°C). This adjustment, which is based on a supposedly
lower swest rate for femaes, is questionable since the thermoregul atory
differences between the sexesin groups that normally work in hot environments
are complex.'? Seasond and work rate considerations enter into determining
which sex is better adapted to work in hot environments.®

Sdection of a protective NIOSH WBGT exposure limit from Figure 1 is contingent upon
identifying the appropriate work-rest schedule and the metabolic heat produced by the work.
The work-rest schedule is characterized by estimating the amount of time the employees
work to the nearest 25%. The most accurate assessment of metabolic heat productionisto
actudly measureit viacaorimetry. However, thisisimpracticd in industrid work settings.
An estimate of the metabolic heat load can be accomplished by dividing the work activity
into component tasks and adding the time-weighted energy rates for each component from
Table 1. Because of the error associated with estimating metabolic heat, NIOSH
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recommends using the uPper vaue of the energy expenditure range reported in Table 1, to
dlow amargin of sfety.

The ACGIH hesat exposure TLV's are published for light, moderate and heavy work load
categories. Applying a conservative approach when estimating the metabolic work rate and
selecting the work load category should result ina ACGIH WBGT heet exposure limit
comparable to the one extrapolated from Figure 1. The work load categories are described
by the following energy expenditure rates?

1. Lightwork - up to 200 kcal/hr,

2. Moderate work - 200 to 350 kcal/hr,

3.  Heavy work - 350 to 500 kcal/hr.
Medical

There are afew generd guiddines for recommended maximum heart rate under physica
exertion. Maximum heart rate should not exceed

120 beats per minute for an 8-hour exposure, 140 beats per minute for a4-hour exposure,
160 beats per minute for a 2-hour exposure, or

180 bests per minute for any exposure duration.** Another method isto establish a
maximum heart rate equa to 220 beats per minute minus the individua's age.

For body core temperature, heat stress guiddinestypicaly list 38°C (100.4°F) as the upper
limit of body core temperature.>2® Thisis measured rectaly in standard |aboratory studies
of work physiology. Becausethisisimpractica in an indudtrid setting, however, ord
temperature isused in lieu of rectd temperature. In generd, ord temperature is lower than
core temperature, athough the amount varies snce ora temperature is influenced by various
factors. Itisgeneraly accepted that ora temperature is lower than core temperature by
0.5°C (0.9°F).*® Thus 37.5°F (99.5°F) provides an adequate margin of safety as the upper
limit of an acceptable body temperature as measured by an ora thermometer.

VI, RESULTS

A.

Industrial Hygiene

The heat stress potentia that the kiln assstants were exposed to while water blasting the
preheet tower riser was evauated on the first and second shifts of August 12, 1990. During
this evauation, WBGT measurements were collected near the workers while they water
blasted on the 244, 2%/, and 3rd floors as well as schematicaly throughout these locations
following completion of the water blagting. Environmentd heat (WBGT) measurements were
aso obtained when the kiln assistants conducted walkthroughs of the preheat tower (and
associated equipment rooms) for preventive maintenance and observation.

The WBGT data collected during the water blasting on the first and second shiftsis
presented in Table 2 and Table 3, respectively. A totd of 34 measurements were taken near
the worker when operating the water blasting gun. The WBGT measurements on the fir st
shift ranged from 87-103°F, with the dry bulb ar temperature as high as 123°F and the
radiant temperature reaching 140°F. This operation was initiated shortly after 10:00 AM and
was completed around 12:30 PM (with a 30 minute rest break). A time weighted average
(TWA) WBGT exposure for the duration of the water blasting operation (including the
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resting time in the bresk room on the 6th floor) was calculated to be 88.5°F. However, the
WBGT readings could have underestimated the workers true hesat exposure since the
readings were collected as close to the worker as possible without interfering with the
operation. Often the worker was between the WBGT meter and the hest radiating surface
which may have provided some shidding and lower WBGT vaues. Furthermore, the
temperature outside was observed to be 73°F before the start of the water blasting and 84°F
following completion. Although it was not cool on the day of this evaluation, it was mild for
mid-summer, especially since a steady breeze was present.

On the second shift, the water blasting was completed in less than an hour and a hdf (lasting
from 7:05 to 8:30 PM). WBGT measurements ranged from 89-100.5°F, dry bulb
temperatures from 99-119°F, and globe (radiant) temperatures from 110-136.5°F. The
TWA WBGT exposure was 90.5°F during the entire period (including bresk time exposure
away from the hot areas) necessary to complete the water blasting on the second shift.
Outside temperatures were recorded to be 82°F at

5:20 PM and 72°F at 10:30 PM.

The metabolic demand of the water blasting task is estimated in

Table4. Thisedtimate is based on the summation of metabolic rates provided in Table 1 for
body position, type of work, and basal metabolism.>? The water blagting is performed with
atwo man crew; employees rotate between operating the blasting gun and assisting with
moving the gun and hose as well as monitoring the work (while remaining in the exposure
area). Thewater blagting gun is approximately 6 feet long and weighs about 25-30 |bs. The
gun must be inserted into ports with extended arms and force must be applied to support,
am, and trigger the gun while cement feed flows through the vessdl. The ports may be above
the shoulders, below the knees, or a mid torso level requiring avariety of postures. The
blasting occurs on three different levels which are connected by stairs. Based on this
information, the metabolic work rate was estimated to be

330 kcal/hour, a moderate to high metabolic rate.

Employees reported that the blasting operation is typicaly performed from 1-3 hours each
shift depending on the level of the deposits within the vessdl. (If aplug or blockage occursiit
may take over 3 hours) The workers self-regulate when arest break is taken based on their
heat tolerance. The work-rest regimen employed on the first and second shift was observed
to be 75% work with 25% rest during the time to complete the water blagting.

The NIOSH Recommended Exposure Limit (REL) to environmenta hesat for heat
acclimatized workers functioning at ametabolic rate of

330 kcal/hr and a 75/25 work-rest cycleisaWBGT of 82.5°F.! The ACGIH Threshold
Limit Vaue (TLV) WBGT for amoderate work rate and a 75/25 work-rest cycle is 82°F.
The TWA WBGT heat exposure (88.5 and 90.5°F) for the duration of the water blasting
exceeded these criteria for both the first and second shift workers. NIOSH has also
edtablished a ceiling limit for environmenta heat where workers should not be exposed
without heet protective clothing and/or equipment. The NIOSH ceiling limit for the
metabolic rate and rest cycle of the blasting task is 97°F. There were a number of exposures
during the water blasting where this ceiling limit was exceeded.

The NIOSH WBGT-RELs and ACGIH WBGT-TLVs are recommended limitsto
environmental and metabolic heat whereiit is beieved that nearly dl workers can be
repeatedly exposed and function without hedth effects?? These criteria assume the workers
arefully clothed (in light weight pants and shirts), are physcdly fit, have adequate st and
water intake, and are acclimatized to heat. However, Lehigh Cement Company often
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required aternate workers to water blast who were not acclimatized. Hence, the NIOSH
WBGT-REL and ACGIH WBGT-TLV for unacclimatized water blasters should be
adjusted to 79.0 and 79.5°F, respectively.

The NIOSH WBGT-REL (and ACGIH WBGT-TLV) should also be adjusted when
workers wear persond protective equipment (PPE) which impede with evaporative hest
loss. Water blasters must wear flame retardant Kevlar® wrist deeves, flame resistant
coverals, outer wridtlets, helmet, face shield, shroud, and aluminized boots for protection
againg physica contact with extremely hot cement feed. Under these conditions the NIOSH
WBGT-REL must be reduced by 7°F to compensate for the interference of evaporative heat
loss. Therefore, the adjusted NIOSH WBGT-REL/RAL with consderation to the
necessary PPE is 75.5 and 72°F, respectively for acclimatized and unacclimatized workers.
The WBGT TWA exposures (88.5 and 90.5°F) of the water blasting were in excess
of 13°F over the appropriate NIOSH WBGT-REL , adjusted for protective

eguipment.

Environmenta heat measurements were aso collected at various locations throughout the
prehest tower floors where water blasting occurred. The WBGT ranged from 88 to
106.5°F throughout these locations. [The highest DB temperature was 129°F and the
highest GT was 150°F.] These readings were obtained near the latter part of the second
shift following the water blagting. After these measurements were taken, the ambient
temperature outside was 71.5°F. [The readings may have been higher at the (heat) peak of
thework day.] Although the WBGT levels were substantia throughout these locations, a
number of "hot spots’ were identified. One of these was on the exit (2v%) floor where part of
the vessdl was eroded dlowing a significant radiant heat emisson.

Of particular interest are the DB temperatures of the fan air streams used to "cool” the
workers. All of these temperatures were in excess of 100°F. These levels add to convective
heet gain sinceit is greater than the mean skin temperature (95°F). However, the convective
heet gain may have been partidly offset snce the increased air velocity may restore some of
the evaporative cooling lost because of the protective gear. [Theair velocity throughout
these | ocations was estimated to be moderate (200-250 fpm), except in the immediate
vicinity of the indudtrid-sized fans, and supply air ducts where the air velocity was high

(>250 fpm).]

Tables5 and 6 list the WBGT, DB, WB, and GT recorded during awak- through of the
preheat tower on the first and second shifts. Kiln assistants conduct these walkthroughs 2 or
3 times a shift to observe the equipment and perform preventive maintenance. Two locetions
which were particularly stressful include under the #1 gear of the kiln (WBGT-105°F) and
insde of the IBAU tower (WBGT-103.5°F). The environmentd heat in both of these
locations exceeds the NIOSH ceiling limit for even alow metabolic work rate. Maintenance
personnd perform preventive and corrective maintenance which requires subgtantia time to
be spent in these (and other) extremely hot locations. These conditions require the use of
body cooling and/or heat protective clothing or equipment for employees to safdly work for
extended times (beyond afew minutes).

Medical

The kiln assstants were performing moderate to heavy work while exposed to severe heat
dress with subgtantia radiant heet levels. Asaresult, they were exhibiting various sgns of



Page 9 -

Heal th Hazard Eval uati on Report No. 89-274

heet strain which was confirmed by the workers physiologic indices. Table 7 liststhe
information obtained during the medica evauation of this HHE.

PULSE RATE

In generd, the degree and rate of pulse increase would depend on the degree and
length of physicd exertion. After each "blasting” task, pulse rates went up sharply in
most cases. (Refer to Figure 2 for diagrams of the pulse rate of workers on the 1t
shift.) Thetime of operating the "blagting” gun ranged from afew minutes to the
maximum of 20 minutes.

Thereisagreat variation in pulse rates among people of different sex, age, body sze,
efc. A sedentary pulse rate of 100 begats per minute or more in adultsis defined as
tachycardia (rapid heart rate), which by itsdf is not pathologic. One worker had a
pulse rate of 104 even before the heat exposed work.

Immediately after the water blagting, pulse rates reached

150 bests per minute, and even as high as 180 besats per minute, depending on the
individua worker. Thisisone of the body's physiologic responses to the stress of
metabolic and environmenta heat exposure. To maintain the required cardiac output
demanded by the workload, the heart must beet faster. However, faster heart rates
result in smaler stroke volumes (the amount of blood pumped out by each contraction
of the heart); thus the heart becomes less efficient. Whileit isnorma that a vigorous
exercise produces rapid heart rate, it would be difficult for an average person to sustain
ahigh degree of tachycardiafor along time. Additionaly, the heet load requires that
more blood flow be diverted to the skin to dissipate heat. Consequently, central blood
volume s reduced, and peak cardiac output, maximal oxygen consumption and working
capacity will become depressed.1®

Using the maximum safe heart rate determined by age (220 minus age), the upper limit
of the heart rate for the workers studied ranged from 164 beats per minute for the
oldest worker to 186 beats per minute for the youngest. Thislimit was reached or
exceeded twice by one worker. Another worker had arate greater than 180, but this
was within the age-dependent maximum.

Thesefindings suggest that the combined effect of the heat stress and

wor kload is approaching or exceeding the upper limit of the guidelines available
for pulse rate. Sincethese guiddines are st for hedthy and acclimatized workers and
make no provisons for workers who are unacclimetized or have underlying chronic
diseases, amore redtrictive limit may have to be applied to some of these workers.

BODY TEMPERATURE

Body temperature, which reflects the overal balance of heet gairvloss, does not
respond to the change of heat/work load as quickly asthe pulserate. Asshownin
Figure 2, the body temperature curve for each worker ascended gradually but steadily
as long as he repeated the blasting work. This suggests that heat gain in the body is not
aufficiently counterbaanced by the heat disspating mechanism. The ord temperatures
did not return to the pre-shift level promptly but instead kept climbing after each
episode of operating the blasting gun. It started to descend only after the last blasting
job was completed.
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The upper limit of 38°C (100.4°F) for body temperature was not reached by any of the
kiln assgtants. However, this result must be considered in view of the fact that oral
temperature was measured, not core body temperature. If it isassumed that ora
temperature is lower than core temperature by 0.5°C (0.9°F), 99.5°F will be the upper
limit by orad measurement. This upper limit valuefor oral temperature was
reached or exceeded by 3 of the4 workers.

WEIGHT LOSS

Asshown in Table 7, workers lost weight over the shift ranging from O to 4 pounds.
This dataindicates that, with the exception of Worker D, dl water blasters lost
gpproximately 2 to 4 quarts of water during the shift. It was observed that workers did
not have an easy accessto drinking water during the water blasting.

Zero weight loss of Worker D may be explained by the fact that he was placed on the
water blagting job directly from ajob in an ar-conditioned control room. Since he was
not acclimatized to the hot job, he could not continue the blasting for more than severd
minutes at atime and had to retreat from the heat exposure frequently. Furthermore,
due to hisintolerance to heet, he had to discontinue the task early in the middle of the
operation, leaving Worker C aone to complete the job. Thisfact may aso explain why
Worker C lost the most weight.

BLOOD PRESSURE

Although blood pressure is not usudly included in heet exposure studies, it wasincluded
as part of the pre- and post-shift medica survey. Asshownin Table 7, dl kiln

ass stants with the exception of one worker, had at least one measurement of above
norma blood pressure. Using the upper norma of 150 mmHg systolic pressure and 90
mmHg diastolic pressure, two workers were borderline hypertensive and one worker
was hypertensive (and was currently under a physician's care).

Hypertension is caused by avariety of conditions, including but not limited to, kidney
disease, hormona or metabolic diseases, and arterioscleross (which isrelated to age,
heredity, diet, etc.). The cause of most casesis unknown. Chronic exposure to heat
has been reported as a possible cause of hypertension.r” However, the results were
preliminary and amore thorough analysis of thisissue was suggested by the author. A
serious concern exists when a hypertensive person with possible underlying conditions
is placed on a stressful hot job without prior medica gpprova.
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VII.

DISCUSSION

HEAT STRESS

Heset dressis defined asthe total net heet load on the body with contributions from environmental
sources and from metabolic heat production.’” Four factors influence the exchange of heat
between the human body and the environment. These are air temperature, air velocity, moisture
content of the air, and radiant temperature. The fundamental thermodynamic processes involved
in heat exchange between the body and its environment may be described by the basic equation of
hest balance:

S=M-E+R+C
where
S= thechangein body heat content (heat gain or 10ss);
M = metabolic heat gain associated with activity and physica work;
E = heat logt through evaporation of perspiration;

R = heat lossor gain by radiaion (infrared radiation emanating from warmer surfaces
to cooler surfaces);

C = hest loss or gain through convection, the passage of afluid (air) over a surface
with the resulting gain or loss of hest.

Under conditions of therma equilibrium (essentialy no heat stress), heat generated within the body
by metabolism is completely dissipated to the environment, and deep body or core temperature
remains congtant at about 98.6°F (37°C). When heat lossfails to keep pace with heat gain, the
body's core temperature beginsto rise. Certain physologic mechanisms begin to function in an
attempit to increase heat loss from the body. Firgt, the body attempts to radiate more heat awvay
by dilating the blood vessels of the skin and subcutaneous tissues and diverting alarge portion of
the blood supply to the body's surface and extremities. An increase in circulaing blood volume
aso occurs through the withdrawa of fluids from body tissues. The circulatory adjustments
enhance heat transport from the body core to the surface. If the circulatory adjustments are
insufficient to adequately disspate excessive heat, sweat glands become active, spreading fluid
over the skin; this removes heat from the skin surface through evaporation.

Prolonged exposure to excessive heat may cause increased irritability, lasstude, decreasein
morae, increased anxiety, and inability to concentrate. The acute physica disabilities caused by
excessive heet exposure are, in order of increasing severity: heat rash, heat cramps, heat
exhaustion, and heet stroke.

Heat rash (prickly heet) may be caused by unrelieved exposure to hot and humid air. The
openings of the sweat ducts become plugged due to the swelling of the moist keratin layer of
the skin; this leads to inflammation of the glands. Tiny red vesides (fluid filled bumps) are
vigblein the affected area and, if the affected areais extensive, swesting can be substantiadly
impaired. Thismay result not only in discomfort, but in a decreased capacity to tolerate heet.

Heat cramps may occur after prolonged exposure to heat with profuse perspiration and
inadequate replacement of sdt. The sgns and symptoms consst of spasm and painin the
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muscles of the abdomen and extremities, especidly in the muscles which are working the
hardest. Albuminuria (protein in the urine) may be atrangent finding.

Heat exhaustion may result from physica exertion in ahot environment when vasomotor
control (regulation of muscle tonein the blood vessd wals) and cardiac output are
inadequate to meet the increased demand placed upon them by periphera vasodilation or the
reduction in plasma volume due to dehydration. Signs and symptoms of heat exhaustion may
include pdlor, lassitude, dizziness, syncope, profuse swegting, and cool moist skin. There
may or may not be mild hyperthermia (increased body temperature).

Heat stroke isamedica emergency. Animportant predisposing factor is excessve
physical exertion. Signs and symptoms may include dizziness, nausea, severe headache, hot
dry skin due to cessation of swesting, very high body temperature [usualy 106°F (41°C) or
higher], confusion, ddlirium, collgpse, and coma. Often circulation is compromised to the
point of shock. If steps are not taken to begin cooling the body immediately, irreversble
damage to the interna organs and desth may ensue.

Chronic hesat illnesses may occur as after-effects of acute heet illnesses, or they may be brought on
by working excessively hot jobs for some time without the occurrence of acute effects. Chronic
after-effects associated with acute hesat illnesses can include reduced heet tolerance, dysfunction of
the swesat glands, reduced swesting capacity, muscle soreness, stiffness, reduced mohility, chronic
heat exhaudtion, and cellular damage in different organs, particularly in the centra nervous system,
heart, kidneys, and liver.t” Chronic heat illnesses not associated with acute effects of heat may fall
into one of two categories, depending upon the duration of exposure. After severd months of
exposure to a hot working environment, chronic heat exhaustion may be experienced. Symptoms
which may develop include headache, gastric pain, deep disturbance, irritability, tachycardia,
vertigo, and nausea. After many yearsin ahot job, cumulative effects of long term exposure that
may develop are hypertension, reduced libido, impotence, myocardia damage, nonmaignant
diseases of the digestive tract, and hypochromia (decreased hemoglobin in the red blood cells).'’

There are other concerns besides hedlth effects from excessve exposure to heet stress. Ramsey
et a describe an increase in unsafe acts associated with exposure to environmental heat. '

The control of occupationa heat exposure can be accomplished by addressing the heat balance
components which contribute to heet gain (dress). The four environmenta heat exchange
components which contribute to heat stress are metabolic heat production, radiant heat gain or
loss, convective heat gain or loss, and evaporative heat loss. Possible methods of control of these
factors are provided below: 11920

Metabolic heat - Metabolic heat can be reduced by mechanization of some or al tasks,
increasing rest time, and sharing the work load with additiona workers (particularly during
peak heat periods).

Radiant heat - Radiant heat gain can be reduced by minimizing the worker line of sight to the
radiant source with shielding, insulating furnace wals with refractory brick, using reflective
screens, wearing radiant reflective clothing (especidly if the worker directly faces the
source), and covering exposed body parts.

Convective heat - Heat can be gained or lost by convection depending on the air
temperature. |If the air temperature exceeds the mean skin temperature (considered to be
95°F), then increasing ar movement across the skin will contribute to convective heet gain.
Control of convective heat gain under these conditions will require reducing the air
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temperature, reducing air velocity (aslong as the temperature exceeds 95°F), and wearing
losefitting (Sngle layer) clothing. If the air temperature is below 95°F, increasing the
convective loss can be accomplished by increasing air velocity acrass the skin, removing
clothing (maximizing exposed skin surface), and decreasing the air temperature.

Evaporative hesat 10ss - The maximum evaporative cooling capacity of the environment can
be expanded by increasing the air velocity and by decreasing the water vapor pressure of the
work atimosphere (humidity). Consideration must be given to the potentia of convective heat
gain when increasing air velocity, since the benefit of evaporative cooling may be overcome
by the convective heeat gain due to higher temperature air (>95°F).

In addition to modifying the work place environmenta conditions, the risk of a serious incident due
to excessive heat exposure can be reduced by the implementation of a heat stress management
program. Thisis especidly important when modification of the environmenta conditionsis not
technicadly feasble. The dements of a comprehensve heat stress management program is
provided in Appendix A.!

Although Lehigh Cement Company did not have aforma heat stress management program, the
company has implemented some controls in an effort to address the heat problem during the water
blasting of the prehesat tower riser. To minimize heat from traveling into the preheeat tower from
the adjacent kiln building, the company ingtaled roof vents over the kiln area, aswell as aradiant
shidd in awal opening of the tower which borders the kiln building. Radiant heat near the
preheat tower riser was reduced by ingtaling additiond refractory brick lining within a 7-foot-
diameter duct leading into the riser, and afew heat shields were placed in sdected locations. Air
movement was increased with the use of large indugtria fans positioned near wall openings as well
ason awork platform, and by ducting untempered air along the riser in afew locations where
workers stood while water blagting. Air cannons were connected to the riser and were intended
to periodicdly ar blast the resdue from thewadls. (This should reduce the water blasting duration,
but employees reported that these air cannons didn't work properly and caused the water blasting
to be more difficult.) The environmental and physiologica measurements collected during this
survey suggest that these measures were insufficient to adequately control the heet exposures.
Fortunately, the company permitted a salf-regulated work schedule, dlowing the workers to
remove themsdlves from exposure when it became unbearable.

Heat sressis a potentialy serious problem for workers who water blast or perform maintenance
in hot locations. The company did not have an established heat stress management program.
Medica examinations with specific gpprova to work in hot environments were not performed
annudly and the company did not monitor the environmenta heet conditions. Although employee
training includes first aid procedures, atraining program specificaly addressing heet stress was not
included. The drinking water was not located in the immediate vicinity of the preheat tower riser,
sgnificantly affecting accessibility. (The kiln assgtants must ride a very dow and often inoperable
elevator, or traverse at least 6 flights of stairsto obtain drinking water.) Furthermore,
unacclimatized workers (aternates) are often required to water blast. Body cooling vests or other
heet protective equipment has not been provided for use in hot environments.

CARPAL TUNNEL SYNDROME

During the course of the evduation of heat stress/strain, it was discovered that two blasters (not
among the workers who were studied for this HHE) had developed carpd tunnel syndrome
(CTS). Based onthe MSHA Form 7000-1, one employee reported the problem in October
1989, and another reported the samein March 1990. The right hand and wrigt were involved in
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both cases. For the smdll size of the worker population (8 kiln assstants), two casesin a period
of 10 monthsis a cause for concern.

Although the NIOSH investigators did not conduct a detailed ergonomics evauation, they made
some relevant observations of the ergonomic stresses associated with water blasting. There are
four mgjor stress factorsin hand/wrist work which may be causally related to tenosynovitis and
CTS - repetitiveness, musculoskeleta force, wrist posture, and vibration.? In water blasting, the
repetition of work does not appear to be very high, but the task may require high static forcesto
am and trigger the gun. Furthermore, the trigger of the water gun seems to require high finger
force, snce the trigger spring is set tight for safety so that it can not be accidentaly pulled.

In addition, the water gun must be aimed and shot at various directions ingde the furnace.
Therefore, the worker must position the end (which is connected to the pressure hose) of the
water gun to hisright or left, and above his head or below his kneesto shoot. This necesstates
the worker to bend the wrist frequently with force. When the worker ams downward, he hasto
pull the trigger while raisng the arm upward with the wrist flexed to the maximum. Such positions
of the hand/wrigt increases friction within the carpa tunnd, and leads to inflammeation of the
tendons and tendon shesths; the resulting pressure on the median nerve producesthe CTS.
Therefore, it is quite concelvable that water blasting job could contribute to the development of
CTs
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VI,  CONCLUSONS

1.

10.

11.

The environmenta heet during the water blasting operation of the prehesat tower riser
exceeded the NIOSH and ACGIH WBGT heat stress criteria.

Thework activities of the water blasting resulted in medium to high metabolic hest
production.

There was a sgnificant radiant heat |oad present in the preheet tower locations where the
water blasting occurred.

The ar temperature of the air stream provided by the space "cooling” fans was in excess of
100°F, thereby contributing to convective heat gain.

The persona protective equipment necessary for the water blasting operation impedes
evaporative heat loss.

The physiologic indices suggested that employees were subjected to severe heet Srain
during the water blagting.

The employees required to water blast may not necessarily be acclimatized to hot
environments.

A source of cool potable water was not easly accessble within theimmediate vicinity of the
water blagting where employees were exposed to excessive hest.

The lack of a comprehensive heat stress management program, including effective medica
examinations and policies as well as the use of body cooling equipment, exposed
employeesto risk of aheat-related illness or accident.

Sdf-regulaion of work activity utilized by the water blagting employeesis an important
safeguard which reduced the potentia for a serious heet related incident.

Two workers were reported to have signs of carpa tunnel syndrome.
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IX. RECOMMENDATIONS

A. HEAT STRESS

A number of recommendations will be proposed in this section which include engineering
controls, adminigtrative controls, and persond protective equipment. Because the hest
exposure during the water blasting contains significant contributions from al of the heat

ba ance components (radiant heat gain, convective heet gain, loss of evaporative cooling, and
metabolic heet production), implementation of asingle control will not adequately address the
entire heat stress problem. The following recommendations should be considered as control
options and evauated in regards to the feasibility of implementation at this manufacturing Ste:

Engineering Controls

1. Ingal additiond heet shields on surfaces radiaing heet especidly dong the sdes
of the preheat tower riser where employees are positioned during the water
blasting.

2. Ingdl additiond refractory brick linings within the engineering equipment
transporting heated materials and gases.

3. Modify the existing vented air supply near the water blasting ports so that cool air
isprovided in lieu of untempered outsde air.

4. Desgnandingdl flanges around the perimeter of the space cooling fans (which
are located near the wal openings) to minimize the amount of interior (heated) air
that is pulled out of the building and re-entrained into the fans make-up air.
Flanges that are designed and ingtalled in accordance with accepted ventilation
design principles should dlow the fansto more e‘fectivelly trander outsde air into
the building (or exhaust interior air from within building).®

5.  Repostion one or more of the space cooling fans so that the fan stream direction
exhausts heated air out of the preheat tower. It was observed that the cement
floors of the second and fourth levels, dong with the north, south and east walls
enclose the water blasting area of the preheat tower. This arrangement restricts
ar movement into this area from the outside. Both of the fans near the west wall
were attempting to move air into the tower, a Situation which may further contain
the air within this space. Redirecting the fan on the third floor to exhaugt air out of
the tower, while maintaining a supply of outside air from the fan on the second
floor, may dlow amore effective trandfer of ar through thisarea. If thisoptionis
congdered, it should be implemented on an experimenta basis to ensure that the
exhausted air is replaced by outsde air and not by heated air from within the kiln
building.

6. Evduatethe feashility of providing wall openingsin the north and south wals
and/or the ceiling of the third level (which aso serves as the floor for the fourth
level) to dlow heated air to escape. Naturdly, this control option isfeasble only if
the structura integrity of the building can be maintained (i.e. with sted 1-beams for

support).
7. Ingdl additiond ceiling vents in the adjacent kiln building.
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Administrative Controls

1.

It is essentia for employees exposed to hest to be examined by a physician and
received medica approva to work in hot conditions. Physical examinations
should be performed annually prior to the hot season and should include an
assessment of the workers medica history and physica conditioning. The
medica evauation should focus on any predisposing conditions that cause the
employee to be at undue risk of a hesat related disorder.

Perform the water blasting operation with three (or more) person work crews
instead of two worker crews. Thiswould not only reduce the metabolic heat
production by spreading the work load, it would adso dlow employeestorestina
cool location without disrupting the "buddy™ system when working in this heat
hazard location.

Implement a comprehensive hegt stress management program for the kiln
assgants, dternatives, and maintenance staff who may be exposed to hazardous
levels of heat during routine operations or emergency conditions. Elements of an
effective heat management program include but are not limited to environmenta
monitoring, medica examinations, emergency procedures, and worker training.
Refer to Appendix A of thisreport for specific details of aheat stress management

program.

Adjust the work/rest cycle to reduce the pesk physiological strain and improve
recovery. Some modifications may include:

a.  BEvendidribution of work over the entire work shift.

Schedule hot jobs (or strenuous ones) during the coolest part of the work
day.

c. Provide breaksin cool roomswith ample drinking water. Drinking water
should be coal, potable water that is available with individud drinking cups.
The use of sdlt tablets or sated fluids should be avoided since this could
irritate the somach. The rdatively high sdt content of the average American
diet should provide the workers adequate amounts of salt to replenish that
which islogt by perspiration. The use of commercidly available dectrolyte
replenishment drinks is preferred over sdted fluids.

Improve access to drinking water by locating a source of potable water in the
immediate vicinity of the heet exposure (on the floors where the water blasting
occurs) and by providing amobile water supply for maintenance activities in hot
locations. Employees working in hot environments should be encouraged to drink
acup of water every 15-20 minutes even in the absence of thirt.

Work schedules should be arranged to alow workers to be safely acclimatized to
hot work environments when aworker is newly assgned or otherwise returns
from an extended absence away from heat exposure. The length and degree of
heat exposure should be increased gradudly over a4 or 5 day period until heat
tolerance has been expanded. Because of the increased risk of a heat induced
illness or accident, specid provisons should be provided for unacclimatized
workers who are required to work in hot conditions. These provisons should
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include reduced exposure time, less strenuous activities, increased recovery times,
and careful observation to ensure that these employees are safdly coping with the
additiona heet burden. Unacclimatized individuas will include dl workers a the
beginning of the hot season, employees returning from a vacation or extended
weekend, aternates who water blast on occasion, or any other worker who does
not have continued and prolonged exposure to hot environmenta conditions.

Continue alowing workers to saf-regulate their work-rest schedules. Thisisa
very important safeguard since the worker is usudly capable of assessing their
individua hest tolerance. However, they must be ingtructed not to overestimate
thelr heet tolerance; an early retreet a the initid Sgns of heet strain should be
emphasized.

Personal Protective Equipment

1.

Provide auxiliary body cooling vests or suits for water blasting, maintenance work,
or any other activity that occursin high heat exposure aress. A variety of auxiliary
body cooling equipment is available, including ice vests, wetted coverals, water
cooled garments, and air supplied suits which use avortex tube to cool theair. In
view of the work duration (30-60 minutes) and requirement for maneuverability,
the use of ice vests appear to be the most practica and cost effective.

Provide (radiant) reflective clothing suits or gprons for the water blasting operation
to reduce the amount of radiant heet that is absorbed by the workers. Reflective
clothing typicaly is"aduminized" and does not dlow air to flow throughiit;

therefore, reflective suits should be worn as loose as possibly to minimize the loss
of evgporative cooling. The amount of clothing worn under reflective suits should
aso be kept to aminimum for the same reason.  Since the radiant and convective
heat are high during the water blagting, reflective cothing should only be used in
conjunction with auxiliary cooling equipment such as an ice ved.

CARPAL TUNNEL SYNDROME

The company should consult with a qualified ergonomist to evauate the water blasting
operation to assess the potentia for cumulative trauma disorders (such as CTS and
tenosynovitis) as well asto recommend engineering controls. Forceful (and repeated)
bending of the wrigt should be avoided as much as possible. To the extent possible, the wrist
joint should be kept in aneutra position, especialy when the water blasting gun trigger is
pulled. Although the NIOSH investigators did not conduct an investigation of cumulative
trauma disorders a this facility, afew possble control recommendations may include:

1.

Modify the water blasting gun o that two hand grips are provided (gpproximately
2 feet apart which are perpendicular to the gun shaft).

Employees should use both hands dternately to support the gun and pull the
trigger to reduce the frequency of pulling the trigger exclusively by the same hand.

Reduce the trigger switch tension so that the required force of operation is
minimized. (A double trigger switch or supplementd key ignition could be used to
address the safety concern regarding inadvertent activation.)
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4. Provide an overhead guide wire and hoist (or mounting tripod) to support and
pivot the water blagting gun during aming and triggering the gun. (Thiswill dso
reduce the metabolic heet production of thistask snce the entire weight of the gun
will not be supported by the worker.)

5. Rotate additiona workers to reduce the daily (water blasting) exposure time.
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Appendix A.
Elements of a Comprehensive Heat Stress Management Program.
HETA 89-274

Written program - A detailed written document is necessary to specificaly describe the
company procedures and policies in regards to heat management. The input from management,
technica experts, physician(s), labor union, and the affected employees should be considered
when deve oping the heat management program. This program can only be effective with the full
support of plant management.

Environmental monitoring - In order to determine which employees should be included in the
heat management program, monitoring the environmental conditionsis essentid. Environmenta
monitoring also alows one to determine the severity of the heat stress potentia during normal
operations and during heat dert periods.

Medical examinations and policies - Preplacement and periodic medica examinations should
be provided to al employees included in the heat management program where the work load is
heavy or the environmental exposures are extreme. Periodic exams should be conducted at least
annudly, idedly immediately prior to the hot season (if gpplicable). The examination should
include a comprehensive work and medical history with specia emphasis on any suspected
previous hegt illness or intolerance. Organ systems of particular concern include the skin, liver,
kidney, nervous, respiratory, and circulatory systems. Written medica policies should be
established which clearly describe specific predisposing conditions that cause the employee to be
at higher risk of aheat stress disorder, and the limitations and/or protective measures implemented
in such cases.

Work schedule modifications - The work-rest regime can be altered to reduce the heat stress
potentia. Shortening the duration of work in the heat exposure area and utilizing more frequent
rest periods reduces heat stress by decreasing the metabolic heat production and by providing
additiona recovery time for excessve body heat to dissipate. Naturaly, rest periods should be
gpent in cool locations (preferably air conditioned spaces) with sufficient air movement for the
mogt effective cooling. Allowing the worker to sdf-limit their exposure on the basis of sgns and
symptoms of heat srain is especidly protective since the worker is usudly cgpable of determining
their individua tolerance to heat. However, there is a danger that under certain conditions, a
worker may not exercise proper judgement and experience a heat-induced illness or accident.

Acclimatization - Acclimatization refers to a series of physiologica and psychologica
adjustments that occur which alow one to have increased heet tolerance after continued and
prolonged exposure to hot environmental conditions. Specid attention must be given when
adminigtering work schedules during the beginning of the heat season, after long weekends or
vacations, for new or temporary employees, or for those workers who may otherwise be
unacclimatized because of their increased risk of a heat-induced accident or illness. These
employees should have reduced work loads (and heat exposure durations) which are gradudly
increased until acclimetization has been achieved (usudly within 4 or 5 days).

Clothing - Clothing can be used to control heat stress. Workers should wear clothing which
permits maximum evaporation of perspiraion, and aminimum of perspiration run-off which does
not provide heat loss, (dthough it still depletes the body of sat and water). For extreme
conditions, the use of persond protective clothing such as aradiant reflective clothing, and torso
cooling vests should be considered.

Buddy system - No worker should be alowed to work in designated hot areas without another
person present. A buddy system alows workers to observe fellow workers during their normal
job duties for early sgns and symptoms of hest intolerance such as weakness, unsteady gait,
irritability, disorientation, skin color changes, or generd maaise, and would provide a quicker
response to a heat-induced incident.



10.

11.

12.

13.

Drinking water - An adequate amount of cool (50-60°F) potable water should be supplied
within the immediate vicinity of the heet exposure areaas wdl as the resting location(s). Workers
who are exposed to hot environments are encouraged to drink a cup (approximately 5-7 ounces)
every 15-20 minutes even in the absence of thirg.

Posting - Dangerous heet stress areas (especialy those requiring the use of persona protective
clothing or equipment) should be posted in readily visible locations dong the perimeter entrances.
The information on the warning sign should include the hazardous effects of hegat dress, the
required protective gear for entry, and the emergency measures for addressing a heet disorder.

Heat alert policies - A heat dert policy should be implemented which may impose restrictions
on exposure durations (or otherwise control heat exposure) when the National Weather Service
forecagts that a heet waveislikely to occur. A heat wave isindicated when daily maximum
temperature exceeds 95°F or when the daily maximum temperature exceeds 90°F and is at least
9°F more than the maximum reached on the preceding days.

Emer gency contingency procedures - Well planned contingency procedures should be
edtablished in writing and followed during times of a heat stress emergency. These procedures
should addressiinitid rescue efforts, first ad procedures, victim transport, medica facility/service
arrangements, and emergency contacts. Specific individuas (and dternatives) should be assigned
afunction within the scope of the contingency plan. Everyone involved must memorize ther role
and respongbilities Snce response timeis critical during a heet stress emergency.

Employee education and training - All employeesincluded in the heat management program or
emergency contingency procedures should receive periodic training regarding the hazards of heat
gress, sgns and symptoms of heat-induce illnesses, firgt aid procedures, precautionary measures,
and other details of the heat management program.

Assessment of program performance and surveillance of heat-induced incidents - In order
to identify deficiencies with the heast management program a periodic review iswarranted. Input
from the workers affected by the program is necessary for the evaluation of the program to be
effective. Identification and analysis of the circumstances pertinent to any heat-induce accident or
illnessisdso crucid for correcting program deficiencies.



Table 1.
Metabolic Heat Production Rates by Task Analysis

HETA 89-274
A. Body position and movement kcal/min*
Sitting 0.3
Standing 0.6
Walking 2.0-3.0
Walking uphill add 0.8 per meter rise
B. Type of work Average
kcal/min kcal/ain
Hand work
light 0.4 0.2-1.2
heavy 0.9
Work ong arm
light 1.0 0.7-2.5
heavy 1.8
Work both arms
light 1.5 1.0-3.5
haavy 2.5
Work wholie body
light 3.5 2.5-9.0
moderate 5.0
heavy 7.0
vary heavy 9.0
C. Basal metabolism 1.0
D. Sample calculation** Average
keal/min

Assembling work with
heavy hand tools

7. Standing 0.6
2. Two-arm work 3.5
3. Basal metabolism 1.0
Total 5.1 kcal/min

* For standard worker of 70 kg body weight (154 Ibs.) and 1.8 m2
body surface (19.4 ft2),

**Exampie of measuring metabolic heat producticn of a worker when
performing initial screening.

Reference 1.
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Table?2.
Environmental Heat M easurements! - Water Blasting, 1st Shift
L ehigh Portland Cement Company, Mason City, lowa

HETA 89-274
TIME DB WB GT WBGT LOCATION/COMMENTS
9:48 73.0 68.0 76.0 70.0 Outside, Shaded
9:55 83.0 715 85.5 76.0 6th Foor, Break Room,
Donning PPE
10:10 95.0 775 110.0 87.0 3rd Floor, West Side
10:15 94.5 78.0 109.5 875 3rd Floor, West Side
10:20 97.0 78.5 110.5 88.0 3rd Floor, West Side
10:25 99.0 79.5 113.0 89.5 3rd Floor, West Side
10:35 109.0 83.0 128.5 96.5 2%, Floor, South Side?
10:40 105.0 82.5 127.5 96.0 2%, Floor, South Side?
10:45 106.0 80.5 1115 90.0 2% Floor, West Side
10:50 110.5 79.5 108.5 88.0 2% Foor, West Side,
Resting, Fan Stream
10:55 104.0 80.0 109.5 89.0 2% Foor, West Side
11:10 -- -- -- -- Break - 6th Floor
11:40 105.0 79.0 113.0 89.0 2%, Floor, North Side
11:45 105.5 79.0 113.0 89.0 2% Floor, North Side
11:50 104.0 80.0 109.0 89.0 2% Foor, North Side
11:55 122.0 85.0 128.0 98.0 2%, Foor, Northeast
Corner
12:00 123.0 85.0 130.5 98.5 2%, Foor, Northeast
Corner
12:05 102.5 79.0 106.0 87.0 22 Floor, North Side,
Reding
12:10 116.0 84.0 134.0 99.0 2% Floor, West Side
12:15 118.0 86.5 135.0 101.0 2%, Floor,. West Side
12:20 121.0 87.0 140.0 103.0 2% Foor, West Side
12:20 -- -- -- -- Stop
12:25 101.5 79.0 106.58 87.0 2Y2 Floor, West Side,
Fan Air Stream
12:40 84.0 75.0 102.5 81.5 Outsde, Sunshine

NOTES.
Lvaues reported in degrees Fahrenheit.
2 Under duct with refractory brick lining.



Table3.
Environmental Heat M easurements! - Water Blasting, 2nd Shift
L ehigh Portland Cement Company, Mason City, lowa

HETA 89-274
TIME DB WB GT WBGT LOCATION/COMMENTS
5:20 82.0 74.0 85.0 775 Outside, Shaded
7:10 103.5 81.0 112.0 90.5 2% Floor, North Side
7:15 106.0 81.0 1115 90.0 2% Floor, North Side
7:20 110.0 85.0 123.0 96.5 2% Floor, West Side
7:25 108.5 81.5 114.0 91.0 2% Floor, West Side
7:30 110.5 82.0 115.5 92.0 2%, Floor, West Side
Redting
7:30 -- -- -- -- Break - 2% Floor
7:40 1135 85.0 136.5 100.5 2%, Floor, South Side?
7:45 107.5 81.5 112.0 90.5 2% Foor, West Side
7:50 116.0 85.0 128.5 98.0 2%, Floor, West Side?
7:55 119.0 87.0 132.5 100.5 2% Floor, Northeast
Corner
8:00 -- -- -- -- Break - 6th Floor
8:20 99.0 80.0 110.0 89.0 3rd Floor, West Side
8:30 86.0 74.5 88.5 79.0 6th Floor, Break Room

NOTES:
1 vaues reported in degrees Fahrenheit.
2 Under duct with refractory brick lining.
3 Near donut holes.



Table4.
Estimated Metabolic Rate, Water Blasting
L ehigh Portland Cement Company, Mason City, lowa

HETA 89-274
Range* Egtimate
(Kcal/min) (Kcal/min)
Body Position
1. Always standing 0.6
and some waking (with dairs)
2.0-3.0 15
Type of Work?
1. Water Blagting
Heavy work, both arms
and moderate work, whole body 2.5
5.0
2. Assging
Light work, both arms
and light work, whole body 15
35 3.07
Basal Metabolism 1.0 1.0
Summation 55
Hourly Estimation 330
M etabolic Rate Work Category Moderate to high
NOTES:

1 FromTablel, Reference1l. .

2 Two workers -- hdf of time worker water blasts (4.0 Kca/min) and other half worker assists (2.0
Kca/min); average estimate (for type of work) i$3.0 Kca/min.

3 ked/min = kilocdories per minute,



Tableb.

Environmental Heat M easurements® - Walkthrough Preheat Tower, 1st Shift
L ehigh Portland Cement Company, Mason City, lowa

HETA 89-274
TIME DB WB GT WBGT LOCATION/COMMENTS

8:05 80.5 69.5 87.5 75.0 8th Floor, Upper Feed
Elevator

812 85.5 72.5 103.0 815 6%2 Floor, Bottom of 2nd
Stege

822 90.0 73.0 94.0 79.5 Top of IBAU Silo

8:32 81.0 715 89.5 77.0 5% Floor, Lower Feed
Elevator

8:39 92.5 75.5 107.0 85.0 5% Floor, 3rd Stage,
Tipping Vaves

8:45 101.5 79.5 103.5 87.0 5th Floor, Spray Tower
Pump Room

853 92.5 80.0 1295 95.0 4th Floor

9:00 91.0 76.0 101.5 83.5 3rd Floor

9:06 107.5 78.5 110.0 88.0 2% Foor, Donut Hole
Hoor

912 111.0 81.5 122.0 935 22 Floor, Exit Foor

9:17 101.5 815 110.0 90.0 2nd FHoor, Near Kiln

9:23 80.0 73.0 88.5 77.5 2nd Floor, Near Open Wall

9:29 735 68.5 76.0 71.0 1st Floor

9:35 102.0 78.5 102.5 86.0 IBAU Tower, Electric Rm

9:41 127.0 89.0 129.5 101.0 IBAU Tower, Top of Mix
Bin

9:48 73.0 68.0 76.0 70.0 Outside, Shaded

NOTES: ! Vaues reported in degrees Fahrenheit.



Table6.
Environmental Heat M easurements! - Walkthrough Preheat Tower, 2nd Shift
L ehigh Portland Cement Company, Mason City, lowa

HETA 89-274
TIME DB WB GT WBGT LOCATION/COMMENTS

3:50 92.5 75.5 96.0 81.5 Cooler Hoor, Kiln Bldg.

3:56 114.0 87.5 146.0 105.0 #1 Gear, Under Kiln

4:08 88.0 76.0 94.0 81.5 8th Floor, Upper Feed
Elevator

4:14 83.5 72.5 90.0 78.0 7th Floor

4:20 85.0 735 90.5 78.5 5% Hoor, 3rd Stage, Air
Cannon

4:26 102.5 80.0 102.5 87.0 5th Floor, Spray Tower
Pump Room

4:32 91.0 78.0 106.5 86.5 4th Floor

4:38 100.0 80.0 112.0 89.5 3rd Floor

4:44 127.0 85.5 132.5 99.5 2% Hoor, Donut Hole
Hoor

4:50 107.5 83.0 116.0 93.0 2> Floor, Exit Hoor

4:55 92.5 78.0 99.0 84.5 2nd Floor

5:02 94.5 78.0 96.0 835 1st Foor, ElectraSaver Room

5:08 106.0 81.0 106.5 88.5 IBAU Tower, Electrica
Room

5:13 130.0 91.0 133.5 103.5 BI_BAU Tower, Top of Mix

in
5:20 82.0 74.0 85.0 775 Outside, Shaded

NOTES: ! Vdues reported in degrees Fahrenheit.



Table?7.
Medical Information for Kiln Assstants
L ehigh Portland Cement Company, Mason City, lowa
HETA 89-274

Number and gender of workers: 4, dl maes.

Age: minimum 34; maximum 56; mean 44

L ength of employment at this company: 10 to 30 years.

Length of furnace helper job: 2 to 10 years, on and off.
No worker has done thiswork continuoudy the over years.

Medical History:

One worker was hypertensive (pre-shift blood pressure of 180/100) and was taking medication for
this condition. He stated that he could do the work, and his personal physician did not advise him
againg taking the hot job.

Another worker had a history of nephritis at age 10, from which he has recovered without sequelae.

History of heat-related disorders:

Each participant reported that he had experienced headache and dizziness whenexposed to severdly
hot working conditions of the water blasting job during the hot season. Two workers also reported
experiencing nausea. However, none of them experienced any serious adverse conditions such as
heat stroke or collapse requiring emergency medical treatment. Theworkersare dlowed to usetheir
own judgment and withdraw from the hot job to take a rest whenever there is an onset of acute
symptoms, or when they "cannot take it any longer.”

Weight loss over the shift:

Worker A, 2 Ibs.
Worker B, 2 Ibs.
Worker C, 4 |bs.
Worker D, O Ibs.



Table 7. (continued)
Medical Information for Kiln Assstants
L ehigh Portland Cement Company, Mason City, lowa
HETA 89-274

H. Pulserateand body temperature:

Pulse Rate per min. Body Temperature(°F)
Pre-shift / End-shift Pre-shift / End-shift
Worker A 80 84 96.4 97.8
Worker B 80 104 98.1 98.5
Worker C 88 80 99.2 9.1
Worker D 104 108 98.9 9.1
|. Blood Pressure:
Sysdic/Diagtalic
Pre-shift End-shift
Worker A 152/86 138/86
Worker B 120/70 110/70
Worker C 180/100 176/104
Worker D 140/98 148/106

No blood pressure measurements were taken during the shift.

NOTE: The comparison of pre- and post- "blasting” pulse rates and body temperatures is a more
effective evaduation of the physiologica response to heat stress. (Refer to Figure 2.)



Figure 1.
Heat Stress Exposure Limits Recommended by NIOSH

HETA 89-274
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Figure 2

Pulse and Temperature, Water Blasting

Lehigh Portland Cement Company
HETA 89-274
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Appendix A.
Elements of a Comprehensive Heat Stress Management Program.
HETA 89-274

Written program - A detailed written document is necessary to specifically
describe the company procedures and policies in regards to heat
management. The input from management, technical experts, physician(s),
labor union, and the affected employees should be considered when
developing the heat management program. This program can only be
effective with the full support of plant management.

Environmental monitoring - In order to determine which employees should be
included in the heat management program, monitoring the environmental
conditions is essential. Environmental monitoring also allows one to
determine the severity of the heat stress potential during normal
operations and during heat alert periods.

Medical examinations and policies - Preplacement and periodic medical
examinations should be provided to all employees included in the heat
management program where the work load is heavy or the environmental
exposures are extreme. Periodic exams should be conducted at least
annually, ideally immediately prior to the hot season (if applicable).
The examination should include a comprehensive work and medical history
with special emphasis on any suspected previous heat illness or
intolerance. Organ systems of particular concern inciude the skin, liver,
kidney, nervous, respiratory, and circulatory systems. Written medical
policies should be established which clearly describe specific
predisposing conditions that cause the employee to be at higher risk of a
heat stress disorder, and the limitations and/or protective measures
implemented in such cases.

Work schedule modifications - The work-rest regime can be altered to
reduce the heat stress potential. Shortening the duration of work in the
heat exposure area and utilizing more frequent rest periods reduces heat
stress by decreasing the metabolic heat production and by providing
additional recovery time for excessive body heat to dissipate. Naturally,
rest periods should be spent in coel locations (preferably air conditioned
spaces} with sufficient air movement for the most effective cooling.
Allowing the worker to self-limit their exposure on the basis of signs and
symptoms of heat strain is especially protective since the worker is
_usually capable of determining their individual tolerance to heat.
However, there is a danger that under certain conditions, a worker may not

exercise proper judgement and experience a heat-induced illness or
accident.

Acclimatization - Acclimatization refers to a series of physiological and
psychological adjustments that occur which allow one to have increased
heat tolerance after continued and prolonged exposure to hot environmental
conditions. Special attention must be given when administering work
schedules during the beginning of the heat season, after long weekends or
vacations, for .new or temporary employees, or for those workers who may
otherwise be unacclimatized because of their increased risk of a heat-
induced accident or illness. These employees should have reduced work


adz1


10.

11.

12.

loads (and heat exposure durations) which are gradually increased until
acclimatization has been achieved (usually within 4 or 5 days).

Clothing - Clothing can be used to control heat stress. Workers should
wear clothing which permits maximum evaporation of perspiration, and a
minimum of perspiration run-off which does not provide heat loss,
{although it still depletes the body of salt and water). For extreme
conditions, the use of personal protective clothing such as a radiant
reflective clothing, and torso cooling vests should be considered.

Buddy system - No worker should be allowed to work in designated hot areas
without another person present. A buddy system allows workers to observe
fellow workers during their normal job duties for early signs and symptoms
of heat intolerance such as weakness, unsteady gait, irritability,
disorientation, skin color changes, or general malaise, and would provide
a quicker response to a heat-induced incident.

Drinking water - An adequate amount of cool (50-60°F) potable water should
be supplied within the immediate vicinity of the heat exposure area as
well as the resting location{(s). Workers who are exposed to hot
environments are encouraged to drink a cup {approximately 5-7 ounces)
every 15-20 minutes even in the absence of thirst.

Posting - Dangerous heat stress areas {especiaily those regquiring the use
of personal protective clothing or equipment) should be posted in readily
visible locations along the perimeter entrances. The information on the
warning sign should include the hazardous effects of heat stress, the
required protective gear for entry, and the emergency measures for
addressing a heat disorder.

Heat alert policies - A heat alert policy should be implemented which may
impose restrictions on exposure durations (or otherwise control heat
exposure) when the National Weather Service forecasts that a heat wave is
Tikely to occur. A heat wave is indicated when daily maximum temperature
exceeds 95°F or when the daily maximum temperature exceeds 90°F and is at
least 9°F more than the maximum reached on the preceding days.

Emergency contingency procedures - Well planned contingency procedures
should be established in writing and followed during times of a heat
stress emergency. These procedures should address initial rescue efforts,

. first aid procedures, victim transport, medical facility/service

arrangements, and emergency contacts. Specific individuals (and
alternatives) should be assigned a function within the scope of the
contingency plan. Everyone involved must memorize their role and
responsibilities since response time is critical during a heat stress
emergency.

Employee education and training - All employees included in the heat
management program or emergency contingency procedures should receive
periodic training regarding the hazards of heat stress, signs and symptoms
of heat-induce illnesses, first aid procedures, precauticnary measures,
and other details of the heat management program.
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13.

Assessment of program performance and surveillance of heat-induced
incidents - In order to identify deficiencies with the heat management
program a periodic review is warranted. Input from the workers affected
by the program is necessary for the evaluation of the program to be
effective. Identification and analysis of the circumstances pertinent to
any heat-induce accident or illness is also crucial for correcting program
deficiencies.
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