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Chapter 1
INTRODUCTION

1. Purpose

The purpose of this manud isto prevent heet and cold induced illness and injury among dl
personnd within the Department of the Navy.

2. Scope

Thismanud gppliesto dl military and civilian personnd within the Department of the Navy.

3. Background

Personndl exposed to hot or cold environments risk the development of various injuries and illnesses.
These include temporary or permanent disabilities and possible deeth. Even if no injury occurs,
hest/cold exposure can lead to performance decrements. Inadequate training, insufficient equipment,
and improper physica conditioning increase the susceptibility to heat/cold illness and injury.
Nonacclimatized personnd are particularly susceptible to heet injury.

4. Reponghilities
a. All military and civilian personnd in supervisory positions and al medica personnd should

become aware of the preventive measures and emergency treatments discussed in this manual.

b. All medica care providers should report to the Navy Environmental Hedlth Center
(NAVENVHLTHCEN), and the Navy Safety Center all injuries due to heat or cold stress using the
Heat/Cold Injury Report Form found in Appendix A of this manud.

c. All medicd trestment facilities should maintain an hourly log of the Wet Bulb Globe Index with
the corresponding "flag condition” when the outsde ambient (dry bulb) temperatureis equd to or
greater than 80 degrees Fahrenheit ('F).



Chapter 2
HEAT INJURY: ESSENTIAL PHYSIOLOGICAL PRINCIPLES
1.  Sourcesof Hea

a. Totd Heat Stressisthe totd heet load affecting an individud. It isthe sum of the heat
generated by the body plus the heat gained from the environment minus' the heet that islogt to the
environment. When working in hot environments, it becomes more difficult for the body to disspate
metabolic heet, and if the environmenta hest is very high, body heet dissipation will be impossible.

b. Environmentd Hest varies with changes in air temperature, air movement, water
vapor pressure, and radiant heat. Each of these parametersis discussed in Chapter 3.

c. Metabolic Hest is generated by the body even at rest. Asphysica activity increases, the
amount of metabolic heat generated aso increases. Metabalic hest is often expressed as Kilocaories
per square.meter per hour (Kcal/m@r/hr). Resting muscles, which contribute about 45 % of body
weight, contribute 20 % to 25 % of the body generated heat. When expressed as heat produced per
unit of body surface area, this value can be gpplied to dl individuas. During exercise, muscles
contribute a much higher percentage of the body generated heat. This heat must be disspated to the
environment to maintain normal body temperature.

2. Body Heat Reaulation

a. Heat Strain isthe body's response to the total heat stress. Heat generated by basal
metabolism and muscular activity is disspated from the body via convection, radiation, and
evaporation.

b. Convectionisthe exchange of heat energy by molecules directly adjacent to each other. The
rate of convective heat exchange between the body and the surrounding air is afunction of the
difference in temperature between the surrounding air and the skin temperature and the rate of air
movement over the skin. As the environmenta temperature decreases, the amount of heat 1oss by
convection increases. In generd, increasing air movement increases convective heat loss, however,
excessve ar velocity i.e., > 1500 feet per minute (fpm), actudly produces heat from kinetic energy.
Also when air temperature exceeds skin temperature or is greater than 95 'F, air velocity should not
exceed 300 fpm.

c. Evaporation of water produces cooling. Thus the evaporation of sweet from the skin resultsin
heat loss from the body. The maximum he-at |oss from evaporation is afunction of the rate of air
motion over the skin and the water vapor pressure difference between the surrounding air and the wet
skin. In hot environments, the amount of heet loss



achievable via swesting is the mgor determinant of the body's ability to maintain anorma core
temperature. As humidity increases, the rate of evaporation decreases. In very humid environments,
evaporaive cooling is greetly cumfled, and, depending on the amount of physical activity, body core
temperature may rise a relatively cool environmental temperatures. Impermegble clothing creates a
barrier to evaporation of sweat, and thus greatly hinders the body's ability to disspate heat. As
quauied above, when the rate of air movement over the skin increases, the rate of evaporation aso
increeses. Thisiswhy fanning has a cooling effect.



Chapter 3
MEASURMENT OF HEAT STRESS

1. Environmental M easurements

Reference (a) discussesin detail environmenta measures of heat stress. Personnel responsible for
monitoring environmenta working conditions should be familiar with thisreference. All medica
trestment facilities must maintain an hourly log of the WBGT Index beginning a 0800 and ending at
1700 on days when the ambient temperature is expected to exceed 80F. Thelog must be kept onfile
for oneyear. Reference (b) contains an example of alog for recording the WBGT Index. Brief
definitions of important environmenta measurements follow:

a. The Dry-Bulb Temperature is commonly used to indicate the air temperature. Strictly defined
it is the temperature taken using a standard acohol-in-glass or mercury-in glass thermometer with the
bulb dry and shielded from radiant hest.

b. The Aspirated Wet-Bulb Temperature is measured by fitting a wet wick over the bulb of a
gtandard thermometer and moving air over the wet wick by afan, amotorized psychrometer or ding
psychrometer. For atrue wet-bulb reading, the air flow should be at least 250 feet per minute (fpm)
but less than 1500 fpm, with the bulb shielded from radiant hest.

c. The Globe Temperature integrates radiant heat exchange and convective heeting or cooling
into agnglevdue. The Vernon Globe Thermometer is the standard instrument for measuring the
globe temperature. The Vernon Globe consists of a six inch hollow copper sphere with 0.022 inch
thick walls painted flat (maite) black on the outside and containing an unshielded dry-bulb
thermometer or its equivaent in the center of the sphere. Smaller globe thermometers have been
developed, but few can be considered equivaent to the Vernon Globe.

d. Wet-Bulb Globe Temperature (WBGT) Index takes into account air temperature, humidity,
radiant heat, and air movement. The WBGT index can be cdculated using the following equation:

WBGT = 0.7 Aspirated Wet-Bulb + 0.2 Matte Black Globe
+ 0. 1 Shielded Dry Bulb

2. Environmenta Heat Measurement Devices

a The Heat Stress Monitor, (Modd 960), measures the shielded dry-bulb, aspirated
wet-bulb, and globe temperatures. It dso caculatesthe WBGT index and the stay times



using physiologica heat exposure limit (PHEL) curves. It isalightweight, sdf-contained, unit
equipped with arechargeable power supply. Reference (c) describes the operation and maintenance
of the Heat Stress Monitor, Modd 960.

b. The Navy Heat Stress Meter, (Mode 220), measures the shielded dry-bulb, aspirated wet-
bulb, globe temperatures and computesthe WBGT index. It isalightweight, sdf-contained unit
equipped with a rechargeable power supply. The use and maintenance of the meter is demonstrated
in the Navy educationa film "Care and Use of the Heat Stress Meter” (35335).

c. A WBGT fidd kit may be set up as demongtrated in reference (b) if one of the
above authorized heat stress metersis unavailable.

2. Physologicd Monito

Physiologica monitoring is recommended for initid heat Stress evauations of aworkplace or job
where excessve environmenta heet or excessve metabolic heat generation may be anticipated and
when metabolic rates and stay times can not be estimated from exigting tables. Reference (d) contains
asmple way to assessif environmenta temperatures and/or metabolic heat production are placing
workers at an unacceptable risk of heet illness.



Chapter 4

RECOGNITION, EMEERGENCY FTELD'IREATMEENT, AND DISPOSI TION
OF HEAT INJURY

1. Recognition and Emer2ency Fidd Treatment

a. Heat Stress is excessve when the body's capability to regulate its temperature is exceeded.
As the body's temperature increases beyond the range of normal, symptoms of fatigue, headache,
weakness, nausea, and vomiting can be expected to follow. Mentd and physica performance may be
compromised even before symptoms are gpparent. Continued heat stresswill lead to heat exhaustion
or heat stroke. In order to prevent this sequence of events from occurring, al personnd must be
familiar with the Sgns and symptoms of heeat drain.

b. Heat Rash, aso known as prickly heet, appears as red papules, usualy in areas where the
clothing is redtrictive, and gives rise to a prickling sensation, especidly as swesting increases. Heat
rash may be more than an annoyance. It may interfere with deep resulting in deep deprivation which
increases the risk of heat exhaustion and heat stroke. Hest rash impairs sweating and thus interferes
with evaporative cooling. Treatment is directed at keeping the skin as cool and dry as possible. The
wearing of impen-neable clothing can be expected to aggravate heat rashes. It is unnecessary to
report heet rash on the Heat/Cold Injury Form.

c. Heat Cramps may occur without associated heat exhaustion in individuals with anorma body
temperature. They are usualy associated with inadequate st replacement. Hesat cramps differ from
exertiond muscle crampsin that the entire muscle is not involved. Heet cramps gppear to wander as
individual muscle bundles contract. Heat cramps are observed primarily in unacclimated individuas
and usudly appear after the cessation of activity. Exertion induced muscle cramps are more gpt to
occur during exercise. Muscular soreness which may be felt after heat cramps must be differentiated
from rhabdomyolyss. In cortrast to heat cramps, the onset of rhabdomyolysisis usudly delayed one
to two days after muscle injury with associated dark amber urine and persistent localized muscular
tenderness. The muscular soreness associated with rhabdomyolysis is much more severe than the
soreness experienced following heat cramps.

d. Heat syncope is the occurrence of fainting when standing in a hot environment and is aresult
of posturad hypotension (low blood pressure related to the upright position). The drop in blood
pressure results from the shunting of blood to the cutaneous vasculature and the pooling of blood in the
lower extremities. The resulting unconsciousness is trandent and without lagting effect unlessthereis
an injury resulting from thefdl. If sanding is required in hot environments where injury from afdl is
likely, heat syncope should be considered a Sgnificant safety concern. Allowing individuas to move
about will help prevent heet



syncope. Providing placesto St (e.g. achair or soal), insuring raillings are present a
proper heights, etc. will decrease therisk of injury if fainting should occur.

(1) Pregnancy increases susceptibility to heat syncope. 1n hot environments, pregnant
women should not be required to remain standing at attention. Although the individua suffering from
heat syncope will regain consciousness dmost immediately upon lying down, medica evauation should
be obtained to rule out other causes of syncope.

(2) When filling out the Heat/Cold Stress Injury Form, dl heat syncope cases should be
checked off as heat exhaudtion, due to the difficulty in dlinicdly differentiating the difference between
heat syncope and heat exhaustion.

e. Heat Edema refersto swelling of the hands and feet associated with heat exposure. Itisnot a
sign of underlying cardiac or hepatic disease. Elevation of the legswill decrease the leg swelling. Hesat
edemalis uncomfortable and may make marching impossible due to tight fitting footwear. Heat edema
iscommon in pregnancy, epecidly in nonacclimatized individuas. Heet edema does not indicate
excessive water intake.

f. Heat Exhaugtionis a multisystem disorder resulting from an increase in body temperature
and/or dehydration with or without sdt depletion. If regular meals are consumed, salt depletion isvery
unlikely, especidly in acclimatized individuals. Hegt exhaustion may occur with heat exposure
associated with physical exertion in the absence of dehydration.

(1) Signsand symptoms of heat exhaustion include profuse or decreased sweeting.
Decreased blood pressure from volume depletion produces signs and symptoms of shock, e.g. rapid
pulse, positivetilt test, faintness, confusion, and even unconsciousness. Other signs and symptoms of
heat exhaustion include headache, nausea, vomiting, l0ss of appetite, and incoordination. Recta
temperature is usually elevated, generaly up to about 102 degrees F.

(2) Anyone who experiences even mild symptoms of heat exhaustion should be moved to
acool placetorest. Infield Stuations, move heat stress casuaties to a shaded area, have them he
down and elevate their legs. Sprinkle or spray victims with water, and fan them to facilitate
evaporative cooling. Sips of water should be provided to fully consciousindividuas. Medical
evauation should be obtained. Rectal temperatur e should be obtained immediately. If therectd
temperature is over 104'F the victim should be considered to have heat stroke. Cooling should
continue until the recta temperature is less than 102F, a which time cooling measures should be
ceased S0 as to prevent hypotherrnia. Recovery from heat exhaustion, generdly takes at least 48
hours.

0. Heat Stroke occurs when the thennoregulatory system collgpses. Rectal
temper atur e should be obtained immediately. If therecta temperatureis over 104°F the
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victim should be consdered to have heat stroke.

(1) Heat StrokeisaMEDICAL EMERGENCY! Rapid treatment isimperative asthe
risk of death is related to the magnitude and duration of the increased body temperature. Thevictim
may progress from normal homeostasis through heeat exhaustion to heat stroke. However, heat stroke
may occur suddenly with convulsons, ddirium, vomiting, and unconsciousness. Bleeding may be seen
from the nose or gums. Serum enzymes will be eevated. Involvement of the centrd nervous system,
hematologic and urinary systems are usually associated with severe cases. Elevation of the serum
enzymes usualy occurs 24 hours after heat stroke. Therefore, all heat injured per sonnel with
rectal temperatures greater than 104'F should have their serum SGOT levels obtained 24
hoursfollowing theinitial heat stressinjury. Generdly, the higher the SGOT the greater the
damage to the centrd nervous system, kidneys and liver.

(2) Inthe past, aheat stroke victim was described as aways having hot, dry skin as
opposed to the moist clammy skin of aheat exhaudtion victim. 1t has been found that athough the skin
may be hot and dry, just as often it may be moist from sweet. Therefore, upon initid evauation, the
skin can not be the differentiating factor in deciding on the degree of the heet injury. Only rectd
temperature can initidly differentiate between heat stroke and heat exhaustion.

(3 Individuds suspected of suffering from heat stroke should be taken to an emergency
medica trestment facility immediately. While waiting for trangport, if possible, the victim should be
immersed in cold water. If thisis not possible, sprinkle or spray with cold weter, and fan. Effortsto
cool the victim should continue while transporting to the emergency room. Cooling should continue
until the recta temperature is less than 102'F, at which time cooling measures should cease s0 asto
prevent hypotherinia  Intravenous fluids should be given as early as possible. Never attempt to give
ord fluids to an unconscious Or SemiCcoNScious person.

2. Digposition

After initid recovery, heat injured victims should be returned to light duty but not restricted to air
conditioned spaces. Heat injured victims should be restricted from performing heavy labor or exercise
in the heat until their SGOT leves return to within norma limits. After the SGOT returnsto within
normd limits, heat injured victims should be reacclimated to the heet under medica supervison with
exercise or labor of gradudly increasing intengity before being released to full duty. The length of time
for reacclimatization is dependent upon the severity of the heat stress injury and the response of the
injured person. Under_no circumstances should a heat stroke victim be placed on full duty
with less than seven days of reacclhnatization after normalization of the serum SGOT.




Chapter 5
PREVENTIVE MEASURES FOR HEAT INJLTRY

1. Acdimétization

Acclimatization refers to the physiologic adaptation which occurs over a succession of daysin
individuas exposed to environmenta heet stress which results in reducing.the strain caused by the hesat
dress. For example, acclimatization results in increased and more efficient sweating. Thet is, the
swest rate increases while the amount of sodium lost per mfluter of sweat decreases. Sweeting aso
begins a alower core body temperature after acclimatization. Acclimatization aso resultsin lowered
cardiovascular strain manifested primarily by alower heart rate.

a. Although good physical conditioning may increase the rate of acclimatization, exercise training
in cool westher is not a subgtitute for heet acclimatization. Heat acclimatization will decrease after a
few days away from the heat exposure, therefore personnd returning from leave in a cooler
environment will require some degree of reacclimatization.

b. Regular exercise of gradudly increasing intengity and duration in the heet is the mogt effective
method of acclimatization. However, some degree of acclimatization will occur in individuas engaging
in little activity. Acclimatization can be accomplished with about 100 minutes of heat exposure per
day. A sgnificant degree of acclimatization can be expected in 7-10 days, however, maximum heat
tolerance should not be expected for severa more days.

c. It should dways be kept in mind that the benefits of heat acclimatization can be
decreased or nullified by such things as deep loss, infection, dehydration, and sdt depletion.

d. Theeffects of pregnancy on the rate of heat acclimatization are not known, therefore amore
gradua approach to acclimatization in coordination with the respons ble obstetrician and occupationd
medicine physcian is recommended.

2. Water Reguirements

Hypohydration (insufficient water intake) is much more likely to lead to heet illness than hyponatremia
(low plasma sodium levels). Working in hot environments may result in the production of 6-8 liters of
sweat during the work day. The normal thirst mechanism is not sengtive enough to keep up with this

fluid lossrate.

a The need for increased water intake can not be overstated. Adequate water intake is
essentia in preventing heet illness. Thirgt (or the lack of it) is not an accurate indicator of
9



flud needs. Tolerance to dehydration cannot be developed.

b. Inorder for workers or troops to consume enough water to replace the large quantitieslost in
swedt, a definite planned effort must be executed. Supervisors and officersin charge should monitor
water inteke. Smply telling personne to drink plenty of fluidsin not sufficient. Water must be
available and close by. It dso should be paatable. Water temperature should be 50-60F if a all
possble. During moderate activity, in moderately hot conditions, at least one pint of water per hour is
needed. Small quantities should be consumed frequently, i.e. about 6 ounces or amedium glass full
about every 20 minutes.

3. Sodium Requirements

The norma American diet provides about 8-15 gramsof sdt aday. Military rations are usudly
heavily salted and may provide adaily sdt intake of about 25 grams. Except for nonacclimatized
individuas on low sdt diets and/or diuretics, sdt depletion from working in hot environments usudly
does not occur. SAt lossin sweet ranges from about 4 gramliter for the nonacclimatized individua to
1 gmmvliter for the acclimatized. Recommending liberd use of the sdlt shaker & med time during the
first 3 days of acclimatization (except of course for those on restricted sdlt diets) isdl the sodium
supplementation that should be needed. Carefully planned heet acclimatization will reduce or diminate
any need for sdt supplementation. Sdt tablets should not be used unless prescribed by a physician.

4. Medica Surveillance and Pre-placement Screening

Reference (e) requires gppropriate medical surveillance and screening of employees who are or will be
working in hot environments. Reference (f) includes a program for heat stress medica surveillance.
Severd medicd and physiologica conditions can make adjustment to hot environments more difficult
induding the fallowing:

a.  Sleep deprivation

b. Alcohaol abuse (One of the effects of alcohol isto act asadiuretic)

c. Many medicationsincluding diuretics and cold remedies

d. Obesty

e. Acute and chronic diseases such as high blood pressure, heart disease, vird
infections, and gastroenteritis

f.  Prior history of heat exhaugtion/stroke

g. Pregnancy
10



h.  Ageover 40

5. Enginering and Administrative Controls

The best way to prevent heet illness from occurring in a hot environment, is to make the work
environment cooler. In outdoor Stuations for troop activities, this may be accomplished by scheduling
activitiesin the cooler times of the day. However it should be kept in mind, that very early starting
times have been associated with deep deprivation, and that humidity tends to be higher in the early
morning hours. Indoor environments may be aterable through the use of ar conditioning or increased
ventilation (assuming cooler air is avalable from the outsde). In addition, providing reflective shidds
to deflect radiant hest, insulating hot surfaces, and decreasing water vapor pressure, e.g. by seding
steam leaks, keeping floors dry, etc. may aso dter indoor temperature. With respect to decreasing
convective heet tr-ansfer, increasing the air speed over the worker will increase the heet exchange
between the skin surface and the air unless the air temperature exceeds the skin temperature. Also,
increasing air speeds above 300 fpm may actudly have awarming effect. Cooling by evaporation of
sweset can dso be facilitated by increasing air movement over the worker. Of course increasing the air
speed will have no effect on workers wearing vapor impermeable clothing. The expertise of the
cognizant industria hygiene personnel may be caled upon to assess the degree of heat stress imposed
by the work enviroranent and to make recommendations for reducing environmental hest exposure,

6. Limitations of activity

a. Active duty limitations. Reference (a) recommends work limitations using the WBGT Index
and physiologica heat exposure limit (PHEL) curves. These limitations are designed for work in
industrid settings. Limitations for exercise and for activitiesin the fild should use the Wet-Bulb
GLobe Temperature (WBGT) with the flag system as outlined below and in reference (b).

D Whiteflag When the WBGT index isless than 80, extremely intense
physical exertion may precipitate heat exhaustion or heat stroke, therefore,
caution win be taken. A white flag isflown a this condition leve.

(2) Greenflag When the WBGT index is between 80 and 84.9, discretion isrequired in
planning heavy exercise for unacclimatized personnd. Thisisamargind heat gresslimit for dl
personnel. A green flag isflown a this condition leve.

(3 Ydlow flag Whenthe WBGT index is between 85 and 87.9, strenuous exercise and
activity will be curtailed for new and unacclimatized personnd during the first 3 weeks of heet
exposure. Outdoor classesin the sun will be avoided when the WBGT index exceeds 85. A yelow
(amber) flag is flown a this condition levd.

(4) Redflag Whenthe WBGT index is between 88 and 89.9, strenuous exercise
will be curtailed for al personnel with less than 12 weeks of living and working in hot



weether. A red flag isflown & this condition leve.

(5) Black flag,. Whenthe WBGT index is 90 or above, strenuous, nonessentia outdoor
physica activity will be suspended for dl personnel. Essentid activities are defmed as those activities
associated with scheduled exercises or other mgor training evol utions where disniption would cause
undue burden on personnd or resources, be excessively expengive, or sgnificantly reduce a unit's
combat readiness. Essentid outdoor physica activity will be conducted at aleve that is
commensurate with personne acclimatization as determined by the unit's commanding officer in
coordination with the unit's medica officer or medical personnel. AR efforts should be made to
reschedul e these activities during cooler periods of the day. A black flag isflown at this condition
leve.

b. Civilianlimitations. References (€) and (g) are to be used for heat stress management of
civilian employees. Tables’5.1, 5.2, and 5.3 should be used to determine work rest regimens for
civilian employees. The Threshold Limit Vaues (TLV'S) in the tables are based on the assumption that
nearly dl acclimatized, fully clothed workers with adequate water and sdlt intake are able to function
effectively under the given working conditions without exceeding a deep body temperature of 38'C.
They are dso based on the assumption that the WBGT vaue of the resting place is the same or very
closeto that of the workplace.

(1) Tables5.1and 5.2 are to be used to estimate the overall workload of the worker.
Then the workload category is estimated and the appropriate work/rest regimen is deter-mined usng
Table 5.3. Work load categories found in Table 5.3 are asfollows:

(& light work (up to 200 Kcd/hr): eg., Sitting or standing to control
meachines, performing fight hand or arm work,

(b) moderate work (200-350 Kca/hr): e.g., waking about with moderate
lifting and pushing, or

(¢) heavy work (350-500 Kcad/hr): e.g., pick and shovel work.
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Table5.1

Assessment of Work Load

A. Body Postion and Movement Kca
Sitting 18
Standing 36

Wadking 120-180
Walking uphill one meter rise
B. Typeof Work Kcd/hr Range Kca/hr
Hand work
Light 24 12-72
Heavy 54
Work one arm
Light 60 42-150
Heavy 108
Work both arms
Light 90 60-210
Heavy 150
Work whole body
Light 210
Moderate 300
Heavy 420
Very heavy 540
Basd Metabolism

Source: Reference (g)

For "standard" worker of 70 kg body weight (154 |bs.) and 1.8 square meter body surface.

13



Table5.2

Activity Examples
--Light hand work: writing, hand knitting —
--Heavy hand work: typewriting
--Heavy work with one arm: hammering in nalls (shoemaker)
--Light work two arms filing metd, planing wood, raking a garden
--Moderate work with the body: cleaning afloor, beating a carpet
--Heavy work with the body: ralroad track laying, digging

Sample Calculation:

Ass=mbly line work using a heavy hand tool.
A. Wakingdong 3.0 kca/min

B. Intermediate vaue between heavy work
with two arms and light work with

the body
C. Add for basd metabolism 1.0 kcd/min
Totd: 6.0 kecad/min

Source: Reference ()
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Tableb.3

Permissible Heat Exposure Threshold

Limit Vaues
Work Load
Work/Rest Regimen Lignt Moderate Heavy

Continuous Work 86 80 77
75%r Work, 2576 Re<t, 87 82.4 78.6
Each Hour
50% Work, 50% Rest, 89 84.9 82.2
Each Hour
25%- Work, 75% Rest, 90 88 86

Each Hour

[Vdues arein Fahrenhait, WBGT

Source: Reference ()
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(2) When aworker is not continuoudy exposed in asingle hot area but moves between
two or more areas having different levels of environmenta hegt, or when the environmentd hesat varies
subgtantidly at asingle hot area, envirorunenta heet exposure should be measured for each area and
for each leve of environmenta heat to which employees are exposed. Also, where the WBGT of the
work areais different from that of the rest area, the WBGT of the rest area should be measured.

(3) Combining dl WBGTs and metabalic ratesinto the formulas -found in reference (g),
TLVscan be cdculated and followed. In caseswhereit istoo difficult for the supervisor to cdculate
TLVS, the assstance of an Industrid Hygienist should be obtained.

c. Clothing factors are of concern for both military and civilian workers.

(1) Recommended gay timesin hot environments assume work clothing is permeable and
congsts of not more than the customary long-deeved work shirt and trousers (or equivalent). Clothing
which lowers air and vapor permesbility will interfere with body cooling, decreasing heet tolerance. In
generd, as the thickness and air/vapor impermesbility of clothing increases, interference with
convective, radiative, and evaporative heat exchange increases.

(2) Vapor impermesable dothing such as full misson oriented protective posture (MOPP
4) suits pose sgnificant problems with respect to heat stress. Even in cool temperatures (50-70'F),
personnd wearing such clothing and performing heavy work will require more frequent rest periods
out of the impermesble clothing in order to dissipate metabolic heat. Workers wearing semipermeable
or impermegble clothing should be monitored when the ambient (dry bulb) temperature is above 70°F.
Monitoring may include pulse rates, body temperatures, observations and verba communication with
the worker. Personnel in MOPP 4 should not be expected to perform heavy work in hot
temperatures (above 85F) unless absolutdly necessitated by operationd requirements.
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Chapter 6

ESSENTIAL INFORMATION REGARDING PREVENTION
OF COLD CASUALTIES

1. Body Heat and Enviroment

Body hest is regulated by a complex interaction of factors including temperature, air movement,
humidity, and radiant heet, as well as the individua's physiologic and behaviord responses. Changes
in body temperature are the result of a balance between heat production and heat losses. The human
body operates at peak efficiency within anarrow core temperature range around 98.6'F (37'C), while
the shell extremity temperature may fluctuate safely through a much wider range. The thermostat that
controls body temperatureis located in a part of the brain called the hypothdamus. Internal body
temperature is regulated by control of blood flow from sites of heat production to the body surface.
Body heat is produced by combustion of carbohydrates, fats, and proteins. If the heat of the body is
to remain constant, the heat produced and the heat gained must equa the hesat lost. Metabolic heat
production, plus or minus radiant, conductive, and convective heat exchange, minus evaporative hesat
loss equas the storage of heet in the bodly.

2. Natureof Cold Injury

a. Cold injury and illnesses have aworldwide digtribution. The physiologic effects of cold
exposure include mechanisms designed to conserve energy and increase body heat production. These
include superficid congtriction of the blood vessdls, increased concentration of the blood, increased
muscular activity (shivering), and increased oxygen consumption. If body temperature cannot be
sustained, various degrees of hypothennia and surface tissue injuries develop. The ability of the body
to respond to cold is modified by factors such as age; fatigue; other injuries and illnesses; history of
previous cold injury; discipling; training and experience; race and area of origin; drugs and
medications, including acohaol and tobacco; activity; psycho-socid factors, and the state of hydration.
Heset lossis strongly affected by the wind chill factor, which is a measure of the combined effects of
wind and temperature, and by conductive loss due to immersion in cold water.

b. Thetypesof cold injuries are nonfreezing and freezing. Nonfreezing injuries, which occur with
environmenta temperatures above freezing, are chilblains immersoninjuries, and hypothermia.
Freezing injuries (frosthite) occur when environmental temperatures fal below freezing. Other
common conditions that may occur during cold weether operations are acute mountain Sickness,
carbon monoxide poisoning, snow blindness, and condtipation.
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c. Nonfreezing Injuries

(1) Chilblans (Pemio) isasuperficid tissue injury which occurs after prolonged or
intermittent exposure to low but nonfreezing temperatures and high humidity. Chilblansare
characterized by initid pdlor. After rewarming there may be erythema, edema, and itching.

(2) Immergon injuries result from prolonged exposure to cold water, usudly 12 hours or
longer a temperatures of 50-700F (10-21 OC) or for shorter periods at or near 32 OF (O'C).
Trenchfoot isan immerson injury seen in trench warfare where mohility is limited and dry boots and
socks are unobtainable. Theinjured part is cold, swollen, waxy-white, with cyanotic burgundy-to-
blue splotches, the skin is anesthetic and degp musculoskeletal sensation islogt.

(3) Hypothermiais areduction of the body's core temperature below its normal
level (98.60F or 37'C), which results in a progressive deterioration in cerebral, musculoskeeta, and
cardiac functions. Three degrees of severity are recognized and defmed by core temperatures.

(& Mild Hypothertnia 95-89.6F, initidly characterized by violent shivering
followed by virtud cessation of effective muscular activity, disorientation and disnterest in
surroundings

(b) Moderate Hypothertnia 89.59- 78.80F, with cardiac irregularities occurring at
about 86'F (300C) and corneal reflexes absent below 82.4'F (28'C) .

() Severe Hypothermia occurs at core temperatures 78.79'F and lower, and with
ventricular fibrillation a paramount risk below 80.60F (27'C) and the patient may gppear dlinicaly
dead. Because patients have been successfully resuscitated at core temperature of 64'F (I 8'C), the
axiom to be remembered is, "No oneis dead until heiswarm and dead.”

d. Freezing injuries and frosthite result from exposure to temperatures below freezing. The
speed of onset, depth, and severity of injury depend on temperature, windchih, and the duration of
exposure. Celular injury and death occur from cellular trauma due to ice crysta formation and from
complex vascular reactions occurring in cold exposure. Superficid frosthite involves only the skin or
the tissue immediatdy beneeth it, while deep frogthite aso affects the deep tissue benegath (including
the bone). If the tissue has frozen, it appears "dead white' and is hard or even brittle. Differentiation
of the types and severity of injury may be difficult even after rewantning has occurred. Definitive
classfication of severity is possible only in retrospect, after the case is completed.

(1) Firgt degree frogthite is smilar to mild chilblain with hyperemia, mild itching,
and edema no bligtering or pedling of skin occurs.
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(2) Second Degree frogthite is characterized by blistering and desquamétion.

(3) Third degree frogthite is associated with necrogs of skin and subcutaneous tissue with
ulcerdion.

(4) Fourth degree frogthite includes destruction of connective times and bone,
accompanied by gangrene. Secondary infections and the sequelae noted for nonfreezing injuries are
not infrequent, particularly if thereisahistory of freeze-thaw-refreeze.

3. Susceptibility of Personnd

a. Acdimatization for 1-4 weeks enables the body's physiologic mechanisms to adapt
to the cold environment. The cold adapted person conserves heat better, shiversless, and functions
more efficently in the cold.

b. Agc isnot aggnificant problem within the usual range of combat personnd,
athough very young children and the elderly are more susceptible to cold mjury.

c. Grade or rate is sgnificantly associated with cold injury in that front line riflemen
have a higher risk of immersion foot and frostbite than higher ranks.

d. Previous cold injury produces susceptibility to recurrent injury.

e. Fdigue can cause carelessness and increases the risk of cold injury.

f. Other injuries or illnesses the risk of occurrence and the severity of cold injury, including
injuries that cause tissue damage, blood loss and hypovolemia, and febrile illnesses that interfere with
normd temperaure regulating mechanism and predispose to hypothermia.

0. Distipline, training, and experience are important factors in prevention of cold injury. Poorly
motivated, negative individuas tend to be less active, pay less atention to persona ¢m needs, and are
more susceptible to cold injuries.

h. Race and Area Origin. Although the mechanisms are unclear, Caucasansfrom, U.S. climates
with minimum January temperatures above 200F (- 70C) and American Blacks appear to share an
increased hazard of developing cold injury.
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i. Activity. Too greet or too little activity may contribute to cold injury. Over activity may cause
loss of body heat through perspiration. Immobility causes decreased heat production.

J. Drugs and Medications® Drugs which affect peripherd circulation or perspiration modify the
response to cold, and must be used with caution. Phenothiazides and barbiturates can modify
shivering and gates of awareness, and predigpose to cold injury. The use of tobacco is discouraged
during cold wesather operations because of its vasocongricting effect, and is forbidden in the trestment
of frogthite. Alcohol has more disadvantages than advantages, because its vasodilatory effect robsthe
body's core of an essentid protective mechanism and produces a detrimenta distortion of judgement.

K. Nutrition Starvation or near Sarvation diets predispose to cold injury.

1. Water deprivation will cause more problems than lack of food, causing an increased
risk of frogthite and impairment of judgment. It may lead to severe gastrointestina problems
and hypothermia.

4. Preventive Measures.

Cold injuries are avoidable by proper use of preventive measures that are ingpected and
enforced by officers and noncommissoned officers.

a. Windchill is defined as the number of cdorieslost during 1 hour from asquare
meter of a surface kept at 91.4'F (33'C). A temperature of 20'F (-7'C) and wind speed of 45 miles
per hour produce the same effect as atemperature of -20'F (-29'C) and awind speed of 4 miles per
hour, aloss of 1400 kilo caories per hour. Exposed flesh may freezein | minute at atemperature of
15'F (-9'C) a wind velocity of 25 miles per hour. Helicopter downwash converts acam day into a
windy one, and can cause indant frogthite, All individuas going to the cold environment should be
aware of the following windchill chart and use protective measures that are appropriate for the
equivaent temperature:
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Table6.1

WINDCHILL CHART

Edtimated Actua Thermometer Reading

Windspeed

(in mph 50 40 30 20 10 0- 10 - 20 -30 - 40 -

50 - 60

Cam 50 40 30 20 10 0- 10- 20 - 30 - 40 -

50 -60
5 48 37 27 16 6 -5 -15 -26 -36 -47 -57 -67
10 40 28 16 4 -9 -24 -33 -46 -58 -95
15 6 2 9 -5 -18 -30 -45 -58 8 -99 -112
20 32 18 4 -10 -25 -39 -53 -67 82 -96 -110 -124
25 30 16 0 -15 -29 -44 -59 -74 -88 -104 -118 -133
30 28 13 -2 -18 -33 -48 -63 -79 -94 -109 -125 -140
35 2r 11 -4 -21 -35 -51 -67 -82 -98 -113 -129 -145

40 2610-6-21-37-53-69-85-100-116-132-148

(windspeed LITTLE DANGER INCREASING GREAT DANGER
grester for properly DANGER
than 40 mph clothed. Danger from
havelittle Maximum freezing of
additiond danger of exposed flesh.
effect fdse sense I

21




b. Persond clothing is required to insulate the body and is designed to dlow ventilation and
protectagainsthesat loss. In the military the Extended Cold Westher Clothing System (EWACS) is
used. EWACS congigts of three layers. Theinner layer isthe vapor transmission layer and is porous,
with numerous air pockets. The middle layer isthe insulaing layer which may consst of severd
insulating gan-nents which minimize displacement of body-warmed, trapped air. The outer layer
congsts of protective wind and water resistant garment. Moisture and the minera salts present in
swedt reduce the insulating qudities of clothing. Therefore, it isimportant to keep the garments as
clean and dry as possible. Protection of the feet is most important. Cold wesather footgear uses the
layering principle in black or white rubber vapor barrier (VB) boots, which are effective down to -
45'F (-43C). These boots are wom with one pair of wool. cushion-soled socks. It is currently
recommended that the socks be changed and dried about4times a day,athough some authorities
accept adaily change of socks as adequate.

C. Meteorological Dataand Tactical Situations. AR commanders should be familiar with smple
meteorologica data, such as humidity, temperature, wind, and ground surface conditions, which
influence the risk of cold injury. Clothing needs and periods of exposure can thus be planned to
reduce the risk of cold injury. Cold injurieswill be more prevaent in fighting forces who are not in
control of the tactical Stuation.

d. Nutrition and Activiiy. Normdlly, a calorie intake of 3500 caories per day will be adequate,
but the work involved traversng snowy areas uses 4500-6000 calories per day. Carbohydrates and
fats are the prefer-red sources for energy production. Idedlly the diet should be consst of 20 %
protein, 45 % Carbohydrates and 35 % fats.

e Water. With only light activity in the low humidity of Arctic ar, a person win lose between 2
and 3 liters of water daily. Adequate intake of potable water must be ensured, and is monitored by
checking the " snow flowers™ or " snow spots, " which are the marks made by urinating in the snow.
Snow is generdly contaminated by airborne dirt and anima excrement, and must not be eaten for
water replacement. If snow is used, it should be boiled or iodinized properly after mdting. Caffeine-
containing drinks increase urine output and increase the risk of dehydration. Consuming wann liquids
is desirable to protect the core temperature.

f. Traning and Discipline. Acclimating to the cold for a period of 1-4 weeksis desirable, during
which gradud increase in duration of exposure is accomplished, and proper physicd conditioning is
ensured. Personnel should be checked daily for persona hygiene, especidly of the feet, and for early
sgns and symptoms of cold injury.

0. Susceptible Groups. Gresater protection and supervision should be provided for certain
groups of individuas, including the fatigue group, the racia group, the geographic origin
group, the previous cold injury group, the negative group, and those with other injuries and
illnesses.
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5. Ard Aid.

Leaders of smdl units and groups must be familiar with the symptoms of cold injuries and illnesses and
carefully observe their personnel when operating in the cold envirorunent. Treatment of cold injury
depends upon the time elgpsed after injury, the severity of the injury, the presence of complications,
and the area affected. Thetacticd Stuation and facilities available will dso influence the trestment in
military operations, where large numbers of patients may require treetment dmost Smultaneoudy. The
examinaion and trestment of life-endangering wounds must take precedence over cold injuries.
Primary treatment is divided into buddy system or first aid and initid or emergency medicd trestment
in forward aress.

a Firg Aid or Buddy System

(1) The patient should be redtricted from his or her usud duties until the severity of injury

can be evauated. A doctor should see the injury as soon as possible. All congtricting items of
clothing, such as boots, socks, or gloves should be removed from the site of injury. Theinjured area
must then be protected from further cold injury by blankets and noncondricting clothing. Smoking,
drinking of acohoal, and gpplication of saves or ointments are prohibited. Drinking of hot liquidsis
encouraged, if the patient is conscious and not otherwise injured or exhibiting moderate to severe
hypothennia. In unusua circumstances where travel on foot is the only means of evacuation for
frogthite of the feet, thawing of the injured areaiis not indicated until the patient reaches an ad Sation
and medica help. Light cases of superficid frogthite may be trested by placing the injured part against
the warm skin of the crotch, armpit, or abdomina skin of the patient or abuddy. Intense pain and
hyperemia occur on rewanning and may persst for severa hours but gradualy disappear. More
severe cases should be treated only a amedicd facility.

2 Hypothermic patients should be moved promptly to the battalion aid or clearing Station for
treetment. Mild hypothennia victims can wak on their own and speek lucidly, and can be rewarmed
promptly at the battdlion aid station. More serious cases must be protected from further heat loss and
transported to the battalion aid station for evaluation, with transportation conducted with care to
prevent ventricular fibrillation. Depending on the depth of hypothennia found to be present, moderate
and severe hypothennia patients win be rewarmed at either the clearing Sation or afied hospita.

b. Initid or Emergency Treatment (Battdion Aid Saion

@ Frosthite is treated by rapid rewarining in awater bath carefully controlled at 1040F (40'C),
not to exceed 109'F (43 C). The water bath must have thermometer temperature control. Rapid
warming should not be continued beyond the time when thawing is complete and should not be
ingtituted if thawing has already occurred. Nonfreezing injuries should not be warmed above 98.6F
(37°C). Smoking is prohibited. Alcohal is not recommended.
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Narcotics and other pain medications are not contmindicated, except where other injuries are present.
AR patients with cold injuries of the lower extremities are litter patients. Blisters and blebs should be
ruptured if they are nonhemorrhagic but they should not be ruptured if they are hemorrhagic. The
affected part should be carefully protected with-loosdly wrapped sterile fluff bandages during
transportation. Tetanus Toxoid is administered. Prophylactic antibiotics are not recommended.

2 Hypothenniais assessed using alow temperature thermometer, or the clinica indications of
level if temperature monitoring is not possible. Individuas with hypothermia of moderate, savere, or
profound levels should be protected againg further temperature loss and moved carefully to a clearing
gation or fidld hospitad. Only cases of mild hypothennia ((95'F to 89.6-F) (35-C to 32'C)) should be
treated at the battalion aid station, because of the risk of ventricular fibrillation and other complications
that may occur during rewanning. If thereis any question whether victims are more than mildly
hypothen-nic, evacuate them to the clearing Station.
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Appendix A
Heat/Cold Injury Report

REPORT OF HEAT/COLD INJURY FOR NAVY/MARINE CORPS ASHORE NEHC-TM92-6

FROM: (Reporting Activity)
DATE

NAVY ENVIRONMENTAL HEALTH CENTER
Attn: Occupationa Environmental Medicine

TO: 2510 WALMER AVENUE
NORFOLK, VA 23513-2617

SSN

RANK/RATE RACE SEX
BIRTHPLACE

DATE AND TIME OF EXAMINATION

UNIT TOWHICH ATTACHED

DATE REPORTED TO PRESENT STATION

PRESENT ILLNESS (Onset Date

WBGT

DIAGNOSIS (Check one and Time)
HEAT CRAMPS

CHILBLAIN

HEAT EXHAUSTION
FROSTBITE

HEAT STROKE

HYPOTHERMIA

TIME ON ACTIVEDUTY (Months)

DESCRIBE BRIEFLY WHAT PATIENT WASDOING AT TIME OF INJURY
INCLUDE DESCRIPTION OF CLOTHING
NOTE:

(1) ALL HEAT STRESS INJURIES SHOULD HAVE RECTAL TEMPERATURES.



(@) ALL HEAT STRESS INJURIES WITH RECTAL TEMPERATURES
GREATER THAN 104' SHOULD HAVE SERUM SGOT DRAWN 24
HOURS AFTER THE INJURY.

LAB FINDINGS
SYMPTOMS (Check al applicable)

SKIN
UNCONSCIOUS WEAK OTHER RED NORMAL
(Specify)

DIZZY NAUSEA PALE  OTHER
CONFUSED CRAMPS WET (Spexify)
NUMBNESS VOMITING DRY

VISUAL DISTURBANCES
(Specify)

RASH TEMP(R)
PULSE

HEIGHT

WE | GHT

HOURS OF SLEEP (Last 24 Hours)

LAST MEAL (Date and time)

AMOUNT  LIGHT MODERATE HEAVY

BLOOD PRESSURE

SYSTOLIC DIASTOLIC

AMOUNT OF WATER (Last 12 Hours)

SWEATING (Check one)

EXCESS MODERATE

NONE SLIGHT

LAST HISTORY OF HEAT/COLD ILLNESS (Specify type)

DATE (MONTH AND DAY) DIAGNOSIS

NONE

RECENT ILLNESS OR IMMUN1ZATION

DATE DIAGNOSIS NONE
DISPOSI TION-PRESENT ILLNESS

BINNACLE LIST/SIQ LIGHT DUTY

(NUMBER OF DAYS) (NUMBER OF DAYS)

CLINIC  HOSPITAL (Admitted)
REMARKS (Initid trestment, long-term treatment potentia, extent of injury, remission)
SIGNATURE

PREPARED: SUBMITTED:
COMMANDING OFFICER
NEHC-5100/3 (APR 92)
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