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Frequently Asked Questions
Microtherm WBGT Heat Stress Monitor

Introduction
Background and overview to Heat Stress

= What is heat stress?

= Which standards are used?

= What are the medical effects/symptoms of heat stress?
=  What is the WBGT index?

= What are the basic principles of heat transfer?

= What sensors are used?

= What are the principles of operation behind the sensors?
= How do | interpret the WBGT values?

= What are the work-rest regimes?

= What effect does clothing have on heat stress level?

= How do | calculate the metabolic rate?

= Can | measure temperature at different heights?

Calibration
= How do you calibrate the Microtherm Heat Stress WBGT?
= What is the operating temperature range of the unit?

WinHSM computer software
= What facilities does the software offer?

Practical considerations / use of the instrument?
= How often do | need to use the Microtherm WBGT?
= In what applications would | use this instrument?
= How do | maintain the instrument?
= Can | connect the instrument directly to my PC?
= Where can | use the instrument?
= Can | use the instrument outside?
= What are the terms of warranty?
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BACKGROUND AND OVERVIEW TO HEAT STRESS
What is Heat Stress?

Heat Stress is the physiological strain caused by an increase in core body temperature. The human body
maintains its core body temperature at 98°F over a wide range of conditions by thermo regulatory means.
The contributing factors that can affect heat stress range from metabolic heat generation, evaporation,
convection, radiation and conduction. The relative humidity, air velocity and the clothing worn by the
individual within that environment affect the evaporation rate. The ambient temperature affects convection
and if this is higher that the body’s core temperature, the body will gain additional heat. When a person is
subjected to working in a hot environment the heat loss by radiation, convection and evaporation will be
limited and ultimately the core body temperature will rise. This will result in greater heat stress and higher
physiological strain. The Microtherm WBGT instrument assists in monitoring the Heat Stress levels of
workers thought to be at risk.

What are the medical effects/symptoms of heat stress?

Workers exposed to hot working environments are susceptible to heat stress, when the core body
temperature rises to dangerous or hazardous levels. This can result in physiological symptoms like heat
cramps, nausea, palpitations, stroke and possibly death. In particular, this is dependant on the production
of heat inside the body as a result of the physical activity. It is also dependant on the characteristics of the
surrounding environment governing the heat transfer between the atmosphere and the body. This
depends on a number of different factors; mainly air temperature, mean radiant temperature, air speed
and absolute humidity.

There are a number of medical effects that result if the body is subjected to greater heat stress and
greater cardiovascular demands and physiological stress. Symptoms first occur when the bodies core
temperature raises above 101.3°F. As changes can occur rapidly it is always important that all workers
are supervised. A reduction in work rate is the first sign of heat stress. A range of medical conditions can
exist due to heat stress;

= Skin burns; caused by direct contact to hot surfaces

® Fainting; caused by a reduction in blood pressure to the brain. Muscle cramps can also be a
result

= Excessive sweating, nausea and vomiting; occur as a result of salt depletion

® Heat exhaustion; this itself also has a number of characteristic symptoms; such as tiredness,
dizziness and vomiting, breathing difficulties, extreme thirst and cramps.

=  Swelling: of the joints and heat rash

" Heat Stroke: is also a result of Heat Stress. Heat stroke can occur when the body’s core
temperature is above 104°F, the body loses its ability to sweat and loss of consciousness may
occur. Ultimately Heat Stroke can result in death.

What are the applicable Standards?

" |SO 7243:1989(E) Hot Environments — Estimations of the heat stress on working man, based on
the WBGT-index (wet bulb globe temperature)

= |SO 7226; Thermal Environments — Instruments and methods for measuring physical quantities.

= |SO 7730, Moderate Thermal Environments — Determination of the PMV and PPD indices and
specification of the conditions for thermal comfort.

= |SO 7933, Hot Environments — Analytical determination and interpretation of thermal stress using
calculation of required sweat rates.
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What is the WBGT Index?

This was initially developed by the US Marines and is now widely used within general industry. It is an
empirical index representing heat stress to which an individual is exposed. It is based on the exchange of
heat between man and the environment. This index combines two parameters; the natural wet bulb
temperature (t,v) and the globe temperature (t;). In some situations the air temperature is also taken into
consideration, which is performed by measuring the dry bulb temperature (t,). The following expressions
show the relationship between all of these parameters;

® Inside Buildings and outside buildings without solar load:
WBGT = 0.7t,,, + 0.3t4

® Outside buildings with solar load:
WBGT =0.7 t,, +0.2t; + 0.1 ¢,

What are the basic principles of heat transfer?

The basic sensors that are used on the Microtherm WBGT work on the basic principles of Conduction,
Convection and Radiation & Evaporation.

® Conduction; the flow of energy through matter. In order for energy flow to take place there must
be an energy differential between the two points. The Wet Bulb Sensor measures conduction.

= Convection; the process of heat flow and transfer that involves the movement of the medium
itself. The air temperature sensor measures convection.

® Radiation; the energy that is transmitted, emitted or absorbed in the form of particles or waves.
The Black Globe sensor measures this parameter.

= Evaporation; the loss of energy as liquid changes to the gaseous phase. Evaporative cooling
takes place when sweat evaporates from the skin. High humidity effects reduce the rate of
evaporation and thus reduce the effectiveness of the body’s primary cooling mechanism. This is
important, as the percentage of liquid in the body is critical to its correct functioning.

What sensors are used?

All sensors used are Platinum Resistance Temperature Detectors (PTRD) that are industry standard and
yield the most accurate readings.

® Natural wet bulb temperature sensor
This is a temperature sensor covered with a wetted wick, and is ventilated naturally. It is
responsible for measuring an evaporation effect from a surface.

= Globe temperature sensor
This is a temperature sensor placed in the centre of a black globe, which is designed to absorb
the available heat energy within the measuring environment. This sensor measures the
conduction and radiation effect within the working environment.

= Air Temperature
This is a standard PTRD sensor that is shielded from direct solar load.

® Metabolic Energy
This is the quantity of heat produced inside the body that produces an element of heat stress. It is
therefore essential to determine metabolic energy in order to evaluate heat stress. Metabolic
energy, which presents the total quantity of energy consumed inside the body, is a good
estimation of this for most industrial situations.
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How do | interpret the WBGT values?

The WBGT value is obtained in order to be able to compare the level to a reference value. This value is
used in order to evaluate the heat stress within the work place. If the value is too high some action may
need to be taken. The action required may be to reduce directly the heat stress or strain at the workplace,
or to carry out more detailed medical monitoring of the personnel.

There are also other factors that are responsible for the way in which the body gains and loses heat
within its surroundings. These are such factors as the metabolic rate, the type of clothing worn and the
duration of the exposure to the heat or the cold. Typical metabolic rates can be seen below.

What are Work-Rest Regimes (WRR)?

The Work-Rest Regime (WRR) minimizes the effect of heat stress upon a worker. Different regimes of
work and rest are adopted at specific levels of WBGT. The regime is also dependant upon the levels of
work and the metabolic rate of the worker. Workloads are defined as follows;

= Lightis a metabolic rate of 230W
® Moderate is a metabolic rate of 230 to 400W
= Heavy is a metabolic rate of between 400 and 580W

Workload (total)
Light Moderate Heavy

Continuous 30.0 26.7 25.0
75% work, 25% rest each hour 30.6 28.0 259
50% work, 50% rest each hour 31.4 29.4 27.9
25% work, 75% rest per hour 32.2 31.1 30.0

By performing a heat stress survey, a WRR is calculated. This determines how long the worker can work
within those conditions and how long a rest period the worker requires. The Microtherm WBGT is
capable of indicating (via the included software) the appropriate WRR required for an entered level of
activity on any particular worker (see WinHSM in the software section).

What effect does clothing have on heat stress level?

The type of clothing worn governs the amount of heat gained or lost by a body. Standard tables of values
for these are available (Clo). Clothing Assemblies have varying resistances to heat flow, expressed by
the unit ‘Clo’, where 1 Clo = 0.155°cm™W™". Typical Clo values can be seen as follows:

Clothing Assembly Clo
Naked 0
Shorts 0
Light summer clothing 0
Typical indoor clothing 1.
1
3

Heavy Suit and underclothes
Polar Clothing
Practical Maximum 5
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Having gained the WBGT values, the work rest regime matrix can again be corrected by the clothing worn
within the working environment. The corrections that can be made are as follows;

® Light summer clothing, 0
= Cotton overalls, -2
®  Winter clothing, -4

=  Water barrier (permeable), -6

For example, in cotton overalls, the point at which a worker under heavy workload would be subjected to
75% work and 25% rest would start at 25.9 -2 = 23.9°C. The appropriate clothing correction factor can
then be inserted into the WinHSM software and the regimes are re-calculated accordingly (see the
following software section).

How do | calculate the metabolic rate?

Metabolic Rate can be determined in two ways; either by measuring the oxygen consumption of the
worker or by estimating it from reference tables. It is sufficient when calculating the WBGT to estimate the
metabolic rate according to these reference tables.

Activity Metabolic Rate (W)
Sitting 95
Standing 115
Walking at 4 km h™ 260
Standing: light hand work 160-210
Standing: heavy hand work 210-260
Standing: light arm work 315
Standing: heavy arm work 420-675
Work with whole body: light 315
Work with whole body: moderate 420
Work with whole body: heavy 560

Again, these values can be entered in via the WinHSM software and reports generated.

Can | measure the temperature at different heights?

If the parameters are not constant within the working environment then it may be necessary to determine
the WBGT at three different positions corresponding to the height to the head, abdomen and the ankles in
relation to the ground. These positions vary whether the worker is sitting or standing. The heights are:

= Standing the measurements are done at 0.1m, 1.1m and 1.7m (4 in, 44 in and 68 in)
= Sitting the measurements are at 0.1m, 0.6m and 1.1m above the floor (4 in, 24 in and 68 in)

However, for a rapid determination of the WBGT index, it is sufficient to take one measurement at the
level at which the heat stress is at a maximum. Tripods are available to allow the user to position sensors
(via remote 10m / 30 ft extension cable) at different heights if required.
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CALIBRATION
How do you calibrate the Heat Stress Monitor?

Calibration of the Microtherm WBGT is performed internally via the electronics each time the instrument
is switched on. This insures a high accuracy for each of the temperature sensors (+/- 0.01%) and
eliminates the need for annual recalibration. Sensor arrays are also interchangeable without need for
recalibration.

What is the operating temperature range of the unit?
The electronics of the Microtherm WBGT unit are rated for use in the range of -5 to +60°C (23 to 140°F).

The sensor array itself can be placed in an area with a temperature range between -5 to +120°C (23 to
248°F).
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WINHSM SOFTWARE
What can the Software do?

The WinHSM Software is compatible with Windows 98, 2000, ME, NT and XP and performs the following
key functions:

= Generates summary reports of all measured and calculated parameters:

Heat Stiess Monitor - HSM-2000-12-05-14-50-32 = MEE

File Edit “iew Standards Communications ‘window Help

EHERE S «REPE DT

3 HSM-2000-12-05-14-50-32 - Summary _[ol:
WEGT Heat Stress Summary Report 1
Report data file: CMAWES\Casella Software\Installed Programs\H3M-2000-12-05-
Start: 14:50:32  05/12/2000
End: 10:21:02 0771272000
Parameter Minimum  Average Maximum
Tg 20.2°C 220°C 24.4°C
Towe 15.8 °C 177 °C 2006 °C
Ta 20.2°C 220°C 24.9°C
TWBGT TWAin 174 °C 206 °C
WEGT in 15.0°C -
WEBGT TWAout 17.3°C 206 °C

1

For Help, press F1 |gam [ NoM [
5] | 2 @ % Sin oo o o) o0 s [l (BB
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= Allows the operator to enter ISO Metabolic Class:

Motabolic Rate =lel

File Edit Wiew Stanc
~ hetabolic cla:
T HSM-2000-12-05- [ e

M Ietabolic rate (M) 130¢M <200 ‘WinE
oot i etabolic rate (M) range:

HEM-2000-12-05-

Start: Y alue to be used for calculation of mean metabolic rate: [165  wi/nf
End: Examples
Sustained hand and arm work [hammering in nails. filing); arm and leg
work [off-road operation of lomies, fractors or construction eguipment];
Parameter
—_— arm and trunk work [wark with preumatic hammer, tractor assembly,
Tg plastering, intermittent handling of moderately heawy material, weeding,
T hoeing, picking fult or vegetables); pushing or pulling light-weight carts
Ta or wheelbarrivs; walking at a speed of 3.5 kméh to 5.5 km/éh; forging,
WEBGT TWhin
WEGT in -
WEGT TWhout [ Heatstiessind ¢
LI— ¥ Person acclimatised to heat Add to summary | _I _>|-
¥ Serwible ai movement Femove from Wmmawl
Reference value of WBGT: |28.0 °C
[Essumming clothing worn is permiable to air and steam,
with a thermal insulation index lcl = 0.6 Clo]
For Help, press F1 — MUk

Bt | A @ || sl ] @94 uo] muf vl sl ege]  [BGa e

®= OSHA -recommendations and clothing factors can be entered in and attached to the
report, where the WBGT values are corrected accordingly:

Heat Stress Monitor - HSM-2000-12-05-14-50-32 ===

File Edit “iew Standards Communications ‘window Help

By Sliso 88 FIMD 4 LD %

= 05HA Recommendations
=l —
WBGT Heat Stre [ Wk T
Report data file: Activiy: [ElET T (HSM-2000-12-05-
Start:
End: Clathing: | Light summer clothing j
Parameter i WBGT = and recommended work frest regimes
Tz Continuous work: IZE.F =
Towe
s 5% wark, 257 rest sach hour: 280 °C
TWEGT TW Ain 50% work, 50% rest each hour: |29.4 ‘C
WEBGT in 26% work, 75% rest each hour: SIS E E
WBGT TWAout i
4 | Add to summary | Remowve from summalyl _,I’
For Help, press F1 |gary MNUM

o] |2 @ 51| o] ] o34 vl 3] vl ol ] BB e

= From these amendments, the appropriate work-rest regimes can be adopted.
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® Tabular & Graphical reports that can be exported to other software packages:

Heat Stress Monitor - HSM-2000-12-05-14-50-32 = MEE

File Edit “iew Standards Communications ‘Window Help

EHEFR S -nEHIPEH LD 2]

A HSM-2000-12-05-14-50-32 : Summary
3 f/HSM-2000-12-05-14-50-32 : Table I
I§ Timne Air Temp. °C | Globe Temp. °C| et Temp. *C| WBGTin 'C| WEBGTou °C 5-
=1 09/12/00 14:50:32 243 205 205 216 21.6 -
F|05/12/00 145102 249 201 201 213 21.4
05/12/00 1451:32 | 243 197 19.7 211 211
05/12/00 145202 | 249 195 195 209 21.0
F|[0512/00 145232 | 243 19.4 19.4 209 203
ﬁ 05/12/00 145302 | 24.3 194 19.4 209 203
05/12/00 145332 | 248 19.3 19.3 20.8 209
T|osn2/00 145402 248 19.3 19.3 208 08
T(0512/00 145432 | 24.8 193 19.3 20.8 203
5 05/12/00 145502 | 248 193 19.3 208 203
11 05412/00 145532 247 19.3 19.3 20.8 209
%[ 05A2/00 148602 247 19.3 19.3 208 0.8 =
5| 08A12/00 14:56:32 247 193 19.3 20.8 208 -
05/12/00 145702 | 247 19.2 19.2 208 208
LI 0512/00 145732 | 247 19.2 14.2 208 208 _'r
05/12/00 145802 | 248 19.3 19.3 208 0.8
05/12/00 145832 | 246 19.2 19.2 20.8 208
05/12/00 145302 | 2486 19.2 19.2 208 208
05/12/00 145332 | 248 19.2 19.2 207 208
05/12/00 1%:00:02 | 24.6 19.2 19.2 208 0.8 j

For Help, press F1 |gary [ oM [
iaSlall”J g I‘_;il |J 3 gary WMic...l Y wed | QJoh..”"EM H.. xMic...l @FIE..' |%<Ej§n/ 14:40

= A real time option is also selectable from a drop down tab menu, which allows monitoring
of data direct via the PC.

Heat Stress Monitor - [H5M-2000-12-05-14-50-32 : Graph]

Eile Edit “iew Standards Communication: ‘Window Help _|ﬁ||1|
SHED S ~RtEIE L0 2

Displayed data
’7|7 Ta v Tg ¥ Tnw [~ WBGTin [~ WBGTout ‘

'C

Ta

Tg

Tnw
WBGTin

Tue 18:00 YWed 06:00 Wed 18:00 Thu 06:00

For Help, press F1 |gary [ NoM [
iaSlall"J 2 |J N gany | '[WMic...l Y wsd I QJoh...”"bM H.. XMic...l @Fre...l |%(ﬂ—ﬁ/ 14:44

Casella USA CASELLA—
(800) 366-2966 Page 9 of 10 __

Info@CasellaUSA.com USA




CASELLA USA
MICROTHERM WBGT HEAT STRESS
FREQUENTLY ASKED QUESTIONS

PRACTICAL CONSIDERATIONS / USE OF THE INSTRUMENT

How often do | need to use the Heat Stress Monitor?

The legislation stipulates that employers must reduce risk to employees and external contractors on the
site to conditions that cause heat stress. Use the Microtherm WBGT instrument as often as your Health
and Safety Policy advises you based on the Risk Assessment previously done at your workplace.

In what applications would | use this instrument?

Use the Microtherm WBGT Heat Stress in any hot environment in order to monitor the effect upon the
worker. Such environments may include;

=  Foundries,

= Bakeries,

= Power Stations and

= Engine Rooms etc.

How do | maintain the instrument?

The main area of maintenance required on the Microtherm WBGT instrument is the renewal of Distilled
Water (H,O) within the Wet Sensor reservoir. The sensor arrays on the instrument can be interchanged
with no need for individual calibration of each array.

Can | connect the instrument directly to my PC?

The software has a “real time” tab so that the Microtherm WBGT instrument can be connected directly to
the PC and the current situation can be monitored continuously.

Can | use the instrument outside?

The Microtherm WBGT instrument can be used in an external environment when required, although it is
not designed to be fully weatherproof. When it is necessary to measure WBGToy the conditions should
be dry. The sensor unit can be remotely connected via the extension cable and the main body of the
Microtherm WBGT unit placed in a secure position.

What are the terms of warranty?

All items are covered under the general Casella CEL Inc. warranty, which is one year in duration. ltems
that are suspected of being faulty should be returned to the Service and Recalibration laboratory at 17
Old Nashua Road #15, Amherst, NH 03031 together with a brief description of the fault condition. Include
a name and phone number so that the service manager can contact you if necessary prior to any
remedial work being carried out. Alternatively, send an email to service@casellausa.com with the
appropriate information to allow us to assist you.
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