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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, RPart 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting)yPublication jas an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 9886 wag prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC 5, Ergorlomics
of the physicgl environment.

This second gdition cancels and replaces the first edition (ISO 9886:1992), which has been technically re¢vised.
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Introduction

This document is part of a series of standards concerned with the assessment of thermal stress and strain.
This series of International Standards aims in particular at

a) establishing specifications for the methods of measuring physical parameters characterising thermal
ehvironments;

b) eptablishing methods for assessing thermal stress in cold, moderate and hot environments.

The dnalysis methods described by these latter standards allow the prediction of-the average| physiological
response of subjects exposed to a thermal environment. Some of these methods are not applicable under
excepfional climatic circumstances, when the characteristics of the exposed subjects differ greatly from the
averag@e or when special means of protection are used.

In thelse cases, or for the sake of research, it may be useful or evennecessary to measune directly the
physiglogical strain experienced by the subject.

This International Standard gives a series of specifications, concerning the methods of meagurement and
interpretation of the physiological parameters considered as reflecting the response of the hurhan organism
placed in a hot or cold environment.

© 1SO 2004 - All rights reserved \
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INTERNATIONAL STANDARD

ISO 9886:2004(E)

Ergonomics — Evaluation of thermal strain by physiological
measurements

1

This
parameters:

Scope

nternational Standard describes methods for measuring and interpreting the following

O

bdy core temperature;

2]

in temperatures;

heart rate;

O

bdy-mass loss.

physiological

The choice of variables to be measured and techniques to betwsed is at the discretion of those responsible for
the hegalth of the employees. These persons will have to take into account not only the nature pf the thermal

It sho

a)

b)

In order to simplify this choice,(Annex A presents a comparison of the different methods concer
of apglication, their technical'complexity, the discomfort and the risks that they might involve.

This standard defines the,conditions which are to be met in order to ensure the accuracy of the
from the different methods. The measurement methods are described in Annex B. Limit values
in Annex C (informative).

This dtandard.isvhot concerned with experimental conditions for which investigators may devel
methdds intended to improve knowledge in this area. It is however recommended, when comducting such

studiefsin. the laboratory, to use the methods described below as references, so that results may

condilons, but also the degree of acceptance of these techniques by the employees concerned.

Id be emphasised that direct measurements of‘the individual can only be carried out on t{

fl the person has been fully informed about’ the discomfort and the potential risks assoc
measurement technique and gives free consent to such measurements.

flthe measurements present no risk-for the person which is unacceptable in view of gene
cpdes of ethics.

o conditions.

ated with the

ral or specific

ning their field

Hata gathered
are proposed

op alternative

be compared.

Before using the evaluations methods described in this International Standard, the user is required to follow
the ethics and legal rules in force in his country or institution. Accordingly, ethical committees will be consulted
and rules concerning free written consent, freedom of participation, confidentiality, etc. will be strictly followed.

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 7933, Ergonomics of the thermal environment — Analytical determination and interpretation of heat stress
using calculation of the predicted heat strain
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3 Symbols and abbreviated terms

ADu
HR
HRy

HR

r

HR|
AHRy,

AHR,

AHRy
AHRy,

AHR

€

Am

Amgio
Am
Amyg
AV
Amg

Amg,,

Ay at

Pa

At
Tab

ac

body surface area calculated from the Du Bois formula (m?)
heart rate (beats-min-1)
average heart rate (beats-min-1) of the subject at rest while sitting under neutral conditions

heart rate (beats-min~1) during a break in work after heart rate components due to static exertion
and dynamic muscular work have disappeared

limif of heart rate (beats-min~1)

incréase in heart rate (beats-min—1) linked with work metabolism
incréase in heart rate (beats-min~1) linked with static exertion
incréase in heart rate (beats-min—1) connected with the thermal strain expefiénced by the subjdct

increase in heart rate (beats-min—1) due to psychological factors

resiflual component in heart rate (beats-min—1) connected with:xhythm of breathing, circadian riyythm,
etc.

thermal clothing insulation (clo)

weighting coefficient for a point measurement

body mass variation

avefage metabolic rate (W/m?2)

mags variation due to variation of'clothing or to sweat accumulation in the clothing
grogs body-mass loss

mags loss due to the mass difference between carbon dioxide and oxygen

masgs loss due to,evaporation in the respiratory tract

mags variation of the body due to intake (food) and excretions (stools) of solids

masgs loss due to sweat loss during the time interval

mass variation of the body due to intake and excretion (urine) of water
partial water vapour pressure in the air (kPa)

respiratory quotient (dimensionless)
time interval (min)
intra-abdominal temperature (°C)

auditory canal temperature (°C)
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body core temperature (°C)
oesophageal temperature (°C)
oral temperature (°C)

rectal temperature (°C)

skin temperature (°C)

local skin temperature at point i (°C)

y

ur

tympanic temperature (°C)

urine temperature (°C)

4 Measurement of body core temperature (z,)

4.1

The “
throug
metal
tempe
the m

|
o

— I

|
)

The ¢

General

tore” refers to all the tissues located at a sufficient depth n¢t to be affected by a temper
h surface tissue. Temperature differences are, however; possible within the core deper
olisms, on the concentration of vascular networks ahd on local variations in blood fl
rature is thus not a unique concept and measurable asssuch. This temperature may be ap
pasurement of temperature at different points of the‘body:

psophagus: oesophageal temperature (z);

ctum: rectal temperature (z,¢);

pstro-intestinal tract: intra-abdominal’ temperature (z,);
outh: oral temperature (f4);

mpanum: tympanic temperature (tty);

Lditory canal: auditory canal temperature (z,.);

ine temperature (¢,,).

rden, of presentation of these different techniques has been adopted only for the

hture gradient
ding on local
bw. The core
broximated by

clarity of the

prese

ntation.

Depending on the technique used, the temperature measured can reflect

— the mean temperature of the body mass, or

— the temperature of the blood irrigating the brain and therefore influencing the thermoregulation centres in
the hypothalamus. This temperature is usually considered for assessing the thermal strain sustained by a
subject.

© 1SO 2004 - All rights reserved


https://standardsiso.com/api/?name=54be51a2a54fb38d248a45ad97a25d8b

ISO 9886:2004(E)

4.2 Measurement techniques for indicators of body core temperature
4.21 Oesophageal temperature (7)

4211 Principle of the method

The temperature transducer is introduced in the lower part of the oesophagus, which is in contact over a
length of 50 mm to 70 mm with the front of the left auricle and with the rear surface of the descending aorta. In
this position, the temperature transducer registers variations in arterial blood temperature with a very short

reaction time.

The upper pdrt of the oesophagus presses against the trachea and the measurement of temperature
level is affeqted by breathing. On the contrary, if the transducer is placed too low, it reconds
temperature.

The temperafure of the saliva swallowed by the subject also influences the transducer.,Thé oesoph

temperature i therefore not given by the mean value of the recorded temperatures but(by’the peak Vv
This is particylarly true in cold environments, where the saliva can be chilled.

4.21.2 Interpretation
Of all the indirect measurements of 7, mentioned in 4.2.1.1, ¢, is the ofe) which most accurately r

temperature Yyariations in the blood leaving the heart, and in all probability, the temperature of the
irrigating the thermoregulation centres in the hypothalamus.

4.2.2 Rectal temperature (1)

4.2.21 Principle of the method

A temperaturp transducer is inserted in the rectum; this being surrounded by a large mass of abd
tissues with Igw thermal conductivity, the rectal temperature is independent of ambient conditions.

4.2.2.2 Interpretation

When the sufjject is resting, the rectal temperature is the highest of the body temperatures. When the s
is working, on the contrary, ¢, is directly affected by the production of heat from the local muscles: W

bt that
jastric

ageal
alues.

bflects
blood

bminal

ubject
ith an

equal expendjture of energy per unitof time, #., is higher when work is performed with the legs than when it is

carried out exclusively with the@rms.

t,e €ssentially| gives an indication of the mean temperature of body core mass. It may only be conside
an indicator of blood temperature and therefore of the temperature of the thermoregulation centres whe
storage is sloyw and when work is performed using the whole body.

When heat s

ed as
N heat

stoa

slight overestimation—< e e

On the contrary, in the case of rapid storage, during intense thermal stress of short duration, 7., rise

s at a

slower rate than the temperature of the thermoregulation centres, continues to rise after the exposure has
stopped and finally decreases progressively. Rising speed and lag time depend on the exposure and recovery

conditions. In these cases, ¢, is inappropriate for estimating the strain sustained by a subject.

4 © ISO 2004 — All rights reserved
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4.2.3 Intra-abdominal temperature (7))

4.2.31  Principle of the method

The subject swallows a temperature transducer. During its transit through the intestinal tract, the temperature
recorded will vary according to whether it is located in an area close to large arterial vessels or to organs with
high local metabolism or, on the contrary, near the abdominal walls.

4.2.3.2 Interpretation

When the transducer is located in the stomach or the duodenum, temperature variations are similar to those of
tes @nf the difference between the two temperatures 1S very small. As the transducer progresges inside the
intestine, the characteristics of the temperature come closer to those of ¢,,. Therefore, thecintgrpretation will
deperd on the time elapsed since the swallowing of the transducer and on the speed of.the ggstro-intestinal
transif for the given subject.

In the] present state of knowledge, #,,, seems to be independent of ambient climatic conditions, except for
strond radiant heat impinging on the abdomen.

4.2.4 | Oral temperature (¢

or)
4.24.1 Principle of the method

The transducer is placed underneath the tongue, and is therefore in close contact with the|deep arterial
branches of the lingual artery. It will then provide a satisfactery measurement of the temperaturg of the blood
influemcing the thermoregulation centres.

The temperature measured nevertheless depends(n the external conditions. When the mputh is open,
thermpl exchanges by convection and evaporation-on the surface of the buccal mucus membrane contribute
to a reéduction in the temperature of the buccalcavity. Even when the mouth is closed, the temperature may
be significantly lowered as a function of a_ reduction in the cutaneous temperature of the face, gr raised if the
face i$ exposed to strong radiant heat.

4.24.2 Interpretation

When[ the measurement conditions are met, ¢, is very similar to ¢,. With the subject resting and in
envirgnments in which air-temperature is greater than 40 °C, ¢, may overestimate 7,4 by 0,25°C to 0,4 °C.
With the subject working, the concordance between ¢, and .4 is only established for muscular effort levels not
exceeding 35 % of the-maximal aerobic power of the subject.

4.2.5 | Tympanicitemperature (tty)

in part by the mternal carotid artery, WhICh also supplies the hypothalamus As the thermal inertia of the
eardrum is very low, due to its low mass and high vascularity, its temperature reflects the variations in arterial
blood temperature, which influence the centres of thermoregulation.

However, as the tympanic membrane is also vascularised by the external carotid artery, its temperature is
influenced by the local thermal exchanges existing in the area vascularised by this artery. As the contact of a
sensor with the tympanic membrane or the surrounding areas is painful, either a thermal transducer is placed
as close as possible to the membrane or its temperature is measured using an infrared (IR) surface-
temperature measurement device which is focussed on the membrane. However, in practice the infrared
method often encounters significant problems (see B.1.6).

© 1SO 2004 - All rights reserved 5
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4.2.5.2 Interpretation

t, varies in a similar fashion to 7.¢ during rapid variations in the thermal content of the core, whether these are
of metabolic origin or caused by the environment. The observed difference between these two temperatures
or between #, and ¢, is, however, influenced by local heat exchanges around the ear and the cutaneous

surface of the

4.2.6 Auditory canal temperature (

4.2.6.1  Pri

head.

fac)

nciple of the method

The transduc
tympanum. T
arterial blood
the head. A

auditory meat

4.2.6.2

The interpret

canal temperI

However, the
systematically
temperatures

This measuring site is accepted by some as a necessary compromise between the precision of the estir

and the practi

Interpretation

br is, in this case, located against the walls of the auditory meatus immediately adjacent
nese are vascularised by the external carotid artery and their temperature is affected both
temperature at the heart and by the cutaneous blood flow around the ear and adjacent p
emperature gradient is thus observed between the tympanum and the external orifice
us. Insulating the ear adequately from the external climate may reduce this gradient.

tion principles are very similar to those presented for the tympanic\temperature. The al
ture therefore presents, as #,, variations parallel to those of 7.

positive deviations in hot environments or the negative ones in cold climates from ¢
greater than for ¢

of the core and of th1e skin, than of an indicator of the core temperature only.

cability for the subject and the observer.

to the
by the
arts of
of the

ditory

Lg are

Therefore, ¢, may rather be considered as an indicator of the conpbined

nation

4.2.7 Urinetemperature (7,.)

4.2.71 Principle of the method

The bladder [and its content may be considered as being part of the core of the body. Thereforg, the
measuremen{ of the urine temperature,during its discharge can provide information concerning z.f. The
measuremen{i is done by means of atemperature transducer inserted in a collecting device. By definitign, the
measuremen{ possibilities are dependent on the quantity of urine available in the bladder.

4.2.7.2 Interpretation

Urine temperature varies)approximately as ¢, except that the time constant is somewhat greater. Consifering

the actual val

ie, 1y

iS.systematically lower by 0,2 °C to 0,5 °C than 7.

5 Measurement of skin temperature (z.)

5.1

General

Skin temperature varies widely over the surface of the body and especially when the ambient conditions are

cold. For this

reason, a distinction should be made between

— the local skin temperature (zg, ) measured at a specific point of the body surface, and

— the mean skin temperature (z) on the entire surface of the body, which cannot be easily measured
directly but can be estimated by weighting an ensemble of local skin temperatures according to the area
they characterise.

© ISO 2004 — All rights reserved
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By itself, z,, does not make it possible to evaluate the thermal physiological strain. It constitutes, however, an
important criterion for the appraisal of thermal comfort.

5.2

Principle of the method

For a nude subject, the temperature at a given point of the body surface may be measured from a distance by
means of an infrared radiation transducer. This technique gives the mean temperature of the area, small or
large, of the skin, which is intercepted by the transducer. Otherwise, the temperature is measured by contact

with a

5.3

temperature transducer fixed on the skin.

Interpretation

Skin t

In dry
air ten

The n
wante
subje

As temperatures at the surface of the body are veny,heterogeneous in ambient conditions clg

neutra
cold g
requir

In wa

tempg
used

6

6.1

Heart
hearth
usuall

Assessment of thermal strain on the basis of heart rate (+R)

bmperature is influenced by

e thermal exchanges by conduction, convection, radiation and evaporation at the 'surfag
hd

e variations of skin blood flow and of the temperature of the arterial blood reaching the pa
e body.

environments, skin temperature responds, with a time constant/of about 3 min, to variatio
nperature, radiation and air velocity.

umber of measuring points should be determined as, a-function of the degree of prec
d, the ambient conditions, the technical requirements and the degree of annoyance tol
t.

lity and in cold environments, weighting schemes with many measuring points should be
onditions, measurement of one or more finger and toe temperatures on both sides of the
bd for safety reasons.

rm and hot ambient conditions, ‘except in the presence of high asymmetrical radiati
ratures tend to be homogeneous, so that the weighting scheme using few measuring
vith accuracy.

General

rate (béats-min-') over a time interval ¢ (in min) is defined as HR = n/t, where n is t
eats ©bserved during this time interval. It is expressed in beats per minute (beats-min-1)
y counted for time intervals of 1 min.

e of the skin,

rticular part of

ns of ambient

sion which is
erated by the

se to thermal
used. In very
body may be

bn, local skin
boints can be

ne number of
This value is

At any given time, the heart rate HR can be considered as the sum of several components, which are not
independent of each other:

HR = HR oy + AHRy + AHRg + AHRT + AHRy + AHR,

In the

6.2

context of this standard, only the thermal component, AHR+, will be examined.

Principle of the method

In an actual work situation, the component AHR can only be assessed during a break in the work, if the heart
rate at rest, HRy, has been measured before and if the components due to static exertion and dynamic
muscular work can be disregarded.

© 1SO 2004 - All rights reserved
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When muscular work is stopped, heart rate starts decreasing rapidly. This trend of HR deceleration towards
resting values shows a break after a certain recovery time and the thermal component at the time of
measurement, i.e. the end of the working period, can be estimated by:

AHRy = HR, — HRy,

The recovery time of HR with respect to components due to static exertion and dynamic muscular work is
assumed to be 4 min; it can be greater if the metabolic rate during the previous working period was very high.
Therefore, it can be necessary to measure heart rate continuously during the first minutes of recovery.

6.3 Interpretation

The increase |in heart rate of thermal origin AHR is very strongly related to the increase in ¢, The incre’i:se in
HR for an incfease of 1°C in ., is called thermal cardiac reactivity and is expressed in heartbeats.per minute
and per degr¢e Celsius (beats-min~1. °C-1). Interindividual variations of thermal reactivity are-very impprtant.
Even for the |[same subject, it varies according to the type of exertion made (and thus thé&+muscular [group
involved) and according to whether the thermal stress is exogenic (due to the climate)y6f endogeni¢ (due
essentially to the metabolism). This interpretation must take these factors into account.

The size of the thermal component, AHRy, is a direct indicator for the thermial ‘component of the [strain
experienced at that moment.

7 Assesgment of physiological strain on the basis of body-mass loss (Am,,) due to
sweating

7.1 Principle of the method

The gross bofly-mass loss (Am,) of a person during a given time interval is the difference between thg body
masses meagured at the beginning and at the end of thisinterval.

Am, is the sum of several components:

9

Amy = Anlgy, + Amipog + Amg + Amyy o Ao + Amgyg

g

In the contex{ of this International Standard, the sweat loss (Amg,) and the net water balance of the bofly are
considered.

7.2 Interpretation

In a warm enyironment)the sweat loss can be considered as an index of the physiological strain from thermal
origin, includi$g notenhly the sweat that evaporates at the surface of the skin but also the fraction dripping from

the body surface or accumulating in the clothing.

The net water balance (Amg,, + Am s + Am,,4) iS to be considered in relation with the risk of dehydration of the
body. A regular intake of small volumes of water, over the entire exposure period, will be able to balance for
about 75 % of the water loss: this can be assumed to be the case for acclimatised workers. In the case of non-
acclimatised workers, on the contrary, the periodicity, the volume and the quality of water intake might not be
adequate and it is advisable to consider that the water loss is not compensated at all.

In comfortable or cooler conditions, the sweat loss and the body water balance are reduced and are of little

use. However, Amg, can be compared to the value predicted as a function of the metabolic rate to assess the
degree of comfort of the situation.

8 © ISO 2004 — All rights reserved
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Comparison between the physiological methods of evaluation of thermal

strain

A.1 General

Table|A.1 describes the technical requirements for the different methods of physiological-megasurement of

thermal strain. The comparison criteria are the following.

A.2 Complexity of the instrumentation

0: simple

—_
[72)

nhould correspond to some requirements

n
o

bmplex

A.3 Technical requirements for the measurement procedure

0:

n

mple technique
1:  rgquires a competent person

2: regquires medical surveillance

A.4 Continuity of the measurement
C: cpntinuous measurement

D: d|scontinuous tmeasurement

A.5 Work’interference

0:

irmitedtothetime of the measurement
1.  moderate work interference

2: strong interference with the normal process of work

A.6 Annoyance to the person
0: very slight and limited to the duration of the measurement

1. limited, except if the technique is not optimal
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2: of a psychological nature without physical annoyance

3: moderate physical annoyance

A.7 Health hazards for the person
0: no hazard

1: potential hazard if technique not optimal

2: potential frazard-ifamatomicatabnormmatity of theperson

A.8 Cost gf instrumentation
0: very low
1:  moderate
2:  medium fo high according to the system used

3:  high

Table A.1 — Comparison between the physiological methods of evaluation of thermal strain

1 2 3 4 5 6 7

Instrument Technical [ Continuity of the Work Annoyance | Health Cost

complexity requirement measurement interference hazard

les 2 2 C 1 3 2 1
te 1 0 C 0 2 1 1
tab 2 1 C 0 2 2 3
4, (transducer 2 2 C 1 3 2 1
ty, (IR device) 1 1d D 0 1 1 1
tac 1 1 C 1 3 1 1
tur 1 0 D 0 2 0 0
HR: Pulse @ 0 0 D 0 0 0 0
Rate P 1 0 C 0 0 0 1
ECG¢® 2 1 C 1 1 0 2
ty contact t t € t t 0 2
no contact 2 1 D 0 0 0 3
Sweat loss 1 0 D 1 1 0 1

@  This refers to the recording of the pulse rate at the wrist.
b This refers to the recording of the pulse rate deducted from an online electrocardiographic signal analysis.
€ This refers to the continuous recording of the electrocardiographic signal.

Other requirements must be set to obtain accurate values.

10 © 1SO 2004 — All rights reserved
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Table A.2 compares the different methods concerning their relevance and difficulty of interpretation for the
appraisal of the thermal strain according to the following criteria:

A.9 Relevance in the fields of cold, moderate and hot conditions

— not relevant for the assessment of thermal strain

+  relevant

A.10| Requirements concerning the interpretation of the data

Q
o

rect interpretation

—_

interpretation requiring basic training

N

iterpretation requiring specialised competence.

Table A.2 — Relevance and difficulty of interpretation of the different physiological parameters in
different climatic conditions [boundaries between conditions-afe determined by climate glothing
and work (metabolic) rat€]

Relevance
Interpretation
Cold Moderate Hot
ler + % + See below
les + — + 1
te — + + 0
tab + — + 1
ty (transducer) — + + 1
ty (IR device) — + + 1
tac — + + 1
tur — + + 0
HR — — + 2
tok + + + 2
Sweat loss — + + 1
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Annex B
(informative)

Measuring techniques

B.1 Measurement of body core temperature

B.1.1 Introduction

Temperature [measurements of any type shall be carried out using a temperature transducep (usy

mercury-in-gl
of 0,1 °C in th

The transduc
rectal temper
0,5 min. Tran
temperature.

Special requi
thoroughly cl
peroxide, isof
otherwise ext
clean water (¢
irritation or all

When it is pos

All electrical g
electrical insu

B.1.2 Oeso

Regardless ¢
wearer shoulg

It is recomme
the probe ma
nasal fossae.

The simplest

ss thermometer, a resistance thermometer, a thermocouple or a thermistor) giving an ac
e range 33 °C to 43 °C.

br should be of low thermal capacity (this requirement is less severe for' the measurem
pture). Its response time at 90 % of the value should be the lowest possible and less
sducers of very small time constant should, in particular, be used for the measurement o

ements are to be fulfilled concerning the hygiene of the probe and transducer. They sho
paned and all organic matter removed prior to disinfection with an agent such as hyd
ropanol or ethanol. For invasive probes (e.g. rectal) single-use probes should be conside
ra cleaning with anti-viral agents should be applied:The probe should be thoroughly rinse
r sterile normal saline solution to remove all traces of the disinfectant, which might pr
ergy in the next wearer.

omponents used should fulfil standards concerning biomedical equipment, especially conc
ation and current leakage.

phageal temperature (7.5)
be warned of this:
hded that the'probe be introduced via the nasal fossae rather than through the mouth. The

y be coated with an analgesic gel in order to reduce discomfort when the probe goes throu

method of positioning the probe is to introduce the catheter into the nasal fossae uj

sible, one should use disposable transducers covered with disposable protection elements.

ally a
turacy

ent of
5 than
urine

Lld be
rogen
ed, or
d with
ovoke

erning

f the method used,the’ measurement of oesophageal temperature is uncomfortable and the

tip of
gh the

b to a
H rBfaranecao noind Theoe nrabhaoa chonld ba tntradiinad barioantallhy alana tha fleaar ~AfF tha nach ie
AT OUTOUTUIiTow rJ\JIIIL- LILILAYZ FIUU\J EABAYA LA EE VAV ER IR LIAVAV AV \W A wLw Iy I AW ) | ILUIILUII_Y ATt ls B AR BA~AY] ) A ABLLBAZRBLAYE"AY2 - .y

predetermine
under the inferior nasal concha) since this route gives a straight passage into the nasopharynx.

The length of the catheter at this point should be about 25 % of the subject's height. The stiffness and shape
of the transducer should be chosen to ensure that it couldn't damage the ducts through which it passes. The
diameter of the catheter should be limited to 1,5 mm. With very flexible catheters, loops may form causing the
transducer to be higher in the oesophagus than expected and making extraction painful or even dangerous.

The correct position of the probe can be checked by adding an electrode to the temperature transducer for
recording alterations in the oesophageal electrocardiographic (ECG) complex according to the depth of
penetration. The criterion for positioning is the two-phase nature of the auricular wave P.

For reasons of medical ethics, the position of the probe cannot be checked by radioscopy.
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B.1.3 Rectal temperature (t,c)

The temperature transducer should be inserted at least 100 mm (typical 100 mm to 150 mm) past the edge of
the anus. Slight temperature differences may be registered depending on the depth of insertion of the
transducer. Therefore, the depth should remain constant throughout the measurement period.

The measurement of rectal temperature should be avoided in persons suffering from local lesions. A glass

thermometer may only be used when the subject is lying down and at rest. Typically insertion depth is less for
glass probes than for flexible, unbreakable probes.

B.1.4 Intra-abdominal temperature (z,)

The temperature transducer is a tiny miniaturised frequency modulation (FM) transmitter“for which the
frequgncy of the emitted pulses is modulated by a thermistor. The whole circuit is{ encapsulated and
constifutes a radio pill, which can be swallowed without major difficulty. The signal is picked up by telemetry
by means of an omnidirectional antenna carried on the belt.

Beforg being swallowed, the radio pill should be calibrated in a water bath brought to 37,0 °C.

The cpntrol of the position of the pill after swallowing may not be done by:iradioscopy. When the wearer does
not rgcover the radio pill during an interval of 72 h after swallowing,\its presence or its aljsence in the
abdomen should be determined by checking whether a radio signal js-still emitted.

B.1.5 Oral temperature (z,,)

The transducer should be placed under the tongue, at:thé’side and close to the base of thg tongue. The
mouth should remain closed throughout the duration of\the measurement. The transducer should be small in
size, flat and of low thermal capacity. The probe should be sufficiently flexible for the mouth to Be kept closed
withoyt discomfort.

The tegmperature measured can only be considered as a satisfactory approximation of the core femperature if
the following conditions are met:

|
o

Mbient temperature greater than 18 °C;

|
Q.

Liration for which mouth is_closed before the reading is taken:

— cool environments’(air temperature from 18 °C to 30 °C): 8 min minimum;

- warm envirohments (air temperature greater than 30 °C): 5 min minimum;

|
>

b drinking,. eating or smoking in the 15 min preceding the insertion of the transducer.

B.1.6| Fympanic temperature (tty)

Before the measurement is taken, an otoscopic examination should be carried out to ensure that the
tympanum and walls of the auditory meatus are in good conditions. All deposits of wax should be removed.

The tympanic temperature can be measured using a thermistor or a thermocouple.
Contact between the transducer and the tympanum is easily identified by the sensation felt by the subject. The
shape of the transducer and the stiffness of the probe are critical factors in avoiding injury to the tympanic

membrane. The transducer should have a low thermal capacity so as to cause as little disturbance as possible
to the thermal equilibrium against the tympanum.
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The tympanic temperature only constitutes an acceptable indicator of core temperature if

the initial position of the transducer is maintained throughout the measurement period,

the auditory meatus and the external ear are thermally insulated from ambient conditions, or

the environmental conditions around the head of the subject are: air temperature between 18 °C and
58 °C, air velocity less than 1 m/s and mean radiant temperature close to air temperature.

If working conditions involve either direct thermal radiation on the head or a strong convection (air velocity
greater than 1 m/s), a correct measurement can only be obtained if, in addition to the ear-insulating device,

the subject w

are 2 halmat cavarinag o laraa nranartinn of tha ciirfana Af tha haad wwith tha avcantion
cH-S—a- e Re+—6oYeHRg—a—1atrge—proporHoR—o—Re-—SutHa6e—-BtHereat—WrH—He-ex6eptHon

of the

face.
Tympanic ter
application of]
device only
Complicating
too wide

no contrg

narrow a

presence
difficulty

For these red
environmenta|

between 18
temperature.

B.1.7 Audit

hair in the¢ ear canal,

hperature may also be measured using a non-contact infrared radiation thermomete
this equipment in addition to the above-mentioned conditions, it should becensured th
measures the tympanic membrane temperature and not the walls of thé/auditory m
factors which make it difficult to ensure this are

an angle of sensor optics,

| over sensor focus,

nd/or bent auditory meatus,

of cerumen, and
o insulate the ear canal.
sons, the values recorded with IR devices used discontinuously are often invalid. If use

conditions around the head of theJsubject should not be outside the range of air tempe
C and 30 °C, air velocity less-than 0,2 m/s and mean radiant temperature close

pry canal (¢5.)

Considering t
is given to t

ne pain and the hazards associated with the measurement of tympanic temperature, prefe
e measurement/of the temperature of the auditory meatus. The procedure for placir

r. For
at the
eatus.

d, the
rature
to air

rence
g the

transducer is the same as;for 1, but, once contact has been established with the tympanum, the transdicer is

withdrawn solne distarice (without exceeding 10 mm). Alternatively, the transducer can be fed through
mould, such that, when the mould is fitted in the meatus, the transducer is placed at less than 10 mm

tympanum.

hn ear
of the

The conditions of use are identical to those presented for the tfympanic temperature, except that the maximum

difference bet

ween the air temperature and #,. is 10 °C.

Their strict observance provides, however, only an approximation of the core temperature. When they cannot
be met, #,,. should be measured at another site (¢, or ).

B.1.8 Urine

temperature ()

The measurement should be made using a thermally insulated collecting device and a transducer with very
short response time. The temperature should be recorded during and directly under the urine stream and not
in the collected urine. In the present state of knowledge, it is recommended that the measure be realised in an
environment where the air temperature is between 15 °C and 25 °C.
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B.2 Measurement of skin temperature

The measurement of skin temperature by means of non-contact infrared radiation probes is preferred
whenever technically possible. However, this requires the subject to be nude.

Whatever the technique used, measurement should be made with transducers with a precision of + 0,1 °C in
the range of 25 °C to 40 °C. For the measurement of skin temperatures in cold conditions, as, for example,
when in contact with cold surfaces, this range should be extended down to 0 °C. The transducer should have
a low thermal capacity and its response time to 90 % should be as low as possible and less than 0,5 min.

In the case of contact measurements and in order to reduce the influence of the environment, the transducer

Shoulrl ha flat and acvmmatriaal tha crrfana nat 1n aantant hatna tharmallvy ioalatad T A oy aid |ae
o CTot oS oy et St e oo o SOt ot o e gtrer ot y oSt Ca— O v Ora—109

transdg
capab
limited

For th
locatiq
to 14.
three
14 log
numb

lok IS
surfad

be uséd for the three schemes.

In con
be red

In wa
asym

ucer can be attached to the skin with an adhesive tape conducting heat. However, the
le of modifying the exchanges by convection, radiation and evaporation should be~avoi
to what is necessary and, in this case, adequate corrections must be applied.

e determination of the mean skin temperature from local temperatures measured at
ns, many weighting schemes have been proposed, using a number of measuring points r

weighting schemes, with 4, 8 or 14 measuring points, are proposed..Table B.1 shows the
al temperature sites. Other calculation methods exist, using other measuring points
prs of them.

calculated by weighting each of the local temperatures with“a coefficient corresponding
e of the body area that each measuring point represents: Table B.1 gives the weighting
ditions close to thermal neutrality and in cold envitonments, weighting schemes with 8 or 1

ommended and additional points eventually added (finger, toe, etc.).

m or hot conditions, the weighting scheme-using 4 points can be chosen, except in the cg
etrical radiation.

Table B.1 <= Measuring sites and weighting coefficients

al effects, the
use of tapes
ded or strictly

different body
anging from 1

In order for the measurements to be made in a systematic way and the results to be mor¢ comparable,

ocation of the
and different

o the relative
coefficients to

4 points must

se of a highly

Sites 4 points 8 points 14 points
1 forehead 0,07 1/14
2 neck 0,28 114
3 right scapula 0,28 0,175 114
4 left upper chest 0,175 1/14
5 right arm in upper location 0,07 1/14
9 left arm in lower location 0,07 114
7 left hand 0,16 0,05 1714
8 right abdomen 114
9 left paravertebral 1/14
10 right anterior thigh 0,19 114
11 left posterior thigh 114
12 right shin 0,28 1/14
13 left calf 0,2 1/14
14 right instep 114
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The skin temperature, 1, is obtained from the following formula:

lok = Tk tg)i

Figure B.1 — Location of measuring sites listed in Table B.2

B.3 Heart rate measurement (HR)

The simplest method consists of timing apredetermined number of heartbeats at the level of the radial jor the
carotid artery| This technique of manual counting requires the immobilisation of the person and provides only
a discontinuopis estimation of heart rate.

The counting|can be done continuously by plethysmography on a finger or on an ear lobe. The anndgyance
and the errors involved by these techniques might, however, be too great so that preference should be|given
to the technigles of recordings of the electrocardiogram signal.

The electrocdrdiographic signal picked up by electrodes placed suitably on the person is transmitted by
telemetry or recorded directly on a miniature analog or digital recorder carried by the subject.

B.4 Body-mass loss measurement (Am)

The precision of the weighing scale used for the measurement of the body-mass loss should be at least 50 g.
A more sensitive scale should be used for the measurement of the masses of excretions and ingestion: the
desirable range should be 0 kg to 5 kg with a precision of + 20 g.

The subject should ideally be weighed nude in order to avoid taking into account the component Am, due to
variations in clothing or sweat accumulation in the clothing.

16 © 1SO 2004 — All rights reserved


https://standardsiso.com/api/?name=54be51a2a54fb38d248a45ad97a25d8b

