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Foreword

The International Organization of Legal Metrology
(OIML) is a worldwide, intergovernmental
organization whose primary aim is to harmonize the
regulations and metrological controls applied by the
national ~ metrological ~ services, or related
organizations, of its Member States.

The two main categories of OIML publications are:

e International Recommendations (OIML R),
which are model regulations that establish the
metrological characteristics required of certain
measuring instruments and which specify
methods and equipment for checking their
conformity; the OIML Member States shall
implement these Recommendations to the
greatest possible extent;

¢ International Documents (OIML D), which are
informative in nature and intended to improve
the work of the metrological services.

OIML Draft Recommendations and Documents are
developed by technical committees or subcommittees
which are formed by the Member States. Certain
international and regional institutions also participate
on a consultation basis.

Cooperative agreements are established between
OIML and certain institutions, such as ISO and IEC,
with the objective of avoiding contradictory
requirements; consequently, manufacturers and users
of measuring instruments, test laboratories, etc. may
apply simultaneously OIML publications and those
of other institutions.

International Recommendations and International
Documents are published in French (F) and
English (E) and are subject to periodic revision.

This publication — reference OIML R 7 (E), edition
1979 — which is under the responsibility of Technical
Committee TC 18S/C 2 Medical thermometers, was
sanctioned by the Fifth International Conference of
Legal Metrology in 1976.

OIML publications may be obtained from the
Organization’s headquarters:

Bureau International de Métrologie Légale

11, rue Turgot - 75009 Paris - France

Telephone: 33 (0)1 48 78 12 82 and 42 85 27 11
Fax: 33(0)1 428217 27

E-mail: biml@oiml.org

Internet: www.oiml.org



CLINICAL THERMOMETERS
(mercury-in-glass, with maximun device)

Field of application

The provisions of this Recommendation apply to those thermometers called “clinical
thermometers”, of the mercury-in-glass type, with a maximum device, intended for
measurement of the internal human body temperature.

This Recommendation does not apply to special purpose thermometers (thermometers for
premature babies, ovulation thermometers), which owing to their measurement range, scale
interval or maximum permissible error, do not meet the following requirements.

These special purpose thermometers, as well as thermometers for veterinary applications,
could subsequently be made the subject of additions to this Recommendation.

Unit of temperature and scale graduation

2.1. The unit of temperature is the degree Celsius, symbol °C.

2.2. The scale must extend at least from 35.5 °C to 42.0 °C with a scale interval of 0.1 °C.
Types

3.1. The clinical thermometers (mercury-in-glass, with maximum device) covered by this
Recommendation may be either of the solid-stem type or the enclosed-scale type.

3.1.1. In the case of a solid-stem thermometer, the scale is marked directly on the stem.

3.1.2. In the case of an enclosed-scale thermometer, the scale is marked on a "scalebearing
strip” fixed longitudinally behind the capillary tube. The capillary tube and the scale-bearing
strip are enclosed in a transparent, sealed tube fused to the bulb and forming a protective
sheath.

3.2. The thermometers must include a maximum device which prevents the mercury column
from receding solely because of the cooling of the thermometer.

Materials

4.1. The thermometer bulb must be made from a type of glass which assures that the depression
of zero, determined in accordance with the specifications given in Appendix B, does not
exceed 0.07 °C. The glass must be identified visibly and indelibly :
either by the glass manufacturer

or by the manufacturer of the thermometer (see point 7.1.3.)

4.2. The types of glass used for the maximum device, capillary tube, and bulb must meet the
following requirements :

When the glass is analyzed according to the requirements of ISO Recommendation
R 719-1968 (Determination of the hydrolytic resistance of glass grains at 98 °C), the quantity of
alkali passed into solution for 1 g of glass must correspond to no more than 263.5 pg of Na,O.



4.3. The scale-bearing strip of an enclosed-scale thermometer must be made of opaline glass,
metal, or a material having an equivalent dimensional stability.

4.4. The protective sheath of an enclosed-scale thermometer must be made of glass.
Construction

5.1. The thermometer must be free from any defects which might prevent it from operating
normally, or which might lead to errors by the users.

5.2. The capillary tube must allow the mercury column to be seen clearly throughout its length,
and the position of the top of the meniscus to be defined (preferably, it should be of the
prismatic magnifying type).

The mercury column and scale must be clearly visible simultaneously.
5.3. The mercury must be sufficiently pure and dry

The bulb, capillary tube, and mercury must be sufficiently free from entrapped gas, debris
and foreign bodies in order to ensure the correct functioning of the thermometer.

5.4. When the thermometer is heated slowly the mercury column must rise with an even
movement, without appreciable jerks. After the thermometer has been heated to at least
37 °C and then cooled to a temperature below minimum scale value, the mercury column
must fall below the lowest numbered line when the mercury at the base of the bulb is
subjected to an acceleration of 600 m/s.

5.5. The scale-bearing strip in an enclosed-scale thermometer must be fixed tightly against the
capillary tube, an the method of fixing must prevent any displacement of one part with
respect to the other.

The position of the strip with respect to the capillary tube must be clearly marked, so that
any possible accidental relative displacement of the two parts can be easily detected ().

5.6. The protective sheath of an enclosed-scale thermometer must be free from moisture,
mercury, debris or any foreign bodies.

Graduation and numbering

6.1. The scale spacing must be at least 0.5 mm for solid-stem thermometers and at least 0.6 mm
for enclosed-scale thermometers.

6.2. Graduation lines must be uniform and clear, and must be engraved or printed clearly and
indelibly.

The graduation lines must be perpendicular to the axis of the thermometer. Their
thickness must not be more than one-fifth of the length of a scale division for enclosed-scale
thermometers, or one quarter of the length of a scale division for solid-stem thermometers. The
half-degree and degree lines must be longer than the other lines.

(*) For example, by means of an indelebile line marked on the protective sheath, level with one of the
numbered scale lines.



6.3. The lines corresponding to degrees must be numbered ; these numbers must be engraved or
indelibly printed.

For solid-stem thermometers, the numbering of the line corresponding to 37 °C is
optional and may be replaced by the special form of marking specified in point 6.4.

6.4. Only the line corresponding to the temperature of 37 °C may be indicated specially, using a
different color from that of the numbers and/or by additional marking such as a dot, asterisk
or arrow.

Inscriptions

7.1. The following inscriptions must be engraved or indelibly printed on the scalebearing strip
of enclosed-scale thermometers and on the stem of solid-stem thermometers :

7.1.1. The symbol “°C” near the scale.
7.1.2. The manufacturer's name or trademark.

7.1.3. An indication identifying the glass used for the bulb, if the glass is not already identified
by its maker.

72. Other inscriptions may be added, but only if there is no risk of misleading the user.

Maximum permissible errors
The maximum permissible errors are:
+0.1°C,-0.15°C.

These values are valid for thermometer readings after cooling to an ambient temperature
between 15 and 30 °C.

9. Influence of immersion time ()

10.

If a thermometer at temperature t; (15 °C < t; < 30 °C) is suddenly immersed in a well-
stirred water bath having a constant temperature t, (35.5 °C < t, < 42 °C) and is withdrawn after
20 seconds, the thermometer reading, after cooling to ambient temperature (15 °C to 30 °C),

—  must comply with maximum permissible error requirements (point 8), and

— must not deviate from its stabilized reading for temperature t, by more than
0.005 (t; —ty).

This stabilized reading is the thermometer reading obtained when the thermometer has
been cooled to ambient temperature, after reaching complete thermal equilibrium with the water
bath at temperature t,. This reading must also meet the maximum permissible error requirements
stipulated in point 8.

Space for stamping

Space for stamping must be provided on the stem of solid-stem thermometers and on the
sheath of enclosed-scale thermometers.

(*) Requirements relating to thermometer characteristics are given in point 9; a free choice of test
method is permitted, provided the law of the variation of the indication of the thermometer as a
function of immersion time is known.



11.

Metrological controls

11.1. When clinical thermometers are subject to the governmental metrological controls of a
particular country, all or some of the following controls must be included, depending on the
internal legislation of the country involved :

a) Pattern approval

Each pattern of thermometer from each manufacturer is submitted to the pattern approval
procedure.

No modification of an approved pattern may be made without special authorization.
b) Initial verification
c) Periodic verifications
11.2. Certificates

The verifying authorities may issue certificates indicating the results of the metrological
examination.
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APPENDIX A

VERIFICATION METHOD

Verification methods based on this Recommendation are given in Appendix A. Other
verification methods may be selected depending on the number and quality of the thermometers
to be verified and the resources of the verifying authorities (personnel, equipment, etc.). The
method recommended below can be applied without difficulty for verifying up to 1 million
thermometers a year.

Laboratory equipment
A.1.1. Laboratory
A.1.1.1. Protection from the dangers of mercury

The floor and tables on which the testing is carried out must be smooth and impervious.
The tables must have raised edges. Adequate floor-level ventilation must be provided.

A.1.1.2. Lighting
Special lighting is required for examining and reading the thermometer.
A.1.1.3. Safety devices for stamping machines
The stamping machines must be equipped with safety devices.
A.1.2. Measuring equipment
A.1.2.1. Instruments and auxiliary devices for the external examination :
—  magnifying glasses with at least X 4 magnification ;
— graduated scales or gauges for checking dimensions.
A.1.2.2. Instruments and auxiliary devices for determining the errors of indication.

A.12.21. Well-stirred water baths with interchangeable thermometer-holders. The
thermometers under examination must be immersed in the bath to the lowest numbered line
on the scale.

During measurement, the temperature of the water baths must be constant to within
0.02 °C and uniform to within better than 0.01 °C.

The use of baths with automatic temperature control is recommended.

There must be enough water to ensure that immersion of the thermometers in the bath
will not cause a temperature drop greater than 0.05 °C. Time can be saved when testing by
preheating the thermometers in a special bath to a few tenths of a degree Celsius below the test
temperature.

A.1.2.2.2. Standard thermometers, e.g., total immersion mercury-in-glass thermometers
with scale intervals of 0.02 °C or 0.05 °C and an auxiliary scale for 0 °C, or platinum resistance
thermometers.

Preferably two standards thermometers are used to measure the temperature of the baths
(point A.3.1.) and a third standard thermometer to check the first two.

The corrections for standard thermometers, including the correction at 0 °C must be
determined to within an uncertainty of measurement of preferably + 0.01 °C or a maximum
+0.02 °C.

A.1.2.2.3. Magnifying glasses with at least X 4 magnification for reading standard enclosed-
scale mercury-in-glass thermometers.

Monocular or binocular viewers with approximately x 10 magnification for reading
standard solid-stem mercury-in-glass thermometers.
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A.1.2.2.4. A centrifuge with a container for thermometers to drive down the mercury column in
thermometers under test. The centrifuge must be capable of exerting an acceleration of
600 m/s” on the mercury at the level of the base of the thermometer bulbs (see point 5.4.).

A.1.2.2.5. A zero point (0 °C) ice bath for testing standard thermometers (). The device consists
of a Dewar flask filled with finely crushed ice covered over with water. The water used to
make the ice and the water in which the ice is submerged must be pure. Its electrical
conductivity must not exceed 102 S - m™ at 20 °C. The ice must be carefully tamped so that
there are no air bubbles in the ice-water mixture. It must be compacted as much as possible
both prior to measurement and periodically during measurement.

It is recommended that a water purifier, a refrigerator with ice trays, and an ice crusher be
obtained for preparing the ice-water mixture.

External examination (*)

A.2.1. After ascertaining that there are no visible defects or signs of deterioration, the
thermometer must be examined for compliance with the following provisions of this
Recommendation :

A.2.1.1. Types (point 3)

A.2.1.2. Scale and numbering (point 2.2. and 6)
A.2.1.3. Materials (point 4)

A.2.1.4. Construction (point 5, except 5.4.)
A.2.1.5. Inscriptions (point 7)

Determination of errors of indication

A.3.1. The thermometers must be examined for compliance with the provisions of point 8 with
regard to maximum permissible errors. This examination is performed by comparing the test
thermometers with standard thermometers (point A.1.2.2.2.) in well-stirred water baths
(point A.1.2.2.1.).

A.3.2. The thermometers must be checked at a minimum of two temperatures spaced 4 °C apart
(test temperatures) in the 35.5 °C to 42 °C range.

(*) Detailed information on the control and calibration of mercury-in-glass laboratory thermometers is
available, for example, from the following documents :

—  Techniques of calibration of liquid-in-glass thermometers.

(National Standards Laboratory, CSIRO, Chippendale, 2008, Australia).

—  Physikalisch- Technische Bundesanstalt. -Priifregeln.  Fliissigkeits-Glasthermometer.
(Deutscher - Eichverlag GmbH Braunschweig, Federal Republic of Germany).

- Indian Standard 1S 6274 : 1971 (or latest Standard issued). Methods of calibrating liquid-
inglass thermometers (published by the Indian Standards Institution, New Delhi, India).

—  British Standard BS 1041 : Code for temperature measurement. Section 2.1 : 1969 (or latest
Standard issued). Liquid-in-glass expansion thermometers (British Standards Institution,
London, England).

—  National Physical Laboratory (N.P.L., Department of Trade and Industry). The calibration of
thermometers, C.R. Barber (Her Majesty's Stationery Office, London, England).

—  American National Standard Z 104.1 ASTM E-77 (or latest Standard issued). Standard
method for verification and calibration of liquid-in-glass thermometers (American Society
for Testing and Materials. Philadelphia, Pennsylvania 19103, USA).

—  National Bureau of Standards (N.B.S.). Latest issue of publication of calibration of liquid-
inglass thlermometers (National Bureau of Standards, U.S. Department of Commerce,
Washington, D.C. USA).

(**) In view of point 5.2., it is advisable to conduct the external examination after testing at the
highest temperature (point A.3.).
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A.6.

A.3.3. Control at a given temperature.

A.3.3.1. Using, if necessary, the centrifuge (point A.1.2.2.4.), the mercury column in the
thermometers under examination is driven down to at least 0.5 °C below the test
temperature.

A.3.3.2. The thermometers are placed in the water bath once the bath has been brought to the
test temperature.

A.3.3.3. When the temperature of the water bath is again sufficiently constant (see point
A.1.2.2.1.) and at least 20 seconds have elapsed, the bath temperature (t) is measured with
the standard thermometers, whereupon the thermometers under examination are removed
from the bath.

When measuring temperature, the corrections to the standard thermometer indications
must be taken into account (point A.1.2.2.2.).

A.3.3.4. The thermometer indications are observed when they have reached ambient
temperature (15 °C to 30 °C). The differences between the indications and t are the
thermometer errors at the test temperature.

Testing the maximum device
A.4.1. The maximum device is tested for compliance with the requirements of point 5.4.

A.4.2. Immediately after the test at the maximum test temperature, all of the thermometers
under examination are placed, blub outwards, in a centrifuge (point A.1.2.2.4.) and their
mercury columns are made to recede.

In accordance with point 5.4., the speed of the centrifuge is regulated so that the mercury
at the bottom of the bulbs is subjected to an acceleration of 600 m/s®. Once this acceleration is
reached, the centrifuge is switched off.

All thermometers in which the mercury column has not dropped below the lowest
numbered line must be rejected.

During this test, the ambient temperature must be lower than the minimum scale value of
the thermometers.

Testing the solid-stem thermometer coloration

The scale, numbering and inscriptions will be examined to assure that they have been
engraved or indelibly printed in compliance with point 6 and 7.

The thermometers are immersed for one hour in a 5 % agueous solution of phenol, the
temperature of which must be between 20 °C and 30 °C, or are subjected to the action of 96 %
alcohol. The thermometers are then wiped with a. piece of lightcolored cloth which should not
pick up any stains.

Testing the materials

Because the examination which pertains to compliance with the provisions of point 4
(Materials) cannot be conducted on the thermometers themselves, the manufacturer of clinical
thermometers (mercury-in-glass, with maximum device) must prove to the verifying authorities
that the materials used meet the requirements of point 4.

When considering the test methods to be used in case of doubt, the following provisions
should be taken into account :

A.6.1. Because the value of the depression of zero depends strongly on the conditions under
which the test is performed, the method outlined in Appendix B should be used to determine
the depression of zero (point 4.1.).



A.6.2. The provisions concerning the analysis of the glass in accordance with 1SO
Recommendation R 719-1968 (point 4.2.) must be taken from that Recommendation.

A.6.3. Method for testing the dimensional stability of scale-bearing strips made from materials
other than either opaline or metal (point 4.3.)

A.6.3.1. The aforementioned tests are carried out on at least 5 scale-bearing strips marked with
graduation lines and numbering (point 2.2.) and manufactured from the material being tested.

A.6.3.2. The distance between the graduation lines which correspond to 36.0 °C and 42.0 °C
must be measured with a maximum uncertainty of measurement of + 0.01 mm (measured
value Iy).

A.6.3.3. The scale-bearing strips are then kept at a temperature of 50 °C = 1° C for 7 days.

A.6.3.4. After they have been cooled to ambient temperature (15 °C to 30 °C), the distance
between the graduation lines which correspond to 36.0 °C and 42.0 °C is measured once
more (measured value I,).

A.6.3.5. The scale-bearing strip material tested is considered equivalent to opaline or metal with
respect to its dimensional stability if :

|1lp =15 | < 0.002 00
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APPENDIX B

DETERMINATION OF THE MEAN DEPRESSION
OF ZERO OF THERMOMETERS

B.1. It is not possible to determine the depression of zero of clinical thermometers (mercury-in-
glass, with maximum device) covered by this Recommendation. Therefore, special test
thermometers (point B.2.) must be manufactured from the glass being examined in order to
conduct the necessary measurements. The following provisions must be observed in
manufacturing the test thermometers and conducting the measurements.

B.2. The test thermometers must meet the following requirements
B.2.1. Scale range : at least from — 3.0 °C to + 3.0 °C.
B.2.2. Scale interval : 0.02 °C, 0.05 °C or 0.1 °C.

B.2.3. The scale spacing must be a least 0.7 mm for enclosed-scale thermometers and at least
1.0 mm for solid-stem thermometers.

B.2.4. The expansion chamber must be large enough to allow the thermometers to be heated to
400 °C without damage.

B.2.5. The thermometers must be properly stabilized by the manufacturer and must meet the
requirements of the stabilization test (point B.3.).

B.3. The proper stabilization of each test thermometer must be tested in accordance with the
following provisions :

B.3.1. The thermometer is heated in a test bath (liquid bath or metal block type oven) from
ambient temperature up to 350 °C + 10 °C and kept at this temperature for at least five
minutes. It is then cooled to 50 °C in the test bath, which decreases in temperature by 10 to
15 °C/h.

B.3.2. When the thermometer has reached a temperature of 50 °C, it is removed from the test
bath and its 0 °C correction (value K;) is determined (point A.1.2.2.5.).

B.3.3. The thermometer is then heated a second time to 350 °C £ 10 °C in the test bath and kept
at this temperature for 24 hours. It is then cooled to 50 °C, as before (point B.3.1.).

B.3.4. When the thermometer has reached a temperature of 50 °C, it is removed from the test
bath and its 0 °C correction (value K) is determined once more.

B.3.5. K, must not differ from Ky, by more than 0.15 °C. Thermometers which do not meet this
requirement must not be used to determine the depression of zero.

B.4. The mean depression of zero is determined in accordance with the following provisions :

B.4.1. At least three test thermometers must be used. They must be manufactured from the glass
being tested, have met the requirements of the stabilization test (point B.3.), and not have
been heated above the ambient temperature once value K, has been determined (point
B.3.4.).

B.4.2. Each of these thermometers must be tested at least three times in accordance with the
provisions of points B.4.2.1., B.4.2.2. and B.4.2.3. below.

B.4.2.1. The thermometer is kept in a test bath at 100 °C = 1.0 °C for 30 minutes. It is then
removed from the bath and allowed to cool in air. While it is cooling to ambient temperature,
its bulb must not come into contact with other objects.

11



B.4.2.2. The 0 °C correction of the thermometer is determined not later than 15 minutes after
the thermometer has been removed from the test bath. The correction value obtained is
designated by the symbol K.

B.4.2.3. The thermometer is then kept for one week at a temperature between 20 °C and 25 °C.
At the end of the week the 0 °C correction is determined. This correction value is designated
K4. The procedures described in points B.4.2.1. and B.4.2.2. are then repeated, and a 0 °C
correction value, designated Ks, is obtained.

B.4.2.4. The procedures described in point B.4.2.3 are repeated to obtain a series of n
differences K, — Ks, Ki — Ks, Kon = Konst. These are the values of the thermometer's
depression of zero from the first, second and n-th series of measurements, respectively.

B.4.2.5. When n series of measurements have been made with m test thermometers, the
following expression is obtained for the mean depression of zero of these thermometers :

Ly (9 KD+ kO kD) +. ok -k ).
i=1
which must not exceed 0.07 °C (point 4.1.).

In accordance with the provisions of points B.4.1 and B.4.2., the conditions
m=3andn=3

must be met for m and n, and the standard deviation of the mean depression of zero
determined in accordance with the aforementioned provisions, must not exceed + 0.01 °C.

B.4.2.6. If a more accurate value for the mean depression of zero is required, at least five series
of measurements on at least five test thermometers must be carried out.

12
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