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CLEAN AIR
MEASUREMENT

Interlaken ,
28 Sept - 1 Oct: 1992

ALLEMAGNE

| GAS ANALYZEHS W "E"H EXCELLENT LONGnTERM STABIL TY

R THE MEASUF

IEMENT OF EXHAUST GASES FROM OTTO

EN@IMES AN@ @PAG TY MEASUH NG EQUI PMENT FGR D@ESEL
| ENG NES |

by Br. K. WENDT .
Siemens AG
Kaﬂ&uhe,Gennany

GAS ANALYSIS BY INFRARED
ABSORPTION MEASUREMENT |

By usrng ’i:he speci frc property of gases to ab—

‘sorb infrared radiation ‘at well defined Wa\/e-,

lengths, rugged analyzers for operatron inthe
field can be built to measure gases such as
CO,, CO, C H, and other components in
vehicle exhaust S

: The oxygen concentrat ion of mterest in the
exhaust gases foo, especraﬂy when- calcu!atmg;
~ the air-to-fugl ratio (or Lambda value) cannot be

determined by infrared spectroscopic methods,

this component is analyzed by electrochemrcal

cells or: paramagne‘trc anaryzers ;

VBR spectmscepy

Molecules tha‘t are formed of drfferent atoms

can show either a permanent or an inducible

electric dipole momentum. 1f such molecules

‘are exposed to electromagnetic radiation, they
wrll rmerchange Wrth the electrrc freld (Fxg 1.

D‘ependrng on ’the mass of the atoms burldrng;

- the molecule and on the strength of binding

forces between them, we have spatial struc-

tures that show typical resonant frequencies
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when stimulated for vibrations. The resonant
frequency gives an information about the sort of
molecule present in the gas sample. The
amount of energy that is absorbed by the
molecules from the radiation at-a fixed fre-
quency is dependent on the number of mo-
tecules of that speCIes wi thrn the consrdered
votume : :

: IRnActiVe Cases

Elastic¢ Bonding

V”ﬁapmdnib Oszillator

Resonance

Fig. 1 - IR Absorption



It shali be pointed out that molecules consisting
of identical atoms have no electrical dipole
momentum and therefore cannot interfere with
radiation to provoke vibrations. Such molecules
are said to be infrared-inactive. Monoatomar
molecules like He and Ar (inert gases) do not
absorb 1R radiation.

The explanations given above are a bit too
simple to be useful for interpreting infrared
absorption spectra. Pure bonding vibrations on
molecules do not exist. Molecules that are
stimulated for vibrations are simultanecusly
stimulated for rotating. Quantum mechanics
state certain selection rules depending on the
symmetry of molecules by which the structure
of rotational vibration spectra can be under-
stood. In the records of absorption spectra, the
typical rotation structure can be seen.

The quantitative relation between absorption of
energy and the concentration of gas within a
thin layer permeated by IR radiation is given by
a proportion. The absorbed energy, di, is
proporticnal to the incident intensity of radiation
I, to the thickness of the layer dx, and to the
conceniration of gas:

dil=alcdx o difl=—-acdx withthe
value o as the factor of proportion.

Integration renders the well known Lambert-
Beer relation

f=loexp (—acl)

where ¢ is the gas concentration
L the length of the gas cell
and o is the absorption coefficient.

This relation given above is only valid for one
very sharp section of the gas spectrum, where
the absorption coefficient can be considered as
being constant. In reality the absorption coef-
ficient changes with the wavelength (frequency)
of IR radiation that will say

o = o{A) where A is the wavelength of radiation.

The equation given has to represent all the
vibration-rotation resonances of one sort of mo-
lecule. When different varieties of gases are
present, every gas will show such an absorption
function independently from the other gases. In
some areas in the spectrum, the absorption of
different gases overlap; in other regions they
are well separated.

The problem to be solved by all types of ana-
lyzers is to separate the different absorption
lines, caorrelate them to the gases of interest,
and give the concentration value without re-
markable cross-sensitivity.

Some known spectrometer types that will do
this are listed here: ~

Dispersion Type Specirometer (BTS) working
seqguentially in a wide spectral range from 4 000
cm~! to 200 cm~' (2.5 um to 50 pum).

- Fourier Transform Infra Red (FTIR) spec-

trometer working in a parallel mode over the
entire spectral range by using interference
methods (Michelson Interferometer).

Non-Dispersive Infra Red (NDIR) analyzers
picking out the regions of interest out of the
entire spectrum. Mainly two principles are in
use today: Filter Correlation or Gas Correlation.

With a DTS, it takes from at least 2 minutes to
30 minutes or more to get a spectrum. The
signal to noise ratio and the stability of the
measured values is not so good that for small
concentrations of CO or HC e.g. a resolution of
100 ppm CO or 2 ppm HC respeactively can be
achieved. The long period for one measure-
ment of the spectrum is one of the factors as-
sociated with; using this type of instrument in
the field of exhaust analysis; the main field of
application of a DTS is in the laboratory.

FTIR spectrometers have gained an ap-
preciable market share for exhaust measure-
ment. These instruments can record the com-
plete spectral range of interest within a few
seconds with a good wavelength resolution
{e.g. 1 cm™) and sufficient signal to noise ratio.
With fast fourier transtormation modules and
special computer technigues, one can:do the
calculations for excluding cross sensitivity
effects, correct for drift, and pick out the
spectral lings that are afifected most-by the
changes in conceniration of the gases. to be
measured. This last peoint'is not as.trivial as it
appears: As the complete gas sample passes
only one gas cell, this call must be as long (e.g.
700 mm) as necessary o have enough ab-
sorption signal for the gas with the lowest
concentration and the smallest absorption
coefficient. When measuring gases with high
concentrations and high absorption strength,
the lines will be saturaied, i.e. there will be no
changes in the signal, even though the gas
concentration is changing. Other parts of the
absorption lines have to be chosen. Many parts
of a spectrum may be blocked when high
concentrations of additional gases (CO, and/or
H,0) are present besides with components in a
low ppm concentration of interest (hydro-
carbons). The FTIR systems are mostly used in
research depariments and for acceptance tests
where a high number of components has o be

certified. Elaboration and adaption -of the sofi-

ware to the individual measuring problem often
takes an appreciable part of the development
costs.
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. Cenetrueimn prmerp s of NDER ene yzere

‘ND!R analyzers are of a ra’rher srmpie con-
struction when compared with Dispersion Type
Spectrometers or FTIR spectrometers. They
Jinclude optical systems that normally work.

without any rmagmg devices {no lenses or
“imaging mirrors), using just a rad iation source;

‘a cell through which sample passes, anda
_selective sensing  detector. For selecrrvrty, two- -
mainly methods are used: either interference

filters are put into the optical path, or the de-
tector is built in such a way that it only detects

“infrared radiation in the spectral region of

interest. To extract the small absorption signal
out of the whole infrared intensity of radiation,
. certainpti ncrp!es are used and wrll be explamed

be(ow e ~ ;

'Staﬁderd conetrueiaon g@rmcrp

As the absorption srgnal to be resolved can be
1/1 000th of the primary radratron mtensrty for
‘concentration values of some 10 ppm HC e.g.,
devices to determine small drfferences m brg
measured velues are reahzed ,

Four: standard prmcrplee are usual el erther a
comparison of optical beams that transmit
different materials from separated reference
and measuring cells or a comparison of IR
‘beams influenced by absorption from different
waveiengths within the same sample cell. As

~shown in the schematic drawing (Fig. 2), ‘the
‘modulation of the IR radiation can be done
inphase or in a reversed mode, dependrng on-

whether the detector is generating the dif-
ference or the sum of the incoming signals.”

Combmatren of prmcrp

it should be pomted eut that for hrgh perform- "

ance in stability and selectrvrty in the develop- -

ment of industrial analyzers the combination of

fundamemai arrangemenrs are used.

Most producers of process analyzers favor rhe,
so-called optopneumatic detecting system with.
two. detector cells, one behind the other, both

' bemg irradiated by the infrared beam. This con-
- struction represents a ‘special form of a wave-

length comparison because the irradiation io
the second gas layer is pre-filtered by the first
tayer. Therefore, the spectral response of the
second layer is more sensitive in the outer
regions of the absorption bands whereas the
first layer is more sensitive in the center. Within
the detector cells, the modulated radiation is
absorbed, the pulsation amplitudes of both celis
are led to atiny anemometer (or membrane
condenser microphone) and the difference of
the preumatic. modulation is converted 1o give

“the ‘electrical output. The! first layout of such
" benches is tended o design the front and rear

cell of the detector so that:both signals .cancel

~simultaneously when there is no pre-absorption

in the sample cell. Since the optical length of
the rear cell has to be longer than that of the
first cell, complicated shapes of the cells had to
be realized. An-additional disadvantage was the
fact that complete balancing could not be af-
forded as the pneumatic timing was different
from both cells when they had different volume.

The solution for these problems was a con-

struction using the double layer detector com-

bined with the principle of the: comparison of
- two gases - the reference gas enclosed in the

reference cell and the samp e gas pessmg
through the measurmg cell( g 3).

) regefs%e‘ comparisoh
~imoduzation of matter

: % ,R ¥ “:“S

eom@arlson
Y 0. of matter

% QDA‘ ccmparlson
b

! ‘iriphase

feverse
JTYPE 1+4 modutation
1 ﬂ s

Le *'S.,

g
comparison
of wavelength

. ,reverse ;1{§1e rxo}.r,i.
,modu]ation JRLY BRSNS

T ? ’ “of wavelength k

modulat ion k E s° ‘

Frg 2= Basrc pnncrples of NDIFr’ analyzers
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Fig. 3~ Cor'hbination type of NDIR analyzer

The modulation is inphase when looking at the
comparison of wavelengths and it is reverse for
the two spatially separated beams of radiation.
For the two different IR beams, the detector

~forms-the sum of both signals. However, one

signal follows the other and no alternating
output will be detected when both are equal in
abserptron for the two layers in series the dif-
ference is generaled. By using these tsch-



nigues, an especially high selectivity is obtained
and a stability in the zero that is much better
than for the pure design of one of the standard
principles. Measuring rangss of 10 ppm CO fs.
with resolutions down to 0.1 ppm can be real-
ized.

One remaining problem is that the sensitivity
can only be checked with additional means, e.g.
test gases with known concentrations. In par-
ticular, when measuring near zero concentra-
tion, there is no information as to whether or not
the analyzer shows this small signal because of
a fault in the bench or because the gas con-
centration is near zero. Even the usually ap-
plied 4 mA elevated elecirical output current
does not give the desired information because it
is not a survey of an optically living zero.

Here a new design of the optical bench com-
bines some of the advantages of the sketched
principles with an optically live zero which, in
combination with microprocessor techniques,
useful internal testing can be accomplished.
Consequently, a high reliability and faultless
operation can be expected.

New single beam design - Physics
of the design and electronics

The new design represents principally a single
beam bench with an optopneumatic double
layer detector. The scope of development was
to establish an easy to handle and cost ef-
fective analyzer.

Single beam bench

For generating the IR radiation, a colled wire is
electrically heated to about 600 °C and the
beam is slightly focused to pass the sample cell

Micro Flow Sensor

iflo = expl-acl)

Fig. 4 - Single beam NDIR analyzer

(Fig. 4). By a sectorized wheel, the beam is
periodically interrupted so that the intensity is
modulated at a rate of about 8 Hz. A gas-
filled detector gives a signal proportional to the
intensity of radiation for specific wavelengths..

The interrelation between the detector signal
and the gas concentration is that given above
by the Lambert-Beer formula. It is self ex-
planatory and it can also be seen from the
equation that for zero absorption, we have the
maximum of radiation intensity at the detector.
When the detector is constructed for best se-
lectivity and not for zero compensation, we will
have the maximum AC signal at the detector
output for zero concentration in the gas cell.
As the transmitted infrared energy for every
concentration of gas is proportional to the
primary intensity, 1, we can calculate the ratio
i/, = exp(~e ¢ L), which is mdependent of I,
and for a given cell length, L, and a given gas
only depends on the conceniration ¢ of that
gas. | and 1, must not fail below a certain limit
so that there will be no complications for the
division and signal to noise considerations.
Tolerated limits are set for the | level to ensure
that the transmission is good enough for the
accuracy to be in given ranges. i this | value is
within the fixed range, then the transmission
line from the source to the detector and the
complete signal processing will work as de-
sired.

One question remains: Where do we get the
zero signal when we have only one sample
cell? Two things must be postulated.

¢ First: The bench has to be stable for more
than one cycle of measurement

» Second: A valve can be put into the gas path .

so that ambient air (filtered if neoessary) can
be used as zero gas.

Both requirements can be met when speaking
of car exhaust measurements. Industrial ap-
plications of the bench described show a short-
term drift stability of this type of bench for the
critical ranges of small HC concentrations of
some 100 ppm HC full range that is within 1.%
f.s. for a period of more than 3 hours. Measur-
ing vehicle exhaust in a garage or test facility
seidom takes longer than 15 minutes with some
minutes of pause. Checking the sensitivity and
zero setling can be done when an exhaust
measurement is not being taken and the
I, value (taken just before the exhaust
measurement) will be used up to a certain
number of hours afterwards.

Important:

The exact transmission path for the sample cell
is examined with a detector which coniains the
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gas filling that has the same absorption lines as
the gas to be measured. Changes of transmis-

sion caused by dust, smoke, condensed

material on the windows, aging of the source,
&tc are screened exacily in all the spectral lines
(not only in the area of some or all of ‘lhe llnes)
of the gas to be measured ,

~ The sealed gas fllllng of the detector l‘rsells

works. as a test gas and the stability of the
signal generated is checked again agarnst an
internal electrical reference so as o exclude
leakage :

Gas cdrrelailen detesrer ‘

The spectral response of this arrangement has

to be calculated from the absorption of energy

by the filling gases in the first and the second

tayer. One has to take into account that the
radiation input 1o the second layer is pre-filteréd
by the tirst cell. The resul’r is shown m the
diagram (Fig. 5).

[ 2
}
Le
o
10
it
2
JE,

b2

;i 5 jzz=+1‘

- “Fig. 5~ Bandwidth of NDIR detecfor -

As the lengths of the detector cells are

changed, a different spectral selecllvrly is

obtained; in particular, the bandwidth of the
detector is changed as shown. From this, one
‘can see that with equal drmensrons of the two
detector cells, there is a detection bandwidth of
about half the width of a smgle cell detector:
With the same type of gas filling lnsrde the
detector as the gas to be measured, a spectral
sensitivity is generated which is an exact image
of the rotation-vibration band of the gas to be

measured. l\/leasurmg by this method rep-
resents a correlation analysis between ‘sample

gas and detector filling.

Dala pmeessrhg

Wlth lhe high AC srgnal aways bemg present

as detector signal, the precision rectifier works -
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as an automatically synchronizing login ampli-
fier and a good noise reduction is achieved.

1n addition to the rectified and"A/D converted

signals from the infrared channels, the signal
from the oxygen sensor and information from

‘temperature sensmg devices and the baro-

metric pressure sensor are digitized. The
internal hardware does all the linearizing and
corrections for influences from cell temperaiure
and pressure. Other parameters such as olil
temperature and engine speed are screened
and limits of operatlon are givern.

in addmon to the: measurements ment oned

‘above, a calculation for the LAMBDA (or A/F)

value according to BRETTSCHNEIDER
(BOSCH TECHN.BER: 6/1979/9) is executed.
Determination of the oxygen content is of par-
ticular importance for this calculation. Since the
electrochemical oxygen sensors are, t0 some
extent, temporarily poisoned by high CO,
concentrations and the recovery time for exact

zero indication of O, depends on the duration

and-the level of 002 present in the oxygen
sensor, a recovery timer is realized which
integrates the % minutes CO, and controls the
purging period so that the pump will only stop
when a sufficient amount of clean air has
passed thé sensor. This procedure assures a
good zero stability of the oxygen sensor.

Advantages

With the analytical techniques and dala"pmces—"'f '

sing described here, rugged and reliable equip- f

ment for gas analysis inf car &M programs and
in industrial applications have been established.”
By utilizing processor techmques operation is

- simplified and the user is guided by the equrp~

ment for easy handlmg

As explam ‘d 'Veorellcally and conllrmed _by
\‘ dependent legal certification
institution, the | ng term stability of the analyzer
is. s0 good- that there is no need for online

calibration gases at the site of the analyzer.

It is sufficient to look for right calibration twice a
year and this should be done with a standard
gas by authorized personnel for all analyzers
that are in action within a legal inspection pro-

‘gram to have identical reproduclble accuracres

wrthm thls set of analyzers

Realuzatnen

The main technlcal dala can be seen from this
list:




FRanges for the gas comjponenis

0. 10.000 ppm HC
resolution: 1 (10) ppm HC

0... 10.00 % vol CO
resolution: 0.001 (0.01) % vol CO

0...... 18.0 % vol CO,
resolution: 0.1 % vol CO,

0..... 25.0 % vol O,

resolution: 0.01 (0.1) % vol O,
LAMBDA calculation
0.5....1.8 resoclution: 0.001

In addition, the analyzer comprises:

ignition clamp sensor for the measurement of
revs
0. 9990 mn~!

- oil temperature measurement
0... 160 °C resolution 1°C

= internal protocol printer
features for data communication

°

resolution 10 mn~?

@

View of decomposed bench

A perspective view of the bench shall give a
realistic impression (Fig. 6).

Fig. 6 — Decomposed bench

Radiation source, chopper, sample cell, and
detectors are shown. One can see that for the
more sensitive HC channel, a longer sample
cell (100 mm) is used to have a stronger ab-
sorption signal. For higher concenirations like
CO and CO,, the shorter cell is chosen to get
enough resolution at full scale in the CO, chan-
nel. You must not be confused: This is not a

double beam bench; it consists of two single
beam benches using one chopper and one
suspension mount. For lower precision
demands, all the detectors could be mounted to
one beam behind one sampling cell in a serial
manner. '

Test resulls

To give support to the explanations above,
some results are given. These resuits concern
field operation from three units under inspec-
tion of the German Eichamt from 3 May 1991
through 25 May 19%82. They were installed
in three different sites. in addition to the stand-
ard hardware, a counter for the number of
measurements was installed in order to have an
impression of the use that the analyzers are
exposed tfo.

Working out all the data from this run gives a
good affirmaticn of the high accuracies pro-
nounced. For the gases under test, we obtain
the following results (see Fig. 7):

DETERMINATION
OF PARTICLE CONCENTRATION

The characteristics of small particles contained
in gas emissions are remarkably different
depending on the process from which they are
generated. Though some of - the aspects that
are addressed in this section are also valid for
stack emissions from industrial processes, we

will restrict our considerations to e>'haust from
internal combustion engines.

Introduction to smoke measurement

Smoke in the exhaust from Diesel engines
caused by incomplete combustion of fuel mainly
consists of coagulations of carbon particles with
a high amount of polycyclic hydrocarbons, salts,
metals and other additives. These chain to a
particle size of 0.05 um to 0.5 um and show a
maximum of about 0.15 um in the distribution
probability.

For optical measuring techniques, the same
basic LAMBERT-BEER equation used for iR
analysis is valid. One difference comes from the
fact that the specific absorption coefficient
is assumed not to be wavelength dependent
within the spectral region of interest {green
LED). This can only be stated for the black
smoke and is not valid for blue smoke {oil dust)
and white smoke (water vapor as fog).
Therefore, it is not evident to use optical ab-
sorption for the measurement of particie
emissions. Only from the measurements by

_DODD et.alt. (MIRA No.10; 1965) and recently
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i'Fig; 7 Wbrst case of field test

discussed by HARDENBERG et. alt (MTZ 48‘
1981; 2) one can correlate mass concentration
of black smoke from vehicular engines to op-

tical absorption. A specific extinction coefﬂcxen’t‘f '

for smoke was found to be
a=kic =6.640 mz/g + 2.288 m2/g
this value being mdependent af the smoke

concentration. As can be seen, however, the
value has a high variance (see an 8).

- CONCENTRATION
T T T TR
0. 06 1.2 9/m3

Fig. 8 — Absorption constant versus mass concentration

Therefore, the optical measurement can only be
a coarse estimation for the real mass con-
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centration that normally has to be weighed
using comphcated filter technologies.ina s’teady
state opera’non of the engine. : L

Hemark To be exact, one shouid use the word
EXTINCTION for the intensity that will not reach
the detector This is more than the pure
absorption: it will include contributions from
scattermg, refraction, and bending. Usuaﬂy, the

. expressions EXTINCTION and ABSORPTION .

are used as synonyms in the context of smoke
measurement. We shall do the same when
referring to the absorpt!on coefficient, k (m’*)

For a sxmp!e understandmg one.can look to the,,,,
specific extinction coefficient as being the total -

: ~cross section per.mass of smoke shading the

light source when brought into an optical
transmission system. From previous con-
siderations for the IR topics, we now obtain the
fouowmg relations

From | =

Cen’[rat'o‘n)
with the pmpomon k=ac
coefficient
itreadsas K

exp( ac L) c“(g/‘m3 mafss con-
for the absorption:

;51Ahumgk(mﬂ)

The transmission T is
T=10001) T (% traﬂsmnssuon)
and for the opacrty H we get

H =100 (1 =1/, H- (% opacity)
or H= 1001— T :

With the know!edge from MHRA we can. gnve the
proportxon

ca= k=;1ﬂJnU-HMOm

in Tab!e 1, for certann dlstmct values thlS rela—
tion.is shown numerically. :




OPACITY ABS:COEFF | MASS:CONC.

L=432mm

cell length m1 g/m3

%

0 0 0

10 0.24 0.036

20 0.52 0.078

30 083 0.124

40 1.18 0.178

50 1.60 0.241

60 1212 0.319
70 2.78 0.419
8 872 0.561

90 5.33 0.803

Table 1

As mentioned above, the correlation between
the rightmost column and the absorption
coefficient is rather weak with a standard
deviation of about 20 %.

This is impressively shown in a figure
representing this fact from a different point of
view (Fig. 9).

SPEC.BXTINCTION in m2/g

18

16

14
12

10

Y

LAE T

0 50 100
OPACITY in % (406 mm)

10

Flg. 9 - Specific mass extinction coefficient

Construction principles of smokemeters

All the different principles of smoke measure-
ment have specific disadvantages. Never-
theless, optical systems are used more and
more because they are fast in response and

give highly reproducible results in respect to the
optical opacity measurement. The calibration
and adjustment of different systems can be a
problem because there does not exist a stand-
ard for smoke.

Filtering systems

Filtering systems are wall-known, especially the
BOSCH “Spot” smokemeter or the automated
AVL system where a roll of filier paper is used
instead of individual disks. '

A known amount of exhaust gas is drawn
through a paper filter of controlled density and
the paper is darkened in proportion to the soot
particle concentration. Diffuse reflection from
the filter paper is measured as shown in the
sketched diagram (Fig. 10).

Fig. 10 - Reflectance measurement

With the lamp switched off and the micro-
ammeter shoricircuited, the (mechanical) full
scale reading is set 1o the reading of BZ = 10
(BOSCH-Zahl) and with an unused filter in front,
the reading is adjusted electrically o BZ = 0.
The scale is divided in equidistant sections and
a midscale check can be done using a black
perforated grid (supplied with the instrument).

The principle of operation of the automated
system is similar. All these instruments have
the disadvantage that they cahnot be used
when the emissions are time dependant; in ad-
dition, they do not have high reproducibility
resulis. For purposes of estimating smoke/dust
from the stack of burners, there exist additional
methods, for example, pholographic and visual
procedures (see Ringelmann Rating US B.M.
No. 8333 & 7718). '

Optical systems

fnternational standards (ISO 3173) ask that the
optical system consist of a light source having. a
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color temperature between 2800 and 3250 K-
and alight receiver combined with fr!ters {if

necessary) with a maximum response in the
range of 550 to 570 nm and restricted sens-
itivity below 430 nm and above 680 nm; or a
green LED in conjunction ‘with a photodrode
must be used. This last proposal is favored by
today’s ana!yzers because it has a lower
energy consumption and can be modula’ted
electromoa”y at hrgh rates

| Full- Flow Opaczme?ers |

Full-flow 'type opacrmeters measure the Irght

transrmission across the full cross section of the
“exhaust pipe. End of line as well as in-line
opacrme’rers are drsoussed below. o

End of Lme Type

With mstruments (i.e. the USPHS [EPA]
smokemeter) mounted some inches from the
end of the stack, high influences from the form
of the smoke “plume” result; the ‘optical’ path
length is not well defined and the resuits do no‘t
have a good reproduorbr ty s

infine Type

tnline smokemeters (i.e. V.A.G 1543) are
adapted drrecﬂy to the. exhaust stack with a

rubber cone; the .. cross sectron of the duct has

to be similar to the shape of the exhaust pipe so
that the pneumatlcs of the exhaust mamfoid is
not disturbed. : : ,

Some instruments require compressed air to

keep the light source and the detecting unit

free from soot. The unit shown in Fig. 11 has a
smooth restriction in the gas duct to give a
small negative pressure difference at the holes
where the light beam passes the wall. A smal
amount of clean air (from the surroundings) is
sucked into the unit and protects the !enses
from smoke particulates. . Sl

Parz‘ F/ow Samp/mg Opac:mez‘er

The HARTH!DGE MK 3 smokemeter is a weH-
known samplmg opacrme’rer ﬂ rs used m

Fig: 11— Fuil ow opacimeter
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'engme development and tes’rmg departments

and therefore, has become a de facto standard' o

for samphng opaormerers

Transrent smoke measurements are not re- :

commended with' thrs type of instrument due to
the slow response and problems maintaining
temperature and pressure condrtrons within:
specrfred limits.

The principle of the HARTRIDGE desrgn is R
rather simple (see Fig. 12); it consists of two

‘optically identical cells with black cylindrical

walls and annular light traps on the inner
surfaces. in.order to avoid reflected light from
the light source to reach the photoelectric de-
tector. One cell serves as the measuring cell,
where the smoke probe is passed through and

the other is used as a reference cell, continu-

ously cleared by clean air from.a blower. By
means of a control knob, the light source and
the detector can be switched srmultaneously
from the sample path to the reference path to
set the zero point for the opacity reading.

Smoke Input

 Temp.Sens. Bypass

%Photoce!!

" Comtrol Kriob

 Blower |

Fig, 12— Hertridge smokemeter

<A bit more comphcated seems to be the probe

handling techniques with heated sampling
tubes, pre-coolers, smoke by-pass valve, pres- -
sure rehef valve ‘water dram efc. ,

* One further d sadvan’rage can be seen in the

need for the exhaust of the engine being tested
to afford enough pressure for flow through the
test unit. The engine can be disturbed by the
backpressure generated and the tunrng of the

‘ exhaust mamfold can be altered

k New epacrmeier desrgn

Experience and know how from 1he descrrbed

- optical systems led to a new design of an op-
~ tical smokemeter that was developed in co-

operation with car manufacturers with the -
intention of giving a good correlation to ’rhe
HARTRIDGE results.. : ~
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Fig. 13 — Part flow smokemeter

Details (Fig. 13) of this new design will be
explained. in agreement with the regulations of
the periodical inspection program planned for
Diesel vehicles in Germany, the smoke sample
from the exhaust is taken with a probe of
10 mm inner diameter (27 mm i.d. for vans)
inserted at least 200 mm inio the stack. A
cruciform fin prevents the probe from coming
into direct contact with the wall of the stack and
taking in coarse abrasives or condensed water.

The sensor unit is heated to a temperature
above 70 °C. Conductive heat transfer from the
sensor unit raises the temperature of the probe
to a level that is high enough that the heat
capacity of the exhaust gas is sufficient io keep
the gas above its dewpoint. The very short
distance of only 500 mm and the corrugated,
stainless steel tubing gives support to maintain
the gas temperature at a high level. As there is
no force that influences the gas flow into the
probehead, we can speak of an “isokinetic”
sampling probe.

Measuring cell

After the flow has passed the probe, it separ-
ates into two equal parts filling the measuring
cell in the same manner as that for the
HARTRIDGE analyzer (even the effective cell
tength is the same as before - 430 mm).

Since the new design uses an LED of small,
lateral dimensions as a light source, the beam
can be imaged paraliel with a very small
aperture. Therefore, no light will touch the walls
of the cell (even though it is only 40 mm i.d. and
the beam has a 20 mm cross section).

Therefore, there is no need for annular light
traps to restrict the aperture. The advantage is
that gas can pass through the cell without
remarkable turbulations and without any pres-
sure difference between gas input and output.

Two small blowers at both ends of the cell gen-
erate clean air curtains that keep the lenses in
front of the LED and the photo-transistor free
from soot.

By means of venturi restrictions in the annular
gas outlet of the clean air, a very low negative
pressure of approximately 2 mbar is generated
so that at the engine’s idle, the sample can
easily enter the probe. Furthermore, fresh air is
taken in from the entrance of the probe when
the engine is stopped or when the probe is not
inserted into the stack. This accomplishes the
method of automatic zeroing of the unit.

The ducts for clean air have been designed
very carefully. 1t has to be poinied out that a
“hard” lens of fresh air was built 1o have only a
very small negligible influence on the-effective
cell length when the flow rates (probe & air) are
changing. This gives reproducible results
independent from the load and the revolutions
of the engine.

The LED is modulated at a pulse rate of
500 Hz. In addition to the pulsation of the LED
current, only that part of the signal is picked out
of each pulse where the light intensity has
become constant - that is, in general the last
20 us of the pulse. The timing trigger is set by
the processor. With this method a good agree-
ment with the HSU is achieved where the
measurement is taken under constant light
intensity conditions. Furthermore, changes in
the dynamic response of the LED are avoided.

if there is a need for cleaning the optics, this
can easily be accomplished by opening just one
handle and flapping out the cell. All parts are
then accessible, and after cleaning, they are
clicked in and the unit is ready for operation.

Resolution in time and opacity

The short distance of the exhaust gas from the
stack to the cell gives a fast response. In con-
junction with the directly-passed cell, the time
constant is approx. 100 ms at low engine revs
and shrinks down to approximately 10 ms when
the engine speed is elevated to a maximum
about 6 000 mn-'. That is not the same speed
as for the full flow inline smoketester, which has
a regponse time of 5 ms. However, comparison
tests between both sysiems at the same
measuring site show that the smoke peaks,
even for very high accelerations of Diesel
engines, can be monitored exactly with time
constants of 20 ms without any loss of time
resolution. .

The signal to noise ratio for the part flow in-
strument is at least a factor of 10 times better
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Fig.14 - Hesponse of infine full flow epacimeier

than with the full flow infine tester due to the

longer path length of the light beam.
“Resolutions in opacity better than AH < 0.3 %
"are achieved. This is equivalent to a resolution
in k better than Ak < 0.01 m-' for low dust
concentrations.

| Addaﬁaena features

s clear that in comparison te ‘the older gen-
erations of smokemeters, many additional

features now integrated in the smokemeters are

state of the art. For example:

. Sensors and readout for engine speed
= Top Dead Center marker detection
« Oil temperature 3ENnsof. ~
s Clamp sensor (injection system clamp)
= Integrated printer.

~» Counter for pre- selecting a fixed number of

acceleration tests and calculation of mean
values including deviations.

> Dssptay units for smoke content can be
‘chosen by the user as opacity (in % for
430 mm optical length); extinction coefficient
K (in m~') or mass concentration (in mg/m?3).
o ﬂmernal temperature compensation of results
for gas temperatures above 100 °C.

> Monitoring the limits —6 mbar < p < +7.5 mbar
of gas pressure in the sample cell.

If the user is not so interested:,fi;’n the real peak
smoke emission as in a good correlation to
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some HARTRIDGE Smoke Units, a software
time constant of 1 s can be activated which
gives an mtegra‘tmg behavnor for display and
readout. ’

Additional features such as settings’ of time

windows for peak detection and special

operatmg sequences, adapt the instrument to
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Fig. 15 — Influence of rmotor temperatufe
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the requirements of inspection program
regulations. Besides the alphanumeric data,
one can obtain a graphic printout of the last
measuring cycle.

To accommodate dynamic measurements, in-
ternal triggers can be activated either at a
level of opacity 3 % above the opacity at idle, or
at revs increasing more than 300 mn~" within
0.5s.

Therefore, measurements can be started
without any manipulation by the operator.

The bench was designed so that it will meet the
requirements of 1SO/DIS 11 614 (Revision of
ISO 3173 and TR 4011) and will be in agree-
ment with ECE R24.

Examples of test results

The time chart of a free acceleration test with
an inline smoketester is shown fo give an
impression of the time resolution needed (Fig.
14).

With the graphics printout feature, some test
cycles have been documented. Fig. 15 presents

two tests that demonstrate how smoke
emission changes in dependence from engine
oil temperature.

CONCLUSION

For repair, inspection, and maintenance of Otfo
and Diesel engines, exhaust analyzing equip-
ment with reliable performance and good
reproducibility have been presented. They are
available now for use in the inspection pro-
grams expected for 1993.

It should be mentioned here that the problem of
the missing smoke standards has been solved
by choosing four differently designed instru-
ments and measuring the IR standard deviation
(one against the others). As there is a good
agreement between them, they are accepted as
guasi standard. Other constructions will have fo
show the same resulls within an accuracy for
the k value of 5 % when compared with one of
these instruments in operation at a set of {en
cars representative for the entirety of Diesel
cars in Germany. '

There is no hindrance to start measuring
now!
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N A IR QUAL "E'Y MEASUREMENTS

by Harry L.ROOK

Matenals Science and Engmeenng Laboratory
“National Institute of Standards and Technology
- Gaithersburg, Maryland USA

: 'Absirae&

Traceable the adjectrve derrved from the verb
“o-trace,” has four distinct definitions with-over
12 nuances according to Webster’s Enghsh
Dictionary. Its use in metrology is often in the

eye-of the beholder: There have been a few '

notable articles authored during the past 30
years which have given preferred definitions to

- traceable when used for: Iegal metrology These ;

include:

s “The abmty to relate rndrvrdual measurement
“results to an accepted standard or measure-

ment 'through an unbroken pa’th of measure-
~ ments

o “The abmty o relate a glven s’randard o4
‘reference standard with rigorous. evidence -
quantrtatrve compatrbmty Wrthm defrned error‘

lirnits.”

> “The quantltanve expressron of a measure-,

ment in terms of units that are defined by an
accepted reference natronal or lnternatronal
‘standard mo :

We are faced wrth the same problem today tha"t

has confounded the. legal community through-

out history. Almost without exception, when

laws are passed which include the concept of
fraceability, the exact definition is lett fOr the
user communrty to decide at a Iater date

' Thrs artrcte will descnbe a system for trace—,‘

ability useable for air quality measurements and
illustrate who is responsible for what portion of
the overall traceability system and how it.is
quantrtatrve%y assured ,

niroduetron
Traceabmty as a measuremem concept has
evolved out -of the need:to understand the

sources of and the ambiguity introduced by
measurement errors propagated dunng a'series
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of measurements. In almost all cases, trace-

-ability becomes important where secondary or

tertiary measurements, related to a standard
measurement or artifact, are used to express a
relationship in terms of a primary measurement,
standard, or standard artifact. This concept has
become increasingly important in measure-
ments related to health, safety, and the environ-
ment, particularly in situations where issues of
compliance with-law, government regulatrons
and/or liability htrgahon are involved.

In arr quahty measurements traceabrhry to a
primary measurement standard is partrcuiarly
important because most measurements are

- ‘made to determine poliution levels regulated. by
national governments or are measurements
“made of atmospheric constituents concerned

with global climate change. These programs

~usually involve many countries and large-scale
“spatial ‘and temporal data sets. In these cases,

the understanding of the error propagation
throughout the measurement chain from pri-

413 )Merlaken
ARy L2

8 Sept- 1 Ost 1992

mary standard to secondary laboratory stand-:

ard to field measurement is often the determin-
ant in whether validity of data and therefore
scientific conclusions are the end result of the
measurements.

Deﬁnmon of traceabmty

Traceable the adjecnve denved from the verb
to trace, has four distinct definitions according
1o Webster's English dictionary. During the past
30 years, there have only been a few articles

“which attempt to define traceability for use in

legal metrology (1,2,3,4), and only one of those
dealt with-gas measurements (4). Three def-

~initions used in past publications, which are

similar but have different subtleties in use are:

«“The- ability to relate individual measurement
" results to an accepted standard or measure-

ment through-an unbroken path of measure-
L ments.”(2)
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= “The ability to relate a given standard to a
reference standard with rigorous evidence of
guantitative compatibility within defined error
limits.” (3)

= “The guantitative expression of a measure-
ment in terms of units that are defined by an
accepted reference, national or international
standard.” (3)

The definition of traceability used by the
International Organization for Legal Metrology
(OIML) and derived from the “International
Vocabulary of Basic and General Terms in
Metrology” is (5):

« The property of a result of a measurement
whereby it can be related to appropriate
standards, generally international or national
standards, through an unbroken chain of
comparisons.

For air quality measurements, a variant of the
OIML definition, which includes both the prop-
erty of a measurement result and the propa-
gation of errors, is maost useful both for inter-
comparison of results and for legal use. There-
fore, the definition of traceability proposed and
adopted for this paper is:

« The property of a result of a series of
measurements which gives a guantitative
relationship to an accepted reference,
national or international standard, with

defined error limits derived through an

unbroken path of the measurement series.

Primary standards for air quality
measurements

Most analytical techniques used for the
measurement of gaseous atmospheric species
are relative in nature and thus require a cal-
ibration standard for routine operation. Excep-
tions to this are isoiope dilution gas mass
spectrometry for carbon dioxide in air, absoluie
ultraviolet photometry for ozone in air, and
coulometry for sulfur dioxide. In other cases,
primary standards are required to establish the
accuracy of atmospheric measurements.

Compressed gas mixtures prepared by gravi-
metric addition of an analyte gas or gases to a
matrix gas of known purity make convenient
standards for most atmospheric measurement
systems. Such gas mixtures of many non-
reactive gases have been shown to be stable
over long periods of time and have been used
for many years as analytical standards. Some
species, however, such as ammonia, change in
concentration with time due to chemical ad-
sorption on container materials, and other

species, such as ozone, change due. o chem-
ical reactivity. The stability of the gas species of
interest dictate the type of measurement
calibration strategy used and thus dictates the
traceability protocol employed.

in this section, two different sirategies are
described to illustrate the procedures necessary
to ensure proper traceability in atmospheric
measurements.

Stable gas mixiures

The National Institute of Standards and
Technology (NIST) analyzes, certifies and sells
Standard Reference Materials (SRMs) in many
technical areas. SRMs for gas measurements
are described in the NIST SRM Catalog (6).
Most of these gas SRMs are stable com-
pressed gas mixtures with one or more analytes
included in a matrix gas.

Gas species that are presently sold as NIST
SRMs include carbon dioxide, carbon mon-
oxide, sulfur dioxide, nitrogen dioxide, nitric
oxide, simple aliphatic hydrocarbons, and some
trace organic mixtures. NIST gas SRMs are
commercially prepared compressed gas. mix-
tures of specified analytes at a specified
conceniration in a matrix gas which are
compared directly to a set of primary standards
gravimetrically prepared at NIST.

The measurement accuracy of these primary
standards is directly traceable to the kilogram.
SRMs in this category are certified to have a
total uncertainty of between 0.1% to 0.2%
relative to the concentration of the certified
species, depending on the measurement errors
encountered during preparation and measure-
ment intercomparison. That uncertainty con-
tains all random and nonrandem errors in the
primary gravimetric standard preparation and
the random error of the transfer measurement
from the primary standard to the SRM gas
mixture. Thus, the first step in a traceability
statement by an SRM user is the NIST certified
value and its stated uncertainty. That measure-
ment value and its uncertainty is promulgated
by NIST and is the sole responsibility of NIST.

The nexi step in a traceable atmospheric
measurement is determined by whether the
measurement analyst used an NIST SRM or a
more available intermediate standard.

Hughes and Mandel published a procedure to
ensure traceability in secondary standards in “A
Procedure for Establishing Traceability of Gas
Mixtures to Certain NIST SRMs” (4). This
procedure describes the measurement steps
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necessary to ensure the proper assessment of
the “estimate” of true value and the increase in
“uneertainty of that value during the measure-
ment comparrson of “the SRM to ‘the secondary
standard s

ln the Umted States secondary gas standards
prepared s’rrrc’rly by the Hughes/Mandel protocol
“are designated as Certified Reference Materials
(CRMs) which is in accord with the inter-

nationally accepted usage of the term; These -
CRMs are legally acceptable to the U.S.

Environmental Protection Agency for use in
measurements requrrmg traceabmty to NIST
kSRMs : :

The rndrvrduai producers of gas CRMs are

legally responsible for the: traceabmty of their .

-CRMs back to the NIST prrmary standards

For laboratorres makmg Iarge humbers of
atmospheric measurements, there is. usuaHy
' one more step in the traceahle chain.

An example rs the Envrronmentai Research
Laboratory of the U.S. National Oceanographic
and Atmospheric Administration (NOAA). They
prepare, at their laboratory, many standards
simifar in nature to NIST SRMs. They also pre-

pare working standards used at many ‘of ‘their '

worldwide monitoring sites. In this process they
intercompare their primary standards to NIST
SRMs and determine their own “estimate” of
true value and its associated uncertamty 'to ‘rherr
workrng standards. :

Thus, most of the atmospheric momtonng data
pubhshed by NOAA are traceable to NIST
primary standards and NOAA is legally re-

sponsible for the ’rraceabrlrty of their pubhshed ;

atmospherrc data.

Unstable atmospheric gas spéeCEes' |

The measurement ca!ibration and its traceability

to a national standard for reactive atmospheric

gases is, at best, difficult. NIST and the U.S.
" EPA have developed a national primary stand-

ard and traceability protocol for ozone which

sefves as a model for what can be done and
serves as an example for the degree of drffrculty
of such traceabrlrty

In 1981, Dr. Arnoid Bass of the NBS staff and
Dr. chhard Parr of the EPA staff collaborated
to develop, engineer, and build one prototype of
an absolute ultraviolet photometer for ozone
(7). This photometer was based on the
internationally accepted absolute ultraviolet
absorption coefficient of ozone at the 253.8 nm
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wavelength of mercury light. A dual path
photometer was built which compared the
absorption of uv light by generated ozone in a
cell to that in a second equal cell containing
clean air. The congentration of ozone in the
standard celr was then calculated using Beer'’s
iaw

The uncer’rarnty of the predrc‘ted ozone
concen’rratlon ‘was determined by prediction
using the estimates of uncertainty in the path
lengths of both cells, the statistics of the photon
counts of the difference between cells, and the
estimates of the uncertainty of the inter-

nationally accepted uv absorption coefficient. A

second instrument was built and intercompared

with the first. The uncertainty of the inter-

comparison of absolute ozone. conceniration

“was within the predicted uncertainty and the
“two instruments were designated as national
" standards; one maintained by NIST and one
‘maintained by EPA. Since their development,

the instruments have been directly inter-
compared at least once every year to maintain

their traceability. Following their acceptance by

EPA and NIST as national standards, a series
of 12 identical instruments have been built by
NIST and distributed to 10 U.S. regional en-
vironmental taboratorres ‘to one Canadian

National Laboratory, and to one Swedrsh’

National Laboratory which is part of the Euro-
pean Community ozone monitoring network. All
instruments yielded predicted ozone con-
centrations based on absolute uv absorption
within the orlgmally predrcted uncertainty.

instruments in all U.S. laboratories are indi-
vidually intercompared each year to ensure
their continued traceability to the two U.S.

_national standards. NIST and EPA are jointly .

responsible for the legal traceability of the
ozone standards in place at the U.S. regional
laboratones

The rndrvrdual regional laboratory manage-
ments are responsible for the traceability of the

calibration of all transfer ozone standards

calibrated at their laboratory for other state or
regronal laboratories.

kThe Ni ST-burlt photome"rers in Canada and-

Sweden are irregularly intercompared using
transfer standards. Both instruments have
maintained calibration within their cerhfred
uncertamty throughout their use to the present

n 'these cases, however, the two governmenr
laboratories are responsible for the legal trace-
abitity of standards and instruments calibrated

~at their laboratories using the NI IST-built

absolute photometers.
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Summary

in summary, there are three essential elements
of measurement which must be followed to
reasonably establish traceability.

1) The measurement must be based on a
standard, preferably a nationally or inter-
nationally accepted standard, which has an
estimate of the true value of the concen-
tration of the analyte of interest and has a
statistically valid estimate of the total uncer-
tainty of the measurement used to establish
the true value.

2) For each step of the measurement traceable
chain, there must be a transfer of the es-
timate of true value and an estimate of the
increase in uncertainty of that value incurred
during measurement transfer.

3) There must be an individual or organization
responsible for maintaining the records
which document the transfer measurement
and its uncertainty.

Having followed these elements, measurement
traceability is established at each measurement
transfer step along the measurement chain
from primary standard to the measurement

being cited and is the responsibility of the
individual or organization performing each step.

Legal traceability is the adherence of measure-
ment {fraceability at each measurement step in
the process and is the sole responsibility of the
individual or organization citing or using the
final measurements.
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Swedish Environmental Protection Agency

nﬁr@dueﬁon

As of January 1992, a Charge of SEK 40 000'

per tonne is levied on nitrogen oxide emissions

from large and medium-sized energy gen-

eration plants. It is the first charge inSweden
hased on measured emissions. Since the
installation of monitoring equipment cannot be
required for smaller energy plants, the charge is
limited to the two hundred or so plants that
have an input of at least 10 megawatts and
generare more than 50 grgawatt hours per year.

To avord um‘axr competrtron in reiatron to
oompames ou‘tsrde the system and to promote
more efficient energy production, the income
from the charge is to be refunded collectively to
those required to pay the tax, in proportion to
the amount of energy produced in each case.
This  avoids ‘discrimination against large plants,
‘which are often environmentally preferable
since-they are more energy-efficient and meet
hrgher punfrca’uon standards. o i

The level and the scope of the charge on mtro-
gen oxide emissions cannot be properly. under-
stood without some knowledge of the Swedish
energy system the envrronmenral goal con-
cerning nitrogen oxide emissions and the
simultaneous changes of other envrronmen‘tal
, taxes

‘This paper attempts to provide:

o brrer overvrew of other economrc in-

struments used in Swedish envrronmental
policy

° mformahon on the major features of the '

,envrronmental charge on mtrogen oxrde
‘emissions

comments on the scope of the charge ahd on
the resuits sofar. , B
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Background |

Emissions of nitrogen -oxides increased rapidly
in. Sweden in the 1950s and 1960s as the motor
car became more and more widely used.
Changes in emissions have been farrly sma!l in
recent years

The to’ra! Swedrsh emissions of nr’rrogen oxrdes
in 1990 were drvrded among vanous sources as
follows : \ :

1980 (1000 tonnes)
adtraffic 182
shipping k R 63
aviation . C 7.5
non-road vehicles: 79
energy production - S B4
industrial processes SR © 19

ShE 4045

There are strong indications that forest soils in
southern Sweden are approaching nitrogen
saturation, with: resultant acidification, nitrogen
leaching and nutrient imbalance. Large areas of
southern Sweden may suiffer from:nitrogen
saturation within 10-20 years unless m‘trogen
deposmon is reduced

The Parhament has therefore deorded that
emissions of nitrogen oxides are to be reduced
by 30 per-cent by 1995, as compared with
1980. This is a faster reduction rate than that of
the international agreement, which stipulates a
30 per cent decrease for the perrod 1980- 1998

messrons of mtrogen oxrdes often orrgrnate
from smalt maobile sources which make them
difficult to control. Unlike sulphur, which is a
constituent of fossil fuels, the emissions of

CLEAN AIR
MEASUREMENT § 20
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nitrogen oxides mainly depend on the com-
bustion conditions and hence cannot be con-
trolled via the quality of the fuel.

Up to 1992 the main policy instruments used for
reducing nitrogen oxides emissions have been
traditional permits for stationary sources and
mandatory standards for car exhausts. Some
special instruments also exist for the farming
sector.

Energy supply
and demand in Sweden

Residences and services account for ap-
proximately 35 per cent of total energy
consumed in Sweden. Industry accounts for
approximately the same percentage as resid-
ences and services, and transport for the
remaining 30 per cent or so. Energy iniensive
processes based on natural resources such as
forests and iron ore have traditionally been
important within Swedish industry.

in the years following the oil crisis of the 1970’s,
energy efficiency improved substantially in. most
parts of the economy. The energy consumption
of 1988 was roughly equal to that of 1970. The
share of oil in total energy supply has dropped
from 70 to 45 per cent in the same period. The
use of nuclear power has increased. However,
Parliament has decided that the present nuclear
reactors are {0 be phased out. The phase-out is
to be completed by the year 2010.

At present, Sweden’s electricity production is
based almost exclusively on hydropower and
nuclear power, each source accounting for ap-
proximately half the electricity supply. Fossil
fuel installations are used for back up, to ensure
adeguate production in unusually cold periods
efc.

Approximately 45 per cent of total electricity
supply is used by industry. The industrial pro-
cesses using much electric energy can be
found in the pulp and paper industry, the metal
and steel works and the chemical industry.
These processes using electric energy intens-
ively consume about three guarters of the in-
dustrial share of electricity consumption.

Economic instruments

In Sweden, as well as in the other Nordic
countries, there is a wide range of taxes,
charges etc. in the environmental field. Most of
these came into being during the 1980’s, and
are primarily seen as a source of finance.

in the last few years, the government has
frequently stressed the need to develop eco-
nomic instruments. In 1988, a special En-
vironmental Charges Commission was set up to
make recommendations on new environmental
levies that would reduce use and emissions. of
environmentally hazardous substances.

Sweden'’s tax system is currently undergoing a
major overhaul. Income tax is being reduced,
with money to pay for the cuts coming from a
broader tax base for several indirect taxes,
including energy and environmental taxes.
These changes will transfer almost $ 3 billion
per year from taxes on earned income to vari-
ous {ypes of energy and environmental taxes.
In addition fo the charge on emissions on nitro-
gen oxides from large energy conversion
plants, carbon dioxide and sulphur taxes have
been introduced.

An overview shows that the economic instru-
ments currently in use in Sweden include:

» deposit schemes — e.g. for beverage con-
tainers and car hulks;

= subsidies — tax reduction and grants, e.g. for
liming, catalytic converters, poliution control
technology, and conservation of valuable
man- influenced landscapes;

» emission charges — e.g. on sulphur, nitrogen
oxides, and carbon dioxide, nitrogen pol-
lutants from agriculiure, vehicles and aircraft;

« product charges — e.¢g. on batteries, artificial
fertilizers, pesticides, solvents and oil prod-
ucts;

= exemption fees — charged when emissions
contravening regulations are temporarily
permitted, e.g. CFCs and vehicle emissions;

= user charges, e.g. for water, sewerage and
sanitation;

= administrative charges — e.g. for financing the
official supervision and contral, permit pro-
cessing etc. under the Environmental Pro-
tection Act; ‘

© sanction charges - fines and penalties
charged when emission limits are exceeded
without permission.

The economic instruments listed above can be
divided into three main types: deposit and re-
covery systems, charges and taxes, and grants
and other subsidies.

It is often difficult to assess the controlling
effects of the economic instruments presented
here. The main reason for this is that they have
seldom been used for the primary purpose of
control, in the sense of charges being designed
to provide incentives for the polluters to reduce
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their reqursrte envi ronmental measures frnan—"

cralty vrab!e e

‘Charges may atso pertorm another tunctron
‘ namety generat ng income. Inrpractrce the con-
trol and financial objectives coincide, but

there are reasons for drstrnQ shrng bet'\ een

these two tunctrons as far . asp ) srble

; Envrronmentat charges may const'
alternative to other measures exertin

effects, for exampte by speedrng up a de-‘,
vetopment that is already taking place of mak-

ing poliution trnancratty unprofitable. Charges
“may also constitute a supplement to com-
pulsory reguta‘ttons €.g. to bring about 2 con-
- tinuous decrease in use when a decision to
‘ 'rmpose a retatrvely tong term t mrtatton exrsts

Envrronmenta charges may also be justrfred

when a regulation for phasing ot a‘chemical
exists, but when it is desirable to encourage a

more rapid phase out Charges may also play

~&n important role in cases where clear or
profrtabte alternatives are still lacking but where
the aim is till to reduce consumpt ion by a hrgher
: degree of cost benefit assessment by the user.

Obvmusly, economrc rnstruments have many

advantages in that they provide the incentive to
reduce emissions and thus stimulate technical
development. This also provides the polluter

with the flexibility 1o choose how a pollutantisto

be limited and to select the method by which
the pollution can be reduced at the towest poss-
rbte ‘cost: , AR

 Major features
of the emission charge

As mentioned before, all small and medium
- sized energy production plants that have an
input of at least 10 megawatts and generate
more than 50 gigawatt hours per year are re-

quiredto pay a charge of SEK 40 OOO per tonne
et nrtrogen oxrdes emrtted

'The emissions’ can optronatly be calcutated

from the results of continuous monitoring or

fixed to 250 mg/MJ for boilers and 600 mg/MJ

~ for gas turbines. Since the actual emissions in

most cases are considerably less than 250
- mg/MJ, this optron is fmancrally preferabte

The momtonng system must meet the foltowmg‘

requirements, according to regutatrons issued
by the Swedish Environmental Protection
Agency, to ensure sufficient data quatrty ‘
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Reqmremems on equrpment used for

‘monrtormg of 502, NO,, NO, NOZ, 02, and

CO

Detectron hmrt & 2 %,

* Deviation of zero point <40 % S

{per.period of time between catrbratrons)

‘Deviation of observed value < +4 % ,
- {per penod of time between calibrations);

~Effect of interfering substances <x4 %,
'Trme ot response <200 s.

V ‘,Heqwrememsan eﬁqwbment used fer

moniforing of stack flow

Detection limit <2 %;
Deviation of zero point < +2 %

(per period of time between calibrations);

Deviation of observed value < +4 %
(per period of time between cahbratrons)

~Time of response < 30 S.

There are also additional requrrements on data

recording and data processrng

The general rule is that as soon as the mon-

itoring system is out of order or does not meet
the regulation standards, emissions are set to

250 mg/MJ. During 5 per cent of the monthly

operating time, however, the emissions can be
estimated on the basis of the response values

achieved under similar operatling conditions.
This exception is made to ensure that there is

time to calibrate and maintain the equrpment

‘ properly ’
The income ‘trorn th,e charge is refunded co’t~

lectively to those required to pay the tax ac-
cording to the amount of energy produced in
each case. The energy producers can be

Fig. 1 - District heating
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divided into four main categories: district heat-
ing, electric power generation, gas turbines,
and industrial processes. In fig. 1-3 one can find
how the produced energy, P, is defined for
three of the four categories. The general ap-
proach for gas turbines is to define the pro-
duced energy as the sum total of the produced
electric power and the energy recovered from
the gases.

Steam

Boiler

R

Boiler feed water

Fig. 2 - Electric power generation

Qstsam
l
i
h steam
Process
Boiler
N
Quiw

Produced energy = (Qgeam X Netoam — Qo X M) % 095

22

Fig. 3 - Industrial boilers

Administration

The tax form is to be handed in by January 25
the following year to the Swedish Environ-
mental Protection Agency. After all tax forms
have been scrutinized, the total emission of
nitrogen oxides as well as the total amount of
energy produced will be known. At this point,
the Government, not the Environmental Pro-
tection Board, can stipulate the sum of the re-
fund per energy unit produced. The losers, i.e.
the plant-owners with high specific emissions,
receive an invoice and the winners, i.e. the
plant-owners with low specific emissions,
receive a refund.

Financial effects

The total emissions of nitrogen oxides from the
boilers concerned were estimated at 15-16 000
tonnes during 1992, which corresponds to a
turnover amounting to SEK 600 - 650000 000.

For the same period, the total amount of energy
produced was estimated at 37 000 gigawatit
hours, which sets the refund to SEK 16 per
produced megawatt hour,

Since the average specific emissions of the
industry sector is somewhat lower than that of
the district heating sector, a transfer of-about
SEK 17 000 000 will take place.

Concluding remarks

The charge on emissions of nitrogen oxides
from energy production plants has been put into
force only recently. Reporting as to its long term
effects upon the energy system will thus have
1o be done at a later date. At this point, how-
ever, one can tell that the charge has already
had a considerable effect in reducing emis-
sions.

A survey, made by the Swedish District Heating
Association, shows that the average emissions
of nitrogen oxides amounted to 112 mg/MJ in
1990, i.e. just after the law was passed, and
that this figure has dropped to 97 mg/MJ during
the first three months of 1892. The reduction
mainly depends on lower emission figures than
expected from boilers within the industrial
sector. ‘ : :
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@ONT NU@US MON TOR!NG SYSTEMS

E Interioken
i 28 Sept - 1 Oct 1992

F@R 802 AN ’NQ EM SS ON CONTR@L

by G NYQUEST

: lnstrtute of. Apphed Envrronmental Research at the Umversrty cf Stockholm
: - Air Pollution Laboratory -
R aStu,dsvrk ‘Nyképing, Sweden

Sweden is one of the most sensitive areas in
Europe to acidification because the bedrock

~consists of slow- weathermg rocks such as
granite and gneiss, which offer far less
protection against acidification. than the readily

weatherable sedimentary rocks. that pre-
dominate ‘elsewhere on the continent. There-

fore, to stop the acidification of soil and waterin

Sweden, the emissions . of acrdlfymg ‘sub-

stances, especrally sulfur: dloxrde and nrtrogen :

oxides, -are 1o be decreased. In recent years,
there: has also been growing international
awareness of the harmful effects of acidi-

fication, _resulting in broad agreement to reduce :

emissi ons as far as possrb!e

Acﬁlone taken m reduee acsdmcaiaen

To achreve reduction of the emrssrons of suifur
dioxide and nitrogen oxides in Sweden d f-
ferent approaches are used:. SR

o emlssron limits; and
° economrcal rncrtements

To control the emissions from ccmbus’rron
plants, all plants with an effects > 50 MW must

perform continuous measurements of sulfur -

- dioxide when burning oil (with desuifurization

equipment), coal or peat and mtrogen 0xrdes"’ ,

{all fuels)

Economlca! mcr’temems fo mrmmrze the emrs—;

sions of acrdn‘ymg substances are

o taxes related to-the amount of suh‘ur emrt‘ted
and .

° gn emission fee for mtrogen oxrdes The

money paid will at the end of the year be re-
paid in-proportion to the contribution of the
total energy production. According fo the law,

all plants with an effect > 10 MW (and an
energy production of > 50 GJ per year) must.
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perform continuous measurements of their
emission of nitrogen oxides or they must pay

a standard charge based on their energy
" production. Approximately 250 furnaces are
affected by this regulatron The mass flow of
" nitogen oxides (as NO,) is to be determined
‘and the availability of t’he measuring. system
must be > 95 %. If not, the standard charge
must be pand for the remammg time.

Requrremems

, fer measurmg eysteme and methede

To ensure a minimum quality of the co'ntmuous
measurements of sulfur dioxide and nitrogen
oxides, the Swedish authorities have estab-
lished regulations: as:to the performance
characteristics that the measuring systems

must observe.

; Petformance characteristics Numerical value
| Lower detection fimit S 2%°
Zero drift ‘ <E2%"
| Sparn drift: St4%"Y
Interferences SE4% Y
Response time <200 s

‘Table 1 — Performance characteristics of automated
measurmg sysz‘ems for mtrogen oxides and sulfur dioxide

1), with reference to fuill scale

. 2) dufing the: period of unatiended operation

- There are no demands for suitability tests of
- -automated measuring systems in Sweden.
‘However, it is the responsibility of the plant

owner that the equipment used mestis the
requrred performance characteristics and that
service and maintenance are executed cor-
rectly. Once a year, an authorized laboratory
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must check the installed measuring system and
conduct comparative measurements with a
reference system.

The Swedish requirements pertaining to per-
formance characteristics and measurement
procedures are compatible with German regu-

lations and proposed international standards.

No emission measuring method for sulfur di-
oxide or nitrogen oxides is recognized by the
authorities. All measuring principles can be
used as long as it can be proved that the in-
stalled measuring system meets the reguired
performance characteristics. Of all the instru-
mentis in operation, the most common measur-
ing principle is absorption in IR and UV
(extractive and in situ); for nitrogen oxides,
however, chemiluminescence measurements
are also important.

The DOAS technique

in Sweden, significant research and investig-
ation have been focused on the DOAS (Dif-
ferential Optical Absorption Spectroscopy) tech-
nigue. This measuring principle (optical, in sifu)
is used in the only emission (and ambient air)
instrument manufactured in Sweden, sold under
the name OPSIS by Opsis AB. Our laboratory,
Air Pollution Laboratory, has done comparative
measurements between an OPSIS system and
an extractive monitoring system.

The DOAS technique is an optical in situ tech-
nigue. It differs from "conventional" optical tech-
niques in that it scans a specific segment of the
spectrum much more frequently during each

measuring cycle. Evaluation involves compar-
ing the recorded spectrum with a reference
spectrum for the substance being measured.
This procedure enables estimation of the error

‘related fo the evaluation. lt also enables several

substances to be measured with the samse
equipment, provided that the substances to be
determined have absorption peaks in the spec-
tral area of the measuring system.

Opsis AB in Furulund, Sweden sells a com-
mercial measuring system under the name of
OPSIS. Versions of this system are available
for measurement in ambient air or for direct
measurement in the gas duct of an emission
source. These systems have identical design
principles; the only difference is the configura-
tion of certain components. Concentrations
are low for ambient air measurements, for
which compensation is obtained by a long
measurement path. According to the manu-
facturer, the OPSIS system is calibrated prior to
the delivery by measuring a known quantity at
specific pressure and temperature.. The OPSIS
system has been suitability tested for SO,
NO, and NGO, in Germany by TUV Rheinland.

The OPSIS system consists of a light source on
one side of the flue-gas duct and a receiver and
an analysis unit on the opposite side (cf Fig. 1
and 2). The source of light is a high-pressure
xenon arc lamp with an output of 75 W. The
light emitted by the lamp is relatively stable in
the 200-800 nm wavelength range, with the
exception of a few peaks around 500 nm. After
passing through the flue-gas duct, the light
reaches the receiver where it is then transmit-
ted through a fiber-optic cable to the opto-
analyzer.

shean

3. Detector
5. Data logger

1. Absorption cell for the reference gas

2. Input for reference gas
4. Electronics
6. Light source

Fig. 1 — The principle of optical in situ path measurementis
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Fig. 2= Configuration of the Differentia/ Optical Absorption System

in the. analyzer lhe llght is spectrally resolved .

by a grating. ‘A special high-speed scanning

techmque enables the computer to collect about |

100 spectra per second from a specific wave-
~length range. These: spectra are converted to
digital signals which are summed- and then
stored in 3 multi-chanfiel memory. Subsequent
~ to the end of the measurement perlods the
computer compares the spectra col acted

| k (wavelenglh by wavelength) with a reference‘

spectrum for the substance to be determined.

- As many as 1000 equal ons can be used, and

each one contrlbu‘les to the determmatlon of
‘ concentrallons

A calcula’non program compules lhe concen-

tration of the substance in guestion. The cem-

" puter reporfs the devratron of the- measured
values and also indicates transmrssron values,
i.e. how large a portion of the llgh‘t emitted has

actually arrived at the receiver. The analyzer

operates automatically. The measurement res-

ults are stored on a hard disk and can be
printed ool or sent lo another computer over a

modem

Fﬁeld measuremem o
k warh a D@AS syslem

ln a frelcl 'lesl the results achrevecl wrth a DOAS

- system (OPSIS) were compared with values

o collected simultaneously from an extrac’uve
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' Jibration of the sysliems was checked. The o
tractive system was controlled by mlroolucmg -
reference gas and a zero gas (for examples ‘

| ‘measunng sysl;em equrpped with a chemllum-

inescence monitor for nitrogen :oxides (Monitor
Labs, Model 8440E) and a fluorescence.

monitor for sulfur dioxide (Monitor Labs, Model
84508). For the sample gas conditioning, a

dilution technique was used as an alternative to

‘the~ sample gas clrylng With the: cllutlon,

technique, the flue gas is diluted with a dilution

‘gas, such as clean air. The dilution gas must be

free from mlrogen ‘oxides. The dilution ratio,

«Wthh must remain censtanl must be chosen

accorclmg to the objec‘nves of the measurement
and must be compatible with the range of the

‘analytlcal unit. After dilution, the water dew

pomt is reduced enough to -avoid condensation
in the gas loops. The rneasured values always
refer to wet gas

The arrangement of the equrpment ror com- '

parative measurements between OPSIS and

the extractive system is seen in Figure 3. Be-

fore conducting the measurements, :lhe e l—:

nitrogen) in the probe. The in situ system
(OPSIS) is more difficult to control, but the

, recommended procedures are the followmg

| o Zero- poml cafibration: Performed with a
o specral calibration lamp.- The instrument does

“ not have to be dismantled. Calibration re-

" quires about 30 minutes. Calibration of the
zero-point is recommended once a month or

“whenever the instrument has been moved.

o5



26

7
1 -
L 8 9 10 | 11
6 s T e 11
1. Diluting stack probe 2. Velocity sensor
3. Temperature sensor 4. DOAS light source; high pressure xenon arc lamp
5. DOAS receiver 6. DOAS multi-channel analyzer
7. Modem 8. Control module for diluting stack probe
9. Monitors 10. Datalogger
11. Computers

Fig. 3 — Configuration of the measuring systems

= Control of the reference point: This can be
obtained by allowing reference gas to flow
through the measurement cell between the
protective window on the emitter (cf Fig. 1).
This cell is 60 mm long, but can be
lengthened. Reference gas can be introduced
when the instrument is in operation and the
bailer is fired. The principle of using reference
gases corresponds o practice in other in situ
instruments for the measurement of gaseous
components. Control of the reference point is
recommended once a month as a check on
perfermance.

Some resuilts from field
measurements with a DOAS system

In Figure 4, results are shown from a measure-
ment performed for three days on an oil-fired
power plant. The measurement path across the
flue-gas duct was long, 434 cm. The boiler was
in service 4-6 hours per day. During the first two
days, the boiler was at low output (2 burners
out of 18) and on the third day output was
increased gradually to the maximum level and
maintained for approximately 30 minutes.

n Figure 4, all one-minute mean values for SO,
and No, as measured by the DOAS system are
plotted against corresponding values for the
extractive system. There is a linear relation for
SO, up to a concentration of about 800 mg/m?3
and for NO, up to about 300 mg/m3, until the

lines begin to diverge. This divergency from a
straight line is fraceable to the long measure-
ment path for the DOAS system. Absorption in
the radiation path was too high because of the
long measurement path. As a result, absorb-
ance was no longer directly proportional to
concentration, i.e. Beers' law no longer applied.
The extirative system measured values ap-
proximately 5 % higher than the OPSIS system.

Altogether, measurements with the OPSIS
system were performed at three types of plants
(coal-dust fired, oil-fired and waste-fired). The
tested system showed high availability (> 95 %)
for measurements of SO,, NO, and NO,. How-

ever, the NO, concentration measured wnth the

OPSIS system was low at all plants and was
independent of the total NO, concentrations,
while the NO, portion of the total NO,
concentration as measured with the extractive
system was 5 % for the coal-dust fired plant
and even higher for the other plants The

reason for these large differences is non-

known, but it has also been observed in other
investigations that in situ measurements will
give a low NO, value where extractive systems
with converters measure a certain portion of the
NO, as NO,. An investigation to determine if it
is a real dlfference between the measuring
principles has recently started in Sweden.
However, the NO, concentration was not
affected; it was only the measured amount of
NO, that differed.
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i : ' andthe extractzve system (monitor). 1 minite mean values
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AUTRICHE

A UNIVERSAL STANDARD VERIFICATION INSTRUMENT
FOR SPHYGMOMANOMETERS

by R. LEWISCH
former Director of the Austrian Metrology Service

1 Historical remarks

Various methods exist for the non-invasive
measurement of human blood pressure. The
fwo main methods used are: the RIVA -
ROCCIKOROTKGCFF method, named after its
two inventors, and the oscillometric method.
Both of these methods are of interest in the field
of legal metrology.

RIVA-ROCC/KOROTKOFF METHOD

In 1896, Scipione RIVA-ROCCI, an ltalian
pediatrician, used a mercury column mano-
meter, an inflatable cuff applied to the upper
part of the arm to provide an occiusion of the
arteria brachialis, and a hand-operated rubber
bulb. In order to find the systolic pressure with
this device, it was necessary to inflate the cuff
up to a pressure at which the puise can no
longer be felt by applying a finger to the arteria
radialis. If the pressure decreases so that the
pulse reappears, it is at this moment that the
systolic pressure is determined.

Nicolai Sergjewitsch KOROTKOFF, a Russian
military dector, was the first person to detect the
systolic and the diastolic pressure in 1905; for
this purpose, he used a stethoscope placed on
the cubital fossa to hear the sound phenom-
enon starting at the systolic pressure and
ending at the diastolic pressure; these sounds
are called KOROTKOFF sounds.

Normally, it is assumed that turbulences of the
blood-stream in the occluded arteria constitute
the origin of the KOROTKOFF sounds. The
author, however, has the opinion that the
sounds are mainly generated by cavitation
effects. The high stream velocity at the oc-
clusion causes a pressure lower than the vapor
pressure of the blood. Therefore, bubbles
appear. When the pressure increases, the
bubbles suddenly collapse and this generates

the sounds. The rattle sounds associated with
water pipes are analogous to the KOROTKOFFE
sounds.

The RIVA-ROCCI/KOROTKOFF sphygmomano-
meters are easy to use, reliable and in-
expensive. Because of these characteristics
and its epochmaking dimension, this method is
used worldwide,

Verification of such simple RIVA-ROCCY
KOROTKOFF sphygmomanometers is easy. In
general, it is only necessary io compare the
mercury manometers or the aneroid gauges
with a standard instrument. These instruments
are covered by the OIML International Recom-
mendation R 16.

About 20 years ago, manufacturers began
automatizing these RIVA-ROCCIKOROTKOFF
sphygmomanometers by means of a micro-
phone to detect the KOROTKOFF sounds and
by modern electronics. Digital displays are also
widely applied.

At first, the verification of these modern
sphygmomanometers was not easy; because
static testing of manometers was not sufficient,
a check of the total operational instrument was
necessary to ensure proper functioning.

This problem was solved by méans of an
“artificial arm” which generates KOROTKOFF
sounds and at times, pressure pulses.

OSCILLOMETRIC METHOD

The second method is called the oscillometric
method. As a historical remark, it should be -
mentioned that in 1847, the physiologist Carl
LUDWIG of the university in Marburg,
Germany, had measured the blood pressure
oscillations generated by heartbeats by means
of an invasive method. He called his device
Kymographion. The first information regarding
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the measurement of blood pressure oscillations
by non-invasive means was contrlbuted byg

ERLANGER in1803.

In 1906, the German'H von RECKUNG-‘

HAUSEN developed a sphygmemano et
which he called oscrlletcnometer W

" mechanical instrument, it was possrble-to carry : g
out normal blood pressure measurements and

make blood pressure oscillations vrsrble

metrology servrces thrs statement ments an

explanation.

2 @sctl emetrte sphygmemanemeter i

The oscrllometnc methool also uses an
inflatable cuff for occlusion of the mean arteria;

However, no KOROTKOFF sounds are used in

this case. If the variation of the pressure from

heartbeat to heartbeat is mvaslvely measured,

(e.g. in the arter ia brachlalls) and recorded, one

will find a curve as seen in Figure 1. This Flgure,
also contains the definitions of diastolic, systoltc ’

and mean arterral [pressures.

Syswlic pressure . —| ‘ ' \ o

‘Mepn arierial - ‘P\ o [;\l U

ngssul"e . . = i - 1\} 8
Diastolic pressure i

CREa g s

Fig. 1~ Blood.pressure kvartiations, o
e.g. in'the arteria brachialis =~ -

“If, on the other hand, the pressure pulsatlons in

- the culf of a sphygmomanometer are recorded

one obtams a dragram such as: that in Frgure 2

lt is obv ious that in this. curve, the shape is notﬁ ‘

-~ gasily comprehensrble at first sight; the pres—
sure values of medlcal lnterest are hldden ‘

On this basrs manufaot'urers be’gan to de‘velop N
oscillometric sphygmomanometers They used

extensive statistical clinical results from com-
parisons between the RIVA-ROCCI/ KOROT-
KOFF and oscillometric methods. They also
used sophisticated programs for, built-in- micro-

computers because of the difficulty in detecting

characteristics of the diastol

and systolic
pressures on an osciflogram. e
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Furthermore it was necessary to provide com-

‘plicated provisions to exclude incorrect oscil-

lation parts created, for example, by un-

: mtentlonal muscle contractlons by the patient.

',Unfortunately, when the: oscrlometrlc'

/ momanometers were available on ‘the

-market, there existed no possibility for pattern
”:approval and ventrcatron In-addition, research
~work in this field on an international level was

aoinot
About ten years ago, the modern oscrllome‘tno e
sphygmomanometers were mtroduced Thrsf L

‘successful. “For some models of
oscrllometnc sphygmomanometers, only a static

,exammatron exclusive ‘of the real manometers
- 'was possible. A positive result of this
examination js absolutely necessary but this_

does not guarantee a proper blood pressure

measurement .

Unfortunately also, the manufacturers kept the

working algorithm top secret. Otherwise, the

" problem with oscillometric sphygmomano-

meters would have been solved mare promptly.
As it was, it 'was only possible to decipher the
code of algorithm of drfferent sphygmomano—
meter systems ’

Alter much work llght came into the darkness
as M. MACEK, a coworker of Bundesamt flr
Eich-und Vermessungswesen (BEV), separated

‘in the pneumatic system by means of a rubber
membrane, the instrument under test from a

pulse generator. This permitted the author to

“understand the origin of the shape of the

oscillations curve shown in Figure 2. After that
some different membrane chambers were

developed. Unfortunately, it was not pessible to

adapt the working characteristics of this device

‘to those of the oscrllometnc sphygmomano-
, meters i

‘ lt is well known that physrcs and therefore

technics are governed by the principle of op-
timal. adaptation. A simple example from every-

t day life: we know that a normal light bulb is an.
~excellent light source if it is operated at its
. mtended voltage (e.g. 220 V). In the electric

network of a car with 12 V: this bulb is Useless

, because lt is not adapted to thrs voltage

‘ Furthermore rt is well known that the human

body is not a machine and therefore physros
logical processes cannot easily be copied in all
cases by physrcal or teohnrcal methods

Wrth knowledge gathered from the membrane
chamber, .the ‘author designed the tubular
chamber. H.TOMBOL at BEV succeeded in
developing a tubular chamber for practical
usage. With this device, it was possible to veriy
oscillometric’ sphygmomanometers. TOMBOL's

paper concerning this subject was published in
OIML Bulletin No. 125, p.30-40. This reference
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Fig. 2 - Blood pressure oscillations in ’thé cuff of a sphygmomanometer during a measurement

also includes an explanation of the origin of the
shape of the curve of oscillations presented in
Figure 2.

Despite the practicability and worldwide use of
the RIVA-ROCCIKOROTKOFF method, manu-
facturers and doctors are seeking new methods
to measure blood pressure.

There are several reasons for this search, some
of which are the following:

« New methods inspire new knowledge, for
example, the possibility to measure the mean
arterial pressure (MAP), a value which is
important for injured or shocked patients.
Until now, it was only possible to measure the
MAP invasively.

« The use of microphones in the cuff to pick up
the KOROTKOFF sounds has opened the

“way for automatization and has an advantage
against the use of stethoscope. But the
microphone must be positioned exactly over
the arteria brachialis. Often, this cannot be
done easily by self-measuring or adipose
patients. Furthermore the microphones are
picking up background noise, which some-
times leads 1o wrong results.

= Oscillometric blood pressure measurements
are also advantageous for unconscious
patients.

« The commercial considerations must not be
forgotten. New instruments with better or new
gualities can be more profitable.

Considering all these arguments, the guestion
remains as to whether or not the result
measured with oscillometric sphygmomano-

meters is equivalent to the result obtained by
the classic method RIVA-ROCCIKOROTKOFF
and whether or not the maximum permissible
errors are exceeded.

This question gave rise 1o long discussions with
doctors and manufacturers. Manufacturers
often refuse to believe in the accuracy of the
classic method.

To bring this discussion to an end, the BEV
carried out an extensive examination. Two
observers with a double stethoscope and two
separated manometers have simultaneously
performed more than one hundred measure-
ments on test-persons. Results are shown in
Figure 3.

Practically all points fall inside a range of 0,5
kPa (3,75 mmHg). This convincing result should
finally solve this question.

in order to have the possibility to compare, at
verification, the results obtained by oscillometric
sphygmomanometers with the results obtained
by the RIVA-ROCCI/KOROTKOFF method, and
also o be able to determine the mean arterial
pressure, it was necessary to develop a
standard instrument suitable for verification.

3 Soiving the problem

As already mentioned, it was not possible to
decipher the algorithm of oscillometric sphyg-
momanometers. The problems arise from the
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Fig. 3 - Results of two series of measurement performed by two observers

difficulty of artificially copying the hemodynamic
behavior, and also from the secret mongers of
manufacturers.

After careful analysis of all known facts about
oscillometric sphygmomanometers, the author
produced a rather mechanical working device.
This device aimed at applying variable pressure
pulses to the cuff by means of a step-by-step
motor, a kinetic gear and a liftmagnet. Un-
fortunately, unadaptable force characteristics of
the liftmagnet prevented a sufficiently good
result. In Figure 4, one of these gears is shown.
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The next step was the development of a mainly
electronic working device, which finally lead to
the desired success.

How does the standard instrument work?
Figure 5 illustrates the equipment and Figure 6
is a simplified circuit diagram.

To be in conformity with the abovementioned
principle of optimum adaptation, the working
mode of 12 function groups of this instrument is
variable in wide limits.

31



32

Fig. 4 - An electro-mechanical gear providing variable pressure pulses

Fig. 5 - The standard instrument in use
Instrument under test — Electronic and pressure generator — Readout device
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Fig. 6 - Simplified circuit of the standard instrument

IUT Instrument under test
RB Rubber bulb

SK Start key

A Amplifier

PG Pressure pulses generator
SPK  Speaker

PD Pressure dome

AM Astable multivibrator

PI Pre-impulse device

ECG Envelope curve generator

El End-impulse device

S Start device for Korotkoff sounds (systolic pressure)
D Stop device for Korotkoff sounds (diastolic pressure)

STOP Automatic total reset device

After electrical and pneumatical connections
have been made for the instrument being tested
as well as the standard instrument, the
measurement can start.

The inflation can be done by hand, with the
rubber bulb RB or automatically, by the built-in
pump of the instrument under test. When the
desired pressure has been reached, it de-
creases again and the start key SK can be
pressed. The device now generates electrical
pulses in accordance with a special algorithm.
They are amplified by A and fed into the pres-
sure pulse generator PG. This contains a nor-
mal speaker SPK, which transforms the

Bulletin OIML - N° 130 - Mars 1993

PRA
PR
RO
MAP
10P
IKS
OP
KS
SW
SP
DP
PL

Pressure amplifier

Paper strip recorder

Readout device

Mean arterial pressure

Inflation oscillations device
Inflation Korotkoff sounds device
Key for inflation oscillations

Key for inflation Korotkoff sounds
Changeover switch

Single pulse device

Double pulse device

Plug for examination of digital Riva-Rocci/Korotkoff
sphygmomanometers

electrical pulses into mechanical pulses con-
ducted to the rubber membrane of the pressure
dome PD as shown in Figure 7. Corresponding
pressure pulses are thus produced.

In this case, the use of a cuff is not necessary.
An astable multivibrator AM provides an out-
put similar to the shape of pressure pulses
from heartbeats. AM is regulating the part P,
which delivers pre-pulses. After the pre-pulses
have been converted into pressure pulses, they
are similar to the oscillations in the cuff if the
arteria brachialis is occluded totally. There may
be chosen between one and ten such pre-
pulses.
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Fig. 7 - The pressure generator

After the last pre-impulse the envelope curve
generator ECG starts its work, producing de-
pending from the running time voltage which
corresponds to the envelope curve over the
oscillations as depicted in Figure 2. With each
beat of AM, the match tension will be taken and
proportionally converted into a pressure pulse.
When the envelope curve is completed, part El
generates an end-pulse as seen on a real oscil-
logram. The number of end-pulses can also be
choosen between one and ten.

In summary, the sphygmomanometer being
tested receives oscillations provided by the
standard instrument, that are very similar to
those obtained during a real blood-pressure
measurement on a human being.

How is the comparison of these results with
those gathered by the classical RIVA-ROCCI/
KOROTKOFF method conducted?

The standard instrument is able to provide
electrically KOROTKOFF sounds. With the
parts S and D it is possible to establish the
exact relation between the envelope curve and
the start and end of KOROTKOFF sounds.

This needs some explanations! To study the
conditions of real blood pressure measure-
ments on human beings, a great number of
examinations was carried out on test persons.
The relevant quantities (oscillations and
KOROTKOFF sounds) were amplified and
recorded on a paper strip recorder PR. It was
then possible to statistically determine the
points of systolic and diastolic pressure
belonging to the oscillations in relation with the
envelop curve.

By these means, the standard instrument can
be adjusted with maximum accuracy to those
pressure values. At the end of the measure-
ment, the read-out device (RO) of the standard
instrument shows the corresponding RIVA-
ROCCI/KOROTKOFF values and the pulse
frequency which can now be compared with the
results shown by the sphygmomanometer being
tested. The read-out device is a modified digital
RIVA- ROCCI/KOROTKOFF sphygmomano-
meter the accuracy of which can be easily
examined at any time.

The theory says that the mean arterial pressure
(MAP) appears at the maximum amplitude of
the oscillations. This maximum amplitude is
taken from the envelope curve generator and
converted into the corresponding pressure. This
is shown on the read-out device (RO). There-
fore, the MAP can also be examined precisely.

Some sphygmomanometers have a build-in
pump to automatically inflate the cuff. They are
able to produce a pressure up to 40 kPa
(300 mmHg). From a medical standpoint, it
makes no sense to expose all patients to such
high pressure at the beginning of the measure-
ment; this may even be dangerous. To avoid
this problem, some sphygmomanometers have
devices, such as switches for different pressure
ranges or special sensors. These sensors con-
trol the inflation either by pressure oscillations
or by KOROTKOFF sounds or both. Some
sphygmomanometers do not function well if
they do not meet these criteria.

For this reason, the standard instrument is
equipped with the devices IOP and IKS as well
as with the keys OP and KS. IOP feeds the
sphygmomanometer being tested with pressure
oscillations, IKS with electrical KOROTKOFF
sounds similar to those obtained at inflation dur-
ing a real blood pressure measurement.

Some sphygmomanometers deflate the cuff
pressure in steps during measurement. This is
used to prevent an instrument disfunctioning.
The built-in microcomputer waits for a second
pressure pulse of the same amplitude at each
steps. Afterwards, the next pressure step is
completed.
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In order to examing such sphygmdmanOmeiers
the standard instrument has a change-over
switch SW. This switch sets the envelope gen-
‘erator from the smgie pulse mode to the double
pulse mode !

“For examination gt digital RNA nOc‘c;/
KOROTKOFF sphygmcmanometers the stand-

ard instrument is provided with a plug PL. The

_plug is to be inserted into the microphone }ack
: of the sphygmomanometer under ‘test

This paper does not describe the numerous
other control devices used 1o indicate the cor-
rect -functioning of the standard instrument,
since they are not of principal importance:

4 The result

It must be-emphasized that it was nol in the
scope of this work to classify the different
sphygmomanometers available on the market.
Therefore, trademarks are not mentioned. I is

obvious, however, that there are dnferences in

quality. Furthermore, the work was done fo
- show that the standard instrument is ab!e to be
used universally.

Most sphygmomancme’rers mdtca‘[e not only
diastolic and systcl ¢ pressures but also the
pulse frequency in pulses per mi inute. This

device used for such purpose is normal, but not
of mandatory verification. However, it is. useful

to detect if all pulses delivered by the standard

instrument are accepted by the sphygmcmano-
meter under test. Differences of + 1 pulse per

minute may appear for different evaluation

algonthms This is " not amportant for the
measurement accuracy , : ,

ln general the osculometnc sphygmcmano—' 8

meters meet maximum errors-of + 1 kPa (8mm
Hg). However, greater errors dre possible. This
does not refer negatively to the sphygmomano-
meter under test. Errors may be a result of an
mproperiy adjusted deﬂat!cn vatve ‘

In repor’nng the reeul‘te cencermng errors, ri

must be mentioned that one of the ”festedc

sphygmomanometers has shown (in-all ranges
of measurement) an error not greater than 0,25
kPa (2 mmHg). This is indeed the best result
tha‘t may be obtamed :

The: Wcrld Health Orgamzatton (WHO) recom-
mends a rate of deflation of between 0.25 kPa/s
and 0.5 kPa/s (from 2 mmHg/s to 4 mmHg/s). if
the rate of deflation is too high, the error can
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‘inci’ease enormously. This is easily under-
standable: the pressure drop between two
pulses may be more than the maximum

permlssnble error, and just one pulse is a signal

~for measurement To prevent such misuse,
- some sphygmomanome’ters stop funcnonmg or

announce an error uf the rate of deﬂaﬂon is teo

"’hagh

The ncrmai pulse frequency is consrdered to be

72 pulses per minute. However 60 pukses ‘per
minute are not seldom At the same rate of
deflation and a lower pulse frequency, a greater

error could be expected. To consider this

" unfavorable case, the standard instrument
works at a pulse frequency of 60 pulses per

minute. If necessary, this frequency can be
adjusted within wide limits. ,

5 Summary

~This paper describes a universally usable

standard instrument developed by the author.
1t is capable ~of ‘examining oscillometric
sphygmomanometers functioning with different
algorithms, as well as classic digital RIVA-
ROCCIKOROTKOFF sphygmomanometers.

The 'measuring result of oscillometric
sphygmomanometers are compared with those
of the classic method RIVA-ROCCl
KOROTKOFF. It is also possible to examine the
mean arterial pressure (MAP) shown by the
sphygmomanometer under test.

These propertles are gathered by making the
working algorithm very ciose to the relation in a
real pressure measurement.

it -‘has been confirmed that a maximum per-
missible error for oscillometric sphygmomano-
meters must be twice the error for classic
RIVO- ROCCI/KOROTKOFF sphygmomano-

meters.

‘The standard instrument contains only in-

expensive and easily obtainable electronic
components. Only the pressure dome is a
simple workshop piece.

For wide use in verification offices, it must be
possible to convert the standard instrument into
a one-chip computer. .

The development of the standard instrunient
has taken 2 1/2 years.
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TRAVAUXdePOIML ~  OIML ACTIVITIES

19921993

“Nous indiquons ci-aprés sous une forme condensee et bmngue Ietat de: preparahon des Recommandatlons
internationales, Documents. Internationaux et autres travaux de [OIML tel qu H ‘découle des rapports armuels et
: ',autres mforma‘uons regus par le BiML

Dans cette hste ne sont pas mclus k—:-s SUJets dont les travaux on’t donne Ixeu a des pubhca’nons définitives
parues avant 1992. :

Les avant-prOJets et pro;ets mdlques dans cette liste ne sont dlspombles que pour tes membres des groupes ‘

de travall concernés.

We are hereafter mol/oat/ng in a condensed and bilingual form the stage of preparation of- international

Recommendations, International Documents and other Work of OIML as n‘ appears from the annual reports and
other mformatton reoelved by BIML. :

- This list does not include work which has been sub/eot to final publicatfon before 1992,

The preifmmary drafts and drafts mentloned in this I/st are ava:/able only fo the members of the respecz‘/ve
working groups.

LEGENDES

AP = Avant—projet'
o Preliminary draft
P = Projéf
: - Draft
. Enguéte = Enqoiry
Préparation = E!aboratioh dun avant—projet
B - Preparation of a preliminary o’raft
Etude Sr =" Qbservations &t nouvelle vers;on etudlee par Sr
o , ‘Commem‘s and.new versron studied by Sr
Etude SP = Etude du projet par le Secretanat Pilote
; , Study of the draft by the leoz‘ Secretarfat
Vote CIML ' =" Votepar correspondance sur le projet
' Vote by correspondence on the draft
CiML. - = Approbanon ou présentation pour approbatlon par le CIML
Approval by, or presented for approval to CIML
Do = Document International
International Document
R Gl e Recommandéﬁon Internationale.

International Recommendation .
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Forme

Etat de préparation

de )
Secrétariat Titres abrégés des sujets oubli- Stage of preparation
Abbreviated titles of subjects cation
Status 1992 1993
SP1 TERMINOLOGIE
TERMINOLOGY
Sr3 Conformité terminologique Activité permanente
Conformity of terminology Permanent activity
SP2 METROLOGIE LEGALE, GENERALITES
LEGAL METROLOGY, GENERAL
Srz Unités de mesure légales (révision D 2} D 2 AP 3AP, P
Legal units of measurement
Sré Exigences générales pour les instruments D P P, Vote CIML
électroniques (révision D 11)
General requirements for electronic instruments
sSP4 MESURES DE LONGUEURS, SURFACES, ANGLES
MEASUREMENT OF LENGTH, AREA, ANGLE
Sr Calibres a bouts plans (révision R 30) R 30 En attente de la révision
End measures of length de la Norme ISO 3650
Awaiting revision
of IS0 Standard 3650
Srb Méthodes de reproduction des unités d'angle plan D P
Methods of reproduction of plane angle units
Sré Appareils de mesure de la superficie des peaux R 4 AP 1P
Instruments measuring the area of hides
Se7 Terminologie utilisée en métrologie dimensionnelle D 1P
Terminology used in dimensional metrology
SP5S |MESURE STATIQUE DES QUANTITES DE LIQUIDES
STATIC MEASUREMENT OF QUANTITIES OF
LIQUIDS
Sr3 Pipettes automatiques en verre R Etude SP P
Glass delivery measures (Automatic pipettes)
Sr4 Seringues médicales R 4 AP P
Medical syringes
Sr11 Mesure automatique des niveaux de liquides (révision R85 Etude Sr 2 AP
R 85)
Automatic measurement of the level of liquid in tanks
Sr12 Mesurage stalique de masses de liquides R 3 AP 4 AP, P
Direct static mass measuring for quantities of liquids
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~Forme.

Etat de préparation

Annex C - Test report
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- de. : n
Secrétariat | Titres abrégés des sujets | public Stage of preparation .
R - Abbreviated titles of subjects - éation : B
' R T ‘ Status 1992 1993 - -
SPSD MESURE DYNAMIQUE DES QUANTITES DE
: LIQUIDES
DYNAMIC MEASUREMENT OF QUANTITIES OF
LIQUIDS '
Sri Ensembles de mesurage de hqurdes autres que leau R L 4nP ' 1 P, vote CIML
' ; (compl!atron) ;
Measuring assemblies for ilqwds other then Water
(compllatlon) :
Sr2 | Comipteurs et ensembles de mesure de hqusdes R81. Préparation
cryogéniques (révision R 81) :
Meters and measunng systems for cryogen/c Izqu;ds ,
Sr3 Compteurs d eau froide (rev;snon R 49) R49 BAR  Etude SP
~ Cold water meters ‘ '
kRappon‘. d'essai 1 AP Etude SP
: Test report ’
Sr7 Etalons de volume utmses pour la vermcahon des R AP l2 P, Vote CIML
ensembles de mesure :
,Standard volume meastires used for venflcatlon of
‘measurmg assemblfes i L
Tubes étalons utmses pour fa venﬁcatlon des R SHP 2 P, Vote CIML
ensembles de mesure :
Pipe provers used far venf/canon of measunng
assemblles ,
Methodes d'gssal de dxstnbuteurs rou’uers de carburant B P 2 P, Vote CIML
| liquide ' TR '
7 | Testing procedures for liqwd fuel dlspensers =
Sr9 | Compteurs vortex ' D 1P 2 P, Vote CIML.
S Vorte'x meters ' L
Sr 10 Compteurs massxques SR - CIML
v a2 A Direct mass flow measunng msrrumem‘s S o
Rapport dessai’ ‘ : P
" | Testreport
SP6  |MESUREDESGAZ
R MEASUF;’EMENT OF GAS
sr T Compteurs degaza parois deformables (rewsnon R 31) ' R 31 ' ‘ Etude Sr 2.AP
‘ Dlaphragm gas. meters : ' BRI
Srﬁkkiyz T Annexe B de R 32 "Compteurs de volume de gaz. a 1 R32 Etude Sr 2P
“ . Ipistons rotatifs” ' g
' Annex Bto R 32 - "Rotary p/ston gas meters”
~{Annexe G - Rapportdessao +P
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Secrétariat

Titres abrégés des sujets
Abbreviated ftitles of subjects

Forme
de
publi-
cation
Status

Etat de préparation
Stage of preparation

1992 1993

SP6

Sr4

Sro

Sri2

SP7

Sr2

Sr4

Sr5

Sr8

MESURE DES GAZ (suite)
MEASUREMENT OF GAS

Mesure des hydrocarbures gazeux distribués par
pipeline

Measurement of hydrocarbon gases

distributed by pipeline

Correcteurs de volume de gaz
Correctors of gas volumes

Gaz de calibrage pour calorimetres
Calibration gases for gas calorimeters

instruments de mesure pour la valeur calorifique brute
de gaz

Measuring instruments for the gross calorific value of
gas

MESURE DES MASSES
MEASUREMENT OF MASS

Instruments de pesage électronigues (révision R 74)
Electronic weighing instruments

Instruments de pesage a fonctionnement

non automatique (révision R 76), parties 1 et 2
Nonautomatic weighing instruments,

parts 1 and 2

Instruments de pesage totalisateurs discontinus
Discontinuous totalising weighing machines
Méthodes d'essai et rapport d'essai

Test procedures and test report

Ponts-bascules ferroviaires a fonctionnement
automatique

Aulomatic rail-weighbridges

Méthodes d'essai et rapport d'essai

Test procedures and test report

Instruments de pesage totalisateurs continus
(révision R 50)

Continuous totalising weighing machines
Methodes d'essai et rapport d'essat

Test procedures and test report

Trieuses pondérales et groupes d'étiquetage poids-prix
(révision R 51)
Aulomatic catchweighing instruments

Doseuses pondérales {révision R 61)
Gravimetric filling instruments

Réglementation métrologique des cellules de pesée
(révision R 60)

Metrological regulations for load cells

Méthodes d'essai et rapport d'essai

Test procedures and test report

R74

R76

R 50

R 51

A 61

R 60

4 AP 5 AP

1AP 2 AP

1AP

1 AP

1 AP

CIML

1 AP 2 AP

1 AP 2AP

Ftude Sr ' 5P

1 AP 2 AP

2 AP 3 AP

Etude St |, 5AP

p Etude Sr
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Secrétariat |

Titres ab‘régés:dessujets ' ;
Abbreviated titles of subjects . -

‘ Status

Etat de préparation
Stage of preparation.

1902

1993

sP8

Sr"i,‘ .
Sr5,
8r6

- sp9
Sr
SP10
Sr2 :
Sr3
S,Pﬁ )

Sr3

Syr4

1poIDS
WEIGHTS

’ Spemﬂcat)ons metrologlques pour les pmds -
" {compilation) (o

Mez‘rologlcal specmcatzons for Welghts (compt/at;on)

MESURE DES MASSES VOLUMIQUES
| MEASUREMENT OF DENSITY

: Tables alcoomemques mternatlonales (rev&smn R22).

International alcoholometric tables:

INSTRUMENTS DE MESURE POUR \/EHICULES

MEASUR[NG INSTRUMENTS FOR VEHICLES

tinstruments de mesure de vstesse &t dlstance dans !es

véhicules (révision R 55)

. Speed and distance measurmg lnstruments for vehicles

‘Tax;m‘etres electromques

Electronic taximeters

|MESURE DES PRESSIONS
MEASUREMENT OF PRESSURE

Manometres a piston

Pressure balances

Manomatres pour pneumahques (rev:snon R23})
, Tyre pressure geuges .

Manometres étalons & elements elas’uques

" V'Reference anometers with elastic sensors

- ‘Méthodes et rapport d' @ssai, supplement aR.
: Test procedures and report, supplement toR

Manometres usuels & element e!astaque ‘

| {révision R 101) L
Uindicating and recording pressure gauges (ardmary

instruments) :

Méthodes et rapport d'essai.

' , Test procedures and report

' Caractensthues des elements reoepteurs elas'uques

i {révision R'53). .

St

; Charectenst[cs of eIestfc sensrng elements

; Manometres pour la pressxon artenene (re\ns;on R 16)
- Manometers for instruments measuring blood pressure
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‘R22

R55. -

R23:

S R101

R53

R16

2P, Vote CIML

‘Enguéte -

CoAP

4P
- 3AP

CiML

1AP

Etude St |

CIML

1P

Etude St

‘ Etude sp

2AP

Vote CIML

Coordination

- avec CEN
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Secrétariat

Titres abrégés des sujets
Abbreviated titles of subjects

Forme
de
publi-
cation
Status

Etat de préparation
Stage of preparation

1892

1963

SP 12

Sr3

S5

Sr6

Sr7

Sr8

Sro

SP 13

Sr3

SP14

Srt

MESURE DES TEMPERATURES ET DE L'ENERGIE
CALORIFIQUE
MEASUREMENT OF TEMPERATURE AND HEAT

Capteurs a resistance de platine, de cuivre

ou de nickel

Resistance-thermometer sensors made of platinum,
copper or nickel

Thermocouples, tables de f.e.m. et tolérances
Thermocouples, tables of EMF and tolerances

Pyrométres & radiation totale
Total radiation pyrometers

Lampes a ruban de tungsténe pour {'étalonnage de
pyrométres optiques (révision R 48)

et rapport d'essai

Tungsten ribbon lamps for calibration of optical
pyrometers, revision and test repori

Thermometres électriqgues médicaux a maximum
Clinical electrical thermometers with maximum device

Thermométres électrigues médicaux pour mesures
continues

Clinical electrical thermometers for continuous
measurement

Compteurs d'énergie thermique (révision R 75)
Heat meters

Perturbations électromagnétiques influant les
compteurs d'énergie
Electromagnetic disturbances influencing heat meters

Méthodes de vérification des thermocouples en métaux
usuels

Verification methods for thermocouples of common
metals

MESURES ELECTRIQUES ET MAGNETIQUES
MEASUREMENT OF ELECTRICAL AND MAGNETIC
QUANTITIES

Compteurs d'énergie électrique active (révision R 46)
Active elecirical energy meters

ACOUSTIQUE ET VIBRATIONS
ACOUSTICS AND VIBRATION

Calibreurs acoustigues
Sound calibrators
Rapport d'essai

Test report

R84

R 48

R75

R 46

R 102

Préparation

Vote CIML

1P

2P

2P

1 AP

1 AP

1P

Etude Sr

2 AP

Etude Sr

Etude Sr

Ftude SP

Etude SP

Préparation

1AP

Etude Sr

Etude Sr

2P
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Secrétariat |

Titres abrégés des sujets
- Abbreviated titles of subjects

Forme |
de ..

publi-

“cation
Status

Etat de préparation
Stage of preparation .

1992 1993

5P 14

1

Sr' 2

Sr3
SP15

Sri

SP 16

5r3.

sP17

Sr‘VT i

Sr2

ACOUSTIQUE ET VIBRATIONS (suite)

ACOUSTICS AND VIBRATION

| Sonometres

Sound leval meters
Rapport d'essai

Test report

Audiometres & son pur
Pure-tone audiomelers

‘Rapport d'essai

Test re‘,oort

| Audiométres pour la parole

Speech audiometers
Rapport d'essai

Test report

Instruments de mesure de vibrations |

Measuring instruments for response to vibration
Rapport d'essai
Test report

OPTIQUE
| OPTICS

+ Frontofocometres

Focimefers

| Rapport d'essai

Test report

RAYONNEMENTS IONISANTS

IONIZING RADIATIONS .

Mesure des pollutions par radionucléides

 Measurement of radionuclide in the environment

| MESURE DES POLLUTIONS
MEASUREMENT OF POLLUTION

lnstruments de mesure des gaz d‘echappement
(Révision R 99) ,
Exhaust emission measuring mstruments

Rappott d'essai

Test repon‘

Spectrophotometres a absorptlon atomtque pour la

mesure des polluants métalliques dans 'eau

(révision R 100)
Atomic absorption specirometers for measuring metal

“Fpollutants in water

Rapport d'essai

L Test report -

Spectrometres a.plasma couples mductxvement ;
inductively coupled plasma emission spectrometers
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R 58

SR04

R 103

R 93

" RY9

| mio0

C2AP | 3AP

 ‘Préparation

C1AP 1P

TP

1P +P
{partially)

Préparation C1AP

1P

Préparation

Préparation

1-P P, vote CIML
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Secrétariat

Titres abrégés des sujets
Abbreviated titles of subjects

Forme
de
publi-
cation
Status

Etat de préparation
Stage of preparation

1992 1993

SP 17

Sr4

Sr5

SP 18

Sr7

SP 19

Sr2

Sr3

Srs

MESURE DES POLLUTIONS (suite)
MEASUREMENT OF POLLUTION

Chromatographe en phase gazeuse/spectroméire de
masse (révision R 83)
Gas chromatograph/mass spectrometer

Chromatographes a phase liquide de haute
performance pour la mesure de pesticides et autre
substances toxigues

High performance liquid chromatographs for measuring
pesticide and toxic substances pollution (HPLC)

Chromatographes en phase gazeuse pour la mesure
des poliutions par pesticides (révision R 82}

Gas chromatographs for measuring polfution from
pesticides

Chromatographes en phase gazeuse portatifs pour
polluants gazeux
Portable gas chromatographs for gaseous pollutants

Spectrometres a fluorescence par rayons X
X-ray fluorescence specirometers

Guide d'instruments portatifs pour le prélévement des
pollutions de ['air
Guide to sampling devices for air born pollutants

MESURE DES CARACTERISTIQUES DES PRODUITS
ALIMENTAIRES

MEASUREMENT OF CHARACTERISTICS OF FOOD
PRODUCTS

Réfractométres pour jus de fruits
Refractometers for fruit juice

MESURE DES CARACTERISTIQUES DES
MATERIAUX

MEASUREMENT OF CHARACTERISTICS OF
MATERIALS

Exigences pour les machines d'essai des matériaux en
traction et en compression (révision R 64 et R 65)
Requirements for machines for tension and

compression testing of materials

Dursté

(révision R 9, 10, 11, 12, 36, 37, 38, 39}
Hardness

Jauges de contrainte (révision R 62)
Strain gauges

R 83

R 82

Re&4
Re65

Re2

Préparation

P Vote CIML

= Etude Sr

Eiude SP Vote CIML

1 AP 2 AP

1 AP Etude Sr

Préparation 1 AP

Préparation Prog. trav.

Préparation 1 AP
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Secrétariat |

© Tires abrégés des sujets
Abbreviated titles of subjects

‘Forme

de.

-~ cation
Status |

publi- |

Etat de préparation

Stage of preparation

1992

1093 ;

SP 20

Sr. 1'5“'

~'tlnformat|ons surl eﬁquetage des emballages
‘lrevison R 79)

PRODU!TS PREEMBALLES

‘ PREPACKAGED PH’ODUCTS

. \Information or package /abe/s ,‘

sr2
sP22

y Sr%

‘ ~Contenu net des preemballages (reVISIOH R 87)
o Net content ln packages '

PR!NCIPES DU CONTROLE METROLOGIQUE ;
'PRINC/PLES OF METROLOGICAL CONTROL ‘

: I\/iethodes d'assurance de qualité apphquees dans Ie/ ;

- | controle métrologique

: Qualzty assurance as app/fed to initial verlflcaz‘/on

| of measuring mstrumenz‘s

S5

sP23

'PrmCIpes d assurance du controle metro!ogxque
{révision D'9) g

Prmcxples of metrologtca[ superwszon o

ETALONS ET DISPOSIT!FS UTlLISES POUR

LES ETALONNAGES ET LES. VEH!F!CATIONS

| MEASUREMENT STANDARDS AND DEVICES

“8r1

sr2

Sr3

s7 |

sP26

Sri

 Bulletin OIML -

o ‘USED FOE’ CALIBHATION AND VE[-?IF)‘CAT!ON

: Caractenanues metrologlques des etalons et
dispositifs d'étalonnage o

Metrological charactenst;cs of measurement standards

: ‘;ano‘ callbraz‘ton devices

PnnC\pes ccncernant Ie chosx la reconnalssance T %
‘officielle, Iutmsa’uon et la conservation des etalons o
' (re\nsxon D 8)

Principles concerning chioice; offtc;al recognlt/on

- {use and conservat/on of measurement szandards T

' Documentaﬁon pour les étalons et dlSpOSl’(lfS . ‘ '

d'étalonnage (révision D )

‘Dacumentation for measurement standards

and cahbratlon devices

filntervaﬂles de reetalonnage des etalons et d!SpOSI’[IfS

d'étafonnage (révision D 10).
Recalibration intervals of measurement standards ;

fand caltbraf;on dewces

, ‘INSTRUMENTS DE MESURE UT!L!SES DANS LE
- |DOMAINE DE LA SANTE - , R
MEASURING INSTRUMENTS USED IN THE FIELD 1

: OF HEALTH ' ‘

Chambres pour numeratxon des celiules sangumes
Blood cell count/ng chembers ‘ ~

N° 130 - Mars 1993

Che

Re7 |

De

D6 |

P,réparati,on

_ Préparation.

~ Prog. trav.

Pro_g. trav.

" Ftude Sr

1 AP

AP
1 AP

1AP

2AP

| Vote CIML
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Secrétariat

Titres abrégés des sujeis
Abbreviated titles of subjects

Forme
de
publi-
cation
Status

Etat de préparation
Stage of preparation

1992

1993

SP 26

Srd

Sré

Sr7

SP 30

Sr3

Sr9

Sr 10

Sri3

46

INSTRUMENTS DE MESURE UTILISES DANS LE
DOMAINE DE LA SANTE (suite)

MEASURING INSTRUMENTS USED IN THE FIELD
OF HEALTH

Electrocardioscopes (Appendice 1)

Electrocardioscapes et électrocardiographes
numériques (Appendice 2)
Digital electrocardioscopes and electrocardiographs

Représentation des caractéristiques des instruments de
mesure bio-médicaux ,
Presentation of metrological characteristics of
bio-electrical measuring instruments

Electrodes pour cardiographes et encéphalographes
Electrodes for cardiographs and encephalographs

Ergometres
Ergometers

Photometres & absorption
Absorption photometers

MESURES PHYSICO-CHIMIQUES
PHYSICO-CHEMICAL MEASUREMENTS

Echelle d'humidité relative de I'air utifisant des solutions
salines saturées

Scale of relative humidity of air using saturated salt
solutions

Liguides étalons pour I'étalonnage de viscosimétres
Standard liquids used for the calibration of viscometers

Viscosimetres a bille. Méthodes d'étalonnage
Falling-ball viscometer. Calibration methods

Méthodes et moyens pour fa vérification des
instruments de mesure de la teneur pondérale des
polluants dans l'air _

Methods and means for the verification of instruments
measuring the mass concentration of pollutants in air

Détermination des erreurs de base et d'hystérésis
des analyseurs de gaz {révision R 70)
Determination of intrinsic and hysteresis errors

of gas analysers

Ethylomeétres
Breath analysers

R 90
Reo

R 70

t AP

Etude Sr

Vote CIML

2P

3 AP

Etude SP

Etude SP

Etude SP

Etude SP

2 AP

1P

CIML

Vote CIML

Ftude SP

Vote CIML
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HEUN ON DU CONSEEL
DE LA PRES ENCE DE L’OEML

- PARlS 15- 16fevner1993 o

Le Cbnéexi ‘d“e lé Pyrésidénce delOkML éesf ré-

uni-les 15 et 16 février 1993 au BIML & Paris:

tous. les membres étaient présents; en. plus de

ces derniers; il fallait compter la participation de

M. Z. Referowski (Pologne). M: K. Birkeland
(Narvege) Président, a souhaité 1a bienvenue

aux membres du Conseil ainsi qu'aux membres

du personnel technique du BIML et a ouvert la

discussion, qui devait porter sur un certain

nombre de points lmportants quam au develop—”» i

pement de I’OIML

Les dvvers pomts sont reprs bnevement amsnk

quet essennel des décisions qu: ont ete pnses

1 Situati{on financiére de !’OHML

Le directeur du BIML a fait un rapport sur la
situation financiere cloturée pour 'année
1992, en rappelant que 20 % des contribu-
tions n'ont pas été payées. Une estimation

pour 1993 a été présentée et il est a prévoir

gu'a nouveau, un pourcentage equuvalent
des contributions ne sera pas paye. En main-

tenant les dépenses & un niveau bas comme .
en 1992, et en refusant certaines dépenses

exceptnonneﬁles tant que les liquidités ne sont
pas disponibles, I'équili ibre fmanc;er pourra
sans: doute étre mamtenu S

2 Actmes des SeCretanats Pilotes et
Rapporteurs en 1992 et p!amﬂees
peur1993

M A \/lchenkov (BIML) a presente un rap-
port complet des activités des Secrétariats; il
est souligné que douze Secrétariats seule-

ment ont travaillé conformément a leur pro--
gramme; de trés nombreux retards sont
canstatés; M. S.E. Chappell est d'avis

quavec T'établissement des nouvelles procé-

dures de fravail, ces retards devraient dimi-

nuer et méme ne plus exister.

3 Dnrectwes pour ies travaux techmques -
Partae 1: Structures et procédures '
pour fe deveioppement des -
Recommandations Internationales e’e ‘
des Dccumems Bnternatmnaux de O ML

Une reumon du groupe ad- hoc oharge de fa
mise au point redacnonneile de ce document

_ Bulletin OIML - N° 130 - Mars 1983

~ plifie

s'est tenue au BIML les 11 et 12 février 1893
- sous la- présidence de M. B. Athané. Ce
- groupe, composé de M. K. Brinkmann (Alle- ;
- magne), M. S.E. Chappell (E’tats Unis dAmé-

rigue) et M. Z. Referowskx ~a mis au point la

version finale du texte qui a été. presente au
" Conseil par M. B. Athané: le texte a 6té sim-
et certains délais dans le déroulement
 des travauf ont été precrses Les annexes
‘ont été améliorées en ce qui concerne leur

Yo

presentatnon et leur contenu. Le Conseil a

approuvé cette version fma!e et 4 insisté sur

ta diffusion la plus rapide et la plus large pos-

. sible de ces directives. Les points essentiels
" de ces’nouvelles procédures seront présen-
tes dans le prochain Bulletin de 'OIML, au
mois de j Jum

Etabhssement des comités techmques
v et des sous-camntes

Les. membres du Consel! ont presente des '
rapports détaillés relatifs aux enquétes en.

cours pour I'établissement des différents co-

mités technigues et sous-comités ainsi que

des problémes non résolus & ce jour. -

Il a été décidé que I'établissement des comi:
tés techniques et dé leurs sous-comités de-

- vait se faire le plus rapidement possible, et
au plus tard avant fa réunion du CIML en oc-

tobre de cette année. Des informations sur

les nouvelles structures de travail seront don-

nées’dans le prochain Bu’lletin de 'OIME.

’ Systeme de cem*ﬂcats OlML

' ;Un questronnaare detaxlle a e‘te envoye a tous
- les Etats membres; les reponses déja parve-
~ nues au BIML ont permis & M. A. Vichenkov'

de présenter au Conseil un rapport sur le

Systéme. ,Celu‘z—cn doit étre développé pour
s'appliquer & un nombre croissant de Catégo-‘
ries d'instruments, et pour cela, les proce-
dures d’essai doivent étre mises au point en
: pnorl‘te par les différents comités et sous-co-

mités pour pouvoir étre annexées aux Re-

commandations; des efforts particuliers. doi-

vent étre réalisés pour développer la

- confiance mutueile dans Res résultats d'es-
- sais.

4
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& Stratégie a long terme de FOIML

Le Président a invité le Conseil a réfléchir sur '

Pévolution de la métrologie légale gui traver-
se actuellement une période de change-
menis importants au niveau de son organisa-
tion nationale et régionale.

Le rapport “Communications internes et ex-
ternes au BIML” a été présenté par K. Fren-
ch; ce rapport a été discuté par le Conseil et
il a été décidé de poursuivre le fravail au ni-
veau des communications externes. Le BIML
a commencé le travail de modernisation des
publications de I'organisation et une nouvelle
brochure expliguant les objectifs et les activi-
tés diverses de YOIML est en préparation.

En ce qui concerne la stratégie a long terme
de 'OIML, un projet de document sera pré-
paré sur base d’une enquéte aupres des

membres du CIML, par un groupe de travail
restreint constitué du Présideni et des Vice-
Présidents du CIML, et du directeur du BIML.

Vingt-huitiéme réunion du CIML

La vingt-huitiéme réunion du CIML qui doit se
tenir & Berlin du 4 au 6 octobre 1993 a été
préparée par le Conseil, sur base des propo-
sitions de M. M. Kochsiek. La réunion sera
groupée avec celle du Conseil de- Dévelop-
pement ainsi qu’avec des séminaires et vi-
sites de laboratoires organisés par le Physi-
kalisch Technische Bundesanstalt (PTB). -

Copyright

Le Conseil a abordé la question du copyright
des publications OIML; cette question sera
discutée lors de la prochaine réunion du
CIML. '

Ph. D.
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OHML

PRESEDENTIAL COUNCE’L MEETBNG
_PARIS, 15-16 February1993 o

The OIML Presrdentra Councr! held a mee‘hng‘

on 15-16. February 1993 at BIML m‘Parrs all

members were present with the additional par— )

ticipatiori.of Mr Z, Referowski (Poiand) Mr K

. Birkeland (Nerway) Presrdeht welcomed. the :

Councxr members as well as the BH\AL ‘rechhrca!

staff and opened the discussions that would:
address a number of important subjects relatrve ;

1o ‘rhe development of OIML.

The items of the agenda and the prmcrpal de— '

cisions that were made are. brreﬂy summarrzed
beﬂow e TR : ,

1 Frnancia srruatien @m L

,The Director of BIML delivered a report on k

the financial situation at the close of 1992,
recalling that 20 % of the contributions had

not been paid. An estimate for 1993 was

presented and it may be amrcrpa’red that
~again, the same percentage of contributions
will not be pard By maintaining a fow level of
expenditures in 1982 and by refusing certain

exceptrona! expenses, . the financial

equ Hibrium can probahry be mamtamed

2 Aetwmes of the Priei ; :
and Reporﬁmg Secretariats in 1992
ang plans for 1993

Mr A. Vichenkov of BIML presented a
complete report of the Secretariats; it was
underlined that only 12 Secretariats had
worked in conformity with their work program,

therefore - demonstrating that many

Secretariats have been delayed in their work.
Mt S.E. Chappel! (USA) is of the opinion that
“with the establishment of the new work pro-

cedures, these delays should be drmrmshed

and perhaps even ehmma‘ted

3 Directives for the technical work -

. Part 1: Structures and procedures
- Aot the development of OIML
“international Hecemmendatrens

end Decuments

A mee‘img of the ad hoc group charged wrth

the task of editing and finalizing this text met’

Bulletin. OIML - N° 130 - Mars 1993

“at BIML von 11-12 February under the
~“chairmanship of Mr B. Athané. This group,

- comprised of Mr Chappell, Mr K. Brinkmann

A Getmany), and Mr Referowski, succeeded in
 producing a final:draft that was presented to

- the Council by Mr Athané: the text was
. simplified and certain deadlines for the

- development of the work were specified. The
Lecannexes were mproved in conten’r and pre-

sentation. The Council approved this final

~version and stressed the importance of a

- rapid and wide diffusion of this text. The
“essential parts of these procedures will be
‘published in the next OIML Bulletin whrch will
_appear in June. 5

Establishment of technical committees

and subcommitiees

The Council members gave detailed reports

‘relative to the recent inquiries for the estab-

lishment of different technical commitiees

“and subcommitiees as well as the problems
" that had not yet been resolved.

It was decided that the establishment of

technical committees and of their subcom-

mittees should be completed as soon as
possible and at the latest, before the next

CIML meeting in October of this year.

information on the new work structures will
be given in the next OHVIL Bulletin in June

oML Certiﬁceie :System

A detaited questronnarre was sent to all

Member States; the responses that have
already been received by the Bureau have

fpermrrted Mr Vichenkov to present a report '
-on the System to the Council. The System
must be deveioped in order to be applied o a

growing number of categories of instruments.

“To this end, the test procedures must be
elaborated in priority by the different

technical committees and subcommittees. in
order - to be annexed to the Re-
commendations and a particular effort must

_be made to develop the mutual conhdence in
" that whrch concerns test resu!ts '
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6 Long-term strategy of OIML

The President invited the Council o reflect
on the evolution of iegal metrology which is
presently facing a period of important
changes on international and regional levels.

The report “Internal and External Communic-
ations of BIML” was presented by Ms K.
French; the Council discussed the report and
decided that work should be pursued in the
framework of external communications. BIML
has undertaken the werk inveolved with
modernizing the publications of the
organization and a new brochure highlighting
OIML’s objectives and various activities is
being developed.

in that which concerns long-term strategy of
OIML, a draft document based on an inquiry
among CIML Members will be prepared by a
working group comprised of the President

and Vice Presidents of CIML and the Direcior
of BIML.

Twenty-eighth CIML meeting

Preparations for the twenty-eighth CIML
meeting which will be held in Berlin 4 - 6
October 1993 was addressed by the Council
based on proposals by Mr M. Kochsigk. The
meeting will be held in conjunction with that
of the Development Council as well as with
seminars and visits to laboratories organized
by Physikalisch Technische Bundesanstalt
(PTB). : :

Copyright
The Council confronted the matter of
copyright for OIML publications; this subject

will be discussed during the next CIML
mesting. ‘

Bulletin N° 130 - Mars 1993




'WELMEC HOLDS ITS FIFTH COMMITTEE MEETING IN BRUSSELS

January 1993 was a symbolic month for the

countries of the European Community as- they,

- officially ‘opened their doors to the Srngle Mar-
ket. It was also a significant month for the legal

metroiogy ‘community -as it marked the im-
plementation of the. Directive 90/384/EEC, also

referred to as the nonautomatic weighing: rnstru- -
ments Directive. It was in large part due o
these two accomphshmen’re that WELMEC

(Western European Legal Metrology Coop-

eration) chose to hold its Fifth Commitiee meet—

ingon January 26:27in Brusse!s Belgru

WELMEC establrshed in 1990 and ba ed on

" the signature of a Memorandum of Under-
standing (Mol), is a committee compnsed of

delegates from EC and EFTA (European Free
Trade Association) national bodies which have

srgned the Mol, as well as observers from
- various regional and m‘ternatronal organrzatrons
in order to promote communication and co-
~ operation within the sphere of legal metrology in
Europe, the committee has established Working
Groups whose’ objectrve is to pursue progress
in areas.of mutual nterest o 'the members of
WELMEC S ,

‘ VBelg U’ s Genera! inspector or Metrology,
H. Voorhof, hosted the WELMEGC mesting a‘t
the Mrnretry of Economic Affairs, where the 25

partrcrpants met to discuss various rssues:
-including the implementation of the Directive
'90/384/EEC in the EC countries; a proposed '
- recognrrron agreement for natronal type ap-

provals of automatic weighing machines;

communication strategies aimed at strengthen-

_ing the organrzatron S presence and'the ad-
vances made in each of its ‘seven Workmg '

groups. .

Dr Seton Bennett Chief Executrve of the
Natronal Weights and Measures Laboratory in
the UK, chaired the meeting (Dr Bennett is

serving his second two-year term as chairman
—until - June 1994) and opened the session with

remarks as to the importance of identifying the

steps WELMEC can take in 1993 to contribute

concretely to its pursurt of becoming atr "au-

‘thoritative organisation at the cenrre of

European Legal Metrology

:EC countrres rmpﬂement Drrectwe
90/384/EEC ‘ S

As of 1 January 1993 ’rhe Drrectrve for ’rhe non-
automatic weighing instruments entered in
force. This refers to the possibility of introducing
such instruments to the market for use through-
‘out the European Commum‘ry on the basis of a
rsrngle type approval granted by a ‘notified body

in an EC Member State. A report as to its trans-

fposrtron into national law within the countries of
the European Community was given by CEC

representatrve E. Jongen. Legal metrology
authorities of each EC country indicated that
the majonty of the countnes had rndeed {rans-

j SrGNATonY BODIES

‘ OBSERVER OHGANKZATBONS

CORRESPONDING ORGANIZATIONS

| THE:MEM?BERS OF WELMEC' =

Austria = Be!grum ®: Denmark L Frnland ® France & Germany @ Greece = ice!and m lreland = The
. Netherlands & Norway m Portugal = Spain ® Sweden & Switzerland = United Kingdom

L Italy and Luxembourg had not offrcrally /orned WELMEC at the- trme of publrcatlon

CEC (Commrssron of the European Communmes) s EFTA (European Free Trade Association) =

EOTC (European Organization of Testing and Certification) = EURQOMET {scientific metrology
“cooperation between Western: European countries) & OIML (lnternatronal Organrzatron of Legar
Metrology) e WECC (Westem European Cahbratron Cooperatron) A = :

‘CECIP (European Committee of Manufacturers of Werghrng lnstruments) @ COOMET (metrology
cooperatron between Central and Eastern European countries)
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posed the Directive into national law and that
the notification of bodies for type examination,
verification, unit verification, and quality assur-
ance assessment was rapidly advancing.

Most EFTA countries are ready to implement
the Directive along with other obligations of the
EEA agreement; however, with the withdrawal
of Switzerland, ratification cannot take place
until the agreement is amended (which is un-
likely before mid 1993).

Towards a type approval
recognition agreement
for measuring instruments

In the absence .of a Directive for other measur-
ing instruments, WELMEC members are
working to rea¢h an agreement for the recog-
nition of national type approvals, e.g. automatic
weighing instruments. During the meeting, there
was much discussion on the subjectand a
revised draft of the agreement is in. progress.
WELMEC has the iniention of having ‘the
agreement ready for signing towards the end of
1993, which would result in acceptance by
the signatories of national type approvals
guaranteeing conformity of an instrument to the
set of reguirements established in the applic-
able OIML Recommendations.

WELMEC strives to communicate

With the exchange of information constituting
one of WELMEC’s principal objectives, ‘a high
priority was given to the need for proceeding
with the publication of documents pertinent to
the organization’s progress. During the course
of 1993, WELMEC expects to distribute five or
six publications including its Merorandum of
Understanding, an informational brochure,
guidance notes on the implementation of
Directive 90/384/EEC, Guidelines. on the
application of EN 45000 standards in legal
metrology, and Guidelines for Computerized
Measuring Systems. :

During the Committee meeting, the parameters
for including Corresponding organizations ‘were
discussed, as well as plans for the creation of a
type approval database for the members of
WELMEC. Representatives from the CEC,
EFTA, OIML, and WECC also participated as
Observer organizations by presenting reports
on their activities.

WELMEC members will assemble in Boras,
Sweden for the organization's Sixth Commitiee
meeting to be held late September, 1993.

KF

For additional information,
contact the WELMEC Secretariat:

NWML

Stanton Avenue, Teddingtorn,
Middlesex TW11-0J2, UK

Tel: +44 81 943 7272
Fax: +44 81 943 7270

Bulletin N° 130 - Mars 1993




INFORMATION

Depu:s le ter jan\ner 1993 la Repubhque Fede-

rative Tcheque et Slovaque a cessé d'exister,
donnant naissance a deux Républiques indé-

‘pendantes, la Repubhque Slovaque stila Repu—

; blxque Tcheque

Les deux Republlques ont mdsque !eur mtentlon' ",
de poursuxvre la participation & 'OIML qui était’

assumée jusqu a presen't par Ia Tchecoslova-
qme el

Dans rattente de ia nomination des. Membres . :
du Comité International de Métrologie Légale

pour la Repubhque Slovague et la Repubhque
Tchéque, le courrier peut etre ehvoye a:

Mr Lubomir SUTEK
Président
~ Urad pre Normahzamu ;
Metrologlu a Skasobnictvo SR
Stefanovicova 3 -
81439 BRATISLAVA
; REPUBL!QUE SLOVAQUE
TP 42-7-491 085 - FAX 42-7-491050
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Smce 1 January 1993 the Czechoslovakta
has been replaced by two independent Re-

publics: the Slovak Ft’epublzc and the Czech

Repubhc

Both F?epub/tcs have mdfcated the/r intent to
: partzc/pate in OIML work which, up to the

present, has: been carneo’ out by Czecho-

; slovakia

' Pendmg the appomtment of Members of the

International Committee of Legal Metrology for
the Slovak and the Czech Republics, cor-
respondence may be sent to the followmg ad-
dresses. Fis : e

Monsieur le Président
‘Czech Office for Standards
‘Metrology and Testing
Véclavské nam. 19
1183 47 PRAHA 1
REPUBUQUE TCHEQUE ;
TP 42-2-261423 ~ FAX 42-2-263187
CTX 121948 FUNM C
TG Normalizace Praha

BB
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BLICATIONS

Vocabulaire de métrologie légale
Vocabulary of legal metrology

Vocabulaire international des termes fondamentaux et généraux de métrologie

International vocabulary of basic and general terms in metrology

Dictionnaire des essais de dureté (francais, anglais, allemand, russe)
Hardness testing dictionary (French, English, German, Russian)

RECOMMANDATIONS INTERNATIONALES
INTERNATIONAL RECOMMENDATIONS

R1

R2

R4

R5

R6

R7

R9

R 10

R15

R16

Poids cylindriques de 1 g a 10 kg (de la classe de précision moyenne)
Cylindrical weights from 1 g to 10 kg (medium accuracy class)

Poids parallélépipédiques de 5 & 50 kg (de la classe de précision moyenne)
Rectangular bar weights from 5 to 50 kg (medium accuracy class)

Fioles jaugées (a un trait) en verre
Volumetric flasks (one mark) in glass

Compteurs de liguides autres que I'eau & chambres mesureuses
Meters for liguids other than water with measuring chambers

Dispositions générales pour les compteurs de volume de gaz
General provisions for gas volume mefers

Thermometres médicaux (a mercure, en verre, avec dispasitif a maximum)
Clinical thermometers (mercury-in-glass, with maximum device)

Vérification et étalonnage des blocs de référence de dureté Brinell
Verification and calibration of Brinell hardness standardized blocks

Vérification et étalonnage des blocs de référence de dureté Vickers
Verification and calibration of Vickers hardness standardized blocks

Vérification et étalonnage des blocs de référence de dureté Rockwell B
Verification and calibration of Rockwell B hardness standardized blocks

Vérification et étalonnage des blocs de référence de dureté Rockwell C
Verification and calibration of Rockwell C hardness standardized biocks

Saccharimetres polarimétriques
Polarimetric saccharimeters

Instruments de mesure de la masse a I'hectolitre des céréales
Instruments for measuring the hectolitre mass of cereals

Manometres des instruments de mesure de la tension artérielle (sphygmomano-

métres)

Manometers for instruments for measuring blood pressure (sphygmomanometers)

Edition
1978

en revision
being revised

1991

1973

1973

1970

1981

1989

1978

1970

1970

1970

1970

1978

1970

1970
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R18

R20

R21

R22

R 23

‘Ré4
R 25
‘R?_s
e
R 29

R30

B3t

R32
B33
R 34

R35

R36
R37

R38

‘Pyrometres optiques & filament dlspara!ssant
" Visua/ disappearing leament pyrometers

Poids des classes de précision E, E F FoM, de 50 kg a mg
Wetghfs of accuracy classes E, E F Fs M from 50 kg z‘o 1 mg

Taxnmetres

Taximeters

Tables a!coométriques internationales -
international alcoholometric tables’

Manometres pour pneumatiques de vehipules automobiles

Tyre pressure gauges for motor vehicles '

Metre étalon nglde pour agents: de venflca’non
Standard one meire bar for venf/caz‘fon ofﬁcers

Poids étalons pour agents de vérifieaﬁbn ‘
Standard weights for verification officers

Seringues médicales
Medical syringes

Compteurs de volume de liquides (autres que teau) Dnsposttlfs compiementan‘es.

Volume meters for /1qu1ds (other than Waz‘er) Ancillary equment

Mesures de capacité de service
Capac:ty serving measures

Mesures de. Iongueur a bouts plans (cahbres a bouts p!ans ou cales etalons)
End standards of fength (gauge biocks)

Compteurs de volume de gaz a parous deformab!es
Dlaphragm gas meters

Compteurs de volume de gaz a pxstons rotatn‘s et compteurs de volume de gaz a
turbme e .

Rotary piston gas mefers and turbme gas meters

Valeur convenhonne”e du resultat des pesees dans l'air
Conventional value of the result of weighing in air

Classes de précision des instruments de mesurage

Accuracy classes of measuring instrume,nts

_ Mesures materlahsees de longueur pour usages généraux . .

Materiaf measures of lengz‘h for generai se .

Venﬂcanon des penetrateurs des machmes d essai de durete
Venﬁcaz‘/on of indenters for hardness testmg machmes

Vérification des machines d essai de' ‘dur‘e‘t’é (sys’té’me Brinsll)

Verification of hardness testmg machznes (Bnnelf system)

Verlftcanon des machines d' essal de durete (systeme Vlckers)
Verification of hardness testing: mach/nes {Vickers system).
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1989

1973

1973

1975
19'73’
1973
1977
1973
1 973
1 973
1981
1989

1989

1973
1974
1985

1977

1977

1977
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R 39

R 40

R 41

R 42

R 43

R 44

R 45

R 46

R 47

R 48

R 49

R 50

R 51

R 52

R 53

R54

R 55

R 56

R 57

Vérification des machines d'essai de dureté (systemes Rockwell B, F, T- C, A, N)
Verification of hardness testing machines (Rockwell systems B, F, T-C, A, N)

Pipettes graduées étalons pour agents de verification
Standard graduated pipeties for verification officers

Burettes étalons pour agents de vérification
Standard burettes for verification officers

Poingons de métal pour agents de vérification
Metal stamps for verification officers

Fioles étalons graduées en verre pour agents de vérification
Standard graduated glass flasks for verification officers

Alcoométres et aréométres pour alcoo! et thermomeétres utilisés en alcoométrie
Alcoholometers and alcohol hydrometers and thermometers for use in alcoholometry

Tonneaux et futailles
Casks and barrels

Compteurs d'énergie électrigue active a branchement direct (de la classe 2)
Active electrical energy meters for direct connection (class 2)

Poids étalons pour le contréle des instruments de pesage de portée élevée
Standard weights for testing of high capacity weighing machines

Lampes a ruban de tungsténe pour I'étalonnage des pyromeétres optigues
Tungsten ribbon lamps for calfibration of optical pyrometers

Compteurs d'eau (destinés au mesurage de l'eau froide)
Water meters (intended for the metering of cold water)

Instruments de pesage totalisateurs continus & fonctionnement automatique
Continuous fotalising automalic welghing machines

Trieuses pondérales de controle et trieuses pondérales de classement
Checkweighing and weight grading machines

Poids hexagonaux. Classe de précision ordinaire de 100 g & 50 kg
Hexagonal weights. Ordinary accuracy class, from 100 g to 50 kg

Caractéristiqgues métrologiques des éléments récepteurs élastiques utilisés pour le
mesurage de la pression. Méthodes de leur détermination

Metrological characteristics of elastic sensing elements used for measurement of
pressure. Determination methods

Echelle de pH des solutions aqueuses
pH scale for aqueous solutions

Compteurs de vitesse, compteurs mécaniques de distance et chronotachygraphes
des véhicules automobiles - Réglementation métrologigue

Speedometers, mechanical odometers and chronotachographs for motor vehicles.
Mstrological regulations

Solutions-étalons reproduisant la conductivité des électrolytes
Standard solutions reproducing the conductivity of electrofyles

Ensembles de mesurage de liquides autres que 'eau équipés de compteurs de
volumes. Dispositions générales

Measuring assemblies for liquids other than water fitted with volume meters. General

provisions

1977

1977

1977

1977

1977

1985

1977

1978

1978

1978

1977

1980

1985

1980

1982

1981

1981

1981

1982
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R 58 — Sonometres - L ST e s - L 1984'
Sound level meters ‘ e L

'R59 — Humidimatres pour grains de céréa!es et \greine‘s dlé‘agineuseei e S L 1984
- Moisture melers for cereal grains and Oilseeds '

‘RB0 — Réglementation metrologlque des cellules de pesee o S < 1991
Metroiogrca/ regulat;ons for Ioad cells ; : ‘ ‘ '

R61 . — Doseuses ponderalesafcnctionnement automattque ' R ‘ 1985
' Automatic gravrmetrrc filling machines -~ T S ‘

R‘SQ - Caractenstiques de performance des extensometres metalhques a res&stance V , - ' 1985 :
' Performance characterrstrcs of metaflrc resrstance strarn gauges” ‘

"R63 — Tab!esdemesuredupétrole e L o S 1985
Petroieum measurement. z‘abies S :

R64 — Ex&gences generales pour les. machmes dessal des matenaux c S 1985
' General requrrements for materra/s z‘estmg machmes S L

"R65 — f Exngences pour Ies machmes d essax des matenaux en tracnon et en compress;on ; - 1985
Hequrrements for machrnes for tensron and compressron testmg of materlals :

R66 — Instruments mesureurs de io’ngueU‘rs i G R AT TR s ' 1985
‘ Lengthmeasuring instruments. e AP

R67 — ‘Ensembles de mesurage de hquxdes autres que Ieau equxpes de compteurs dey ' ‘ 1985
volumes. Coniroles metrologigues. -2 , .

\Measurmg assemblies for liquids other than water f/tted Wn‘h volume merers
' Metrologrcal controls

kF{ 63 — Methode d etalonnage des ceHuIes de conduchvne ' ' s 1985
Cal/bratron method for conductzwty ce/ls :

R69 — \fiscosimétres a capil(aire en verre, pour Ia‘mesure de la viscosité cinématique . 1985
o Glass cap/llary viscometers for the measurement of kinematic wscosrty :

R 70— ;Determmatlon des etreurs de base etd' hysteresns des analyseurs de gaz’ : S © {085
‘ Determination of intrinsic and hysteresis errors of gas analysers ‘ B

R;71fk o Héservoirs de stockage fixes. Presg:riptiehs 'générale's “ P T 1985
Fixed storage Tanks. General requiremehts' :

R72 — Compteurs d'eau deshnes au mesurage de’ Ieau chaude & i 1985
,«Hot water meters ‘ ' : '

R73 — Prescnptnons pour !es gaz purs CO COQ, GH 4 Ha, 02, N2 et Ar des’(mes a Ia o 1985
préparation des mélanges de gaz de: référence S i

Requirements. conceriing pure gases; €O, CO,, CH4, H,, 02, N ano‘ Armtended for
the preparation of reference gas mrxtures ' :

kRk?4 —_ lnstrumentsde pesageelectromques T R ; ; "
R 'Elecrronlc Welghmg mstruments - ‘ :

R75 — Compteursdenergce thermtque Py ‘ k ; o 1988
Heat meters. : g G : . . : ;
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RH786

R77

R78

R79

R 80

R 81

R 82

R 83

R84

R 85

R 86

R 87

R 88

R 89

R90

Instruments de pesage & fonctionnement non automatique
Nonautomatic weighing instruments

Partie 1 : Exigences métrologiques et techniques - Essais
Part 1 : Metrological and technical requirements - Tests

Partie 2 : Rapport d'essai de modele
Part 2 : Pattern evaluation report

Ensembles de mesurage de liquides autres que I'eau équipés de compteurs de
volumes. Dispositions particulieres relatives & certains ensembles

Measuring assemblies for liquids other than water fitted with volume meters.
Provisions specific to particular assemblies

Pipettes Westergren pour la mesure de la vitesse de sédimentation des hématies
Westergren tubes for measurement of erythrocyte sedimentation rate '

Etiquetage des préemballages
Information on package labels

Camions et wagons-citernes
Road and rail tankers

Dispositifs et systémes de mesure de liquides cryogéniques (comprend tables de
masse volumigue pour argon, hélium, hydrogéne, azote et oxygéne liguides)

Measuring devices and measuring systems for cryogenic liquids (including tables
of density for liquid argon, helium, hydrogen, nitrogen and oxygen)

Chromatographes en phase gazeuse pour la mesure des pollutions par pesticides
et autres substances toxiques

Gas chromatographs for measuring pollution from pesticides and other toxic
substances

Chromatographe en phase gazeuse equipé d'un spectrometre de masse ef d'un
systéme de traitement de données pour I'analyse des polluants organiques dans
l'eau

Gas chromatograph/mass spectrometer/data system for analysis of organic pollutants
in water

Capteurs a résistance thermomaétrique de platine, de cuivre ou de nickel (a usages
techniques et commerciaux)

Resistance-thermometer sensors made of platinum, copper or nickel (for industrial
and commercial use)

Jaugeurs automatiques pour le mesurage des niveaux de liquide dans les réservoirs
de stockage fixes

Automatic level gauges for measuring the level of liquid in fixed storage tanks

Compteurs a tambour pour alcoal et leurs dispositifs complémentaires
Drum meters for alcohol and their supplementary devices

Contenu net des préemballages
Net content in packages

Sonomaétres intégrateurs-moyenneurs
Integrating-averaging sound level meters

Electroencéphalographes - Caractéristiques meétrologiques - Méthodes et moyens
de vérification

Electroencephalographs - Meirological characteristics - Methods and equipment for
verification

Electrocardiographes - Caractéristiques métrologiques - Méthodes et moyens de
vérification

Electrocardiographs - Metrological characteristics - Methods and equipment for verification

1992
1993

1988

1989
1989
1989

1989

198¢

1990

1989

1989

1989

1989
1989

1990

1900
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“RO1 —

Roz —
R93 —
F§‘9~51' -
éee —
RO7 i
Résf——
A}H‘9‘9"V—'—
R 100 —

R101 —

R102 —

. Sound calrbrators

R 103 —

R104 — :
S k";Pu‘re-tonefaudr‘ome‘ters‘ ‘

R 105 —

R 106 —

R107 —

Cinémomatres radar pour ta mesure de la vitesse des véhicules
F?adar equment for the measurement of the speed of vehicles

Humldlmetres pour le bois - Methodes et moyens de venﬂcahon ex;gences
génerales

Wood-morsture meters - Venflcat/on methods and equrpment general provisions

Frontofocometres
Focimeters

Bateaux-citernes - Prescripﬂons‘géhérales
Ships' tanks - General requirements :

Bouteilles réCipien’t&mesures

Measuring container bottles™

Barométres
Barometers

Mesures matérialisées de !ongueur a tratts dehaute precnsmn
Hrgh-preC/SIOn hne measures of length

Instruments de mesure des gaz g echappemem des vehxcules
Instruments for measurmg veh/cle exhaust emrssrons ,

Spectrometres a absorp’non atamrque pour la mesure des polluants metalhques
dans P'eau
Atomlc absorption. specz‘rometers for measurmg meta! po/[utanrs in water

Manometres vacuometres et manovacuome’rres mdlcateurs e’[ enreglstreurs

Indrcatmg and recordmg pressure gauges vacuum gauges and pressure vacuum -

gauges

Calibr’eur’s acoustiques

,Apparenllage de mesure pour. la reponse des md;vndus aux wbra‘nons :

Measunng mstrumem‘atron for human reSponse io vibration

Audtometres ason p,ur‘

Ensembles de mesurage massuques d;rects de quantltes de hqundes '

Dzrect mass flow measunng systems or quanuues of quurds )

F’om bascules ferrovnalres 4 foncuonnement automanque ,

‘ »Automatrc rallwe/ghbndges ‘

lnstruments de pesage totahsateurs dxscontmus a foncuonnement automat:que
(peseuses totahsatrlces a tremle) :

Discontinuous totalizing automatic we/ghrng mstruments

; (toz‘ahzmg Hopper werghers)

R108 —

R109 —

Refractometres utilisés pour mesurer la teneur en sucre des jus de fruits
Fs’efractometers for z‘he measurement of the sugar content of fI’Ult jUICGS

Manométres et vac‘;uométres a elément recepteur elasthue lns’cruments étalons

Pressure gauges and vacuum gauges vwz‘h elastlc sensmg elements -

~Standard instruments
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1990

1980
1990
1990

1990

1991

1991

1991
1961

1992
1992
1992

1993
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DOCUMENTS INTERNATIONAUX
INTERNATIONAL DOCUMENTS

D1

D2

D3

D4

D5

De

D7

D8

Do

D10

D14

D15

D16

Loi de métrologie
Law on metrology

Unités de mesure legales
Legal units of measurement

Qualification légale des instruments de mesurage
Legal qualification of measuring instruments

Conditions d'installation et de stockage des compteurs d'eau froide
Installation and storage conditions for cold water meters

Principes pour 'établissement des schémas de hiérarchie des instruments de
mesure

Principles for the establishment of hierarchy schemes for measuring instruments

Documentation pour les étalons et les dispositifs d'étalonnage
Documentation for measurement standards and calibration devices

Evaluation des étalons de débitmétrie et des dispositifs utilisés pour I'essai des
compteurs d'eau

The evaluation of flow standards and facilities used for testing water meters

Principes concernant le choix, la reconnaissance officielle, l'utilisation et la
conservation des étalons

Principles concerning choice, official recognition, use and conservation of
measurement standards

Principes de la surveillance métrologique
Principles of metrological supervision

Conseils pour la détermination des intervalles de réétalonnage des équipements de
mesure utilisés dans les laboratoires d'essais

Guidelines for the determination of recalibration intervals of measuring equipment
used in testing laboratories

Exigences générales pour les instruments de mesure électronigues
General requirements for elecironic measuring instruments

Domaines d'utilisation des instruments de mesure assujettis a la vérification
Fields of use of measuring instruments subject to verification

Conseils pour les arrangements bi- ou multilatéraux de reconnaissance des résultats

d'essais, approbations de modeles et vérifications

Guidelines for bi- or multilateraf arrangements on the recognition of test results,
pattern approvals and verifications

Formation du personnel en métrologie légale - Qualification - Programmes d'étude
Training of legal metrology personnel - Qualification - Training programmes

Principes du choix des caractéristiques pour 'examen des instruments de mesure
usuels

Principles of selection of characteristics for the examination of measuring instruments

Principes d'assurance du contrble métrologique
Principles of assurance of metrological control

1975

en révision
being revised
1979

1981

1982

1983

1984

1984

1984

1984

an révision
being revised

1986

1986

1989

1986

1086
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D17 —
D18 -

D19

D20 -

D 21

: D o0

‘D23

Note

v Schema de hterarchle des mstruments de mesure de la \/tscos:te des hquxdes i

errarchy scheme for Instruments measurmg rhe v:scos:ty of l/qwds

Prmcxpes generaux d utlhsahon des materxaux de reference cemﬁes dans Ies
mesurages

General pnnczples of the use of cert/fled reference matenals in measurements

Essai de modele et ap’proba't;on de modele : o

‘ Pettern evaluaz‘/on and pattern epproval

: \/enﬂcatlons pnmmve et u!teneure de,, nstruments et processus de mesure
Inmal and subsequent venflcat/on of measurmg insz‘ruments and processes

.Laberatowes secondawee d' etalonnage en dosnmetne pour I etalonnage des

desimetres u’nhses en radxotherapre

o ‘Secondary standard doszmetry laborator;es for the calibratlon of dos;meters used

in radzofherapy

Guide sur les instruments portatn‘s pour | evaluatlon des polluants contenus dans

- kair en provenance des sites de decharge de déchets dangereux
Guide fo portable mstruments for. assessmg airborne pol/utants arising from

hazardous wastes :

Prmcxpes du controle métrologigue des dlSpOSltlfS utlhses pour Ies vérifications
Prmc:p[es for the mez‘rologfca/ control of devices used for verification

: Publicaﬁon en cours d;impression/PUb/}fcetion being printed.

1987

1987

1988

1988

1990

1991

Ces pubhcatlons peuvent etre acquxses au / These publications may be purchased. from

- Bureau International de Metrologne Legale 11, rue Turgot 75009 PARIS.
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AL’GERIE ‘

Membre a desngner par son Gouvemement
Correspondance a adresserd :
Office National de:Métralogie Legale

1, rue Kaddour Rahim-Hussein Dey
ALGER

: ALLEMAG‘NE

Mr M. KOCHSIEK
-Directeur
Physikalisch- Techmsche Bundesanstalt
Bundesallee 100 - Postfach 3345 .
13300 BRAUNSCHWEIG
TP'49- 531592 80 10
TX 952 822 PTB d

TG Bundesphysxk Braunschwerg

ARABIE SAQUDITE

Mr KHALED Y. AL-KHALAF
Director General. :
Saudi Arabian Standards Organization
P.O. Box 3437 :
11471 RIYADH"
TP'966-1-479 33 32
- TX 4016 10 saso sj
TG giasy

AUSTRALIE

Mr J. BIRCH
¢ Executive Director
National-Standards Commission
PO Box 282
; NCRTH RYDE, N.S.W. 2113
TP‘61{2-888 3922
TX OTCD AN 100200
’(MA!L BOX 6007:NSC001)

~ AUTRICHE

‘Mr-R: GALLE
Director of the:Metrology Service
Gruppe Eichwasen - g :
* Bundesamt far E!ch und Vermessungswesen
“Postfach 20
Arligasse 35"
A-1163 WIEN

TP 43-222:49 11 01 EAX 43-220-49 20 875
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24-26, rue J.A. De Mot

TP 32-2-233 61 11 ;
- TX20 627 COM HAN .

,BRESIL PR
Mr C.L. FROES RAEDER

. 20060 RIO DE JANEIRO T e
L TP 55212626231 CER
FAX 49-531-592 40 06

FAX 966-1-4793063

FAX 61-2-888 30 33

BELGIQUE
Mr H: VOORHOF

Inspecteur Général
Inspection Générale de la Metrologua

B-1040 BRUXELLES
FAX 32-2-230:83 00

Président; INMETRO
Av. Rio'Branco 311, 8° Andar-Centro

; . FAX 55-21-779 1761
TX 30672 IMNQ BR R0

BULGARIE

Mr Y. YORDANOV

Président

Comité de normalisation et de me’rrolog:e
21, rue-du 6 Septembre
SOFIA 1000
TP:359:2-8591

TX 22570 DKS BG

-FAX 359-2-801402

 CAMEROUN

Mr 8. NOUMSI

Sous-Directeur.des Poids et Mesures
Diraction des Prix, Poids et Mesures .- -
Ministére du Developpement Industnel et Commercxal
BP 501 g

YAQUNDE

TP 237-2231 16 et 237 23 26 17
TX.82-68 & Yaoundé

FAX 237-230069

CANADA
MrR.G. KNAPP
Director, Legal Metrology Branch

Consumer and Corporate Affairs
301, Laurier Avenue West, 5th floor

£ OTTAWA Ontario K1A OC9

TP 1-613-952: 0655 : FAX 1-613-952 1736

TXOSS 3694

REPUBHQUE POPULAIRE DE CHINE

Mr BAI JINGZHONG
‘Deputy Director General

State Bureau of Technical Supérvxsmn
4, Zhi-Chun'Lu, Hai Dian
BEING 100088

TP 86-1-202 58 35
TX 210209 SBTS CN

FAX 86-1-203 1010

‘TG 1918 Beijing
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CHYPRE

Mr G. TSIARTZAZIS

Controller of Weights and Measures
Ministry of Commerce and Industry
NICOSIA

TP 357-2-40 34 41

TX 2283 MIN COMIND

TG Mincommind Nicosia

FAX 357-2-36 61 20

REPUBLIQUE DE COREE

Mr Young-Chang KiM

Director of Metrology Division

Bureau of Standards

industrial Advancement Administration
2, Chungang-dong

KWACHON-CITY, Kyonggi-Do 427-010
TP 82-2-503 79 28

TX 28456 FINCEN K

FAX 82-2-503 79 41

REPUBLIQUE POP. DEM. DE COREE

Mr DJEUNG KI TCHEUL

Directeur de P'institut Central de Qualité

et de Métrologie auprés du Comité National
de la Science et de fa Technologie
Arrondissement de Sadong

PYONGYANG

TG standard

CUBA

Membre & désigner par son Gouvernement
Correspondance a adresser &

Mr J. Acosta Alemany

Director, International Relation Division
Comite Estatal de Normalizacion
Egido 610 e/Gloria and Apodaca
HABANA Vieja

TP 53-7-62-1503 or 61-2068

TX 512245 CEN CU

FAX 53-7-33 82 12
53-733 8048

DANEMARK

Mr P.C. JOHANSEN

Assistant Head

Secretariat for Metrology

National Agency of Industry and Trade
Tagensvej 135

DK-2200 COPENHAGEN N

TP 45-31-85 10 66

TX 15768 INDTRA DK

FAX 45-31-81 70868

EGYPTE

Mr M. HILAL

Président

Egyptian Organization for Standardization
and Quality Control

2 Latin America Street, Garden City
CAIRO

TP 20-2-354 97 20

TX 93296 EOS UN

TG TAWHID

FAX 20-2-355 78 41

ESPAGNE

Membre & désigner par son Gouvernement
Correspondance & adresser a
Centro Espanol de Metrologia
¢/ del alfar 2

28760 TRES CANTOS (Madrid)
TP 34-1-803 33 03

TX 47254 CEME E

FAX 34-1-803 11 78

ETATS-UNIS D'AMERIQUE

Mr S.E. CHAPPELL

Chief, Standards Management Program

Office of Standards Services

National Institute of Standards and Technology
Admin, 101, A625
GAITHERSBURG, Maryland 20899
TP 1-301-975 40 24

TX 197674 NBS UT

FAX 1-301-983 28 71

ETHIOPIE

Mr TAFESSE MULUNEH

Head of Metrology Department
Ethiopian Authority for Standardization
P.O. Box 2310

ADDIS ABABA

TP 251-1-1504 00 et 1504 25

TX 21725 ETHSAET

TG ETHIOSTAN

FINLANDE

Mr M. RANTALA

Assistant Director on Legal Metrology
Technical Inspection Centre

Technical Department/Weights and Measures
P.O. Box 204, Lénnrotinkatu 37

SF-00181 HELSINKI

TP 358-0-61 67 489 FAX 358-0-60 54 74

FRANCE

Mr J. HUGOUNET

Sous-Directeur de la Métrologie

Ministere de ['Industrie et du Commerce extérieur
22, rue Monge

75005 PARIS

TP 33-1-43 195135 FAX 33-1-43 19 51 36

GRECE

Mr A. DESSIS

Technical Officer

Directorate of Weights and Measures

Ministry of Commerce

Canning Sq.

10181 ATHENS

TP 30-1-36 14 168 FAX 30-1-364 26 42
TX 21 87 35 DRAG GR et 21 52 82 YPEM GR

HONGRIE

Mr P. PAKAY

Président

Orszéagos Mérésitigyi Hivatal
P.O. Box 1@

H-1531 BUDAPEST

TP 36-1-1567 722

TG HUNGMETER Budapest

FAX 38-1-1550 598

INDE

Mr N.S. PANGTEY

Deputy Director

Weights & Measures
Ministry of Civil Supplies
Weights and Measures Unit
12-A, Jam Nagar House
NEW DELHI 110 011

TP 81-11-38 53 44

TX 3161962 COOP IN

TG POORTISAHAKAR
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 INDONESIE
MrG.M. PUTERA
Director-of Metrology -~ : o
Directorate General of Domestlc Trade, :
Departemen Perdagangan A
+Jalan Pasteur 27 -
40171 BANDUNG

- TP 62-22-50 597 et 50 695
TX 28176 DITMET BD.

VlRLANDE

Mr S MORAN

Assistant Secretary

‘Department of Industry and Commerce
‘Frederick Building, Setanta Centre,
“South Frederick Street )
DUBLINEZ

P 353-1-61 44 44

TX 93478 :

TG TRADCOM Dublin

. FAX353-1-67 95710

ISRAEL

“Mr. AURONEN.. - - o
.Controller of Weights, Measuras and Standards

- Ministry:of- industry and Trade

P.0.B.299
JERUSALEM 91002

TP 972 2:27 241

ITALIE

MrG. V!SCONTI
Direttore Generale del Commaercio ln'rerno :
Utficio Centrale Metrico

Via‘Antonio Bosio, 15
100181 ROMA
TP 39:6-841 68 25

JAPON

Mr Y. KURITA.

 Direclor General ,
National- Research Laboratory of Metrology

1-4,-Umezono 1-Chome, Tsukuba c

IBARAKI 305

TR .81= 238 -54 41 49

TX:03652570 AIST ,

TG KEIRYOKEN TSUCHIURA

CKENYA
Mr R.A. AYATA
Director'of Weights and Measures
Weights and Measures Department
Ministry of Commerce
P.O:Box 41071" )

-NAIROBI

TP 254-2-50 46 64/5
TG ASSIZERS, Nairobi

“MAROC

Mr M: BENKIRANE

Chef de la Divisionde la Metrologre Legale et lndusmene
Direction du-Commerce et de Industrie :

5 rue Errich, Immeuble A, Quarher Tour Hassan
RABAT.

TP212-7-72:45 65 FAX 212:7-76 08 75
TX 36872 : ;
MONACO

Mr A VEGLIA
Ingénieur auCentre Screntmque de Monaco

716, Boulevard-de Suisse

MC 98000 MONTE CARLO
TP 33-93-3033 71
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TP 92:21-772 95 27
TG PEYASA

S TP.31-78332332

FAX 39-6-841 41 94

1500 LISBOA

| FAX'81-208-54 41 35

NORVEGE

“ir K BIRKELAND.

Directeur Général :

Service National de Meirologre

Postbox 6832 St, Olavs Plass

0130 0OSLO e e g

TP 47 22;20 0226 - FAX47-22-2077'72

PAKKSTAN g

Mr M. ASAD HASAN

Director -

Pakistan Standards lnsmunon

39:-Garden Road, Saddar s

KARACHI:- 74400 - i : :
FAX 92-21-77 285 27

PAYS-BAS

MrG.J. FABER

Directeur général

Nederlands Meetinstituut nv

Hugo-de Grootplein 1

3314 EG DORDRECHT R
FAX 31-78 332309

TX:38 373 1JKWZ NL S

POLOGNE -
MrZ. REFEROWSKI

- Vice-Président

Polski Komitet Normalizacii, Miar i Jakoscx
ul. Elektoralna 2
00-139 WARSZAWA
TP-48-22-20 54 34

: FAX 48-22-20 83 78
TX 813642 PKN .

TG PEKANIM

PORTUGAL

Nr J.N. CARTAXO REIS

Directeur du Service de la Méirologie

“Instituto Portugués da.Qualidade

Rua Prof. Reinaldo'dos Sanms
Lote 1378 i

TP 351-1-778 6158 - FAX 351-1-778:19 80

X 657’44L METROQ P

ROUMANIE

 MrP.G. IORDACHESCU
Directeur Geénéral

Bureau Roumain de Métrologie Legale
21, Boulevard Nicolae Balcescu
70112 BUCAREST

TP 40-16131654

TX 11355

ROYAUME-UNE .

Mr.S. BENNETT

Chiet Executive. .

National Weights anid Measures Laboratory

« Stanton-Avenue e
_TEDD!NGTON Mrddlesex TW-11:QdZ
TP 44-81-94372 72
TX-9312131043 (WM G)

FAX 44-81-943 72 70

' RUSSIE
U MrL. K. ISSAEV

Vice-President

Gosstandart of Russia

Leninsky Prospect @
117049 MOSCOU.
TP 7:095-236 40 44
TX 411378 GOST
TG Moskva-Standart

FAX 7-095 237 60.32

FAX 40-1-3120501
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REPUBLIQUE SLOVAGUE

Membre a désigner par son Gouvernement
Correspondance a adresser &
Mr Lubomir SUTEK

President

Urad pre Normalizaciu
Metrolégiu a Skisobnictve SR
Stefanovicova 3

814 39 BRATISLAVA

TP 42-7-491 085 FAX 42-7-491 050

SRI LANKA

Mr H.L.R.W. MADANAYAKE

Deputy Commissioner of Internal Trade
Measurement Standards and Services Division
Department of Internal Trade

101, Park Road

COLOMBO 5

TP 94-1-83 261

TX 21908 COMECE CF

SUEDE

Mr R. OHLON

Ingénieur en Chef
Statens Provningsanstait
P.0. BOX 857

S-501 15 BORAS

TP 46-33-16 50 00

TX 36252 TESTING S

FAX 46-33-11 77 59

SUISSE

Mr O. PILLER

Directeur

Office Fédéral de Métrologie
Lindenweg 50

CH- 3084 WABERN

TP 41-31-963 31 11

TG OFMET

FAX 41-31-863 32 10

TANZANIE

Mr A.H.M. TUKAI

Commissioner for Weights and Measures
Weights and Measures Bureau

Ministry of Industries and Trade

P.O. Box 313

DAR ES SALAAM

TP 64046/64797/64808

TX 41 689 INDIS

TP = téléphone FAX = télécopie (téléfax)

Les numeros sont en général indiqués pour le régime automatique international a l'exception des numéros qui sont précé-

dés d'un trait.

The call numbers are generally indicated for international automatic dialling except where theé local number is

preceded by a dash.

TG = télégramme TX = télex

Pour tout télex ou télégramme, il est nécessaire d'indiquer le nom de la personne et sa qualité.
For all telex or telegrams it is necessary to indicate name of person and occupation.

REPUBLIQUE TCHEQUE

Membre & désigner par son Gouvernement
Correspondance & adresser &
Monsieur le Président

Czech Office for Standards
Metrology and Testing
Vaclavské nam. 19

113 47 PRAHA 1

TP 42-2-26 14 23

TX 121948 FUNM C

TG Normalizace Praha

FAX 42-2-263 187

TUNISIE

Mr Ali BEN GAID

Président Directeur Général

Institut National de la Normalisation
et de la Propriété Industrieile

Bolte Postale 23

1012 TUNIS BELVEDERE

TP 216-1-785 922

TX 13 602 INORP!

FAX 216-1-781 563

YOUGOSLAVIE

Mr Z.M. MARKOVIC b
Deputy Director :
Federal Bureau of Measures and Precious :
Metals

Mike Alasa 14
11000 BEOGRAD
TP 38-11-18 37 36
TX 11 020 YUZMBG

FAX 38-11-620 134

ZAMBIE

Mr L.N. KAKUMBA
Superintendent Assizor, Assize Department

Weights and Measures Office
Ministry of Commerce and Industry
P.0O. Box 30 989

LUSAKA
TP 260-1-21 60 62
TG Assize, LUSAKA
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PRES DENCE R

PrESIAONt oo K. BIRKELAND, Norvége

Vice-Président ................ S.E. CHAPPELL, USA.

Vice-Président ................ M KOCHSIEK Aﬂemagney

CONSEIL DE LA PRESIDENCE

K. BIRKELAND, Norvege, Président
S E. CHAPPELL U.S:A., V/Président
M. KOCHSIEK, Al!emagne \//PreSIdem
J. B!HCH Australie .
R.G. KNAPP, Canada '
BA!J!NGZHONG Rép. Pop de Chme ,
S.BENNETT, Royaume-Uni
L. K ISSAEV, Russie . ‘
Le Drrecteur du Bureau lnternatxonal de Metrologle Legale

BUREAU NTERNAT ONAL DE METROLOGIE LEGALE

Duecteur, L B, ATHANE

Adjoint au Directeur A. VICHENKOV
Adjoint au Directeur P. DEGAVRE

ngénigur E. WEBER’
Responsable de la Commumcatlon K. FRENCH
Admmls’trateur S Ph. LECLERCQ
MEMBRES D'HONNEUR

V. ERMAKOQV, Russie — Vice-Président du Comité -+
AL van MALE, Pays-Bas — Président du Comité
A. PERLSTAIN, Suisse ~ Membre du Conseil dela Présidence
W. MUEHE, Allemagne ~ Vice-Président du Comité
H.W. LIERS, Allemagne — Membre du Conseil de-ia Présidence
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ADRESSES DES SERVICES DES MEMBRES COHRESPONDANTS

ALBANIE

The Director

Drejtoria e Standardeve dhe e Mjeteve
Matése {(DSMA)

n& Komisionin e Planit t& Shtetit
TIRANA

BAHREIN

The Responsible of Metrology
Standards and Metrology Section
Ministry of Commerce and Agriculture
P.O. Box 5479

MANAMA

BANGLADESH

The Director General

Bangladesh Standards and Testing Institution
116-A Tejgaon Industrial Area

DHAKA 1208

BARBADE

The Director

Barbados National Standards institution
Culloden Road

St. Michael

BARBADOS W.1L

BOTSWANA

The Permanent Secretary

Division of Weights and Measures

Department of Commerce and Consumer Affairs
Private Bag 48

GABORONE

BURKINA FASO

Direction Générale des Prix
Ministére du Commerce

et de I'Approvisicnnement du Peuple
BP 19

QUAGADOUGOU

COLOMBIE

Superintendencia de Industria y Comercio
Centro de Control de Calidad y Metrologia
Cra. 37 No 52-95, 4° piso

BOGOTA D.E.

COSTA RICA

Oficina Nacional de Normas y Unidades
de Medida

Ministerio de Economia y Comercio
Apartado 10 218

SAN JOSE

EQUATEUR

Director General

Instituto Ecuatoriano de Normalizacion
Baquerizo Moreno No. 454 y Almagro
Casilla 17-01-3999

QUITO

FiDJi

The Chief Inspector of Weights and Measures
Ministry of Economic Development, Planning
and Tourism .

Government Buildings

P.O. Box 2118

SUVA

GHANA

Ghana Standards Board ,
Kwame Nkrumah Conference Centre
(Tower Block - 2nd Bay, 3rd Floor)
P.O. Box M-245

ACCRA

HONG KONG

Commissioner of Customs and Excise

(Attn. Trading Standards Investigation Bureau)
Tokwawan Market & Government Offices

165, Ma Tau Wei Road

11/F., Kowloon

HONG KONG

ISLANDE

The Directer

lcelandic Bureau of Legal Metrology
Loggildingarstofan

Sidumuli 13

P.O. Box 8114

128 REYKJAVIK

JORDANIE

Directorate of Standards
Ministry of Industry and Trade
P.O. Box 2019

AMMAN

KOWEIT

The Under Secretary

Ministry of Commerce and Industry
Department of Standards and Metrology
Post Box No 2944

KUWAIT

LIBYE

The Director General

National Centre for Standardization
and Metrology (N.C.S5.M.)

P.O. Box 5178

TRIPOLI

LUXEMBOURG

Le Préposé du Service de Métrologie
Administration des Contributions
Rue des Scillas

2529 HOWALD

MALAISIE

The Director of Standards

Standards and Industrial Research Institute of Malaysia
P.Q. Box 7035

40911 Shah Alam

SELANGOR DARUL EHSAN
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mALawl
The:Priticipal Assizer
Assize Department
PO, Box 156-
LILONGWE

MALE

ke Directeur General des Affarres Econoquues S

" {Service des Poids ot Mesures)
BP. 201 .. .
BAMAKO

: TMAUR CE

The Permanent Secretary

< Ministry. of Trade and Sh:ppmg

{Division.of Weights-and Measures)
New Government Centre
PORTLOUIS -

| MEX iaue

Direccion General de Normas !
Secretariade Comercioy Fomento lndustnal
‘Sistema Nacional-de Calibracion :

 Ave. Pliente de Tecarmachalco no. 6 < Planta Baja
Lorhas de Tecamachalco, Seccion Fuentes
53950 NAUCALPAN DE JUAREZ

 MONGOLIE
‘Mongolian: Nanonal Institute
“tor Standardization and Metrology -
~Peace St -
A (ULAANBAATAF% 51

 NEPAL
The Chief Inspecior. .
‘Nepal Bureau of Standards and Metrology
P.B.o8s ‘

Sundhdra
KATHMANDU

- NOUVELLE-ZELANDE

© TheManager ~ -

- Trade Measurement Unit

. “Ministry of Consumer Affairs
PO Box 1473
WELLINGTON .

OMAN

=" The Director General .
~Hfor Specmcattons and Measurements
Ministry of Commerce and Industry

PO Box 550
VMUSCAT

OUGANDA

Commissioner for We!ghts
“and-Measures

Weights and Measures Department
- Ministry of Commerce -
CPOBox 7192

. KAMPALA ;

- PANAMA

L& Directeur o :
Comision Panamena de Normas !ndustnales
“y-Tecnicas - .
“Ministerio.de Comercio e lndustnas

Apartado 9658
PANAMA 4
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'PEROU , ;
" The Director Genera&

ITINTEC Instituto de Investigacion Tecnologxca

industrial y de Normas Tecnicas
~Av: Guardia Civil No. 490

LIMA 41

PHELIPP!NES

Bureau of Product Standards

‘Department of Trade and Industry
“3rd floor DT Building

361 Sen. Gil J. Puyat Avenue
Makati, Metro Manila
PHILIPPINES 3117

SENEGAL
" Le Directeur

Institut Sénégalais de Normalisation
Ministére du Plan et de la Coeperanon
DAKAR : .

SEYCHELLES

o The Director

Seychelles Bureau of Standards
P.O. Box 648 y

VICTORIA

SYRIE
The General Director

The Syrian Arab Organization
for Standardization and Metm!ogy

L P.O.Box 11836

DAMASCUS

TRRN!TE ET TOBAGO

The Dlrector
Trinidad and Tobago Bureau-of Standards
P.0. Box 467

PORT OF SPAIN -

TURQUIE
Le Directeur Général

. “Service du Contréle de la Qua‘lité et des Mesures

Sanayi ve Ticaret Bakanligi

+Olgliler ve Kalite Kontrol Genel

Mudiiritiga
ANKARA

 VENEZUELA
“Le Directéur

Direccion General de Tecno!og(a

~ Servicio Nacional de Metrologia

Ministerio de Fomento

“Av,Javier Ustariz, Edif. Parque Residencial

Urb."San Bernardino

. 'CARACAS

YEMEN

The Director General

Yemen: Standardlzatton & Metrology
Organisation

~ P.O.Box 19213
SANAA
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