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A nos lecteurs

Au cours des 14 dernigres années, le Bulletin de 'OIML a été 'une
des responsabilités de M. Stig Ake Thulin. C'est avec plaisir que je
souligne le caractére remarquable du travail de M. Thulin, qui a pro-
duit un journal technigue couvrant les multiples aspects de la métrolo-
gie pratique et légale, et une trés efficace source d'informations entre
nos membres.

M. Thulin a pris sa retraite en septembre 1992 et le Bulletin sera a
partir de maintenant produit par Ms Kristine French et M. Philippe
Degavre. lls ont deja réfléchi aux modifications potentielles qui pour-
raient affecter la présentation et le contenu géneral du journal et
meneront a bien leur fravail en tenant compte du besoin constant de
répondre aux développements de la metrologie pratique et légale.

Je suis certain que, lecteurs de notre Bulletin, vous serez intéressés
par cette évolution future et je voudrais vous encourager a participer
a ces développements en faisant connalire vos vues aux nouveaux ;
réedacteurs et, si approprié, en leur envoyant des articles.

To our readers

For 14 years now, the OIML Bulletin has been the responsibility of
Mr Stig Ake Thulin. It is my pleasure to emphasize that the work

performed by Mr Thulin has been extraordinary, thus producing a »
technical journal that covers the numerous aspects of practical and :
legal metrology and an efficient source of information for our mem-
bers.

Mr Thulin retired in September 1992 and the Bulletin will now be
produced by Ms Kristine French and Mr Philippe Degavre. Ms French
and Mr Degavre have been reflecting as to potential changes that
would affect the general lay-out and contents of the journal and they
will proceed with their work in a manner that takes into account the
constant need to respond to the developments in practical and legal
metrology.

I am certain that as readers of our Bulletin, you will be interested in
this future evolution and | would like to encourage you to participate in
these developmenis by informing the new editors of your views and, if
appropriate, by contribuling articles.

B.A.




Ninth Infernational Conference

of Legal Metrology

Vouliagmeni, Greece, was the
location of the Ninth
International Conference

of Legal Metrology wich was
held November 2 - 6, 1992.

The hospitality of the Greek Government
and the natural beauty of the environment
created an atmosphere that was con-
ducive to a successful Conference and
Twenty-Seventh Meeting of the Inter-
national Committee of Legal Metrology.

The Conference was officially commenced
by Mr V. MANTZORIS, Greek Minister of
Commerce and Industry, who welcomed
more than 115 delegates from 41 Member
States as well as representatives of 5
Corresponding Members and 8 Inter-
national Institutions in liaison with OIML.
The opening ceremony also included
speeches by Mrs K. TSOUNI, President of
the Hellenic Organization of Standar-
dization (ELOT) and Mr A. KOMMATAS,
Director of Metrology Department in
Greece.

After having thanked the Minister, Mr K.
BIRKELAND, President of CIML, outlined
the fundamental developments within
OIML during the past four years and
defined the necessary directions that our
Organization must take to maintain a
strong leadership in the legal metrology
community.

After the election of Mr L. ISSAEV (Rus-
sia) as President of the Conference, and
Mr M. BENKIRANE (Morocco) and Mr J.
BIRCH (Australia) as Vice-Presidents the
delegation proceeded with the various
items of the agenda.

A significant result of the Conference was
the formal sanction of 12 Recom-
mendations that had already been ap-
proved and published, as well as six Draft
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Recommendations directly presented for
approval. In addition, several resolutions
were drawn up concerning subjects such
as OIML's role in assisting developing
countries, liaisons with international
institutions, and matters involv-ing the
Organization's administration and finance.

Representatives of ISO, CEN, CENELEC,
CECIP, WELMEC and COOMET delivered
reports addressing the current relations
between OIML and their institutions (a
report from IUPAC was read by an agent
from BIML). The Conference drafted a
resolution emphasizing the importance of
maintaining a satisfactory state of
cooperation and increasing liaisons with
international institutions and European
bodies concerned with legal metrology
and standardization.
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Pictured from left to right: B. ATHANE, Director of the International Bureau of Legal Metrology,
K. BIRKELAND, President of the International Committee of Legal Metrology; V. MANTZORIS, Greek
Minister of Commerce and Industry; A. KOMMATAS, Director of the Greek Metrology Department;
K. TSOUNI, President of the Hellenic Organization of Standardization (ELOT); A. VLACHOS, Head of

Metrology Department.

Financially, the OIML budget for the years
1993-1996 indicates a growth factor of
practically zero. This was necessary as
the Organization attemps to cope with the
present difficult international economic
situation.

Moreover, the Conference reenforced the
need for continued advancements in the
fundamental work of OIML, including the
OIML Certificate System for Measuring
Instruments and the creation of new
technical committees and work projects.

The date and place of the Tenth Inter-
national Conference of Legal Metrology
have not yet been established and rel-
evant information will be published in the
Bulletin when these decisions have been
made.

In addition to the Conference sessions,
the International Committee of Legal
Metrology (CIML) held its twenty-seventh
meeting. An exceptional decision was
made to extend the presi-dential mandate
of Mr BIRKELAND until 1994, at which
time the election of a new CIML president
will be held. Mr BIRKELAND has already

successfully completed two six-year
mandates in this position.

CIML will meet again in October 1993 in
Berlin following an invitation from CIML
Vice-President, Prof Manfred KOCHSIEK
(Germany).

Pleasant weather conditions in Vou-
liagmeni allowed for the enjoyment of the
nearby beaches, swimming, tennis and
promenades. Participants and their
conjoints were also invited to enhance
their appreciation of Greek culture by
partaking in several events organized by -
the Greek hosts, including a visit to the
Acropolis, a city tour of Athens, lunch in
the port of Piraeus and a splendid dinner
cruise around the Saronikos Bay.
Congratulations to the tourist agency,
AFEA, for its contribution to the success of
the Conference.

BIML would like to extend its sincere
appreciation and thanks to the Greek
hosts for the efficient organization of the
Conference and the opportunity to ex-
plore the country's natural geographical
beauty and rich culture.

K.F.
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Neuviéme Conférence Internationale

de Métrologie Légale

C'est a Vouliagmeni, Grece, que
s'est tenue la Neuvieme
Conférence Internationale de
Métrologie Légale du 2 au 6
novembre 1992.

L'hospitalité du gouvernement grec ainsi
gue la beauté naturelle de I'environnement
ont créé une ambiance qui a contribué au
succés de la Conférence et de la vingt-
septieme réunion du Comité International
de Métrologie Légale.

La Conférence a été officiellement ouverte
avec une allocution de M. V. MANTZO-
RIS, Ministre grec du commerce et de ['in-
dustrie, qui a accueilli environ 115 déleé-
gués provenant de 41 Etats Membres
ainsi que les représentants de 5 Membres
Correspondants et 8 Institutions Internatio-

nales en liaison avec I'OIML. La cérémo-
nie d'ouverture a compris également des
discours de Madame K. TSOUNI, Prési-
dente de I'Organisation Hellénique de Nor-
malisation (ELOT) et de Monsieur A.
KOMMATAS, Directeur du Service de Mé-
trologie en Gréce.

Aprés avoir remercié le Ministre, M. K.
BIRKELAND, Président du CIML, s'est ex-
primé sur les développements principaux
de notre Organisation pendant les quatre
derniéres années et a défini les directions
a suivre pour que I'OIML puisse maintenir
son leadership auprés de la communauté
de métrologie légale.

Suivant I'élection de M. L. ISSAEV (Rus-
sie) comme Président de la Conférence,
et MM. M. BENKIRANE (Maroc) et
J. BIRCH (Australie) comme Vice-Prési-
dents, les délégations ont entamé I'exa-
men des divers points de l'ordre du jour.

Vouliagmeni
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Un résultat important de la Conférence a
été la sanction formelle de 12 Recomman-
dations déja approuvées et publiées, ainsi
que de six Projets de Recommandations
directement présentés pour approbation.
De plus, plusieurs résolutions ont été éla-
borées sur des sujets tels que le réle de
I'OIML concernant l'aide aux pays en dé-
veloppement, les liaisons avec d'autres
institutions internationales, et les ques-
tions administratives et financiéeres de I'Or-
ganisation.

Des rapports ont été présentés par les re-
présentants d'ISO, CEN, CENELEC, CE-
CIP, WELMEC et COOMET a propos des
relations entre I'OIML et ces institutions
(un rapport d'lUPAC a été lu par un agent
du BIML). La Conférence a adopté une ré-
solution soulignant l'importance de main-
tenir un état de coopération satisfaisant et
d'accrofitre les liaisons avec les institutions
internationales et les organes européens
de métrologie Iégale et normalisation.

En ce qui concerne les questions finan-
ciéres, le budget de I'OIML couvrant les
années 1993 a 1996 montre une croissan-
ce de pratiquement zéro. Cela résulte de
la nécessité pour I'Organisation de s'adap-
ter a la difficile situation actuelle de I'éco-
nomie internationale.

Par ailleurs, la Conférence a réaffirmé le
besoin de continuer a progresser dans les
domaines de travail fondamentaux de
I'OIML, y compris le Systéeme de Certifi-
cats OIML pour les Instruments de Mesure
et la création de nouveaux comités tech-
niques et thémes de travail.

La date et le lieu de la Dixieme Conféren-
ce Internationale de Métrologie Légale
n'ont pas -encore été fixés et les informa-
tions relatives a ce sujet seront publiées
dans le Bulletin dés que les décisions au-
ront été prises.

Le Comité International de Métrologie Lé-
gale (CIML) a également tenu sa vingt-
septiéme réunion et la décision a été prise
de prolonger exceptionnellement le man-
dat présidentiel de M. BIRKELAND jus-
gu'en 1994, moment ou I'élection d'un
nouveau président du CIML aura lieu. M.

La fin d'une visite a I’Acropole - MM. Birkeland,
Président du CIML, Boni et Visconti, Membres de
la délégation italienne.

BIRKELAND a déja accompli avec succes
deux mandats de six ans a ce poste.

Le CIML se réunira en octobre 1993 a
Berlin a la suite d'une invitation du Vice-
Président du CIML, Prof Manfred KOCH-
SIEK (Allemagne).

Gréce aux conditions de temps agréables
a Vouliagmeni, les participants et leurs
conjoints ont eu l'occasion de profiter des
plages, de la natation, du tennis, et des
promenades. lls ont été également invités
a enrichir leur connaissance de la culture
grecque en participant aux activités orga-
nisées par les hoétes grecs, comprenant
une visite de I'Acropole, un tour d'Athénes,
un déjeuner au port du Pirée et un splen-
dide diner-croisiére dans la baie de Saro-
nikos. Félicitations a I'agence de tourisme,
AFEA, pour sa contribution au succes de
la Conférence.

Le BIML se permet d'exprimer sa recon-
naissance profonde et ses remerciements
aux hotes grecs pour l'organisation effica-
ce de la Conférence et aussi pour l'occa-
sion donnée aux participants de découvrir
la beauté géographique naturelle et la
riche culture du pays.
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CLEAN AIR MEASUREMENT

Interlaken, 28 September - 1 October 1992

The topic chosen for this seventh OIML technical seminar was air pollution measurements
including measuring instruments for vehicle exhaust gas, continuous monitaring of ambient air
and control of stack gas emissions.

This subject had been suggested by O. PILLER, our Swiss CIML member; the practical
arrangements for the seminar were taken care of by the staff of his Institute, the Swiss Federal
Office of Metrology.

The site of Interlaken in the touristic region near the Jungfrau mountain is certainly not a
polluted area and could rather be used for clean air sampling, hence the name adopted for the
seminar. The venue was Park Mattenhof, a first class hotel with reasonable prices and specially
equipped meeting rooms.

Fifty specialists from seventeen countries participated in the seminar. Many of them were
from institutions other than the national legal metrology services. We are particularly grateful for
the important participation from ISO TC 146 "Air Quality" and CEN TC 264. The chairman of
ISO TC 146, Mr A. ARONDS, assisted us in finding many of the lecturers.

The seminar was opened by Mr O. PILLER whose speech is reproduced in this isssue of
the Bulletin. Twenty-four papers were presented during the four days of the seminar. Two of the
lectures on vehicle exhaust measurements were illustrated by demonstrations outside in the
garden. In addition to the use and practical testing of instruments, the speakers covered sub-
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jects such as standardization, development of instruments and measuring methods, reference
gases, training of staff, and tax regulations on polluting gas emissions.

Summaries of the papers are given at the end of this report and a selection of them will be
published in the OIML Bulletin, starting with this issue. The paper by Dr W. RICHTER was
already published in Bulletin n° 128 of September 1992.-

Conclusions

As expected, the seminar revealed the great importance of work on pollution measuring
instrumentation. In addition to the methods of measurement described in the standards of 1ISO
and CEN, there is an urgent need for OIML Recommendations on diesel engine particulate
measuring instruments and on stack emission continuous monitoring equipment.

Ambient air monitors for various components are being installed in an increasing number of
dwelling areas. Requirements for the accuracy and testing of these commercial instruments
should therefore also be included in the work priorities of the appropriate OIML secretariat on air
pollution.

It is to be noted that much greater attention must be paid to emissions of nitrogen oxides.
Many countries are introducing very strict requirements and heavy taxes relative to emissions of
these gases, thereby bringing about the necessity for reliable and verifiable measurements of
these components (1).

The organizers found that the seminar entirely fulfilled its goal, thanks to the variety of
reports presented, the high level of the speakers, and the interesting discussions.

Acknowledgements

BIML would like to thank once again Mr PILLER for his initiative and staff, particularly Mr
SCHLATTER, for the perfect organizational arrangements.

All the participants were most grateful for the excursion offered by the Swiss Federal Office
of Metrology which allowed us to admire the collection of the Abbeg foundation, followed by a
very pleasant dinner with typical Swiss music.

AT.

(1) It was frightening to learn from Mr R. SVEDBERG's speech that the emission of nitrogen oxides in Sweden in
1990 totalized more than 400 000 t of which more than half this sum originated from road and non-road vehicles.
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Opening address

by ©. PILLER
Director of the Swiss Federal Office of Metrology

Mister Chairman, Ladies and Gentlemen,

It is a great pleasure and honour for me to welcome you here to Interlaken. You came to
Switzerland from all parts of the world to discuss measurement equipment and measurement
methods used in the control of air pollution.

We live in a time that is marked like never before by scientific research linked to an
immense technical development. We are all aware of the results of this enormous development.
ft has brought an unprecedented prosperity particularly to the industrialized nations. It led to an
astonishing mobility and enabled an almost instant world wide exchange of information through
the advance of telecommunication networks. Modern medical technology led to a reduction of
infant mortality and to a welcome increase in life expectancy. in highly developed states, new
methods of food production have eliminated hunger to a great extent.

At the beginning of the 1960's, when space technology provided the first satellite pictures
of our planet, we have been overwhelmed by the beauty of our space-ship "earth”. We were
also very proud that technical development had brought us that far. What an exalied feeling we
had when in 1969 the first man, Neil Armstrong, was setting foot on the ground of the Moon. At
the beginning of the 1970's, the first report of the Club of Rome titled "Borders of Growth”
brought a big disillusionment. According to this report, we must expect a collapse of our
economic and environmental system during the middle of the 21st century if we continue to
follow the ideology of unlimited growth. Our limited living space cannot cope for much longer
with the present uncontrolled growth rate of population, industrial production, energy consump-
tion and consumption of raw materials.

in 1987, the Brundtland-report was published. As you may know, this is a report from the
world commission responsible for the environment and development. in this report the following
sentence appeared: "Most of the political decision makers will be dead, when the consequences
of sour rain, hothouse effect, destruction of ozone and the loss of species are obvious. But,
most of the young people will still be living”.

At the world summit in Rio, it was made obvious that the responsible politicians are timidly
and hesitatingly becoming aware of the seriousness of environmental destruction. We can only
hope that the measures which have already been taken, or which must still be taken, will be
effective in time.

One of the central and acute problems today is air pollution which is mainly caused by
traffic and heating. For this reason, many states have passed laws on this subject or are on the
point of doing so. A serious legislation should be based upon two levels.

The first level should be dedicated to prevention. Air pollution must be limited by measures
taken at the source of the problem. Sources refer to stationary facilities like heating plants,
waste incinerators, ventilation systems of factories or sireets, as well as mobile machines and
vehicles. As a precautionary measure, the emission of air pollutants should be fundamentally
limited, even when no direct danger is expected. The maximum emission levels are set in such
a way that they can be observed under the current technical and operating conditions provided
that this is economically acceptable. This principle enforces the idea, that only state of the art
methods should be used in the production and use of goods which could poliute our environ-
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ment. This pressure to innovate most likely has positive economical impact on the highly
industrialized countries and their high-tech export industries.

The second level becomes important, as soon as it is found or expected that the emissions
of pollutants are harmiul or annoying. The limits for harmful effects or nuisances form the basis
tor impact thresholds. These impact thresholds are fixed in such a way that, in the light of
current knowledge and experience, immissions below these levels do not endanger persons,
animals and plants.

If the limiting values of immissions are exceeded, the responsible sources have to be
found. These sources must be modernized at the cost of their owners.

People responsible for the execution of environmental laws should first fix the impact
thresholds for air pollutants. To do this, extensive scientific investigations are needed, as well as
precise measurement equipment and reasonable, meaningful measurement methods.

Measurement methods and measurement equipment build the basis of an effective
pollution control, to which this seminar is decicated. | thank you very much for your willingness
to be in charge of this important task and | wish you plenty of success in managing this preten-
tious activity.

; } hope very much that you will still find enough time to get to know the region of Interlaken
which is internationally known because of its famous mountains Eiger, Monch, and Jungfrau of
which we Swiss people are so proud.

10 Bulletin OIML - N° 129 - Décembre 1992




interlaken
28 Sept - 1 Oct 1992

CLEAN AIR
MEASUREMENTY

Summaries of the presentations

International development of standards for air quality
by Cornelis A. Aronds, Chairman, and Klaus Grefen, Secretary ISO/TC 146

In the field of international standardization of air pollution monitoring methods, an important aim
is to achieve a more efficient use of manpower and funds in order to accelerate standardization
procedures. Unfortunately, the efforts required to carry out the formidable task of expanding the
field and harmonizing the compounds and methods are too weak. In part, the solution may be
found in a closer cooperation between all organizations involved together with an efficient
division of work within the programs. This paper covers the problems of this approach.

WMeasurement traceability versus legal traceability in air quality measurement
by Dr. Harry L. Rook
Materials Science and Engineering Laboratory
National institute of Standards and Technology
Gaithersburg, Maryland, U.S.A.

The adjective "traceable”, derived from the verb "to trace", has four distinct definitions with more
than 12 nuances, according to Webster's English dictionary. A few notable articies have
- appeared during the past 30 years which have given preferred definitions to traceable when
used for legal metrology. These include:

« "The ability to relate individual measurement results to an accepted standard or measurement
through an unbroken path of measurements.”

= "The ability to relate a given standard to a reference standard with rigorous evidence of quan-
titative compatibility within defined error limits.”

 "The quantitative expression of a measurement in terms of units that are defined by an ac-
cepted reference, national, or international standard.”

We are faced with the same problem today that has confounded the legal community through-
out history. Aimost without exception, when laws are passed which include the concept of
traceability, the exact definition is left for the user community to decide at a later date.

This article will attempt to describe a system for traceability of analytical measurements and
illustrate who is responsible for what and how it is quantitatively assured.
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Automotive emission analysis using FTIR spectrophotometer
by M. Adachi
Automotive Instrument Development Project Department
Horiba Lid, Japan

Two new techniques have been applied to FTIR emission analysis which add significant
potential to automotive emission measurement. One of these is the use of the mathematical
multivariate analysis which is called the partial least squares method. This spectrum dis-
crimination technique, in combination with high resolution spectrum data, enables superior
analysis for heavy-overlapping species in the emission. The other technique is a flow con-
ditioned gas sampling cell which is designed especially for real time emission measurement.
The flow in the gas cell has been analyzed with computer simulation and the gas cell has a flow
conditioner inside with a 10 meter oplical path. Seven seconds of 90 percent gas replacement
time can be achieved with this cell. As a result, highly accurate realtime data can be obtained
with relatively fast response.

In this paper, spectrum factors exiracted from overlapping species and quantification
simulations are shown using standard gases. The realtime measurement of methanol fueled
vehicles with and without catalyzer will be compared. In addition, we compare data from the
FTIR with data collected by conventional analyzers. The resulis show the detailed emrssxon
pattern of several species which have not been analyzed before.

Gas analyser with excellent long-term stability for measurement of exhaust gases from
Otto engines and turbidity measuring equipment for diesel engines

by Dr. K. Wendt

Siemens AG

Karlsruhe, Germany

The principles of operation are explained; excellent long-term stability for an analysing system is
achieved by using a NDIR-bench with opto-pneumatic infrared detectors that realize a gas
correlation technigue. Field tests have shown that the accuracy for measuring the components
CO, CO,, and HC are remaining within the requirements of OIML Class | for at least six months
without recalibration.

For the measurement of exhaust from Diesel engines, an equipment is presented that directly
fits on to the exhaust pipe and is capable of giving a time resolved plot of the particle emission.
Different evaluation methods calculate peak or integral values in agreement with international
regulations or as stated by the customer.

Method of determination of NO, in exhaust gas and in reference calibration gas by NEDA-
photometry

by Saburo Yanagisawa

Prof. emeritus Keio University, Japan

Convenor or ISO/TC146/SCYWG3

This is a new method of determination of NO,. Sample gas is shaken with NaOH-alkaline H 50,-
solution and NO, is converted into NO, form. Thts NO, is colour-developed with NEDA reagent
and is photometncally determined.

The condition of perfect formation of NO, from NO, is explained by Pourbaix's oxidation-
reduction theory.

12 Bulletin OIML - N° 129 - Décembre 1992
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NO, in exhaust gas is determined in one hour; NO and NO, in reference calibration gas is
determined within 20 minutes by adding catalase enzyme, an instantaneacus H,0O,-de-
composing reagent.

Pattern approval and verification system based on OIML R 99 in Hungary
by Maria Rohdly
National Office of Measures (OMH), Budapest, Hungary

The introduction of a more strict environmental supervision of vehicle exhaust emission has
given new tasks for OMH due to the great number of new sophisticated instruments that been
imported.

According to the Hungarian Law on Metrology N° XLV (1991) the pattern approval and the initial
and yearly subsequent verification are obligatory.

The new OIML Recommendation R 99 was very useful in our work.

The lecture summarizes the most important experiences obtained from the course of more than
15 pattern approvals and gives a survey of the applied system of verification.

Monitoring and controlling unwanted emissions of poliutants from motor vehicles in the
United States
by William B. Clemmens (US EPA) and Samuel E. Chappell (NIST)

Currently, emissions from motor vehicles are regulated within the United States of America
(U.S.A.) by the U.S. Environmental Protection Agency (EPA). The procedures include
monitoring and control of inspection and maintenance (/M) testing programs implemented by
state and local governments and federal surveillance of vehicle production. The metrological
and technical performance of the instruments used in the field I/M testing are consistent with the
requirements provided in OIML Recommendation 99 "Instruments for Measuring Vehicle
Exhaust Emissions”. This paper provides a brief identification of these programs.

The U.S. EPA has found that the traditional idle I/M tests, conducted on a periodic basis for
measuring emissions from in-use vehicles, is losing its ability to effectively identify vehicles with
high emissions. The primary cause is the greater flexibility available in the design of
sophisticated digital engine controls which are in widespread use in the U.S.A. New techniques
for identifying vehicles with high emissions are being considered for U.S. regulations. These
include on-vehicle monitoring requirements (on-board diagnostics-OBD), on road measure-
ments (the likely technique: remote sensing), and an /M version of the new vehicle certification
procedure.

The I/M version of the new vehicle certification procedure, called the "High Tech I/M Test”
involves a chassis dynamometer with inertia weights, a constant volume sampler to collect and
dilute the vehicle exhaust, and emission instruments significantly more sensitive than those
specified in OIML R 99. During testing, an in-use vehicle would be operated over a transient
driving cycle, and HC, CO, and NO, are measured as mass emissions in grams per mile. In
addition, evaporative emission has been found to be a significant contributor to volatile organic
compounds (VOC) in the ambient air. The High Tech I/M Test would measure the purge
function and the pressure integrity of the evaporative system in the vehicle.
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A resarch program for this High Tech I/M Test has been in operation for approximately two
years. This paper summarizes the resulis of the research and the feasibility and possible
schedule for implementation of the High Tech Test.

In addition, the anticipated implementation and public costs of this new program are compared
with existing I/M test programs within the U.S.A. Data indicate that the emission reductions
anticipated from using the High Tech Test will be six times better than the average I/M Program,
and three times better than the best I/M programs. These data also indicate that the High Tech
Test is twice as cost effective than stationary source emission controls. The cost to the public
for the High Tech Test is expected to be comparable or lower than existing /M programs.

Swiss reference gases in emission measuring instruments: principles and practices
by J.-F. Perrochet
Swiss Federal Office of Metrology, Waberm

The Swiss Federal Office of Metrology presently has standards of gas mixiures essentially
based on comparative measurements. This principle is applied to horizontal (same
concentration) and vertical comparisons of gas mixtures coming from different factories,
including some primary reference materials from other national laboratories. Apparatus,
calculation methods, and results are presented. The diffusion of reference gas mixtures is
accomplished through the Swiss Accreditation Service. Some particularities are shown in the
paper. Finally, the widening of the Swiss Basis {o references for immission measurements
announces new problems. Some of the perspectives are described.

Gas standards and monitoring techniques for application to air quality and vehicle and
industrial emission measurements

by P.T. Woods and R.H. Partridge

Division of Quantum Metrology, National Physical Laboratory, Teddington, UK

The National Physical Laboratory (NPL) is the focus of the United Kingdom National
Measurement System and as such provides nationally-traceable standards to which UK
measurements of air quality and poliutant emissions can be referenced. Work is also underway
on the development of new open-path and remote monitoring techniques to supplement con-
ventional atmospheric monitoring methods.

NPL has established a national facility where primary gas standards are prepared. These in turn
are used to certify secondary standards which are disseminated for calibrations in industry and
government laboratories. NPL has participated in intercomparisons with other national stan-
dards laboratories, for example, the National Institute for Standards and Technology, USA, in
order to demonstrate the international uniformity of nationally- prepared gas standards. Collab-
oration with the National Measurement Institute, Holland, is also underway as part of a EURO-
MET programme to rationalise gas standards work throughout Europe.

The UK has now established a nationally-traceable framework for the measurement of vehicle
emissians which are carried out as part of an annual test. This entails commercial laboratories
accredited under the National Measurements Accreditation Scheme using nationally-traceable
reference gases for instrument type-testing. It also entails regular checks on accuracy of vehicle
emission monitors in all UK garages using nationally- traceable reference mixtures.

Over the past ten years, a range of new flexible atmospheric manitoring instruments have been
developed to carry out measurements difficult to make with traditional “point” sensing methods.
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NPL has developed a range of these, which are capable of integrated-path or range-resolved
measurements of a wide range of air pollutants directly in the atmosphere up to distances of
several kilometres. The advantages of these techniques are outlined and results of field
measurements which demonstrate their applications are presented. Examples of commercial
exploitation are given. Progress with the preparations of a British Standard, which is intended 1o
serve as the basis for a European standard, are also outlined.

Reliable measurement of gaseous and particulate pollutants in vehicle exhaust emission
surveillance in Germany

by W. Richter

Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Requirements and tests are described for measuring instruments used for in-use vehicle
exhaust emission surveillance in Germany. According to new regulations, petrol-engine vehicles
equipped with catalytic converters and diesel-engine vehicles are also included in this pro-
gramme. Measuring instruments for the exhaust components CO, CO,, "HC" and O, designed
to determine the air fraction A, and diesel smoke meters (opacimeters and filter-type instru-
ments) are covered in detail (This paper was published in OIML Bulletin n° 128).

Experience gained with verification of instruments for measuring vehicle exhaust emis-
sions and preparation for future tasks

by Dipl.-Ing. Wolthard Gbgge

Director of Legal Metrology, Eichdirektion Rheinland-Pfalz

Bad Kreuznach, Germany

Since 1980, instruments for measuring vehicle exhaust emissions have been verified in
Germany which means that the CO contents in the exhaust gases of vehicles with gasoline
driven engines at idling speed are measured according to present regulations.

The tests are being performed with test gases of different mixtures.

Instruments for measuring vehicle exhaust emissions are only correct if they are properly
maintained in addition to the verification. Information as to the condition of the measuring
instruments as encountered by the verification officiers as well as the influence of the main-
tenance on the correctness of measurement results is given.

in the future, the involvement of verification authorities in this field will increase. It is planned to
measure additional components of hydrocarbon in the exhaust gases as well as the content of
soot in the exhaust fumes of diesel engines. The requirements that will be accorded to the
measuring instruments and procedures are explained.

A demonstration of the test equipment mounied on a vehicle of the Eichdirektion Rheinland-
Pfalz followed, showing the verification of instruments for measuring vehicle exhaust emissions.

Evaluation of performance characteristics of in stack or ambient air analysers
by Rémi Perret
institut National de 'Environnement Industrie! et des Risques, France

Continuous monitoring is increasingly used, either in ambient air networks or in industrial plants
for emission measurements. It is therefore necessary to determine performance characteristics
and industrial use suitability of commercially available devices.
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Main metrological characteristics, such as detection limit, zero and span instability, response
curve, and interferences may be determined in a laboratory by standardized procedures (ISO
8158, ISO DIS 9169). Laboratory tests also have to study other points of major interest for the
user, such as the influence of the external temperature, electrical supply variations, and radio
interferences.

Field tests provide useful data on long time drift, failures, and clogging. Although the results of
these tests are only indicative and (particularly for emission measurement devices) depend on
the choice of the industrial plant, they are a powerful tool to determine the real suitability of the
instruments. ‘

The influence of ambient conditions on the emissions of NO, from domestic boilers
by Dr. ir. C.J.A. Pulles
VEG-Gasinstituut, Apeldoorn, Nederland

The emission of NO, from boilers is influenced by a number of factors. In particular, the
influence of combustion air temperature and humidity is important. Therefore NO, emission
measurements of boilers have to be performed under standardized conditions or the measure-
menis must be corrected for deviations from these standard conditions. VEG-Gasinstituut has
conducted a series of tests, in collaboration with CETIAT (France), to determine the necessary
corrections. This project is sponsored by the Bureau Communautaire de Référence (B.C.R.).

The tests have been done for a variety of appliances. NO, emission and several other
parameters have been measured as a function of air temperature and humidity. Some
appliances were also tested with different gas fuels. Care has been taken {0 ensure that other
operating conditions (i.e. rating) remained constant.

Some results of the tests were presented. The conclusions of this project presented to B.C.R.
were also discussed.

The use of automatic instruments and calibration gases in the Swiss National Air Pol-
lution Monitoring Network (NABEL)
by Dr. B. Buchmann
Swiss Federal Laboratories for Materials Testing and Research EMPA, Dibendorf,
Switzerland

The Swiss National Air Pollution Monitoring Network (NABEL) has been in operation since
1978. A modernization and extension of the network to 16 automatic monitoring stations has
been completed in 1991. NO,, SO,, O,, and CO are measured continucusly. The aim of this
network is to record long-term pollution levels at different sites and to assess the effectiveness
of air pollution control measures. This requires a well defined and adequate data quality.

To achieve this primary goal the correct use of suitable measurement methods is necessary,
e.g.

— the use of measuring instruments with weli-known analytical performance;

~ the use of calibration gases of defined conceniration.

To accomplish these demands, the following steps are essential:
— the operation of a well-equipped gas analytical laboratory;
— the operation of a calibration laboratory;
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— experiments to determine precision, comparability, accuracy and possible interferences;
— the participation in international round robin tests.

The present paper gives practical examples of the activities within NABEL concerning the
important topic of quality assurance.

Training in quality assurance for air pollution measurement, calibration and test pro-
cedures

by Di Benedetto

Ecole Nationale Supérieure des Mines de Saint-Etienne, France

A five day training course is organized in France twice a year for technical supervisors in charge
of the metrology of particulates and gaseous pollutants. These courses include a detailed study
of analyzer calibration and intercalibration methods.

The philosophy of this course is presented. It can be summarized as follows:

— the task of calibrating air poliution analyzers is very difficult owing to the reactivity of the
pollutants gases and their low concentration;

~ large errors in concentration values can occur for the standards if improper materials and
procedures are used;
— the technician in charge of the calibration of an air pollutant analyzer must:
» check all the parameters that are controlled;
= use correct procedures;
+ use clean and adapted materials;
- use traceable standards;

- use cross-checking validation to calibrate the analyzers, (e.g. standards can be prepared by
different methods: dilution from cylinders, permeation, gas phase titration).

The essential contents of the practical training sessions are also described including the equip-
ment used and the experiments.

NO, emission measuring instruments
by Ing. R.AM. Ogink
VEG-Gasinstituut n.v., Apeldoorn, Netherlands

in the Netherlands, the only two NO, emission measuring methods recognized at the moment
by the national government are the wet-chemical method and the chemiluminescence method.
Measuring equipment featuring electrochemical cells and equipment operating according to the
infrated/ultraviolet absorption principle is drawing much attention because of the low purchase
price and high usability.

VEG-GASINSTITUUT has been commissioned by the Ministry of Housing, Physical Planning
and Environment to carry out a project in which equipment operating according to the latter two
principles is tested.

The objectives of the study are as follows:

— gaining insight into the characteristics of NO, analyzers with electrochemical cells and NO,
analyzers based on infrared or ultraviolet absorption;

— getting to know the operational properties and possibilities of measuring equipment based on
the above principles;

— utilizing the experience thus gained in drawing up standards and measuring instructions.
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Four routes are to be distinguished in experimentation with the analyzers:
- determining the characteristics, mainly with the use of calibration gases;

- applying the instruments 1o emission measurements of various firing installations to get a feel
for the operational behavior;

— intermediate check-up of characteristic valuss to spot any changes with time;
— continuous measurements on a cogeneration installation.

The paper focuses on the results of this study.

Continuous monitoring systems for SO, and NO, emission control
by Dr. Gunnar Nyquist
Swedish Environmental Protection Board
Atmospheric Research Division, Sweden

In Sweden, continuous measurements of the emission of SO, must be performed on all

furnaces > 50 MW and of NO, on all furnaces > 10 MW in order to determine the mass flow of

nitrogen oxides (as NO,) and suliur dioxide (as S). The emission measuring systems must meet

some minimum performance specifications for to be used, and once a year the equipment shall

be calibrated by an independent laboratory. The requirements pertaining 1o measuring devxces
calibration procedures and measuring principles are described.

Environmental charge on nitrogen oxide emissions - the Swedish experience
by R. SVEDBERG
Head of Inspection Section, Supervision Department
Swedish Environmental Protection Agency

As of January 1992, a fee of SEK 40 000 per tonne is levied on nitrogen oxide emissions from
large and medium-sized energy generation plants. It is the first fee in Sweden based on
measured emissions. Since the installlation of monitoring equipment cannot be required for
smaller energy plants, the fee is limited to the two hundred or so plants that have an input of at
least 10 megawatts and generate more than 50 gigawatt hours per year.

This paper attemps to provide:

> a brief overview of other economic instruments used in Swedish environmental policy;

» information on the major features of the environmental fee on nitrogen oxide emissions;
= comments on the scope of the fee and on the resulis so far.

The influence of calibration and sampling on the continuous measurement of sulphur di-
oxide and nitrogen oxides in flue gases
by Tuula Vahiman and Kari Larjava
Technical Research Centre of Finland, Labora‘tory of Heating and Ventilation, Espoo,
Finland

A dynamic gas dilution system combined with water vapor generation was developed and built
in the laboratory o investigate the effect of calibration and sampling during continuous flue gas
analysis.

Different gas concentrations were procuced by mixing the primary gas with the diluting gas
using thermal flow meters. The linearity of continuous NO and SO, analyzers was investigated
with the dilution system. It was observed that because of the non linear behaviour of the
analyzers errors of 10 to 20 % can occur when using two-point calibration.
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The effect of H,0 and CO, on the measurement of SO,, NO and NO, was studied using various
gas conditioning systems. It was found that water vapor had no significant effect on the
measured concentrations when the analysis was carried out at flue gas temperature or when
using a dilution probe. However, the conventional cooling system caused losses in SO, con-
centrations and particularly in NO, concentrations. The influence of CO, was also studied but no
effects could be observed. The effects of permeation drying were also studied.

The coarse dust recorder - A sampling device for long-term coarse dust monitoring
by Ernest L.M. Vrins
Buro Blauw, Wageningen, The Netherlands

During the development of dust sampling devices, much attention has been paid to fine dust
samplers, the so-called "PM10" samplers, due 1o the potential health effects of fine dust. Coarse
dust was assumed to be of minor importance, as it is not being inhaled. There are, however,
other effects of coarse dust than can be of considerable importance, including its environmental
impact which can be nuisance, economical damage or soil poliution.

The sources, the dispersion, and the effecis of coarse dust are different from the sources of fine
dust. Therefore, coarse dust sampling devices have different requirements. Coarse dust is
mainly emitted by mechanical processes such as wind erosion, handling activities and
resuspension by vehicle movements. The emission is irregular, sometimes unpredictable and
depends on weather conditions. For research on dust emission, coarse dust measurements
have to be performed with a high time resolution during fong periods.

The dispersion of dust is strongly influenced by the high deposition rate which depends on the
particle size. Information about the particle size distribution is indispensable in coarse dust
studies. The aerodynamic behavior of coarse particles, different from the surrounding air, also
demands special sampling requirements. For coarse dust, representative sampling under all
kinds of weather conditions is a much larger effort than for fine dust. ‘

The design of the Coarse Dust Recorder takes all these requirements into account. Coarse dust
particles are representatively sampled on a small part of a long strip by inertial impaction. After
20 minutes, the strip is moved and a new part of the strip is exposed. In this way the dust is
being collected during one week. Afterwards, the strip is analyzed by an automnatic image
analysis system. This results in a detailed description of the variations in the coarse dust con-
centration and in the particle size distribution during that week. As it only needs to be serviced
once a week, it is an appropriate device for long-term dust monitoring. The Coarse Dust
Recorder has been used in a one-year dust monitoring program near a coal storage site. It was
also implemented in a study of the relationship between dust exposure and dust nuisance. The
results of these studies have underlined the usefulness of the device.

Gas sensors for the measurement of emission gases
by Heikki Torvela
Laboratory for Emission Measurement and Control
Lappeenranta University of Technology, Finland

There is an urgent need at the moment for the development of sensors capable of measuring
concenirations of emission gases. This is due to the requirements for the control of emissions
as well as the control of processes for reduced emissions. Solid state gas sensors are being
developed for use for in-situ measurement. These sensors are quick in their response and re-
sistant to aggressive environments as well as to high temperatures. They are also simple and
inexpensive in production and use.
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Different types of gas sensors are being studied in many research laboratories and institutes. In
this paper, main properties of some types of solid state sensors under development for emission
measurements are summarized. Results of tests of gas sensors, carried out in the laboratory
and in actual environments such as power plants, are also presented. Sensors tested include
those for carbon monoxide and hydrogen sulphide.

Solid state sensors are promising for use in emission measurements. Development work is
directed towards the improvement of their performance. This includes the improvement of their
selectivity and stability properties. Results of the tests of using catalytic additives in the sensor
materials, so as to improve the sensor performance, are also presented. For instance, the
interference caused by other gas components in the detection of CO by tin dioxide based gas
sensors could be reduced by properly controlling the concentration of a catalytic addltlve and
the operation temperature of the sensors.

(This paper was only distributed as the authors were not able to attend the seminar).

Swiss contribution to the quality of stack gas measuring instruments
by Oskar Wyrsch
Swiss Federal Office of Metrology

The paper concerns the Swiss type approval of measuring instruments for the determination of
air pollution caused by the flue gases of heatings, operating on fuel oil or natural gas. Sup-
porting precautions to keep a high level of quality of the measuring devices are explained.

The instruments measure gas temperatures (combustion air and exhaust gas) and the concen-
tration of oxygen or CO, (for the calculation of the efficiency), as well as of CO, NO and SO,,
and the smoke number. (Gas concentrations are determined by electrochemical sensors or by
applving the Orsat principle).

The performance of the Swiss type approval of these instruments is discussed. The accredited
laboratories are responsible for the control of each new or reconditioned measuring instrument.
The Swiss Federal Office of Metrology also checks reference gases for the accredited labora-
tories.

The research of calibration gas mixtures used in environmental monitoring and mdustna!
analysis

by Li Changkai

National Research Center for Certified Reference Materials, China

Air poliution monitoring is the foundation of investigating the tendency and regularity of pollution
and of deciding the measures of prevention and control. It is a very important part of environ-
mental protection. The research of standard gas mixtures is a significant portion of air pollution
monitaring.

China National Research Center for Certified Reference Materials has undertaken the task of
studying and developing standard gas mixtures used in environmental monitoring. Up to the
present, different kinds of standard gas mixtures in cylinder and standard gas generators, a
standard ozone generator and a dynamic diluting device have been completed and have been
used in various regions of China. They have occupied an important role in calibration, evalu-
ation of analytical methods, instruments and guarantee of accurate and identical measure-
ments.
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INTERNATIONAL DEVELOPMENT
OF STANDARDS FOR AIR QUALITY”
by A. ARONDS, Chairman
K. GREFEN, Secretary
ISO/TC 146 "Alr Quality”

SUMMARY — In the field of international standardization of air pollution monitoring
methods, an important aim is to achieve a more efficient use of manpower and funds in order fo
accelerate standardization procedures. Unfortunately, the efforts required to carry out the
formidable task of expanding the field and harmonizing the compounds and methods are too
weak. In part, the solution may be found in a closer cooperation between all organizations in-
volved together with an efficient division of work the programs. This paper covers the problems
of this approach.

introduction

Several institutes, scientists and engineers throughout the world are occupied with the
difficult task of harmonizing measuring methods in the field of environment. A part of this task
concerns the methods for investigating the effects of chemical poliutants on air quality.

international coordination of this work took place during several decades through the
channels of the International Organization for Standardization, I1SO. For specific subjects, other
organizations also harmonized methods; for example, the United Nations Environment Pro-
gramme operates the Global Environmental Measurement Systems (GEMS) and the World
Meteorological Organization integrates many monitoring and research activities in their Global
Atmosphere Watch. There is a close relation between ISO/TC 146 and the Commission on
Atmospheric Chemistry of the International Union of Pure and Applied Chemistry (IUPAC) and
recently, the liaisons with the International Organization of Legal Metrology (OIML) have been
renewed with the purpose of investigating common interests and possible plans of action. This
subject will be dealt with later in this paper.

On a European scale, there has been a development parallel to the unification actions of
the Commission of the European Community. A continental air pollution measuring program
was started in the framework of a cooperative program for monitoring and evaiuating the long-
range transmission of air pollutants in Europe (EMEP). Afterwards, the CEC increasingly issued
directives containing air quality and emission standards, which led to the need for additional
internationally standardized methods.

The purpose of this paper is to elucidate the development of International Organization for
Standardization (ISO) and European Committee for Standardization (CEN) programs for the
near future. The difficulties presently encountered in attemps at harmonization as well as future
developments will be discussed including possible cooperation with OIML.

{*) Presented at the OIML seminar CLEAN AIR MEASUREMENT, Interlaken, 28 Sept - 1 Oct. 1992.
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ISO in brief

ISO acts as the national standards body of some 90 countries, and its scope covers
standardization in all fields except electrical and electronic engineering which are the responsi-
bility of the International Electrotechnical Commission (IEC).

An extensive exposé about the organization and activities of ISO can be found in an article
of K.G. Lingner [1].

ISO/TC 146

Twenty-one countries are registered as Participating members and 30 countries as Ob-
serving members of the Technical Committee 146, which deals with air quality measuring
methods. The ISO/TC 146 maintains official liaisons with 14 organizations such as CEC, ILO,
IUPAC, OIML, UNECE, UNEP, WHO and WMO. TC 146 has to report to the Chief Executive
Officer of I1SO, residing at the Central Secretariat in Geneva, Switzerland. The Technical Board
supetvises the programs and proceedings of ali Technical Committee of 1SO.

ISO/TC 146 "Air Quality" has an extensive program, which is covered in detail in the paper
of C.A. Aronds [2]. Practically every standardization project has been allocated to a subcom-
mittee under the responsibility of a national secretariat. The categories are:

— Subcommitiee 1: Stationary source emissions
~ Subcommittee 2: Workplace atmospheres
— Subcommittee 3: Ambient atmospheres
— Subcommitiee 4: General aspects
At present, SC 1 is dealing with the preparation of draft standards for the measurement of

dust (low concentrations), sulfur dioxide (ionchromatographic), nitragen oxides, carbon mon-
oxide, carbon dioxide, oxygen and polycyclic aromatic hydrocarbons.

SC 2 covers the field of dust in several forms; specific components in dust such as arsenic
and cadmium; anorganic gases comprising carbon monoxide and sulfur dioxide: and a number
of organic compounds.

SC 3 the first committee to be established continues to work with anorganic gases and
dusts; for example, conventional compounds such as sulfur dioxide, nitrogen oxides and ozone
and less conventional compounds such as hydrogensulfide, ammonia and fluorine. Organic
compounds belong to the more recent work items of this committee, in particular, the non-
methane hydrocarbons and polycyclic aromatic hydrocarbons.

SC 4 works on general aspects including terminology, performance characteristi ics,

sampling strategies, handling of temperature pressure and humidity data. The main question’

concerns the future program of these commitiees in relation to the programs of other organ-
izations. Therefore, it is necessary to cover their respective interests.

National and international interests

The main motive for standardization of methods in any field is economical. Standardization
should lead to simplification, keeps efficiency, and quality of method that costs to a minimum.
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i ,trvrttes

Thrs is also true for methods used i the field of environmental monitoring, and as automatic
instruments play an rncreasmgty rmportant role in thrs task, their standardization becomes a‘,
specat issue. :

Hecognrtron of the economrc vatue of: standardrzatron does not automatrcalty lead o0&
significant financial investment in ‘these. activities. Although many scientists and engineers
“devote part of their time 1o international standardrzatron therr efforts are not suttrcrent o compty
with the mcreasrng demands , .

There are other comptrcatrons Group rnterests may be protected within a country, but they
may lead to large conflicts on a supranational scale. This is’ one of the reasons that contnbutes;
~-to the slow and time consuming nature of standardization. Presently, an average of seven years

is necessary to create an international standard yet the recent trend to incorporate standards for
- measuring methods. into govemmental regutatrons has catalyzed the standardrzatron process to
. some extent :

The aim of ISO is.to achreve a "productron" trme of-a standard that does not exceed four
years. However projects tunded by the Commission of the European Commumty and carvied out
under the supervision of CEN, must be finished within 212 to 3 years. Such a strict target can
only be reached provided that there is sufficient interest among the users, the will to support the
pro;ect and the technrcat possrbrtrtres necessary to carry out the work wrth appropriate speed

: These aspects have a bearrng on: the programs of the international standardrzatron
,orgartzatrons S S ‘ o - ,

Cooperetton tdetween S@ end CEN

k As mentened eartrer in thrs paper the Commrssron of the European Community has
assigned a specific task to CEN (see also the paper of K. Grefen [3]). Since 1SO's appearance
in the field of standardrzatron of envrronmentat monitoring methods, it became clear that the
duplication of work on this program would be a waste of effort and funds. The problem lies in the
fact that there are not many specialists in this partrcutar branch. Therefore, a close coordrnatron
between the programs of {SO and CEN is mandatory. An agreement was obtarned in Vrenna to
- deal with this maiter. Cooperation should be established by:

- correspondence between the retevant secretanats wrth an extensrve exchange ot mtormatron

t

mutual representatrons at meetmgs

jornt coordrnatron meetrngs

t

‘parallel voting and approval procedures

adoptron ot standards from rhe other organrzatrons (and vrce versa) by a special procedure

A Jornt Group of the Technrcal Boards trom ISO and CEN supervrses the cooperatron ac-

thure wortr et S@ and GEN

: The tSO/TC 146 does not have a detrnrte tong term program tor tuture work Subjects of
interest are discussed in the meetings of the working groups and the subcommittees in which
~ the specialists of the respective fields take part. However tong term pohcy is tackmg, due o the
fact that there is no uniform "employer : : , ,
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New motivation to plan for the future resulted from the creation of the CEN committees. A
list of proposals was drawn up by CEN/TC 264, which includes the following topics:

Emissions Ambient Alr Indoor Air/Others
Dioxines Minimum requirements Planning measurements
Hydrogen chioride Planning measurements Dioxines

Odors Metals Formaldehyde
Hydrogen fluoride Formaldehyde Testing filter materials
Ammonia Dioxines Soil gas

Metals BTX

Formaldehyde C/F-Hydrocarbons

Lead

Calibration autom. syst.

There is some difficulty conceming the division of these topics between the programs of
CEN and ISO. A number of criteria were proposed:

Is there a specific interest of the Commission of the European Community?

Does there exist a set deadline for completing the standard? A period of 3 years is con-
sidered to be very short for a complete ISO-procedure.

!

!

Are national standards already available and supported by experimental data?

]

Is high reliability of the method required for its use in an international legal regulation?
Are sufficient funds available to carry out the standardization work within due time?

|

At present, there is very little experience to ascertain the validity and feasibility of these
criteria. Further discussions between the relevant secretariats are needed to develop practical
programs for ISO/TC 146 and CEN/TC 264 for the near future.

Cooperation between ISO, CEN and OIML

On a seminar organized by the OIML it is also appropriate to consider the possibility of a
more close cooperation between ISO, CEN, and OIML, or more specifically, between 1SO/TC
146, CEN/TC 264 and OIML/SP 17/SR 1. The latter deals with measurement instruments in the
field of air pollution. OIML is very interested in the performance of these instruments and
develops methods and equipment for checking their compliance with metrological requirements.
No formal overlapping exists between OIML's program and that of ISO. At this moment, it is
unclear as to how these organizations will harmonize their programs. For the time being, sol-
utions for cooperation must be found depending on each individual case.

Closing remarks

The purpose of this paper is mainly to inform the reader of the organization of intematiohal '

standardization of air pollution measuring methods, the participants in this work, and why the
coordination of programs is necessary. It should aslo be considered as a recommendation to all
specialists and other interested parties to partake in this work in order to achieve the goals
within an appropriate period of time.
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EUROPEAN STANDARDS FOR AIR QUALITY MEASUREMENT:
ACTUAL DEVELOPMENT*
by J-F. VICARD
Chairman CEN/TC 264 "Air Quality”

1 Introduction

Cornelis ARONDS and Klaus GREFEN have discussed in a previous presentation the
"international development of standards for air quality measurement”. | concur fully with their
approach pointing towards international cooperation. In this respect, we are benefitiing from a
favorable situation: for both ISG/TC 146 "Air Quality" and CEN/TC 264 “"Air Quality", the
secretary is Klaus GREFEN (VDI in DIN) and each chairman has taken part in the last corre-
sponding TC meeting in Tokio and in Lyon.

As chairman of CEN/TC 264, | would therefore focus my presentation on two topics of
particular interest for this OIML seminar: the legal background and the methodology for validat-
ing the actual test resulis. :

2 Legal background

in the fall of 1990 the CEN (European body for standardization) accepted a German
proposal and decided to establish a technical committee (TC 264) to develop standards in the
field of "Air Quality".

During its first meeting in March 1991 with the participation of 18 countries, TC 264
adopted the following scope [1].

"Standardization of methods for air quality characterization of emissions, ambient air,
indoor air, gases in and from the ground and deposition,

in particular, measurement methods for air pollutants (for example particles, gases, odours,
microorganisms) and methods for the determination of the efficiency of gas cleaning systems.

Excluded are:
the determination of limit values for air pollutants;
workplaces and clean rooms; and
radicactive substances”.

The legal European authorities are in charge of setting limit values as well as establishing
the criteria for evaluation of the compliance with these limit values so that the legal field and
standardization field are distinct.

However, these two fields are very close, resulting in specific features for the standards to
be established and validated. One actual example is the proposed Directive on incineration of
hazardous waste. [2]

In annex Il of this proposed directive, it is specified that the sampling and analysis of all
pollutants including dioxins and furanes as well as reference measurement methods to calibrate
automated measurement systems shall be carried out as given by CEN standards. While
awaiting the elaboration of the CEN standards, national standards shall apply.

(*) Presented at the OIML seminar CLEAN AIR MEASUREMENT, Interlaken, 28 Sept - 1 Oct, 1992.

26 Bulletin OIML - N°® 129 - Décembre 1992

B s A e A e L S R e e R R s




It also specn‘res acceptable uncertaln’ry for the measurement

B "The values of the 95 % conﬂdence rntervals determrned at lhe emrssron llmr’c values shall
, not exceed the followsng percentages of the emission fimit values

Garbon monoxide e MO
Sulphure dioxide ¢ 10% :
Totaldust ¢ 20%
Total organic carbon 30%

: Hydrogen chlord : '30 %i =

k Thrs means lhal the regula‘ted pollutants are deﬁned loy means of a standarolrzed methodv
of measurement and that such method should be valldatecl to evaluate the "gray zone™ wh ch
vrtal for checkmg compllance wr’th the limit value S :

‘The:legal and financial consequenoes of a non- complranoe situation are very rmpor‘tant
Non -complignce: requires that the test results be audited in order to determlne whether the test
has been performed in situ acoordlng to the standard, and consequently to valldate such tesl'
result. ~ : , 5

it is also lo be noted that in view of ‘rhe lalr trade regula’nons european slandardlzed‘
methods are requrred and should be applred in the same way by all the xnvolved partles wrlhln
EEC e

3 Methedology

The two worklng groups establrshed in 1991 for Droxms (emrssron) and lor gaseous
HCl!lnorganlc chloride (emission) are ‘working out standards incorporating performance criteria
~ for the considered method. Through such an approach, the existing methods are efficiently
- combined in a first draft. A first phase of testing is conducted to valldate the performance criteria
and the method, and the draft is. amended accordingly. Then a second phase of testing takes
place with parallel measurement in the fleld each sampling tram being operated whlle lullflllrng
the above performance cntena f . £ ,

A statlstlcal analysrs results m an estlmatlon ol the gray zone for the consrdered ranges of
concentratlon :

- When the slandard wrll be applred the gray zone for: each individual test could be
: determlned on the basis of such initial testmg provrded that lulf llment of ‘the performance cri tena
ol the method has been venfleol T . : S ~ G

Thrs work focuses on very low concentranons correspondmg to mtended regulated values
of 0,1 ng TEQ/Nm? for dioxins and 5 mg/Nm3 for HCI. For such low concentrations, srgnﬁcant
, lestmg is needed and both tasks have been mandaled by the EEC/EFTA

The above methodology may look simple but in fact l:here are several dln‘rcu hes ln‘ at

particular the well- known rnterlaboratory round- robrn test method as standardrzed in lSO 5725
does not apply. Ry : :

For air qualrly measuremenl lt is not possrble to prepare identical samples of air to be
analyzed by a selection of laboratories. On the contrary it is necessary that each rnstrlute
performs in the field the sampling and the treatment of collected material in view of turther
analysis/quantification in its taboratory (all steps fulfilling the performance criteria).
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When a serie of two such "parallel measuremenis” are performed, the difference between
the two test resulis of each couple is a new function that allows the statistical estimation of the
"repeatability/reproducibility” for each range of concentration encountered during the paraliel
measuremenis. It is to be noted that in such test, the concentration in the flue gas of the
considered pollutant cannot be fixed but fluctuates according to the plant operation, and that if
repeated single tests were performed they will only estimate a combination of the variability of
the method and of the variability of the concentration of the pollutant in the flue gases during the
test.

The above "repeatabililty/reproducibility” corresponds with the legal implication when
enforcing the regulation. It is assumed that, for each couple, the gases being sampled in the two
sampling trains are the same. Consequently, the estimated "gray zone" corresponds - for a
given risk - to the possible difference that could be found if & measurement is repeated,
assuming that the plant operates identically.

it is also {0 be noted that a similar situation exists for all measurements of environmental
parameters in connection with regulation enforcement since such measurements require in situ
sampling and subsequent analysis/quantification in the laboratory, for air as well as for water
and residue/soil.

4 Closing remarks

Regulations aiming at a high degree of protection of the environment and of the human
health require a standardized method of measurement that can be used with confidence for low
concentirations.

This represents a very demanding challenge for all experts engaged in the field of clean air
measurement, especially in the methodological field.
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ETATS-UNIS D’AMERIQUE

NEW METHODS FOR IDENTIFYING GROSS POLLUTING

VEMICLES IN THE UNITED STATES OF AMERICA™

by W.B. Clemmens
11.S. Environmental Protection Agency

and S.E. Chappell
U.S. National Institute of Standards and Technology

Abstract

Currently, the emissions from motor vehicles are regulated within the United States of
America by the U.S. Environmental Protection Agency (EPA). This responsibility includes moni-
toring and regulation of periodic emission Inspection and Maintenance (/M) programs im-
plemented by state and local governments.

The U.S. EPA has found that the traditional idie /M tests, conducted on a periodic basis for
measuring emissions from in-use vehicles, are losing their ability to effectively identify vehicles
with high emissions. The primary cause is the greater flexibility available in the design of
sophisticated digital engine controls which are in widespread use in the U.S.A. New technigues
for identifying vehicles with high emissions are being considered for U.S. regulations. These
methods include on-vehicle monitoring requirements (On-Board Diagnostics - OBD), on-road
measurements (the likely technique - Remote Sensing), and a field version of the new car
certification procedure.

The /M version of the new certification procedure, called the "high-tech” I/M test involves a
chassis dynamometer with inertia weights, a constant volume sampler to collect and dilute the
vehicle exhaust, and emission instruments significantly more sensitive than those specified in
OIML R 99. During testing, an in-use vehicle would be operated over a transient driving cycle,
and hydrocarbons (HC), carbon monoxide (CO), and oxides of nitrogen (NOx) will be measured
as mass emissions in grams per mile. In addition, evaporative emission have been found to be
a significant contributor to Volatile Organic Compounds (VOC) in the ambient air. The high-tech
I/M test measures the purge function and the pressure integrity of the evaporative system in the
vehicle.

A research program using this high-tech /M test has been in operation for approximately
three years. Data from this research program indicate that the emission reductions from the
high-tech test will be almost six times better than the average /M Program in the United States,
and nearly three times better than the best programs. The data also indicate that the high-tech
test is more cost effective than other /M programs, and significantly more cost effective than the
remaining choices for stationary source emission controls. The cost to the public for the high-
tech test is expected to be comparable to (if not lower than) existing I/M programs.

1 Introduction

The Environmental Protection Agency has had the responsibility in the United States for
the development of inspection and maintenance (I/M) program policy since the passage of the

(*) Presented at the OIML seminar CLEAN AIR MEASUREMENT, Interlaken, 28 Sept - 1 Oct. 1992.
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Clean Air Act (CAA) in 1970. This policy allowed state governments within the United States to
implement I/M programs as a means to improve local air quality. No requirements for analyzer
performance were included in the EPA policy. However, in 1974 the state of California Bureau
of Automative Repair (BAR) developed specifications for analyzers sold in California. Known as
the "BAR 74" specifications, they were generally adopted by industry and other states
implementing /M programs. The OIML R 99 specifications for class 2 instruments are similar to
the BAR 74 specifications.

It was not until the passage of additional amendments to the Clean Air Act in 1977, that
EPA had the legal authority to mandate /M programs, but only for areas with long term air
quality problems. For these areas, EPA established a policy in 1978 requiring State Implemen-
tation Plans (1) (SIPs) to include a schedule for implementing the /M program, a description of
the state administrative requirements for the I/M program, and the minimum emission reductions
from the local in-use vehicle fleet with the I/M program designed by the state or local govern-
ment.

In May of 1980, EPA published regulations [1] with approved vehicle test procedures,
limited analyzer performance requirements, and limited quality assurance requirementis for
vehicle testing. The regulations also set vehicle pass/fail levels at 200 ppm HC (hexane), and
1.2 % CO for 1981 and later mode! vear vehicles. Because the vehicle standards were linked to
the required vehicle emission warranty for these model year vehicles, the EPA analyzer
requirements only addressed instrument performance near the the pass/fail levels for the
vehicle. In essence, the EPA requirements served more as standard for a "comparison” instru-
ment, than as a {rue analyzer.

After the passage of the 1977 CAA amendments and during the development of EPA
regulations, several events occured that influenced the development of future inspection
analyzers and inspection programs. First the California BAR updated and revised the BAR 74
specification in late 1979. Called the BAR 80, this specification for the first time introduced the
requirement for adjusting the analyzer in the field with calibration gas as a routine operating
procedure. The BAR 80 also included improved analyzer performance specifications. However,
reading and interpreting the results was largely the responsibility of the instrument operator.

Based on experience with existing programs, EPA was becoming concerned in the late
1970s with the observed inability of operators to maintain the inspection analyzer in a proper
manner, and to interpret the readings correctly for the vehicle owner. This concern was
particularly acute in programs were a local garage owner was allowed to inspect a vehicle for
official results. Further, such concerns were not addressed in the BAR 80 specifications. To
address these concemns, EPA published a series of technical reports [2], [3], [4] in the fall of
1980 and the spring of 1981. These reports proposed using microprocessor control within the
analyzer to monitor many maintenance functions (i.e., automatic checking facilities), and to
automatically determine the pass/fail status of a vehicle durmg the official inspection.

The California BAR adopted many of the automatic quality assurance (QA) suggeshons
proposed by EPA in a revised analyzer specification called the BAR 84 specification. These
included automatic gas calibration checks, leak checks, and hydrocarbon residue checks {of the
sample line) on a specified schedule. Also included was the automatic collection of official test
data (vehicle descriptive information, inspector number, emission values, etc) and maintenance
data (data and time of gas calibration, leak check, etc.) on cassette tape for analysis by the I/M

(1) States are required to periodically submit SIPs to EPA. The SIP commits the state to carry out the commit-
ments promised in the SIP to reduce the ambient air poliution.
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program office. EPA guidance in the latter part of the 1980s required states implementing new
programs, or upgrading existing ones, to incorporate BAR 84 analyzer features.

The 1980s saw the implementation of /M programs in around 70 metropolitan areas
throughout the United States. About half were operated in & decentralized format where local
garages were allowed to conduct the official inspection. The remainder were conducted in a
centralized format where the official inspection was conducted at high volume facilities
dispersed throughout the local area. Most of the centralized programs were operated by a
contractor selected by the state or local government throught a public bidding process. Only a
few centralized programs were actually operated by a state or local government agency.

2 Evaluation of existing /M programs

Beginning in 1984, EPA began auditing I/M programs across the United States as part of
the National Air Audit System. These audits included both announced (or overt) and
unannounced (or covert) checks of the inspection centers. Overt audits checked analyzers for
calibration accuracy, leaks, and reviewed analyzer log books for proper maintenance. In
addition, overt audits observed the performance of an official test, and checked for compliance
with administrative record keeping and testing requirements. Covert audits were generally
conducted with vehicles set to fail the I/M test. The covert auditor would observe the testing as a
normal customer, and would not announce that they were an official with the program office.

initial audits were directed at /M programs where the official test was allowed to be
conducted by local garages (i.e, decentralized programs). Overt audits found that many
decentralized programs with BAR 84 analyzers could not accurately account for alt official
"certificates of compliance”. However, analysis of the audit records on calibration and leak
checking showed an improvement with the BAR 84 analyzer over the manuaily adjusted and
maintened BAR 80 analyzer. Even so, self evaluations conducted by /M program offices found
that decentralized inspectors (with BAR 84 analyzers) were passing from 34 to 82 percent of the
covert vehicles that were set to fail the test [7]. Data from EPA coveri audits confirms these
resulis [6], {7].

In the late 1980s, the California BAR sought to upgrade the BAR 84 analyzers. This effort
was undertaken partly because the sizeable number of BAR 84 analyzers purchased during
1984 were reaching the end of their useful life, and were becoming increasingly costly to
maintain to BAR's ridged quality assurance requirements. Also, problems with the cassette tape
data collection system made it difficult to effectively use the data to audit individual inspection
stations. These problems included lost records and unreadable data. Furthermore, the time
between when a test was performed and when the test data could be analyzed made it difficult
to carry out swift enforcement actions. This was because a tape would hold up to 200 tests, and
because individual garages conducted inspections at different rates (i.e., inspections per week).

The efforts resulted in the BAR 90 specifications which included improved metrological
performance over the BAR 84 analyzer. The metrological performance of the BAR 80 is similar
to the specifications for Class 1 analyzers in OIML R99. The largest difference between the
BAR 90 analyzer and the BAR 84 analyzer was the addition of a fully configured personal
computer (PC) and video monitor o the analyzer for process control, as well as adminisirative
record keeping and quality control. Additional features included the ability to use an optical bar-
code reader to read bar-coded vehicle identification numbers (ViNs), expansion slots to allow
the addition of a NOx analyzer, a dynamometer, and a system to read On-Board Diagnostic
(OBD) codes. Also included were provisions for collecting repair data, and a telephone moedem
to collect the data on a daily basis if needed. However, even with the BAR 90, preliminary daia
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suggests that 30 percent of the vehicles that should be failed are being passed under
decentralized inspections [7].

3 Clean Air Act Amendments of 1990

The Clean Air Act was amended again in November of 1990. The 1990 amendments
increased the number of metropolitan areas in the United States to 177 that would be required
to implement an I/M program. They also introduced the concept of a "basic” program and an
"enhanced" program. Areas which marginally exceeded the National Ambient Air Quality
Standards would only be required to implement a "basic" program. Approximately 80 areas with
worse air pollution will be required to implement an "enhanced" program.

The 1990 amendments require enhanced programs to control hydrocarbons (HC) and
oxides of nitrogen (NOx}, and they also require the EPA to determine a performance standard to
define an enhanced program. Such a performance standard is generally based on the percent-
age reduction in the average emission levels from the vehicles subject to the I/M program. EPA
was instructed to include in the performance standard, a combination of emission testing,
including "on-road” emission testing, and inspections to detect tampering with the emission
control devices.

The following I/M program elements are required by the 1890 amendments to form the
basis of the EPA performance standard. The states are also required to include these elements
in their enhanced I/M programs.

» Computerized emission analyzers

= On-road testing

> No waivers (2) unless emission warranty repairs have been completed

A $450 expenditure (3) for emission repairs before a waiver can be granted

* Requirement for vehicles to pass the test (or receive a waiver) before they can be registered
(or re-registered)

« Test vehicle emissions annually, unless the state can demonsirate that testing every two
years, in combination with additional program features, will exceed the performance require-
ments

= Operate the inspection program on a centralized basis, uniess the state can demonstraie that
a decentralized program will be equally effective

= Inspect On-Beard Diagnostic (OBD) systems

4 Development of improved I/M tests

Concurrent with the earlier I/M audits and prior to adoption of the Clean Air Act
Amendments of 1990, EPA began to have concerns that the traditional I/M tests which typically
included a test at idle and at 2500 RPM (no load) were not finding all of the cars needing repair.

{2) Many /M programs allow vehicles to receive a waiver from the emission test, if an effort has been made to
properly repalir the vehicle,and it still fails. The benefits of the I/M program are reduced by the emission contribution
from the waived vehicles when determining the performance of an /M program.

(8) The limit for cost waivers currently varies between about $50 and $300 in the United States. Some states have
a sliding scale for waiver limits versus mode! year of the vehicle. A few states require only an estimate of the cost, not
the actual expenditure. o
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This concern was particularly true for the late model cars with feedback computer control. EPA
was also beginning to be aware that the emission from fuel vapors while the car is being driven
(called running losses) could be significant.

To evaluate these concerns, EPA began a multifaceted test program fo recruit in-use
vehicles, and evaluate methods to improve the ability of I/M programs to reduce emission from
in-use vehicles. The program began with an objective to determine the true performance of in-
use vehicles relative to the new car certification test (called the Federal Test Procedure or FTP,
also known as the CVS-75). The FTP involves operating a vehicle over a prescribed cycle of
speed versus time on a chassis dynamometer. The driving cycle is 1 372 seconds long,
followed by a repeat of the first 505 seconds. The cycle for a vehicle begins with a cold-start
(emissions are collected during engine cranking). After 1 372 seconds the engine is turned-off
for ten minutes. Following the 10 minute hot-soak, a final 505 seconds of driving begins with a
hot-start of the engine. The emissions are collected in sample bags for prescribed periods
during the cycle with a constant volume sampler (CVS8). The sample bags effectively integrate
the emissions during each portion of the cycle. Hydrocarbons (HC) are measured by Flame
lonization Detector (FID), carbon monoxide (CO) and carbon dioxide (CO2) are measured by
Non Dispersive Infrared (NDIR), and oxides of nitrogen (NOx) are measured by chemilumi-
nescense.

The traditional means fo recruit vehicles for additional laboratory testing was to identify the
mode! year and technology desired, and to then randomly select vehicles from automobile
ownership registration lists. The owner would then be contacted, and invited lo participate.
incentives to participate included such items as free repairs, saving bonds, and a substitute
vehicle for the vehicle owner.

EPA was, however, concerned that owners that had tampered vehicles, of those with
extremely poorly maintained vehicles were not participating. To overcome this concern, EPA
through its contractors, installed a modified FTP emission measurement system in a centralized
test lane in August 1989. The pilot installation was in the state of Maryland. The equipment was
subsequently moved to Hammond, Indiana, and testing began in February 1990. Approximately
600 cars were tested at the Maryland site. As of July, 1992, slightly over 10 000 vehicles have
been tested at the Indiana site. In June of 1992, EPA began testing with modified FTP
equipment in Phoenix, Arizona, thus providing two research locations.

The centralized /M facilities in which the modified FTP equipment was installed typically
had several inspection lanes. The FTP equipment occupied only one of the lanes. Vehicles
reporting for their scheduled official inspection test were randomly recruited as they entered the
facility. Recruited vehicles were not failed on the modified FTP test, however, the recruited
vehicles were still subject to the official /M test. The recruitment was based on the owner's
willingness to participate, and the availability of the FTP equipment for testing. The owners were
monetarily compensated for their participation. A portion of the vehicles tested on the modified
FTP equipment were subsequently recruited for additional laboratory testing.

The main difference between the test conducted in the inspection lane and the FTP for
new car certification was the length of the transient driving cycle, and the lack of any hot or cold-
starts in the inspection lane test. The basic driving cycle for the Federal Test Procedure is
almost 23 minutes long. A twenty three minute cycle was inconsistent with the desire to test
large numbers of vehicles at I/M facilities. Therefore, a shorter test cycle of only 240 seconds
was developed. This cycle has since been known as the IM240 cycle. The IM240 does not
include any engine staris, and will be more fully described relative to current /M tests in Section
5 on the propaosed high-tech I/M test.
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In addition to measuring exhaust emissions, the vehicles that were recruited for the IM240
exhaust test were also tested for malfunctions in the system that controls emissions of fuel
vapor. The two tests of the evaporative control system that were conducted are known as the
‘purge” and "pressure” {est. The details of these tests are described in the section on the
proposed high-tech /M test. A separate sample of vehicles passing and failing the purge or
pressure tests were recruited to the laboratory for running loss tests. In a running loss test the
vehicle is operated in a sealed room over several replicate hot-start driving cycles (note: the first
start is a cold-start). The room temperature is elevated to simulate hot summertime conditions.
Most running loss tests are run at 35° C or 40° C, and the fuel vapors escaping from the car into
the sealed room are continually measured for the duration of the test. Exhaust emissions are
ducted out of the sealed room for separate analysis.

From these test programs, EPA found that IM240 exhaust test was much better at
identifying 1983 and later model year vehicles needing repair than any of the idle tesis currently
used. However, for earlier model year vehicles, the current I/M tests are adequate. This is
because most of the 1983 and later model vear vehicles employ some form of electronic fuel
-injection.

EPA also found that a significant number of vehicles had malfunctions in their evaporative
emission control systems. Data from the Indiana site indicates that nearly one-half of the
vehicles by age 13 will have a catastrophic failure in the evaporative system that will make the
system virtually useless. Furthermore, on hot days, when converting the fuel vapor emissions
(HC) from the inoperative systems to an equivalent g/mi emission level, the evaporative HC can
be several times greater than the exhaust HC.

Another imporiant benefit identified from these programs was the ability to truly test the
effectiveness of repairs to the vehicle with the IM240 exhaust test. This was especially true with
respect to the 1983 and later model year vehicles. Previous audit data and anecdotal evidence
had suggested that some mechanics were making adjustments that would cheat the idle test
(e.g., removing a vacuum hose, raising the idle speed, etc.) to obtain a passing reading. In other
cases, the repairs to pass the idle test would have no effect on the mass emissions from the
IM240. Even worse, because idle tests can not properly measure NOx emissions, repairs to fix
idle HC or CO emissions would make NOx emissions worse. SAE (Society of Automotive
Engineers) paper number 920822 [8], and follow-on studies that are not yet complete, show that
vehicles can be repaired to low HC, CO, and NOx emissions simultaneously.

5 Proposed "high-tech” /M test

In response to the Clean Air Act Amendment of 1990, and as a result of the success of the
Maryland and Hammond research programs, EPA published proposed regulations on July 13,
1992 for a more stringent /M test in areas required to implement enhanced /M programs. The
new I/M test combines the three types of tests conducted on vehicles in Maryland and Indiana
programs. Called the "high-tech” I/M test, it includes the following:

- Transient, mass emission tailpipe test (IM240)
> Purge flow test of the evaporative canister
= Pressure test of the evaporative system
As implied in Section 4, the IM240 exhaust emission test is substantially different from
traditional /M tests, which only measure emissions at idie and/or at 2500 RPM (in neutral). A

few states in the U.S.A., however, conduct the I/M test vehicles on a dynamometer, but only
operate the vehicle at one speed. As previously described, during the IM240, the vehicle is
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operated over a driving cycle that has many different speeds, and includes vehicle acceleration
and deceleration in a manner similar to city driving. Vehicle acceleration and deceleration can
be significant sources of emissions from malfunctioning vehicles. The IM240, like the FTP
measures emissions in terms of mass of hydrocarbons (HC), carbon monoxide (CO), and ox-
ides of nitrogen (NOx), while only HC and CO emission concentration levels are measured in
traditional /M tests. Emissions in mass units are a more accurate way of measuring the
emission performance of large and small engines, and are more directly related to the contri-
bution that each car makes to air pollution. In addition, the IM240 can measure fuel economy.

The purge and pressure tests check for proper functioning of the evaporative emission
system on the vehicle. The evaporative emission system uses engine vacuum to draw fuel
vapors in the fuel tank, and those temporarily stored in the evaporative canister, into the engine
for combustion. The purge test determines whether this system is functioning properly by
measuring the flow of vapors into the engine during the IM240. The pressure test checks the
evoporative emission system for leaks that would allow fuel vapors to escape into the atmos-
phere.

in general, the IM240 test and the purge test would apply to 1984 and later model year
vehicles certified in the U.S.A., when tested on a biennial basis (4). A two speed test (i.e., idle
and 2500 RPM) would apply to clder model year vehicles with the same basis, and the pressure
test would apply to 1971 and later model year vehicles.

A check of the On-Board Diagnostic (OBD) sytem will be added to both basic and high-
tech I/M tests when vehicles with OBD systems are certified to Federal new car requirements
[7]. Proposed regulations requiring OBD for Federal vehicles beginning in the 1984 model year
were published on September 24, 1991 in the Federal Register. The state of California currently
has regulations requiring second generation of OBD systems (known as OBD i) for 1984 model
year and later model year vehicles.

5.1 IM240 Test Procedure

For official inspection tests, the IM240 begins by driving the vehicle onto the dynamometer,
activating vehicle restraints, positioning the exhaust collection device, and positioning the
auxiliary engine coocling fan. An inspector then conducts the test by driving the vehicle while on
the dynamometer according to the prescribed cycle (Figure 1) displayed on a video screen. The
inspector follows the driving cycle by using the accelerator pedal and the brake to speed-up and
slow-down the vehicle in the same manner as if the vehicle were being driven on a cily street.
The vehicle speed is indicated by a cursor on the video screen, and the inspector adjusts the
vehicle speed to keep the cursor on the driving cycle trace.

The process of following the IM240 driving trace is essentially the same as that used to
conduct the FTP. However, QA requirement for following the IM240 trace are relaxed slightly to
account for in-use conditions, such as wet tires, etc.

The length of the IM240 cycle is fixed, however, the actual duration of the official test will
vary depending upon the observed emission levels of a vehicle. In conirast to the FTP, the
instantaneous emission levels are monitored in real time, and continually integrated for the
duration of the IM240. This allows a computer to continually assess a vehicle's emission level
during each phase of the test. Exceptionally clean or dirty vehicles can be quickly identified by
using computer algorithms. Therefore, as soon as the emission rates indicates that a vehicle is
exceptionally clean or dirty, the inspector can be notified to stop the emission test.

(4) States have the flexibility to adjust the applicable model years depending on other /M program features that
together produce the required emission reductions.
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Fig. 1 — IM240 Driving Trace

For vehicles that are close to maximum allowable emission levels, the test may continue
for a full 240 seconds. Thus, while the complete driving cycle is 240 seconds (four minutes)
long, the average test time will be only two to three minutes for the fleet of cars subject to /M
tests. The importance of reducing the average test time is that it increases the number of
vehicles per unit time that can be tested per dynamometer, and consequently reduces the
number of dynamometers needed for a given /M vehicle population.

The maximum permissible emission levels used for the iIM240 are about two to three times
higher than the levels used to certify new vehicles. The specific levels used by EPA in de-
veloping the enhanced I/M requirements were 0.8 grams per mile (g/mi) HC, 15 g/mi CO, and
2.0 g/mi NOx.

5.2 IM240 Test Equipment

The equipment needed to perform the IM240 (see Figure 2) is, of course, different from the
equipment used to perform either the idle test, or the single-speed dynamometer tests used by
some /M programs (e.g., Arizona and Florida). These differences include dynamometer
capabilities, video driver trace monitors, special sampling systems, and emission analyzers.

As in the research programs described in Section 4, much of this equipment is expected to
be similar to the FTP equipment. However, there are expected to be some differences between
the FTP equipment, and equipment that is optimized for the high test rates that would be seen
in a high-tech I/M program. One is that the high-tech test system will be completely automated,
and will make extensive use of integrated quality assurance functions and control charts.

The primary difference between the dynamometer used for the IM240 and those used for
single speed I/M tests is the addition of inertia flywheels. The FTP dynamometers also use
inertia flywheels. The inertia flywheels used are based on the weight of the car being tested,
and allows the inspection test to simulate vehicle acceleration and deceleration by putting a load
on the engine. In the FTP, inertia weights are selected to the nearest 56.8 kilograms (125
pounds), whereas the IM240 will select weights to the nearest 227 kilograms (500 pounds). The
coarser inertia weight selection in the IM240 dynamometer requires fewer inertia flywheels, with
a corresponding reduction in complexity and cost.
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For the official test, the selection of the inertia weight and test horsepower for an individual
vehicle will be automatically determined by computer so that the I/M inspector is only required to
drive the vehicle onto the dynamometer. Even the system used to hold the vehicle on the dyna-
mometer will be automatic in order to minimize test set-up and improve testing efficiency.

The mass of emissions emitted by a vehicle are determined by collecting the entire
exhaust flow from the vehicle with a device known as a Constant Volume Sampler (CVS).
Within the CVS, the exhaust is diluted by fresh air, and the total volume of the exhaust mixture
is measured. In the FTP, the total volume measured by the CVS for each test phase is
combined with the concentration levels of poliutants in the mixture collected by the sample bag
(i.e., % or ppm) to calculate the mass of emissions for each test phase. The IM240 procedure
will calculate the instantanecus CVS flow on a second-by-second basis, and combine the flow
values with the instantaneous emission concentrations to determine the mass of emissions.

One of the main reasons for using the CVS concept is that it has proven over time to be
the only reliable and non intrusive method for measuring exhaust flow, which is vital in com-
puting the mass of emissions from a vehicle. in addition, the fresh air dilution preserves the
integrity ot the sample, and also protects the emission analyzers from high concentrations of
water vapor produced by the vehicle. The dilution process also allows the measurement system
to accommodate the differences in exhaust flow between small engines and large engines while
measuring the true amount of emission from each type of engine.

Typically a FTP CVS has a flow rate of around 1.65 md/sec (350 SCFM - Standard Cubic
Feet per Minute). However, the FTP is conducted under closely controlled temperature and hu-
midity conditions. To prevent the sample integrity from being affected by the varied environ-
mental conditions encountered in the field, the typical IM240 CVS flow rate is increased to
around 3.3 m®/sec (700 SCFM).

The diluted sample, however, lowers the concentration of the pollutants to be measured,
and hence, requires more sensitive emission analyzers than those used by traditional VM
programs. At the maximum permissible levels of mass emissions used in the EPA proposal, the
average emission concentrations over the IM240 cycle were around 50 ppm C,HC, 350 ppm
CO, and 30 ppm NOx wxith a 3.3 m¥sec CVS. HC emissions are measured with a Flame
lonization Detector (FID) for both the FTP and IM240. This differs from the hexane equivalent
NDIR technique for HC measurements used by BAR and OIML type analyzers. CO and CO,
emissions are measured using Non Dispersive Infrared (NDIR) analyzers. NOx emissions are
measured with a chemiluminescence analyzer.

SRR TSR

ANALYZERS |
and CVS

INERTIA FLYWHEELS R/ DYNAMOMETER

Fig. 2 — IM240 Test equipment
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5.3 Evaporation System Purge Test

Since 1971, fuel tanks on cars have been designed to be a closed system in which vapors
that evaporate from the gasoline in the tank are not released into the atmosphere. The system
is sealed and under pressure so that excess vapors are shunted to a charcoal canister known
as the evaporative canister.

The evaporative system purge test is used 1o determine whether fuel vapor stored in the
evaporative canister and present in the fuel tank are being propetly drawn into the engine for
combustion while the car is being driven. If the purge system is not working properly, then the
evaporative canister can become saturated with fuel vapor and start to leak hydrocarbons into
the atmosphere. In addition to causing HC emissions, failure of the purge system can also
reduce fuel economy.

The purge test is conducted while the vehicle is on the dynamometer, and at the same time
as the IM240. Purge flow is measured (see Figure 3} by simply inserting a flow meter at one end
of the hose that runs between the evaporative canister and the engine.

Purge failures are determined by the total volume of flow observed during the IM240, not
by instantaneous flow rates. The vehicle must purge a minimum volume of 1 liter in order to
pass. Most cars in proper working order will accumulate as much as 25 liters during the IM240
cycle. As soon as a vehicle purges 1 liter of volume, the purge test is complete, and the entire
IM240 driving cycle ends as soon as final resulfs are determined for the emission test. Thus, the
purge test time is very short for most vehicles.

The purge test requires a flow meter that can measure the equivalent volume observed
over the transient cycle. Additionally, hoses and universal fittings are required to hook up the
flow meter as indicated below. Finally, a computer is needed to control the test process, collect
and record the data, and determine the pass/fail status.

FILLER FILLER NECK
car ROLLOVER VALVE

EVAPORATIVE
CANISTER

FUEL TANK

COMPUTER |

FLOW TRANSDUCER

Fig. 3 — Purge Test Schematic
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5.4 Evaporative System Pressure Test

The pressure test checks the system for leaks that would allow fuel vapors to escape into
the atmosphere. A "pressure decay" method (Figure 4) is used to monitor for pressure losses in
the system. In this method, the vapor lines to the fuel tank, and the fuel tank itself are filled with
nitrogen to a pressure of 3.5 kPa (14 inches-of-water, or about 0.5 psi). To pressurize these
components, the inspector must locate the evaporative canister, remove the vapor line from the
fuel tank, and hook up the pressure test equipment to the vapor line. After the system is filled,
the pressure supply system is closed off, and the loss in pressure is observed. If the system
remains above 2 kPa (8 inches-of-water) after two minutes, the vehicle passes the test.

A source of nitrogen, a pressure gauge, a valve, and associated hoses and fitlings are
needed to perform the pressure test. In addition, a computer is used to automatically meter the
nitrogen, monitor the pressure, and collect and process the results. In addition, algorithms are
being developed to optimize the test so that a pass/fail decision can be made in less than two
minutes on most vehicles. ‘

FILLER FILLER NECK
cap , ROLLOVER VALVE

SOLENODID
YALVE

FUEL TANK ENGINE

EVAPORATIVE
CANISTER

P, PRESSURE
§ TRANSDUCER

COMPUTER

NITROGEN CYLINDER

Fig. 4 — Pressure Test Schematic

6 On-road tesling

The Clean Air Act of 1990 also calls for I/M programs to include on-road testing of vehicles.
EPA proposed to require I/M programs to test 0.5 percent of the vehicles subject to I/'M by on-
road means in the regulations proposed on July 13, 1990. Traditionally, on-road testing has
involved pulling vehicles over, and administering a traditional idie test. However, new tech-
nology with remote sensing devices (RSDs) has provided a strong cost effective alternative to
the road side pull-over test. Test EPA proposed regulations are neutral on the technology to be
used, however, vehicles failing an RSD test would be required to undergo a non-scheduled /M
test. In enhanced /M program areas, that would mean a high-tech I/M test. Vehicles failing the
road side pull-over would be required to be repaired sufficiently to pass the non-scheduled /M
test.
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RSDs work by focusing a beam, or in some cases multiple beams, of infrared light across
the roadway into an infrared detector. The instrument determines the concentration of the pol-
futant in the path of the beam based on the amount of infrared light absorbed by the detector at
specified wavelengths, and the theoretical ratio of carbon monoxide to carbon dioxide in auto
exhaust. The first models had only carbon maonoxide (CO) capability. More recent models
generally include an HC channel. In addition, efforts are under way to develop NO measure-
ment capability using a Non Dispersive Ultraviolet (NDUV) method, and a Tunable Diode Laser
technique. No efforts are underway to develop a method for measuring evaporative emissions
by the RSD method.

Figure 5 shows a schematic of an early RSD system in a roadside setting used in an EPA
study that compared RSD identification rates to IM240 results [9]. The principal parts of the
system include the IR detector and source; a video camera to record the license plates of pass-
ing vehicles; a modified police radar detector (5) for vehicle acceleration ; a personal computer
equipped with an A/D board; and special software deveioped by the University of Denver. Also
included in the system are the special calibration equipment and reference gas containers.

iR SOURCE

VIDEC
CAMERA » S

COMPUTER

Fig. 5 — Remote sensing device schematic

in the study described in reference [9], 239 vehicles of 1983 and later model year vintage
that had undergone an IM240 test at the Hammond, Indiana test site were recruited to drive by
an RSD unit set-up on a nearby freeway on-ramp. Cars with greater than 10 g/mi on the IM240
were considered gross emitters. Fifty three cars fit that category. When a 4.5 percent CO level
(a customary maximum permissible level) was established, the RSD found only six of the fifty
three cars (11.3 percent). in other words, the RSD missed 88.7 percent of the gross emitters.
The RSD at this established level also failed one vehicle (14.3 percent of the RSD failed
vehicles) that was below 10 g/mi on the IM240. Furthermore, the RSD found only 3 of the 10
worst emitters (all were over 50 g/mi). Lowering the RSD permissible level (e.g., to 3 percent),
increased the identification of gross emitters by the RSD, however, the fraction of false failures

(5) As a general note, the radar detector has proven to be ineffective for measuring vehicle acceleration, and other
methods for measuring vehicle acceleration are being investigated.
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increased significantly. The RSD performed marginally better on older vintage cars (1976 1o
1980 model year cars with predominantly non-feedback carburetor and oxidation catalyst
technology). Preliminary data from other sources suggest that it may be possible to reduce false
RSD failures by requiring multiple RSD readings (on different days, or locations) before a
decision is made on each vehicle.

The cause for the inability of the RSD to identify a large fraction of the gross emitiers is
probably because an instantaneous RSD emission measurement is not likely to be represen-
tative of an overall driving cycle, even though the instantaneous RSD measurement may be
very accurate.

The EPA considers RSD technology as a potential ¥M tool, however, as teflected in the
proposed regulations. This new technolagy is expected, in time, to be developed such that false
failures will be reduced. Data from other studies also indicate that RSD identified vehicle
samples include more tampered vehicles than would be expected from random road side
checks. This makes the RSD more efficient in finding such vehicles. Finally, RSD can be used
as an effective enforcement tool between officially scheduled I/M tests to create a deterrence to
tampering, and an incentive for timely and proper maintenance.

7 Conclusions

Clearly over the past 20 years, the response to the mandates of the Clean Air Act has had
a positive effect on the development of emission measurement equipment and procedures for
vehicle testing in the U.S.A. The 1990 amendments are having probably the most dramatic
effect to date on improving the capability of equipment and procedures with the advent of high-
tech I/M, remote sensing (RSD), and OBD.

The research programs with the new high-tech I/M test have proven to be very successful
both in operation and in finding cars needing repair. The data from these programs have shown
the high-tech /M test to be the most effective air pollution control sirategy available, when
considering other air pollution control programs and strategies in the United States today
(including emissions from stationary sources). The data have also shown the high-tech /M test
to be more cost effective than implementing additonal stationary source controls as well as
existing I/M programs.

An additional benefit of the high-tech I/M program is its ability to evaluate more accurately
the effectiveness of repairs to failed vehicles, as well as providing substantial diagnostic
information to the repair industry. It also is the only program that has proven that it can accu-
rately test for NOx emissions.
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Abstract

An automotive emission analyzer using Fourier transform infrared spectrophotometer
(FTIR)} has been developed. The technigue, although recognized to have a potential to measure
the unregulated pollutants, has been suffering from unacceptable features such as slow
response, noise for some species, sample handling, and complex operations. In this study,
several new concepts have been employed 1o the system in order to mature the utilization of the
FTIR for practical emission measurement.

The system is demonstrated using three different fuel/engine systems. To complement
these results, measurement of major pollutants such as CO,, CO, NO, can be achieved using a
nondispersed infrared analyzer and a chemiluminescent analyzer. The results show that (1) the
FTIR system is well correlated with the conventional methods, (2) improved response time
enables detailed discussion of transient nature, and (3) the species which have not been
observed by the conventional analyzers can be analyzed with these improved features.

1 introduction

Due to the worldwide movement of protecting the environment and the problem of fossil
energy being one of the biggest source air pollution, the regulations for automotive emission are
becoming more and more stringent. Hydrocarbon emission, in particular, is to be reduced in
order to minimize the ozone formation in the atmosphere [1]. One of the solutions for the vehicle
manufacturer is to use alternative fuel such as reformulated gasoline, methanol, or compressed
natural gas.

However, vehicles utilizing the alternative fuel emit peculiar pollutant species.

This situation has generated the need for the emission measurements {0 sense more
components, deal lower concentrations, and to take into account the transient nature. According
to the recent proposal in California [1], non-oxygenated hydrocarbons containing 12 or fewer
carbon atoms and oxygenated hydrocarbons containing five or fewer carbon atoms must be
measured for the new regulation. These unregulated species have only been analyzed by
chemical techniques which require highly-trained operators and which has no hope for real-time
measurement. Vehicle fueled with methanol, for example, is thought to be one of the best
candidates for the low emission vehicles. However, it emits unburned methanol and formal-
dehyde which are highly reactive in the air. Generally, these species are analyzed by high
performance liquid chromatography (HPLC) or gas chromatography (GC) using a reaction with
2 4-dinitrophenylhydrazine (DNPH) and with water. However, due to the reasons mentioned
above, it is extremely challenging to look at the transient nature of these species.

{(*) Presented at the OIML seminar CLEAN AIR MEASUREMENT, Interlaken, 28 Sept - 1 Oct. 1992.
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Since the FTIR method is based on infrared absorption, theoretically any gas component
which absorbs infrared light can be analyzed. In addition, the method has the potential of being
used for continuous measurements using only a few seconds for each scan. Moreover, the high
resolution spectrum, quarter of a wavenumber in this study, has the possibility of analyzing large
numbers of components simultaneously. Many investigators have been reporting the feasibility
of FTIR utilization in measurement of automotive emission and have proved the capabilities of
multicomponent analysis and continucus measurement {2, 3, 4, 5, 6, 7, 8]. Recently, improved
sensitivity and real-time capability have been demonstrated using miuftivariate analysis and a
gas sampling cell equipped with a flow conditioner [9].

The objectives of the present paper are to provide a description of the system’s archi-
tecture, and correlations with conventional measurement techniques. As an example, the FTIR
system is applied to three different fuel/engine systems: a gasoline engine, a Diesel engine, and
a methanol engine. Continuous emission patterns for the three systems are shown and dis-
cussed. ‘

2 Apparatus

The FTIR system consists of three major units: an optical unit, a sampling unit, and a
computer. The optical unit is shown in Figure 1. Infrared light emitted from the broad band light
source passes through the aperture and is collimated before reaching the interferometer. In this
study, the interferometer is generating approximately a four centimeter optical retardation using
three seconds per scan in order to obtain one guarter of a wavenumber spectra resolution. Also,
the interferometer is equipped with an automatic aligner to find the optimum interference
efficiency. The He-Ne laser (6328A) is used to control the interferometer. The interfered light
subsequently goes to the gas sampling cell. Normal operating conditions of the cell are twenty
liter per minute flow rate, 80 °C wall temperature, and 85kPa inside pressure.

Gas Cell Detecior

Interferometer

He~Ne Laser

Fig. 1 — Analyzer Unit Configuration Diagram
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The total optical path in the gas cell is ten meters having reflected 43 times, and the
volume is 1.8 liter. Sample gas inlet and outlet poris are specially designed for quick gas
replacement. Both ports gradually expand in diameter. Also, before flowing into the optical path,
gas flow passes through the flow conditioner which decreases recirculations in the gas cell. Asa
result, ninety percent of the gas replacement time of the cell is seven seconds [9]. After the gas
cell, the light passes through the aberrration compensator and finally reaches the mercury cad-
mium telluride (MCT) detector.

An interferogram collected at the detector is fed into an array processor. Then it is con-
verted to a power and an absorption spectrum. The concentration calculation is also processed
in the array processor using multivariate analysis [9]. Subsequently, the concentration data is
transported to the computing system. Simple and easy operations are provided using window
environment and additional operation console. The entire system's configuration permits
concentration outputs to be updated every three seconds. Table 1 shows the components and
those concentration ranges to be measured in this study. The noise RMS values have been
measured using nitrogen gas as a sample, and are less than 0.5 percent of each full scale
range for most of the components.

TABLE 1 -~ COMPONENTS AND RANGES

Component Range (ppm)
Carbon monoxide 0-200
Carbon monoxide 0-2000
Carbon monoxide 0-30000
Carbon dioxide 0-2 %
Carbon dioxide 0-10 %
Nitric oxide 0-400
Nitric oxide 0-2000
Nitrogen dioxide 0-100
Nitrous oxide 0-100
Water 0-15 %
Ammonia 0-200
Suffur dioxide 0-500
Farmaldehyde 0-100
Formaldehyde 0-1000
Acetaldehyde 0-100
Methanol 0-200
Methanol 0-2000
Ethanol 0-100
Acetone 0-100
MTBE 0-100
Formic acid 0-50
Methane 0-500
Ethylene 0-100
Ethane 0-100
Propylene 0-100
1,3-Butadiene 0-100
isobuthylene 0-100
Benzene 0-500
Toluene 0-500
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3 Experiment

3.1 Setup

The experiment was carried out using the set up shown in Figure 2. The emission from the
tail pipe is supplied to a constant volume sampler (CVS). Dilution is done at the CVS using a
fiow rate of 9 000 liter per minute. Diluted emission is then flowing into several analyzing
systems including FTIR, nondispersive infrared analyzer (NDIR), chemiluminescent analyzer
(CLA), sampling bag, and impinger system. The impinger system consists of two bubbling pots
and can impinge the emission at the two bubblers simultaneously. The sampling line from the
taif pipe to CVS and the CVS to the FTIR system are heated to 113 °C.

—— FTIR
__e,::\g.}~ cvs NDIR
CLA
Bag
Pump
W Oy
oo
impinger (DNPH) Mass Flow
Controlier

Fig. 2 — Exhaust Gas Analyzing System Schematic

3.2 Samples

A gasoline fueled vehicle, a methanol fueled vehicle, and a Diesel vehicle have been
tested to collect multicomponent continuous data. The gasoline fueled spark ignited engine
employed in the present study has a 1.5 liter displacement volume and a three way catalyst.
The engine is operated using (1) commercially available gasoline and (2) a blend of gasoline,
85 % and methy! tertiary buthyl ether (MTBE), 15 %, which is a well-known octane booster
containing oxygen. The methanol! fueled system has a 2.0 liter displacement volume and a
removable three-way catalyst. The fuel used in this case is a blend of methanol, 85 % and
gasoline, 15 % (M85).

The real-time measurement has been carried out using the FTP75 test mode. The FTP75
consists of a cold transient (CT) phase, a stabilized (CS) phase, and a hot transient (HT) phase.
Figure 3 shows the velocity pattern for the CT phase (505 sec) of FTP75.

100

SPEED (km/h)
3
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g 100 200 Q0 400 300
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Fig. 3 — Driving Cycle (LA-4, CT)
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4 Results

4.1 Comparisons with other methods

The methanol fueled engine is used to observe the correlation with other methods. The
comparisons with NDIR and CLA are shown in Figure 4 measuring carbon monoxide, carbon
dioxide, and nitric oxide. The outputs for the FTIR system look smoother than that for the
conventional analyzers. This is due to the time response difference between the FTIR and the
conventionals, i.e. 7 seconds for FTIR and 1.5 to 3 seconds for the conventionals. However, the
patterns are similar in appearance.

Absolute concentration values also appear to have good correlation for each component, if
the slower relative response time of this FTIR system is considered.
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Fig. 4 — Comparison of FTIR and Conventional Method
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Figure 5 shows the comparisons of absolute concentrations of the components using the
exhaust sample in the sampling bags (for each running phase of the FTP75). Satisfactory
correlations with the methods can be seen here,
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Fig. 5 — Comparison of FTIR and Conventional Method

Table 2 indicates the comparisons with the DNPH method which measures formaldehyde
in the emission. Two concentration data for DNPH-GC method correspond to the value obtained
from the two bubblers in the impinger system. The values for the FTIR system are calculated by

taking averages of realtime data.

TABLE 2 - COMPARISON WITH DNPH METHOD

4.2 Gasoline Fueled Vehicle

LA-4 CT LA-4 HT
DNPH-GC (1) 3.2 0.1
DNPH-GC (2) 3.1 0.1
FTIR 3.8 0.2
ppm

Comparisons of emissions using normal gasoline and MTBE doped gaso!(ine are shown in
Figure 6. It is observed that the amount of carbon monoxide is decreased by the use of MTBE.
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This can be seen clearly at the first cycle and the beginning of the second cycle in the CT phase
(see Figure 3). After approximately 200 seconds, the carbon monoxide concentration is
suppressed because the catalyst is heated to its working temperature. On the other hand, the
increase in nitric oxide emission can be seen at about 50 and 200 seconds. The unburned
MTBE appears at the beginning of the first cycle with a maximum concentration of approxi-
mately 9 ppm. The plot for the ammonia concentration shows a gradual increase from 0 to 200
seconds and almost constant concentration from 300 seconds for both fuels. The plot also
shows that ammonia emission is decreased by the doping of MTBE although the paiterns
behave similar io one another.
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Fig. 6 — Real time Emission from Gasoline Fueled Vehicle
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4.3 Diesel Vehicle

Figure 7 presents the emission pattern for sulfur dioxide and nitrogen dioxide. Both of
these components are characteristic emissions from the Diesel engine. The emission of sulfur
dioxide shows its pattern clearly while nitrogen dioxide is barely observable.
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Fig. 7 — Real time Emission from Diesel Engine Vehicle

4.4 Methano! Fueled Vehicle

Figure 8 shows the emission pattern for methanol, formaldehyde, ammonia, and nitrous
oxide from a methanol fueled vehicle. Data with and without the catalyst are plotted for each
component. For the first 80 seconds, a high concentration of methanol emission is observed
regardless of the existence of the catalyst. Then the concentration is decreased evidently at the
second cycle since the engine is heated up. For the case without a catalyst, small peaks of
methanol emission appear at the points corresponding to the accelerations of the last three
cycles. Emission of formaldehyde has a similar behavior. Almost no emission appears after 200
seconds for the case with a catalyst. In contrast these components, ammonia and nitrous oxide
emission appears only when the catalyst is installed. Ammonia is emitted after 200 seconds.
This implies that somehow, ammonia is generated by the catalyst. In addition, the concentration
remains constant after 300 seconds. Nitrous oxide also appears at about 100 seconds and 200
seconds but does not remain constant as in the case of ammonia.

50 Bulletin OIML - N° 129 - Décembre 1992




1500
~——CH,OH (Without Catalyzer)
1000 b —-=CH,OH (With Catalyzer)
500 +
O -
100 } ’
- ——HCHO {(Without Catalyzer)
1 —-—HCHO (With Catalyzer)
£ sof
& .
z
Q ..
3:(‘ Ot / N T N i s e A e TR ey
o
= 50 F
td r ——NH, (Without Cotalyzer)
=z ! —-—=NH; (With Caotalyzer)
o !
© st
. b r ‘/\\‘\_.v“/‘\"ﬁ R ., "
0_ ) A R e T e T I A b
50 B
" —N,0 (Without Catalyzer)
[ —-—N,0 (With Catalyzer)
25 |-
O i L X A, i A i i i A,
Q 100 200 300 400 500
TIME (sec.)

Fig. 8 — Real time Emission from Methanol Fueled Vehicle

A comparison of measured water vapor concentration and expected water vapor concen-
tration is shown in Figure 9. The expected water vapor concentration is calculated as carbon
dioxide concentration multiplied by two for this methanol fueled case. Diluted air for the CVS is
heated to avoid sample condensation in the CVS. The plot shows that until 100 seconds, the
measured conceniration is evidently lower than the expected concentration. On the contrary,
after about 180 seconds, measured concentration exceeds the expected concentration. This is
because the water vapor is first condensed between the exhaust manifold and tail pipe. Then,
when those paris are heated the condensed water evaporates again. After 400 seconds, both
measured and expected concentrations show good accordance.
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Fig. 9 - Real time Emission from Methano! Fueled Vehicle
5 Summary

An emission analyzer using FTIR has been developed for providing multicomponent
continuous measurement of automotive emission. The system has been demonstrated using
gasoline, Diesel, and methano! vehicle. Correlations with other techniques have satisfactory
results and improved response time, and introduces the discussion of the fransient nature of the
emissions. Overall, the result implies the system's capability for the practical use in the
automotive industry.
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INFORMATIONS

NOUVEAUX MEMBRES du COMITE —~ NEW CIML MEMBERS

DANEMARK/DENMARK - Mr P. Claudi JOHANSEN, Assistant Head, Secretariat for Me-
irology, National Agency of Industry and Trade.

INDE/INDIA - Mr N.S. PANGTNEY, Deputy Director, Weights and Measures.

JAPON/JAPAN - Mr Y. KURITA, Director General, National Research Laboratory of Me-
trology.

ROUMANIE/ROMANIA - Mr P.G. IORDACHESCU, General Director, Romanian Bureau of
Legal Metrology.

PUBLICATIONS DE L'OIML

La Neuvieéme Conférence Internationale de Métrologie Légale (voir rapport au début de ce
Bulletin) a définitivement sanctionné les Recommandations R 60, 76 et 95 a 104, déja publiées
aprés leur approbation par le CIML.

La Conférence a également sanctionné cing nouvelles Recommandations et une Recom-
mandation révisée, qui seront publiées successivement au cours des mois & venir; il s'agit de
textes sur les manometres étalons, les réfractometres, les ponts-bascules ferroviaires, les pe-
seuses totalisatrices discontinues, les instruments de pesage électroniques (révision de R 74)
et les ensembles de mesurage massiques directs de quantités de liquides. Les cing nouvelles
Recommandations, dont les numéros n'ont pas encore été attribués, figureront dans la liste des
pubtications du prochain Bulletin.

OIML PUBLICATIONS

The Ninth International Conference of Legal Metrology (see report in the first pages of this
Bulletin) has sanctioned Recommendations R 60, 76 and 95-104 which had already been pub-
lished after their approval by CIML.

The Conference also sanctioned five new Recommendations and a revised Recommen-
dation, which will be successively published during the upcoming months; these include texis on
standard manometers, refractometers, rail-weighbridges, discontinuous totalizing wheighing in-
struments, electronic weighing instruments (revision of R 74) and direct mass flow measuring
systems for quantities of liquids. The new five Recommendations, whose numbering has not yet
been allocated, will be incorporated in the list of publications in the next Bulletin.

TRAINING COURSE IN THE VERIFICATION OF WEIGHING INSTRUMENTS
Munich, 3-13 August 1993

In view of the success of the 1991 and 1992 training courses organized by PTB at the
German Academy for Metrology (DAM) in Munich and co-sponsored by OIML, a similar course
will be given in 1993 on the dates indicated above.
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The course is intended to train employees of legal metrology services that are building up
or improving verification activities in the field of electronic nonautomatic weighing instruments
and in the testing of vehicle weighbridges (mechanical and electronic).

The training program will include lectures on theoretical principles as well as practical
verification exercises. Particular attention will be given to explanations of the conformance fests
to the requiremenis contained in OIML Recommendations.

As was the case for previous courses, a certain number of fellowships will be granted by
German authorities in order to cover travel and hotel costs for participants from certain
countries.

Due to the fact that the total number of trainees must be limited to 20, participation will be
subject to a careful selection by the organizers; as a general rule, only one candidate from a
country will be accepted.

The candidates must prove that they have an adequate knowledge of the English language
and submit a report concerning the operation of legal metrology and verification in their country.

The detailed program, as well as application and questionnaire forms, will be sent to

potential applicants. Please send all requests to

Mr H. Apel

Physikalisch-Technische Bundesanstait

Bundesallee 100

Postfach 33 45

BRAUNSCHWEIG

Germany

The completed applications must reach PTB before 15 February 1983.
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PUBLICATIONS

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

R&

R7

Re

R 10

Ri4

R15

R 16

Poids cylindriques de 1 g & 10 kg (de ia classe de précision moyenne)
Cylindrical weights from 1 g to 10 kg (mediurm accuracy class)

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

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

Compteurs de liquides autres que l'eau & chambres mesureuses
Meters for liquids other than water with measuring chambers

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

Thermomeétres médicaux (& mercure, en verre, avec dispositif & maximum)
Clinical thermomseters (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 blocks

Saccharimeétres polarimétriques
Polarimetric saccharimeters

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

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

metres)

Edition
1978

en révision
being revised

1991

1973

1973

1970

1981

1989

1978

1870

1870

1870

1970

1978

1970

1970

Manometers for instruments for measuring blood pressure (sphygmomanometers)
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R 18

R 20

R 21

R22

R23

R24

R25

R26

R 27

R 2%

R 30

R 31

R 32

R 33

R 34

R 35

R 36

R37

R 38

56

Pyromeétres optiques a filament disparaissant
Visual disappearing filament pyrometers

Poids des classes de précision E, E, F, F, M, de 50 kg a 1 mg
Weights of accuracy classes £, E, F, F, M, from 50 kg to 1 mg

Taximétres
Taximeters

Tables alcoométriques internationales
International alcoholometric tables

Manomaétres pour pneumatiques de véhicules automobiles
Tyre pressure gauges for motor vehicles

Métre étalon rigide pour agents de vérification
Standard one metre bar for verification officers

Poids étalons pour agents de vérification
Standard weights for verification officers

Seringues médicales
Medical syringes

Compteurs de volume de liguides (autres que 'eau). Dispositifs complémentaires.

Volume maeters for liquids (other than water). Ancillary equipment

Mesures de capacité de service
Capacily serving measures

Mesures de longueur & bouts plans (calibres a bouts plans ou cales-étalons)
End standards of length (gauge blocks)

Compteurs de volume de gaz & parois déformables
Diaphragm gas meters

Compteurs de volume de gaz a pistons rotatifs et compteurs de volume de gaz &
turbine

Rotary piston gas meters and turbine gas meters

Valeur conventionnelle du résultat des pesées dans l'air
Conventional value of the result of weighing in air

Classes de précision des instruments de mesurage
Accuracy classes of measuring instruments

Mesures matérialisées de longueur pour usages généraux
Material measures of length for general use

Vérification des pénétrateurs des machines d'essai de dureté
Verification of indenters for hardness testing machines

Vérification des machines d’essai de dureté {systéme Brinell)
Verification of hardness testing machines (Brinell system)

Verification des machines d'essai de dureté (systéme Vickers)
Verification of hardness testing machines (Vickers system)

1989

1973

1673

1975

1973

1973

1977

1973

1973

1973

1981

1989

1989

1973

1974

1985

1977

1977

1977
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R 39

R 40

R 41

R42

R 43

R 44

R 45

R 46

R 47

R 48

R 49

R 50

R 51

R 52

R 53

R 54

R 55

R 56

R57

Vérification des machines d'essai de dureté (systémes 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 vérification
Standard graduated pipettes for verification officers

Burettes étalons pour agents de vérification
Standard burettes for verification officers

Poincons 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

Alcoometres et aréométres pour alcool et thermométres utilisés en alcoométrie
Alcoholometers and alcohol hydrometers and thermometers for use in alcoholometry

Tonneaux et futailles
Casks and batrrels

Compteurs d'énergie électrique 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 poriée élevée
Standard weights for testing of high capacity weighing machines

Lampes & ruban de tungsténe pour l'étalonnage des pyrométres optiques
Tungsten ribbon lamps for calibration 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 a fonctionnement automatique
Continuous Yolalising automatic weighing machines

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

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

Caractéristiques métrologigues 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 mécanigques de distance et chronotachygraphes
des véhicules automobiles - Réglementation métrologique

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

Solutions-étalons reproduisant 1a conductivité des électrolytes
Standard solutions reproducing the conductivity of electrolytes

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

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

provisions
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1977

1978

1978

1978

1977
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1985

1980

1982

1981

1981

1981

1982
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R 58 — Sonométres ‘ 1984
Sound level meters

R 59 — Humidimétres pour grains de céréales et graines oléagineuses 1984
Moisture meters for cereal grains and oilseeds )

R 60 -— Réglementation métrologigue des cellules de pesée 1991
Metrological regulations for load cells

R61 — Doseuses pondérales a fonctionnement automatigue 3 1985
Automatic gravimetric filling machines

R62 — Caractéristiques de performance des extensometres métalliques a résistance 1985
Performance characteristics of metallic resistance strain gauges

R 63 — Tables de mesure du pétrole - 1985
Petroleum measurement tables

R 64 — Exigences générales pour les machines d'essai des matériaux 1985
General requirements for materials testing machines :

R65 — Exigences pour les machines d'essai des matériaux en traction et en compression 1985
Requirements for machines for tension and compression testing of materials

R66 — Instruments mesureurs de longueurs 1985
Length measuring instruments

R67 — Ensembles de mesurage de liguides autres que l'eau équipés de compieurs de 1985
volumes. Contrbles métrologiques

Measuring assemblies for liquids other than waler fitted with volume meters.
Meirological conirols

R 68 -— Mséthode d'étalonnage des cellules de conductivité 1985
Calibration method for conductivity cells

R 69 — Viscosimétres a capillaire, en verre, pour la mesure de la viscosité cinématigue 1985
Glass capillary viscometers for the measurement of kinematic viscosity

R70 — Détermination des erreurs de base et d'hystérésis des analyseurs de gaz 1985
Determination of intrinsic and hysteresis errors of gas analysers

R71 — Réservoirs de stockage fixes. Prascriptions générales 1985
Fixed storage tanks. General requirements

R 72 — Compteurs d'eau destinés au mesurage de I'eau chaude - 1985
Hot water meters

R73 — Prescriptions pour les gaz purs CO, CO,, CH,, H,, O,, N, et Ar destinés a la 1985
préparation des mélanges de gaz de référence
Requirements concerning pure gases, CO, CO,, CH,, H,, O,, N, and Ar intended for
the preparation of reference gas mixtures

R74 — Instrumenis de pesage électroniques en révision
Electronic weighing instruments being revised
R75 — Compteurs d'énergie thermique 1988

Heal meters
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R76

R77

R78

R79

R 80

R 8t

R 82

R 83

R84

R85

R 86

R 87

R8s

R 89

R 90

Instruments de pesage a fonctionnement non automatique
Nonautomatic weighing instruments

Partie 1 : Exigences métrologiques et technigues - Essais
Part 1 : Metrological and technical requirements - Tesls

Partie 2 : Rapport d'essai de modéle

Fart 2 : Pattern evaluation report

Ensembles de mesurage de liquides autres que I'eau équipés de compteurs de
volumes. Dispositions particulieres relatives a 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
Waestergren tubes for measurement of erythrocyte sedimentation rate

Etiquetage des préemballages
Information on package labels

Camions et wagons-citernes

FRoad and rail tankers

Dispositifs et systémes de mesure de liquides cryogéniques (comprend tables de
masse volumique pour argon, hélium, hydrogéne, azote et oxygéne liquides)
Measuring devices and measuring systems for cryogenic liquids (including lables
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 équipé d'un spectromeire de masse et 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 & résistance thermométrique de platine, de cuivre ou de nickel (& 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 & tambour pour alcool et leurs dispositifs compléementaires
Drum meters for alcohol and their supplementary devices

Contenu net des préemballages
Net content in packages

Sonométres intégrateurs-moyenneurs

Integrating-averaging sound level meters

Electroencéphalographes - Caractéristigues métrologiques - Méthodss et mayens
de vérification

Electroencephalographs - Metrological characteristics - Methods and equipment for
verification

Electrocardiographes - Caractéristiques métrologiques - Méthodes et moyens de
vérification

Electrocardiographs - Metrological characteristics - Methods and equipment for
verification
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1989

1988

1089

1989

1989

1989

1980

1989

1989

1989

1989

1989

1890

1990
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R91 —

Ro2 —

R93 —

R9 —

R9 —

R87 —

Rog8 —

R9g —

R 100 —

R101 —

R102 —

R 103 —

R 104 —

Cinémometres radar pour la mesure de la vitesse des véhicules
Radar equipment for the measurement of the speed of vehicles

Humidimétres pour le bois - Méthodes et moyens de vérification: exigences
générales
Wood-moisture meters - Verification methods and equipment: general provisions

Frontofocometres
Focimeters

Bateaux-citernes - Prescriptions générales
Ships' tanks - General requirements

Bouteilles récipients-mesures
Measuring container bottles

Barométres
Barometers

Mesures matérialisées de longueur & traits de haute précision
High-precision line measures of length

Instruments de mesure des gaz d'échappement des véhicules
Instruments for measuring vehicle exhaust emissions

Spectroméires a absorption atomique pour la mesure des polluants métalliques
dans l'eau

Atomic absorption specirometers for measuring metal pollutants in water

Manometres, vacuometres et manovacuometres indicateurs et enregistreurs
Indicating and recording pressure gauges, vacuum gauges and pressure-vacuum
gauges

Calibreurs acoustiques

Sound calibrators

Appareillage de mesure pour la réponse des individus aux vibrations
Measuring instrumentation for human response fo vibration

Audiomeétres & son pur
Pure-tone audiometers

DOCUMENTS INTERNATIONAUX
INTERNATIONAL DOCUMENTS

b1 —

D4 —

60

Loi de métrologie
Law on metrology

Unités de mesure légales
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

1990

1990

1990

1990

1990

19980

1991

1991

1991

1991

1992

1992

1992

1975
en révision
being revised

1979

1981
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D5

Do

D7

D8

D9

D10

D12

D13

D14

D15

D16

D17

D18

D19

D 20

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

Principles for the establishment of hierarchy schemes for measuring instruments

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

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

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

Principes concernant le choix, la reconnaissance officielle, I'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 supervigion

Conseils pour la détermination des intervalles de réétalonnage des équipements de
mesure ulilisés 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 électroniques

1982

1983

1984

1984

1984

1984

en révision

General requirements for electronic measuring instruments being revised

Domaines d'utilisation des instruments de mesure assujettis & 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 multilateral arrangements on the recognition of test results,
pattern approvals and verifications

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

Principes du choix des caractéristiques pour I'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 controf

Schéma de hiérarchie des instruments de mesure de la viscosité des liquides
Hierarchy scheme for instruments measuring the viscosity of liquids

Principes généraux d'utilisation des matériaux de référence certifiés dans les
mesurages

General principles of the use of certified reference materials in measurements

Essai de modéle et approbation de modele
Pattern evaluation and pattern approval

Vérifications primitive et ultérieure des instruments et processus de mesure
initial and subsequent verification of measuring instruments and processes
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D21

D22

D23

Note

62

Laboratoires secondaires d'étalonnage en dosimétrie pour I'étalonnage des
dosimétres utilisés en radiothérapie

Secondary standard dosimetry laboratories for the calibration of dosimeters used
in radiotherapy .

Guide sur les instruments portatifs pour I'évaluation des polluants contenus dans
l'air en provenance des sites de décharge de déchets dangereux

Guide to partable instruments for assessing airborne pollutants arising from
hazardous wastes

Principes du contrble métrologique des dispositifs utilisés pour les vérifications
Principles for the metrological control of devices used for verificalion

Publication en cours d'impression/FPublication being printed.

1990

1991

Ces publications peuvent étre acquises au / These publications may be purchased from

Bureau International de Métrologie Légale, 11, rue Turgot, 75009 PARIS.
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ORGANISATION INTERNATIONALE

DE METROLOGIE LEGALE

ETATS MEMBRES

ALGERIE INDONESIE
ALLEMAGNE IRLANDE

ARABIE SAOUDITE ISRAEL

AUSTRALIE ITALIE

AUTRICHE JAPON

BELGIQUE KENYA

BRESIL MAROC

BULGARIE MONACO
CAMEROUN NORVEGE

CANADA PAKISTAN

REP. POP. DE CHINE PAYS-BAS

CHYPRE POLOGNE

REP. DE COREE PORTUGAL

REP, POP. DEM. DE COREE ROUMANIE

CUBA ROYAUME-UNI DE GRANDE-BRETAGNE
DANEMARK ET D'IRLANDE DU NORD
EGYPTE RUSSIE

ESPAGNE SF’J‘LANKA
ETATS-UNIS D'AMERIQUE SUEDE

ETHIOPIE SUISSE
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GRECE TUNISIE
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MEMBRES CORRESPONDANTS
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MEMBRES

COMITE INTERNATIONAL de METROLOGIE LEGALE

ALGERIE

Membre a désigner par son Gouvernement
Correspondance & adresser a

Office National de Métrologie Légale

1, rue Kaddour Rahim Hussein Dey
ALGER

ALLEMAGNE

Mr M. KOCHSIEK

Directeur

Physikalisch-Technische Bundesanstalt
Bundesallee 100 - Postfach 3345
3300 BRAUNSCHWEIG

TP 49-531-592 80 10

TX 9-52822 PTB d

TG Bundesphysik Braunschweig

FAX 48-531-582 40 06

ARABIE SACUDITE

Mr KHALED Y. AL-KHALAF

Director General

Saudi Arabian Standards Qrganization
P.O. Box 3437

11471 RIYADH

TP 966-1-479 33 32
TX 40 18 10 saso sj
TG glasy

FAX 966-1-479 30 63

AUSTRALIE

Mr J. BIRCH

Executive Director

National Standards Commission
P.O. Box 282

NORTH RYDE, N.S.W. 2113
TP 61-2-888 39 22

TX AA 23144

FAX 61-2-888 30 33

AUTRICHE

Mr R. GALLE

Director of the Metrology Service

Gruppe Eichwesen

Bundesamt flr Eich- und Vermessungswesen
Postfach 20

Arltgasse 35

A-1163 WIEN

TP 43-222-49 11 01 FAX 43-222-49 20 875
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BELGIQUE

Mr H. VOORHOF
Inspecteur Général
Inspection Générale de la Métrologie
24-26, rue J.A. De Mot
B-1040 BRUXELLES
TP 32-2-233 61 11

TX 20 627 COM HAN

(FAX'32-2-230 83 00

BRESIL

Mr C.L. FROES RAEDER

Président, INMETRO

Av. Rio Branco 311, 8° Andar-Centro
20060 RIO DE JANEIRO
TP 55-21-262 6231

TX 30672 IMNQ BR

FAX 55-21-779 1761

BULGARIE

Mr Y. YORDANOV
Président

Comité de normalisation et de métrologie
21, rue du 6 Septembre
SOFIA 1000

TP 359-2-8591

TX 22 570 DKS BG

FAX 359-2-801402

CAMEROUN

Mr S. NOUMSI

Sous-Directeur des Poids et Mesures

Direction des Prix, Poids et Mesures

Ministére du Développement Industriel et Commaercial
BP 501

YAOUNDE

TP 237-22 31 16 et 237-2326 17 FAX 237-230069

TX 82-68 & Yaoundé

CANADA

Mr R.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

TX 053 3694

FAX 1-613-952 1736

REPUBLIQUE POPULAIRE DE CHINE

Mr BAl JINGZHONG

Deputy Director General

State Bureau of Technical Supervision
4, Zht Chun Lu, Hai Dian
BEIJING 100088

TP 86-1-202 58 35

TX 210208 SBTS CN
TG 1918 Beijing

FAX 86-1-203 10 10
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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, Kyenggi-Do 427-010

TP 82-2-503 79 28 FAX 82-2-503 79 41
TX 28456 FINCEN K

REPUBLIQUE POP. DEM. DE COREE

Mr DJEUNG KI TCHEUL

Directeur de Finstitut Central de Qualite

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

PYONGYANG

TG standard

CUBA

Membre a désigner par son Gouvernement
Correspondance & adresser a
Mr J. Acosta Alemany

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
53-7 33 80 48

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 70 68

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 93 296 EOS UN

TG TAWHID

FAX 20-2-355 78 41

ESPAGNE

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

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

FAX'34-1-803 1178
TX 47254 CEME E '
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ETATS-UNIS D'AMERIQUE

Mr S.E. CHAPPELL

Chief, Standards Management Program

Office of Standards Services

National Institute of Standards and Technology

Admin. 101, A825

GAITHERSBURG, Maryland 20899

TP 1-301-975 40 24 FAX 1-301-963 28 71
TX 197674 NBS UT

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 ETHSA ET
TG ETHIOSTAN

FINLANDE

Mr M. RANTALA

Assistant Director on Legal Metrology
Technical Inspection Centre

Technical Department/Weights and Measures
P.0O. Box 204, Lonnrotinkatu 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

Ministére de I'Industrie et du Commerce extérieur
22, rue Monge
75005 PARIS

TP 33-1-43 19 51 35 FAX 33-1-43 1951 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 67 35 DRAG GR et 21 52 82 YPEM GR

HONGRIE

Mr P. PAKAY

Président

Orszégos Mérésligyi Hivatal
P.O. Box 19

H-1531 BUDAPEST

TP 36-1-1567 722

TG HUNGMETER Budapest

FAX 36-1-1550'598

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 91-11-38 53 44

TX 3161962 COOP IN

TG POORTISAHAKAR
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INDONESIE

Mr G.M. PUTERA

Director of Metrology

Directorate General of Domestic Trade
Departemen Perdagangan

Jalan Pasteur 27

40171 BANDUNG

TP 62-22-50 597 et 50 695

TX 28 176 DITMET BD

IRLANDE

Mr 8. MORAN

Assistant Secretary

Department of Industry and Commerce
Frederick Building, Setanta Centre,
South Frederick Street,
DUBLIN 2

TP 353-1-61 44 44

TX 93478

TG TRADCOM Dubtin

FAX 353-1-67 95 710

ISRAEL

Mr. A. RONEN

Controller of Weights, Measures and Standards
Ministry of Industry and Trade

P.0.B. 299

JERUSALEM 91002

TP 972-2-27 241

ITALIE

Mr G. VISCONTI

Direttore Generale del Commercio Interno
Ufficio Centrale Metrico

Via Antonio Bosio, 15

1-00161 ROMA

TP 39-6-841 68 25 Fax 39-6-841 41 94

JAPON

MrY. KURITA

Director General

National Research Laboratory of Metrology
1-4, Umezono 1-Chome, Tsukuba
IBARAKI 305

TP 81-298-54 41 49

TX 03652570 AIST

TG KEIRYOKEN TSUCHIURA

FAX 81-298-54 41 35

KENYA

Mr P.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 Division de la Métrologie Légale et Industrielie
Direction du Commerce et de I'Industrie

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

TP 212-7-72 45 65
TX 36872

FAX 212-7-76 06 75
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MONACO

Mr A. VEGLIA

Ingénieur au Centre Scientifique de Monaco
16, Boulevard de Suisse

MC 98000 MONTE CARLO

TP 33-93-30 33 71

NORVEGE

Mr K. BIRKELAND

Directeur Général

Service National de Métrologie
Postbox 6832 St. Olavs Plass
0130 OSLO 1

TP 47-2-20 02 26

PAKISTAN

Mr M. ASAD HASAN

Director

Pakistan Standards Institution
39-Garden Road, Saddar
KARACHI-74400

TP 92-21-772 95 27

TG PEYASAI

PAYS-BAS

Mr G.J. FABER

Directeur général
Nederlands Meetinstituut nv
Hugo de Grootplein 1

3314 EG DORDRECHT

TP 31-78332332

TX 38 373 IUKWZ NL-

POLOGNE

Mr Z. REFEROWSKI

Vice-Président

Polski Komitet Normalizacii, Miar i Jakosci
ul. Elekioralna 2
00-139 WARSZAWA
TP 48-22-20 54 34
TX 813 642 PKN

TG PEKANIM

PORTUGAL

Mr J.N. CARTAXO REIS

Directeur du Service de la Métrologie
Instituto Portugués da Qualidade
Rua Prof. Reinaldo dos Santos
Lote 1378

1500 LISBOA

TP 351-1-778 61 58

TX 65744 METROQ P

FAX 47-2-2077 72

FAX 92-21-77 285 27

FAX 31-78 3323 09

FAX 48-22-20 83 78

FAX 351-1-778 19 80

ROUMANIE

Mr P.G. IORDACHESCU

Directeur Général

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

TP 40-0-13 1505

TX 11 355

FAX 40-0-12 05 01

ROYAUME-UNI

Mr 8. BENNETT

Chief Executive

National Weights and Measures Laboratory
Stanton Avenue

TEDDINGTON, Middiesex TW 11 QJZ

TP 44-81-943 72 72 FAX 44-81-943 72 70
TX 9312131043 (WM G)
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- RUSSIE

Mr L. K ISSAEY

* Viee-President - )
Gosstandart of Russia
Leninsky Prospect 9
117049 MOSCOU

TR 7:005:236 40 44
TX 411378 GOST
TG Moskva-Standart

‘SRI LANKA

S UMrHLR.W. MADANAYAKE

Deputy Commissioner of Internal Trade
Measurement Standards and Services Drvrsron
Department of internal Trade

101, Park Boad
COLOM‘BO 5
TP94-1-83 261

“TX 21908 COMECE CF

‘SUEDE
SMeBCOHLON: :
Ingénieur en-Chef
Statens Provningsanstalt:
P.0. BOX 857
S-501 .15 BORAS S
TP:46-33-165000 - .. FAX 46-33-13 5502
TX 36252 TESTING S SR e
 SUISSE. -
~Mr O, PILLER
Directeur v B
Office Fédéral de Metrologre
Lindenweg 50 :
‘CH:'3084 WABERN PR e .
TP 41-31-963 31 11 FAX 41-31-96332 10
C TG OFMET '
TANZANIE
M A M. TUKAI
Commissiorier for Weights and Measures :
Weights and Measures Bureau B
Ministry of Industries and Trade
SPO. Box313 o
DARES SALAAM -

TP 84046/64797/64808
,TX 41,680 INDIS

§ TPn telephone

FAX 7-005 236 8209
Nt 638 00 BRNO

T 13602 INORPI

11000 BEOGRAD
TP 38-11-1837 36

FAX = telecopre (telefax)

TCHECOSLOVAQUIE

Mr A. KURUC .
Directeur du Service

d'inspaction ¢ Etat pour la Metrologre
Statni metro!ogrcky mspektorat )
Okruzni-g1-.

TP 42:5-528 755 FAX42:5-529 149

‘TUNISIE
Mr Ali BEN GA!D

Président Directeur Geénéral "
Institut National de fa-Nermalisation

et de'la Propriéte lndustnelle :
Boite Postale 23

1012 TUNIS BELVEDERE

TP 216-1-785 922 FAX 216-1-781 563

'YOUGOSLAVIE

MrZ.M. MARKOV!C

Deputy Director .
Federal Bureau of Measures and Precrous e
Metals :

Mike Alasa 14 -

FAX 38-11:620 134
TX 11 020 YUZMBG : :

7 AMBIE
MrL N KAKUMBA

- Head, Assize Department

Wexghts -and Measures Office

' Mmrstry of Commerce and lndustry
‘P.0. Box: 30 989

LUSAKA =
TP 260-1-21 6062
TG Assize, LUSAKA

Les numeéros sorit en general rndlques pour le reglme automatuque mtemat:onal a lexceptlon des numeros qur sont

-précédes dun trait;

" The call numbers are generally mdrcated for mtemational automailc dtallmg except Where the local number is

! preceded by adash.

TG = telégramme TX = telex i

Pour tout télex ou telegramme u es’c necessasre d‘mdrquer le nom de la personne el sa qualits.
For afl telex or telegrams it is necessary to mdlcaz‘e hame of person and accupation.
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PRESIDENCE

Président .......cocovecncinns K. BIRKELAND, Norvege
Vice-Président ......c........ S.E. CHAPPELL, US.A.
Vice-Président ............... M. KOCHSIEK, Allemagne

CONSEIL DE LA PRESIDENCE

K. BIRKELAND, Norvege, Président

S.E. CHAPPELL, U.S.A,, V/Président

M. KOCHSIEK, Allemagne, V/Président

J. BIRCH, Australie

R.G. KNAPP, Canada

BAI JINGZHONG, Rép. Pap. de Chine

S. BENNETT, Royaume-Uni

L. K. ISSAEV, Russie

Le Directeur du Bureau International de Métrologie Légale

BUREAU INTERNATIONAL DE METROLOGIE LEGALE

Directeur B. ATHANE
Adjoint au Directeur A. VICHENKOV
Adjoint au Directeur P. DEGAVRE
Ingénieur E. WEBER
Rédactrice K. FRENCH
Administrateur Ph. LECLERCQ

MEMBRES D'HONNEUR

V. ERMAKOV, Russie — Vice-Président du Comité

A.J. van MALE, Pays-Bas — Président du Comité

A. PERLSTAIN, Suisse — Membre du Consell de la Présidence
W. MUEHE, Allemagne — Vice-Président du Comité

H.W. LIERS, Allemagne — Membre du Conseil de la Présidence
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ADRESSES DES SERVICES DES MEMBRES CORRESPONDANTS

ALBANIE

The Director

Drejtoria e Standardeve dhe e Mjeteve
Matése (DSMA)

né Komisionin e Planit t& Shtetit
TIRANA

BAHREIN

The Responsible of Metrology
Standards and Metrology Section
Ministry of Commerce and Agriculture
P.0. 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.I.

BOTSWANA

The Permanent Secretary

Division of Weights and Measures

Department of Commerce and Consumer Affairs
Private Bag 48

GABORONE

BURKINA FASQ

Direction Générale des Prix
Ministere du Commerce

et de 'Approvisionnement du Peuple
BP 19

QUAGADQUGOU

COLOMBIE

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

BOGOTA D.E.

COSTARICA

Oficina Nacional de Normas y Unidades
de Medida

Ministeric de Economia y Comercio
Apartado 10 216

SAN JOSE
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FiDJt

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 Black - 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 Director

lcelandic Bureau of Legal Metrology
Léggildingarstofan

Sidumuli 13

P.O. Box 8114

128 REYKJAVIK

JORDANIE

Directorate of Standards
Ministry of Industry and Trade
P.0. Box 2018

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.S.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.O. Box 7035
40911 Shah Alam
SELANGOR DARUL EHSAN



MALAWI

The Principal Assizer
Assize Department
P.O. Box 156
LILONGWE

MALL

Le Directeur Général des Affaires Economiques
(Service des Poids et Mesures)

BP 201

BAMAKO

MAURICE

The Permanent Secretary

Ministry of Trade and Shipping
(Division of Weights and Measures)
New Government Centre

PORT LOUIS

MEXIQUE

Direccion General de Normas

Secretaria de Comercio y Fomento Industrial
Sistema Nacional de Calibracion

Ave. Puente de Tecamachalco no. 6 - Planta Baja
Lomas de Tecamachalco, Seccion Fuentes
53950 NAUCALPAN DE JUAREZ

MONGOLIE

Mongolian National institute

for Standardization and Metrology
Peace Str.

ULAANBAATAR 51

NEPAL

The Chief Inspector

Nepal Bureau of Standards and Metrology
P.B. 985

Sundhara

KATHMANDU

NOUVELLE-ZELANDE

The Manager

Trade Measurement Unit
Ministry of Consumer Affairs
P.O. Box 1473
WELLINGTON

OMAN

The Director General

for Specifications and Measurements
Ministry of Commerce and Industry
P.O. Box 550

MUSCAT

QUGANDA

Commissioner for Weights

and Measures

Waeights and Measures Department
Ministry of Commerce

P.O. Box 7192

KAMPALA

PANAMA

Le Directeur

Comision Panamena de Normas Industriales
y Tecnicas

Ministerio de Comercio e Industrias
Apartado 9658

PANAMA 4

70

PERCU

The Director General

ITINTEC Instituto de Investigacion Tecnologica
Industrial y de Normas Tecnicas

Av. Guardia Civil No. 400

LIMA 41

PHILIPPINES

Bureau of Product Standards
Department of Trade and Industry
3rd floor DTI Building

361 Sen. Gil J. Puyat Avenue
Makati, Metro Manila
PHILIPPINES 3117

SENEGAL
Le Directeur
Institut Sénégalais de Normalisation

Ministéere du Plan et de la Coopération
DAKAR

SEYCHELLES

The Director

Seychelles Bureau of Standards
P.O. Box 648

VICTORIA

SYRIE

The General Director

The Syrian Arab Organization

for Standardization and Metrology
P.O. Box 11836

DAMASCUS

TRINITE ET TOBAGO

The Director

Trinidad and Tobago Bureau of Standards
P.O. Box 467

PORT OF SPAIN

TURQUIE

Le Directeur Général

Service du Contrdle de la Qualité et des Mesures
Sanayi ve Ticaret Bakanligi

Olcliler ve Kalite Kontrol Genel

Midariigi

ANKARA

VENEZUELA

Le Directeur

Direccion General de Tecnologia

Servicio Nacional de Metrologia

Ministerio de Fomento

Av. Javier Ustariz, Edif. Parque Residencial
Urb. San Bernardino

CARACAS

YEMEN

The Director General

Yemen Standardization & Metrology
Organisation

P.O. Box 19213

SANA'A
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