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Foreword

ln the following pages a survey is given of a number of research projects with practical

applications carried out by TNO, the Netherlands Organization for Applied Scientific

Research.

TNO's research and development work is primarily centred on the commercial and industrial

sector. Among TNO's other important clients are government bodies, social organizations

and private individuals. ln many cases, collective research and development projects are

carried out for specific branches of industry.

The Organization employs about 4900 people. TNO's research budget amounts to almost

560 million guilders, and the organization carried out more than 2'l ,000 assignments for

Dutch and foreign clients.

TNO performs research in specialized institutes and departments, which according to their

working areas have been accommodated in eight divisions, each with its own specific field

of research: Technology for Society, Building and Metal Research, lndustrial Products and

Services, Nutrition and Food Research, Health Research, National Defence Research,

Technical-Scientific Services, and Policy Research and lnformation.

To enablethis reportto be used as a guidetothework of the Organization, it is prefaced by

a detailed table of contents, and an alphabetical list of keywords has been appended.

Written communication often needs verbal back-up. TNO has therefore set up the Guide

Service an inquiry handling service of a number of officials who know their way around within

TNO. The address and telephone number are given on page2.
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5. 'Steel constructors have called in the help of
computers in manufacturing processes'.
Computers assist in design and production. An

increasing number of companies are expanding
their design potential and adapting their produc-
tion methods to meet modern demands. TNO
designs appropriate systems and assists in

introducing them.

lndustrial technology

This chapter deals with some of the activities of the Divisions of Technology for Society,
Technical-Scientific Services, and lndustrial Products and Services. and the Policy

Research and lnformation Group. The subject of food technology is dealt with in the chapter
on nutrition and food.

The computer in construction and production

lnformation technology plays a major role in many of the research projects carried out by
TNO. The lnstitute for Mechanical Constructions (INO-IWECO), for instance, is carrying out
research for the Maritime Research Co-ordination lnstitute in the area of Computer Aided
Design/Computer Aided Manufacturing (CAD/CAM) techniques for the Dutch shipbuilding
industry, and is examining the options for the integral computerization of the technical
functions of a ship.

At the Metal Research lnstitute, work on automation is closely linked to machine-shop
techniques. The institute saw the first application of the MISCHEDULE program get off to a
good start. This is a computer program for detail planning in engineering works which
abandons lhe frequently used 'first in - first out' principle in favour of planning based on
minimum resetting times. This is a method of planning which appears able to extend the

actual productive time of a machine by a factor of one-third or more.

The internationally successful MITURN system for the automatic programming of numer-
ically controlled lathes, which has been in existence for some time, was made available for

use on Digital Equipment Corporation VAX 11/780 computers. A stand-alone version on a
microcomputer is at an advanced stage.

The Division for Building and Metal Research has paid a lot of attention to the interaction
between information technology and production technology. This item is also receiving

attention in contacts with the other divisions and with, among others, the Ministry of
Economic Affairs and the Association of the Mechanical and Electrical Engineering

lndustries (FME).

New metal technologies

TNO has developed a method forthe rapid manufacture of welding wire of precisely defined
composition and consistent quality. There is great interest, particularly in the offshore and
shipping world, in the electro-metallurgic method. An installation was built in order to
manufacture welding wire by this process on a semi-industrial scale.
The aim of the high temperature erosion project is twofold: research into erosion in, for
example, high temperature reactors such as those used by the utility and petrochemical

industries etc., and in auxiliary equipment; and the development of adequate erosion-
resistant coatings. A start was made on this project in 1983.



Together with the lnstitute of Applied Physics, the Metal Research lnstitute began a project

aimed at making the possible applications of the laser in industrial processes more widely

known, and, if possible, extending them. For the practical back-up to this work, so-called

CO, laser (power 1.2 kW which can be operated in both the continuous and the pulsating

mode is being installed at the Metal Research lnstitute. The laser facilities of the lnstitute of

Applied Physics are being augmented by a Neodymium-YAG laser with a maximum average

power of 300 W and a peak power of 20 kW.

The hard and soft side of information techrroloqy

ln addition to advisoryworkfor industry, the Centrefor Microelectronics, part of the Division

for Technical-Scientific Services, has devoted a great deal of attention to setting up and

further developing so-called spearhead projects. These concern research which must,

within a maximum of two orthree years, yield new industrial products and systemsthat can

then be handed over to one or more companies. The main emphasis in the past year lay in

the area of sensors and automation. The choice of these fields was partly based on market

surveys and existing expertise. Within this programme the lnstitute for Applied Physics

developed a pressure sensor based on glass fibre technology.

lnterested parties in the industrial sector have already been found for several spearhead

projects, so that it is expected that the current projects will meet f uture industrial demands.

The Centre collected the information relevant to the Netherlands on PLCs (Programmable

Logic Controllers) and presented it in a publication which sold some 1,000 copies. A start

has been made on a similar reference/instruction book on optical glass fibres. This booklet

is likewise intended for industrial users.

ln 1983 the services of the Centre were called in some 530 times'

Another section of the Division for Technical Scientific Services, the lnstitute for Mathema-

tics, lnformation Processing and Statistics, has devoted extra attention to the possible

applications of mini- and microcomputers in response to developments among both

suppliers and users. A number of important commissions have been received in this area,

including assignmentsfrom VEWIN (theAssociation of WaterCatchment Companies in the

Netherlands).

The use of statistical methods in the area of pattern recognition is making good progress. ln

collaboration with the Prins Maurits Laboratory; lnstitute for Chemical and Technological

Research, the lnstitute for Mathematics, lnformation Processing and Statistics is studying

the possibilities of applying this to a number of concrete data files.

8
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6. A hand-held laser scanner not only makes
'reading'the bar code easier, it will also be of
use in price adjustment and stock control.

7. The market asks questions, and TNO's pro-
duct designers come up with the answers. A
coffee-maker for two cups: TNO in thousands of
homes.

7

Systematic product development
lnstrumentum (an institute of the Division forTechnical- Scientific Services) has established
many new contacts and carried out a number of imporlant assignments in the area of
product innovation. A recognition and manipulation system for gas cylinders was designed,

whereby the gas cylinders are recognized by means of a barcode scanner system. A special

cap was designed so that both the barcode and the transport system can be used.

The production phase of the laser pen for barcode scannrng, developed earlier by lnstru-
mentum, was supervised for an American company. ln connection with this, a Dutch

company supplied the U.S. with synthetic injection-moulding products through the

intermediary of lnstrumentum.

A number of new extractor hoods for use in the kitchen were designed, and models were

manufactured. A completely new shape was designed for certain automatic coffee-makers.
After the development, in collaboration with the lnstitute of Applied Physics, of a vibration
transducer for seismic research, the production of a prototype series was supervised. This

will subsequently be implemented in Dutch industries.

The number of assignments in the area of product assessment grew. Advice was given to
industrial and commercial enterprises, consumers' associations and individual users.

The research of the lnstitute of Applied Physics into new methods for the production of
sialons - very hard and wear-resistant ceramic materials - reached such a stage that the

results could be brought to the notice of commerce and industry.

Paint-spray robots

Paint-spray robots are increasingly being used in industrial application processes such as

the spray-painting of car parts and steel furniture. These robots consist of a manipulator

arm, a microprocessor control unit and a hydraulic unit to drive the arm. Almost all the robots
presently on the market are programmed by having the item in question sprayed by an

experienced painter. The microprocessor stores the movements in its memory in order to be

able to reproduce them ('teach-in' procedure).

Among the obstacles in the way of the use of this technology on a larger scale are the high
initial capital outlay ('150,000 - 200,000 Dutch guilders), the modifications to the production

line which are usually necessary, the need for more highly-skilled personnel, and the
essential organizational changes. The whole production process must also be of extremely
consistent quality. The present generation of robots are not, for example, capable of
correcting for variations in the viscosity of the paint or in the pre-spraying treatment, as an

experienced painter is. Together with the lnstitute of Applied Physics, the Paint Research
lnstitute began in 1983 an investigation into various aspects of the application of paint-spray

robots. Among the points which are being examined are:

- drawing up an inventory of the properties of different robot systems, such as programming,

corrections capabilities, positioning and tracking accuracy, synchronization with the
conveyor-belt;9



8. The paint spraying robot produces work of
consistent quality, can get to the most hard-to-
reach places, and is not affected by substances

which can be harmful to people. TNO adapts the

robot to the needs of small and medium-sized

companies.

- the relationship between robot and paint-spraying equipment;

- the application of systems for product recognition in connection with the automatic

selection of the required spraying programs;

- the possibilities of generating spraying programs on the basis of product recognition,

without the 'teach-in' procedure;

- the collection of data on application in practice.

A test facility with which items up to about 1 m3 can be sprayed is available for use in this

programme.

Biotechnology

ln its research into the possibilities of extending the active life of enzymes, the Division of

Technology for Society achieved some interesting results from the application of amylase

derivatives as stabilizing carriers for the immobilization of enzymes. The specific surface

area of metastable amylase proved to be quite large and the preparations obtained by

means of complexing were 100% soluble in cold water. By encapsulating glucose-

isomerase in amulose-ether gels with an amylase-ether concentration of more than 35 to

4Oo/o, a half-life extension with a factor of more than 2.5 was found, compared with

concentrations lowerthan 35%. Aproblem which remains is the presence of amylase in the

solution of the glucose-isomerase preparation, which decreases the mechanical stability of

the catalyst particles. Work on the solution to this problem is continuing. By making the

succinate and, subsequently, cross-linking alpha-chymotrypsine using a specific method,

an increase in thermal stability was achieved which, compared with the natural enzyme, is

better than the factor of 20 given in literature.

A number of models have been developed for describing the mass transfer processes in

immobilized enzymes. These are now being tested experimentally with invertase, immobil-

ized on alginate spheres.

ln order to obtain greater efficiency of the Penicillin/Acylase/Urease system, experiments

were carried out to optimize the quantities of enzymes and substrates. lt appears that the

method of internal pH control leads to a quicker and higher conversion of penicillin, than

does the method which makes use of an external buffer.

Ahother development, and one which has equally interesting industrial potential, is the

catalysis of chemically difficult esterification reactions. lt proved possible to demonstrate

that with the right choice of immobilization of the enzyme carboxylesterase and the other

reaction conditions, methol could be esterified to methyl acetate. This technique is used to

prepare interesting flavour and odour compounds in a natural way. lnitial experiments with

so-called 'reverse micelles' indicated that this system can also be useful for two-phase

reactions. Cholesterol oxidase even had a much higher activity than the manufacturer

claimed. These results would appear to be of importance for industrial applications.

For research into a better preparation method for technical alcohol a modified upflow

fermentor was constructed in which, among other things, there is improved sedimentation10



9. Waste plastics: a persistent nuisance. TNO
has contributed to the control of collection tech-
niques and carries out research into recycling.

of the flocculated micro-organism. For the research with this fermentor an analysis and
control philosophy was developed whereby sucrose, glucose, fructose and ethanol
concentrations can be followed simultaneously as a function of time. Experiments with a
strain of Zymomonas mobilis gave a conversion of 99% at 100 g/l glucose and a 7% higher
yield than with the strain ZM,.

Membrane technoloqy

ln support of a project for the enzymatic hydrolysis of paper, experiments were carried out
to concentrate the dilute glucose solutions thus obtained. The method was one developed
and patented by TNO, in which hyperf iltration membranes with both high and low retention
are used. After experimental research on model solutions, a computer simulation program
was developed to determine the optimum configuration at minimum energy consumption,
Compared with multi-effect evaporation, energy consumption which is lower by a factor I
would seem to be possible. The experimental results were in accordance with the theoretical
basis.

A number of practical problems had to be solved, since in processing paper hydrolysate a
number of other substances are present which have a greater retention than glucose. Work
is continuing on the solution to these problems. ln the continuous production of ethanol in a

fermentor using Zymomonas mobilis, one of the problems is how ethanol can be separated
off and glucose can be retained. With the right choice of membrane it proved possible to
achieve this goal and to control the mass balances.

Synthotics from waste

ln 1983 a start was made on five projects concerned with the recycling of synthetics
retrieved from domestic refuse. on the one hand, the extent to which the quality of the
various synthetic waste streams is dependent on the collection method was investigated,
and a contribution was made to the control of collection techniques. On the other hand,
research was carried out, on the basis of the materials obtained, into methods of separating
and processing the waste with the aim of recycling the material through the normal
synthetics processing industry.

The greater part of these projects was financed by the government. ln the area of industrial
waste, an inventory of the waste streams was followed by the initiation of a recycling
stimulation project relating to the use of waste from the glass fibre-reinforced synthetics
industry. ln a large number of cases, advice was given to companies and local authorities on
the subject of domestic refuse processing, problems of waste products, and reprocessing.

Measurement of ship movements

The lnstitute for Mechanical Constructions [fNO-IWECO) is working on the development of
a software package consisting of a design system with additional knowledge which is of
importance to the construction of advanced high-speed vessels. This is being carried out in11
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10. Laying pipes in bad weather is a nasty job.

TNO has developed a measuring system to
determine whether the movements of a pipe-

laying vessel exceed the permissible limits.

collaboration with the Netherlands Maritime Research lnstitute (MARIN), the National

Aeronautics and Space Laboratory (NASL) and the Shipbuilding Department of Delft

University of Technology. The results of the work will benefit the Dutch shipping industry.

IWECO has developed a measuring system which can determine at all times whether the

movements of a pipe-laying vessel exceed the permissible limits. A pafticularly interesting

feature of this system is the absence of moving parts. The usual gyroscopes have been

replaced in this system by eight low-frequency, critically damped accelerometers (inductive

sensors). The system was successfully tested on the vessel-movement simulator recently

built by IWECO, and has since functioned without problems for a year under practical

conditions.

For calibrating tools used to generate tension or compression, IWECO has developed three

extremely accurate force transducers. These have a range of 0.55, 1 .65 and 4.95 meganew-

tons (55, 1 65 and 495 'tons' respectively) and are accurate to 1:1 04. Using these transfer

standards, power tools can be calibrated against IWECO's dead weight bench.

Advanced measuring system

The lnstitute of Applied Physics, the lnstitute for Building Materials and Building Structures,

lnstrumentum and Delft Universityof Technology have jointly developed and tested a robot

for the inspection of concrete under water. The equipment can detect and depict cracks in

concrete through layers of soft fouling (not through mollusc encrustations), measure the

depth of the crack, and check whether the steel reinforcements are rusting.

The three measuring devices developed by the lnstitute of Applied Physics for the lnfrared

Astronomy Satellite (IRAS) functioned perfectly during the life of the satellite. The IFIAS

project can already be described as a technical and scientific success, although the

immense flow of data will generate work for many years to come.

Textile research

Good industrial clothing means better working conditions. Special purpose sportswear can

contribute to greater sporting achievements. There is currently a growing interest iil

functional clothing. The quality and practicality of this clothing is determined to a significant

extent by ergonomic, physiological and mechanical factors. The Fibre Research lnstitute

develops 'tailor-made'functional clothing for all sorts of applications. The demands and

wishes of specific users are analysed and translated into general product specif ications. On

the basis of these specifications, raw materials and manufacturing techniques are selected

and tested.

The Design Centre of the Fibre Research lnstitute designs the various items of clothing and

makes up test models. The best models are selected on the basis of the results of tests in

the laboratory and in practice. Considerable attention have been devoted to the problems

of heat and moisture transport in rainwear. Through the use of new materials and special

12
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1 1 . Ready to dive..... TNO has developed a robot
which inspects concrete under water. lt can look
through layers of plant growth, measure the

depth of cracks, and see whether steel reinfor-
cements are rusting.

clothing construction methods, efforts have been made to improve the wearer's comfort of
this type of clothing.

Textile and clothing companies, who see in the manufacture of products with a higher skill

content the possibility of distinguishing their products favourably from cheap imported
goods, have also contacted the Fibre Research lnstitute. The same was true of firms with
special clothing requirements. ln order to save on labour costs, various clothing manufactu-
rers have already started to introduce computer-aided drawing and cutting equipment and

special sewing machines. On average, a seamstress spends morethan half hertime picking

up a layer of cloth, putting it together with another layer, and feeding it under the needle of
the machine. The Research Vereniging Nederlandse Kleding- en Tricotage lndustrie ('Dutch

Clothing and Knitwear lndustry Research Assocation') is working towards the introduction
of robots for handling pieces of cloth. An additional problem in handling fabrics, however, is

their lack of rigidity. The Fibre Research lnstitute has started an investigation into the
possibilities of using small robots such as Teachmovers to pick up stacks and move pieces

of fabric. The robot manipulations will have to be optically controlled in order to achieve an

automated system of collection and positioning. ln order to make further automation
possible, work is also being carried out on methods of recognition of the materials used in

the clothing industry.

ln the textile industry, finishing means making fabrics crease-resistant by treating the fibres
with a synthetic resin. Applying finishes to cotton cloth using small quantities of liquid has

several obvious advantages over the conventional method. For example, the quantity of
waterwhich must be removed by drying can be reduced to one-third. Moreover, the balance

of properties is improved because migration of finish products to the surface of the cloth is
suppressed. A problem, however, is the need to spread a small quantity of liquid evenly over

a relatively large area. One solution which the Fibre Research lnstitute is looking at closely

is to apply the liquid in the form of a foam. ln this way, the volume can be increased 4 to 10

times and a medium can be obtained which is easy to apply in a thin layer. Particular

attention has been paid to the demands made on the foam by the different methods of
application. A number of tests relating to the characteristics of the foam were developed. ln

padicular, the conflicting demands in respect of foaming tendency and foam stability have

led to the development of foam systems based on three components. A fairly wide range of
possibilities can now be covered.

Measurements of the properlies of treated fabrics have confirmed that both crease-resis-
tance and wear properties are improved by this new technique. ln practice this will mean that
less chemicals will be needed to conform to any given specification.

13
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Made-to-measure packagtng

The costs of physical distribution include all those costs connected with the packaging and

distribution of goods. Among the more significant costs are: the cost of packaging

materials, the cost of packing goods, storage and transport costs, insurance premiums, and

the costs resulting from damage. Each of these types of cost can be inJluenced to a greater

or lesser degree by the properties of the packing selected, such as dimensions, weight,

strength, materials used, resistance to external influences and the impact-resistant

capacity. Considerable savings on the cost of physical distribution can often be achieved by

gearing packaging design to the item concerned, to the means oftransport used, and to the

expected conditions in transit. A good example of optimization of this kind is the develop-

ment of transportation packaging for shipping electronic equipment from the U.S.A. to

Europe in freight containers. ln this case, the optimization aspect was primarily related to

determining the dimensions ol the transportation boxes. These dimensions had to be

chosen in such a way that the optimum load capacity of the containers could be realized

without adversely affecting the carrying strength and impact-resistance of the packaging. A

computer program developed specifically for this purpose was used to determine the box

size and the related optimum load capacity of the containers. Combined with the optimum

loading pattern, the new packaging method resulted in savings of 35% on the costs of

intercontinental transpoft. A saving of 13.8% was achieved on the packaging costs, and

43% was saved on the cost of further distribution within Europe'

14
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1 2-1 -2-3. Made-to-measure shoes; orthopaedic
footwear has to meet very special demands. ln

Waalwijk, TNO has developed techniques to get

ofthopaedics and shoe technology off on the
right foot...

Concern for quality

Orthopaedic footwear

Since 1977 there has been close collaboration between the Dutch Association of Orthopae-
dic Shoe Technicians and the TNO lnstitute for Leather and Shoe Research. A study
committee and a number of study groups have devoted considerable effort towards the

realization of the objective of the Dutch Association of Orthopaedic Shoe Technicians: to
study the whole area of the orthopaedic shoe technician's work, both in theory and in
professional practice, and to report on the results obtained. Particular attention has been

paid to expanding a comprehensive footwear information package, with detailed descrip-
tions of a large number of aspects of the various foot types and foot abnormalities. These

activities have been given a high priority because the manufacture of orthopaedic shoe

components is based on measurements of these factors. This demands a thorough
knowledge of, among other things, the form of , and functional possibilities in connection
with, foot abnormalities. This study will moreover serve as the basis for all the other points

in the programme. lt Was also possible to complete a number of subsidiary projects in the

areas of the development of techniques, materials research and product development.

Wood for Europe

As part of a wide-ranging research programme into the raw materials situation in the EEC, a

programme has been launched under the title 'Wood as a renewable raw material'. The

wood programme has three main objectives:

- to prevent increasing dependence on imported wood, by the development and better use
of the Community's own resources (annual wood imports for the whole of the EEC amount

to roughly 30 thousand million guilders and are rising every year);

- to promote the economic viability and efficiency of forest management and the wood-
processing industries in a period of rapid technological change;

- to make a contribution to economic production and energy conservation in the Community.

Other ob.jectives which are not officially stated are the preservation of jobs and the furthering

of co-operation in the field of wood research between a large number of research institutions
within the EEC. All the pro.jects in which the Forest Products Research lnstitute takes part

are carried out in collaboration with institutes in other EEC countries.

The Forest Products Research lnstitute is involved in the following proiects:
- Using a special cutting technique, thin boards can be made from small trunks. These
boards are glued together to form a new 'breed' of wood which can be used to make
products of all kinds.

- ln connection with the drying and preservation of deal, an investigation is being carried out



13. Getting more out of the available wood. TNO
is working on this in a European research pro-
gramme. Using every tree to the full is one

aspect, ensuring that the existing wood is pre-

served is another.

into the moisture content at which the bordered pits of the wood close. Once the bordered

pits have closed, the wood is extremely difficultto impregnate. Research willalso be carried

out into the determination of the concentration gradient of copper/chromium/arsenic salts

in wood. Using wooden stakes which have been preserved with these salts and have been

in the earth for 15 years, the concentration gradient can be established.

Many of these stakes are still in good condition.

- The splitting of deal during secondary drying is one of the reasons behind research into

whether a universal method can be found for determining or measuring drying stresses in

wood, so that they can be compared with one another.

-The aim of the project'stabilization of beechwood'is to achieve a high degree of durability

and stability. The TNO share in the project consists of an evaluation of acquired properties

of the wood.

- The lamellae used in glued wooden girders and beams may not be thicker than 30 or 35

mm. ln one of the projects, research will be carried out into the effects of using thicker

lamellae up to 50 mm on the production of properties of straight beams.

Quality control

The TNO institutes receive numerous requests for investigations in the area of quality and

safety. The Research lnstitute for Road Vehicles, which has traditionally investigated the

quality and safety of road vehicles and related products and provisions, has initiated a new

approach to research into quality. The reason behind this was the increasing national and

international interest in standards research. ln various European Commissions the idea of a

sort of product liability is being considered, but this can only be achieved if good test

regulations exist. TNO has the equipment and the expertise to participate in this process.

Before a stad was made, a working group in which all the institutes in the Division for

lndustrial Products and Services are represented was set up. The first task of this group was

to select a number of subjects. Several criteria for this selection process were drawn up, of

which the most important are:

- the product must relate to the public welfare (health, environment, safety, development

co-operation, employment opportunity);

- the research must be such that the major part can be carried out by TNO;

- at least three different institutes must be involved;

- the research must be carried out in such a way that it can also lead to product development;

- necessary preliminary research must result in test regulations. These regulations must be
,global" i.e. they must relate not only to primary aspects of quality (safety, etc.), but also to

secondary aspects such as comfort, durability and strength.

The first TNO test regulation booklet appeared in 1983. lt is entitled 'ROOF RACKS AND

LOAD CARRIERS' and has also been published in English and German. The Division for'16
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.14. Juice on its way to millions of customers.
TNO has developed criteria to establish the
authenticity of the products on the market. The
Vegetable and Fruit Trade Association has

already introduced regulations for orange.juice.
Work is now being done on apple juice, grape

.juice, grapefruit juice and tomato juice.

15. Good wine may well need no bush, but
plenty of people strll want to know what sort of
wine is in the bottle. Using chemometry, TNO is
investigating the possibility of monitoring origin
labelling and checking grades of quality within a
given type.

lndustrial Products and Services hopes to publish ten more of these TNO test regulation

booklets in 1984. Among the subjects considered are: rubber boats, boats made of
synthetic materials, suitcases, saddle-bags, bicycle seats and radiators.

While the work of the institutes in the Division of lndustrial Products and Services is, by its

very nature, often concerned with consumer durables, the Division for Nutrition and Food

Research has assumed the task of monitoring the quality of the things we eat and drink.

As a result of the tremendous upswing in the consumption of fruit juices and drinks in the

Netherlands, the latter Division has been working on the development of criteria to establish

the authenticity of the products on the market. Usable authenticity criteria have already

been drawn up for orange juice, and these criteria have been issued as a regulation by the

Vegetable and Fruit Trade Association. Standards have also been established for apple

luice and grape.juice, and work is currently being done on grapefruit juice and tomato juice.

To further the best possible mutual agreement about the standards to be adopted within the

European Communities, the TNO Division for Nutrition and Food Research, the Food

lnspectorate and the Vegetable and Fruit Trade Association jointly organized an internatio-
nal Fruit Juice Symposium in the autumn of 1983. lt appeared that the TNO approach was

regarded as eminently practicable.

ln determining the authenticity of drinks, increasing use is being made of chemometry, i.e.

a method which involves the use of a computer to analyse complex collections of chemical
product data. Work has successfully been carried out on a technique of this kind for
determining the quality of sherry. lnvestigations are currently going on into the possibilities

of monitoring the origin labelling of wine, now that it has proved possible to distinguish types
of wine, and even grades of quality within a single type, using this method.

The quality investigations carried out by the institutes in the Division for lndustrial Products
and Services and the Division for Nutrition and Food Research are in many cases product
oriented. The Metal Research lnstitute, while it does carry out product research, also often
investigates the quality of production systems for commerce and industry.

ln 1983 a number of departments of the Metal Research lnstitute were recognized by the
Dutch Pressure Vessel Authority as the official test authority for foreign customers. This

recognition is essential if a TNO report is to carry weight in questions of import and expor.t

qualifications, arbitration, etc.

The lnstitute has developed a method for carrying out rapid quantitative analysis of light

elements, such as oxygen, nitrogen and carbon, in steel. ln an ECSC context, a study is now
being carried out into the applicability of and the interest of the industry in this method.

The Metal Research lnstitute established contacts both nationally and internationally with
(groups of) companies, in orderto arrive at quality standardsfor more complicated products

I



and tools, such as: containers for bulk transport, agricultural equipment and fairground

atraction. A working group has meanwhile been set up to look into the safety aspects of

fairground equipment (see the paragraph on safety of the chapter Environment).
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Energiebeheer in de
meubelindustrie

't6

Een lek n de persluchlrnslallalre,

vafr zeg maar een m ll]meter door-
snede, heeit bij een werkdrukvan 7

bar een luchtverlies van 6 ml/h tot
gevolg
Wat zegt dat nu nog? Welnui zo n
pietlurtg lek kost een meubelbe'
drijl bij tweedulzend uur per jaar

lussen de dr e- en de v erhonderd
gulden. Een geldbedrag dat met
een eenvoudiqe reparal e kan wor
den bespaard, zoals zov6dl andere
bedragen bij een veranlwoord
eneroiebeleid

moge|lkheden die lol energiebe
sparing Leidenr mogelijkheden mel
geringe nvesleringen, rets grolere
investeringen en uilgesproken ho
ge investeringen. De eerste cate'
gorie I gt zeer voor de hand, al zijn
de bedr jven die de vaak eenvoudi'
ge maatregelen nog lang frel over
de hele linie hebben toegepasl
waarschijnljk bii lange na niet op
een hand te lellen.
Te denken valt aan eenvoudige in-
grepen als hel dichlen van gaten en
kieren, het verklenen van grote
deuropeningen, hel net verwatr
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6. Solar heat. And all the surplus is stored in the

ground in Beyum, Groningen. The boiler (which

is still needed) will be able to get by on a lot less

gas.

17. Good energy management can result in

major gains in many industries. TNO has looked
at 'Energy management in the furniture indus-
try'. This is one of the sectors where significant

savings have been achieved by implementing
TNO's recommendations.

Energy

ln this chapterwe shalldescribe some of the results of TNO's energy research programme,

which concentrates on a number of areas: energy saving, heat pumps, coal technology,

solar energy and a number of supplementary subjects.

Advance of the heat pump

Researchers in the Division of Technology for Society have carried out an intensive series of

measurements on a laboratory model of an absorption heat pump based on the ammonia-

water system. Problems with the gas-fired generator were solved. ln building a prototype,

the researchers received a great deal of co-operation from industry; among other things,

components were made available free of charge. A design was developed for a control

system which enabled the prototype to work with a satisfactory efficiency. ln developing a

second type of absorption heat pump using water as the coolant, an electrolyte combination

was found. This conforms to a number of standards which must be laid down for an

absorberfor water. This research is being continued. Agas-motor heat pump hasfunctioned

extremely well in a new housing development in Almere. The project had to be terminated

because conventional pipes on the site proved to have developed defects. Results of
practical experiments in a long-term investigation of heat pumps which draw their heat from

the soil by means of vertical soil heat exchangers are now at the evaluation stage. The

research on the installation in an inhabited house in Apeldoorn will be continued for two

more winters in order to be able to determine any long-term effects. Two demonstration
projects for an electric heat pump of the Totem type and a gas-motor heat pump for a

total-energy unit will be concluded shortly. The above projects were commissioned by the

Energy Research Project Office.

Energy in the built-up environment

The lnstitute of Applied Physics, part of the Division for Technical-Scientific Services, has

devoted a great deal of attention to the project in Beyum (Groningen), where the possibility

of storing surplus energy from solar-heated houses in the ground throughout the year is

being investigated. The measurement programme of this project is partly financed by the

European Communities. Results of research aimed at energy saving in dwellings will be

dealt with in the chapter'Building and living'.

19



>E
> >Fr-rfi:-,,--

Energy saving in industry

Working together with the Fibre Research lnstitute, the Division of Technology for Society

has carried out research into the potential energy savings in the rinsing processes in a textile

mill. This subject was also studied at a starch factory, where the attention was primarily

directed towards the drying processes, since these processes account for a considerable

part of the total energy consumption. The measures proposed mean a saving of 20olo on the

total energy consumption of these parts of the processes.

ln the context of government subsidies for demonstration projects, recommendations have

been made up for a company producing glucose and starch derivatives. A study has been

carried out for the Energy Research Project Office into the energy consumption and

potential savings of unit operations, broken down into industrial sectors. ln collaboration

with other TNO sections, work is being done on drying processes for a food manufacturer,

a textile finishing company and a paper manufacturer. The fact that TNO's expertise in this

field is internationally recognized was confirmed by a course on heat recovery in industry

given at the University of Nanking at the request of the EEC.

Standards and norms are indispensable if the potential for energy saving in the refrigeration

industry is to be fully exploited. An investigation is being carried out into various aspects of

the introduction of an energy (economizer) label for refrigerator units forthe retailtrade. The

potential savings in the retail trade are estimated at about I0 million guilders annually. The

possibilities of saving energy are being investigated for the Retail Butchers Association. The

project will look at 13 butcher's shops and recommendations for the whole sector will be

made on the basis of these findings.

The Division for Nutrition and Food Research has carried out research into the possibilities

of energy saving in the various product areas. Combined heaVpower generation is ideally

suited to the industrial production of vegetable oils. The same investigation indicated that

this technique is somewhat less suitable for the manufacture of margarine and for oil

refining. ln the former case, the ratio of heat to power is low, and in the latter it is so high that

only large companies can derive benefit from it for oil refining.

Measurements have been made of the energy consumption in the most significant areas of

a number of industrial bakeries. As was the case with the small bakeries, where measure-

ments were carried out previously, various possibilities for savings were discovered.

lmprovements should be made to, among other things, the utilization of charge ovens, the

gearing of dough production to oven capacity, the circulation system of indirectly-fired

continuous ovens, the humidification of ovens and rising cabinets with steam, and above all

the system of heating and ventilation. The calculations demonstrated that heat recovery is

advantageous for almost all the companies.

18

18. Refrigeration uses a lot of energy. Refrigera-
ted display units are often attractive and conve-
nient, but they send energy bills sky-high....
TNO calculated that 10 million guilders a year
could be saved in the retail sector and is investi-
gating the best way to go about it.
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1 9. The earth as a place to store heat.... ln colla-
boration with Geological Survey the Netherlands
in Haarlem, TNO is investigating methods of
storing the residual summer heat from electricity
generating stations and refuse incinerators in

deep sand layers. The lJmuider Courant of 2

December 1983 carried a long article about
summer heat which is used in winter.
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The energy consumption of seven companies was examined for the animal feed processing

industry. These companies together represent all the different processes used in the

industry. At the same time an energy management system was set up for these companies.

ln 1982 it was reported that the temperature in frozen fish stores could be increased for most
products from -24'C to -19'C without impairing quality or shortening lreezer life. Research

was subsequently continued into the keeping propefties at even higher temperatures. The

lreezer life of Grade B plaice and cooked shrimps and mussels at -16'C proved to be less

than six months. An improved measuring system confirmed that energy management in

cold stores leaves much to bq desired. A great deal of energy is wasted unnecessarily in

defrosting evaporators. ln some cases total consumption could be reduced by as much as

400k.

In search of Dutch energy sources

Within the Division forTechnical-scientific Services, the lnstitute of Applied Physics and the

Ground Water Survey work on methods for detecting energy sources.

The Ground Water Survey has carried out seismic fieldwork in Gelderland for coal explora-

tion projects. This concluded the first phase of the coal seismics. A total of 250 profile

kilometres of detailed seismic data was produced.

Seismic fieldwork was also carried out for oil and gas exploration. ln total, more than 500

kilometres of profiles were registered.

A significant part of the exploratory research took place in four co-operative projects. A

contribution was made to a marine seismic experiment funded by foreign oil companies and

carried out by the Mining Engineering Department of Delft University of Technology.

A geophysicist was involved full time in the Department of Applied Physics 'Princeps'

project. This project also has the financial backing of oil companies and dims at improving

the degree of differentiation of the seismic method. The first year's work on a project on

policy concepts 'Seismic-acoustic research on coal deposits'was completed.
Some of the results of the University of Technology/EEC project on 'High Resolution Mining

Seismics' have found applications in the coal exploration programme. The 'Shallow

reflection seismics' project must also be mentioned. lt resulted in the development of a

method for making very detailed profiles to depths of 50 m below the sea-bed in shallow

waters.

The report entitled 'Preparation of the Delfland geothermal energy project' has been

completed. lt contains a detailed proposal for a test well and surface installation, and an

analysis of the financial and economic feasibility.

The inventory of shallow aquifers (water-bearing layers) for heat storage was continued.
ln collaboration with Geological Survey the Netherlands in Haarlem, TNO is investigating

methods of storing the residual summer heat from electricity generating stations and refuse
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incinerators in deep sand layers. Among otherthings, it resulted in a project proposalfor an

experimental storage project in Leiden.

Mathematical techniques for simulating the reservoir behaviour of oil and gas fields during

production were made operational.
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20. The quality of products depends in pan on

the skill of people who work on them. Over the
years, TNO has built up considerable expertise
in the field of welding. The Organization passes
this on in welding courses.

Building and living

Many TNO institutes carry out research in the areas of building and living conditions. The

Planning Committee for Building Research co-ordinates these efforts and also regularly

holds discussions with national and local government, institutions, and commerce and

industry. Three working groups come under the jurisdiction of the Planning Committee for

Building Research:

- the Co-ordinating Group for Energy Saving in the Built-up Environment (Cebogo). This
group is a collaboration between the lnstitute of Applied Physics, the Reseach lnstitute for

Environmental Hygiene, the Division of Technology for Society and the lnstitute for Building

Materials and Structures;

- the Quality Co-ordination Group, which is responsible for formulating the concept of
quality assurance in building in modern terms, in line with TNO's general policy. A policy

note 'Quality in building'was drawn up and submitted to the Board of Management. Ways

to implement the proposed actions are now being evaluated.

- the lnterdisciplinary Working Group lor Research into the Built-up Environment (lwogo).

The objective of this group isto promote analysis of problems by combining both technical
and sociological approaches.

A policy note has been drawn up which has been approved by the Board of Management.

The project on policy concepts 'PROBIN' is interesting in this context. ln this project the
problems of the inner city will be systematically examined. Adraft report, 'Research into the

problems of the inner city', has been completed.
ln 1983 the Planning Committee for Building Research took part in the Building Trades Fair

in Utrecht. The main emphasis of the Fair was placed on solutions to problems in the area

of ma.lor maintenance work, modifications, repairs and renovations. The presentation at the

TNO stand was aimed specifically at the managers of housing complexes and other major

structures or groups of buildings.

Physical planning

One of the most important subjects dealt with by the Research Centre for Physical Planning

is that of physical demographic research. Research in this field includes surveys and

prognoses of inter-regional migration. This work is carried out in support of planning policy

in general. Among the more specific projects are those aimed at the development of
prognosis models for drawing up regional housing programmes, and for the distribution of

facilities for secondary education.

ln 1 983 considerable effort was devoted to evaluation, and to research aimed at tracing the

effects of specif ic elements of government policy. Three important investigations in this field
were concluded:



21 . The face of Dutch cities is changing. A whole

series of factors have meant that inner cities are

often particularly hard hit. A TNO research pro-
ject is entirely devoted to these problems.

- the investigation into potential gravel-yielding areas in Limburg;

- the investigation into the consequences of the current policy relating to growth areas;

- the investigation into the effects of the lnterim Balance Regulations on inner city renewal.

Work continued in 1983 on regional economic research, with particular reference to the

consequences of inner city renewal for employment opportunities. Preliminary research

was done for the State Physical Planning Service, and problem analyses of the following

subjects were carried out:

- the relationship between energy consumption and physical structure;

- the analytical tools for physical planning;

- the connection between economic and technological developments in the field of physical

planning.

The Research Centre for Physical Planning continued work on the development of its

SALADIN system which enables data on physical planning to be collected and stored

effectively. ln 1983 the system was used by three local authorities for eight different

applications in the area of physical planning and policy. Finally, in 1 983 the Research Centre

for Physical Planning worked on activities related to the institute's stimulating and

co-ordinating task. Some of these activities are of a more or less permanent nature,

specifically the support of the activities of the Physical Planning Research Programme

Consultancy.

The computer in the building industry

As a result of the many innovations in the building industry, the need for research is greater

than the declining demand for building would suggest. By adopting a creative approach, the

lnstitute for Building Materials and Structures has ensured that it is well-placed for the

coming years. The institute makes of the possibilities of modern information processing.

The first phase of the demonstration project 'Computer Aided Manufacturing (CAM) - steel

constructions', which was carried out in collaboration with an engineering company and a

number of construction companies, has been completed. The CASTA software package

which has been developed was implemented on a GEMINIX terminal. lt is now being used

by two companies for work planning and manufacture.

For other applications the GEMINIX terminal also functions as a medium with which

sometimes extremely sophisticated knowledge can be brought within the reach of smaller

firms and engineering companies. The DIANA finite element program, for example, is

currently being used via GEMINIX by six companies, including three small engineering firms.

Of the 50 GEMlNlXterminals manufactured to date, ten are in use atthe lnstitute for Building

Materials and Structures. The others have been installed at the premises of users of

complete systems and in software development groups at other TNO institutes and

departments of the Universities of Technology at Delft and Eindhoven.24
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22. Foundations are an essential part of buil-
dings. TNO has developed measuring equip-
ment for assessing in the field the quality of piles.

Building industry: quality requirements and defects

TNO is setting up an extensive investigation for the Ministry of Housing, Planning and the
Environment into the quality and the defects of cavity walls which have subsequently been

filled. The detection and repair of defects in existing concrete structures is highly topical.
Systematic research is being carried out in collaboration with the Centre for Building into the
way in which the repair methods currently employed stand up in practice. Possibilities have

also been found for the satisfactory comparison of various strategies for optimizing design
parameters, maintenance and repair.

The lnstitute for Building Materials and Structures is engaged in creating a more modern

approach to the concept of quality assurance in the building industry. A safety project

carried out in co-operation with design offices has resulted in a proposal for the values of
partial safety coefficients for the new Technical Basis for Building Regulations fl-GB). This

will facilitate a smooth transition to the new methods of calculation. The institute has also

made a major contribution to the setting up of the TGB-Aluminium, which was issued in

1983. A new building system (lSO Composite) is being evaluated on a number of usability

aspects.

Many of the assignments carried out by the lnstitute for Building Materials and Structures

relate to cases of damage (inspection of foundations, etc.) overseas. Staff members have

made valuable contributions in Singapore, New Zealand and Mexico. Work has been done
on a quality plan for building exports to Algeria,

Pile-driving equipment was sold to Australia, and this proved to open up many new

contacts. The former pro,ect on policy concepts 'Building materials and health'was
continued in collaboration with other TNO institutes and the Ministry of Housing, Planning

and the Environment in the form of a large-scale specific subsidy project.

Energy saving integral part of building design

Some years ago it became apparent that the indoor climate would have to be made an

integral part of the design, if large-scale savings in the energy needed to heat buildings were

to be achieved. The multi-room model was developed by the lnstitute of Applied Physics

and the Research lnstitutefor Environmental Hygiene. The possibilities of the model, which

calculates the energy requirements of a dwelling, have been extended. Also a program has

been written to determine the gas consumption of various central heating boilers and heat

pump installations. Using these programs, a large number of calculations has been done to
investigate the effects of the different types of heating systems and insulation.

ln assessing the thermal proporties of dwellings, the dynamic behaviour of the dwelling/

installation/environment system is extremely important. ln a related research proiect,

measurements of dwellings, installations and heat meters were carried out. The Division of
Technology for Society developed a computer program to describe this behaviour. Partly on

the basis of the results of these experiments, the Division of Technology for Society and the25
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23. When things get hot, one group of people

has to keep a cool head - the fire brigade. The
new Centre for Fire Prevention not only carries

out research into the flame resistance, flame
transmission and flame spreading properties of
building materials, but also gives advice on

effective f unctioning.

24. Speakers want to be heard. And under-

stood.... TNO has developed programs to
ensure intelligibility of speech in halls and other
large areas.

lnstitute of Applied Physics developed a microprocessor control for central heating

installations. The development work was carried out in collaboration with a Dutch company.

The computer-controlled room thermostat attracted a great deal of media attention. The

device is now being produced by the company. Evaluations relating to energy saving were

carried out for the Energy Research Project Office at new housing developments in Oss,

Almere, Rotterdam and Schiedam. ln Schiedam it was established that the results obtained

with an advanced mathematical model applied by a manufacturer were not in accordance

with the savings actually measured. A similar result was obtained in an investigation into

energy savings in a town hall. Acceptance trials would therefore seem to be extremely

important.

Measurements of a number of small total-energy installations were carried out for the

Ministry of Housing, Planning and the Environment. A study was also commenced into the

possibilities and consequences of drawing heat from the environment on a large scale by

using heat pumps in buildings.

An in-depth study of the technical/economic evaluation of gas-motor heat pump systems

demonstrated that it is extremely difficult to obtain relevant and justifiable comparison

results for the various parts of the gas-motor heat pump system. This can mean that the

results of comparisons from these studies do not stand up to critical analysis.

Fire prevention

ln 1983, as in previous years, the Centre for Fire Prevention received many requests for

research and advice. The Centre's facilities are being extended and progress is being made

on the new building. The new Centre will be ready for use in the middle of 1 984. These past

few years the Centre's field of work has expanded and, among other things, there are now

interesting possibilities of work on behalf of local authorities. Studies relating to the

utilization of the f ire brigade can make an important contribution to the effective functioning

of the service.

Prevention of noise pollution

The lnstitute of Applied Physics compiled a report for the Building Research Centre (BRC)

on 'Sound insulation during renovation'. This report, which has meanwhile been published

as a BRC report, attracted a great deal of attention and appears to have met an existing

need.

For several years TNO has been working on software for calculating the audibility of speech

in halls and other large areas. The lnstitute for Perception started this work some time ago,

and the lnstitute of Applied Physics and Delft University of Technology are now evaluating

the programs. ln the past year it also proved possible to quantify the effect of amplifier

installations.

26
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25. A beautiful bridge. But it will have to be main-
tained. Blasting grit polluted with red lead can
be an environmental hazard. TNO is investiga-
ting methods of bridging the gap between the
need to cross rivers and the need to protect the
environment.

Environment

Environmental research is an important area of work for the TNO Organization. ln 1983 a
great part of this research was performed in the Division of Technology for Society, which
also co-ordinated much of the work in this area done bythe otherTNO institutes. A gradual

shift away from research concerned with recognizing problems and towards research

related to prevention and clean-up can be noticed. The 'market' forthis last type of work, in

particular, continues to grow.

Sorl pollution

The concentration of TNO expertise in the'Co-ordinating GroupforSoil Pollution Research'
has led to an increased numberof commissions forthe sections which make up this group:

the Ground Water Survey, the Research lnstitute for Environmental Hygiene and the Division

of Technology for Society.

The enormous interest in this subject and the importance of TNO's role as an independent
research institution is evident. For instance, TNO was mentioned in one way or another in

more than seventy articles in the daily press.

The calls upon the Research lnstitute for Environmental Hygiene (Division for Health

Research)were increasinglyconcerned with establishing whethersitesforvarious new uses
were suitable from the standpoint of environmental health, or whether measures to clean the
soil would have to be taken.

Owing to the extent of the activities of the Research lnstitute for Environmental Hygiene and
the Ground Water Survey (Division for Technical-Scientific Services ) in locating waste
dumps, the Division of Technology for Society was compelled to computerize the
processing of soil samples as far as possible. ln 1983, 800 soil samples were analysed for
an extremely wide variety of pollutants. lnitially, the greater part of the work involved the
analysis of samples from the province of South Holland, but later on there was an increase

in the number of soil samples from other provinces. Following on from the successful
development of a method for cleaning soil polluted with bromide compounds, an extraction
method for cleaning soil polluted with complex iron cyanides has been developed. This

method conforms well to the standards laid down. A similar situation may be exoected on

sites of former gasworks.

As far as possible, this work is carried out in close collaboration with the industry that will
have to use the process in practice. These cleaning processes leave residual liquids for
which no satisfactory methods of processing yet exist. Research will be started shortly into
ways of detoxifying these waste streams.

The maintenance of bridges involves the use of large quantities of blasting grit; this grit is

then polluted with red lead. This maintenance work is analytically supervised on behalf of27
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the Public Works Department (Rijkswaterstaat). So far, the soilaround 25 bridges has been

examined before, during and after gritblasting, in order to establish the extent of possible

pollution of the surroundings and the disease risk to livestock grazing on this land.

ln 1983, commissions were regularly received from manufacturers of herbicides and

fungicidesfor research into the effects of these substances on microbial soil processes' This

work on the effects on soil aeration and nitrogen fixation was carried out in a specially

equipped soil chamber. The breakdown of agricultural chemicals by micro-organisms was

also studied.

Dredging mud

The problem of polluted dredging mud demands a great deal of attention. Dredging is

essential to keep Dutch inland waterways open. Because there may be pollutants in the

dredged material, the authorities are encountering increased resistance to the dumping of

this waste. some of these problems have been caused by a lack of knowledge and

experience of the biological consequences and the behaviour of the pollutants in the mud.

TNO has developed a testing system for mud, using worms and various plant species. An

analytical method is available for the extremely accurate characterization of certain

pollutants. A member of staff was assigned to the United States for several months in order

to carry out a number of experiments f or the local authorities on sites where dredging waste

had been dumped many years ago.

Research was carried out for the Dutch government into the ecotoxicological consequences

for storing polluted harbour mud in a large embanked site south of the Maasvlakte

(Slufterdam project). The work related to the possible effects of the polluted anaerobic

percolating water which may emanate from the site.

ln this proiect, carried out in co-operation with the Delft Hydraulics Laboratory, TNO

examined the way in which the pollutants which have collected in the aerobic top layer of

the sediment (heavy metals, PCBs, etc.) are transferred to, among other things, molluscs

and diving ducks or other animals which feed in these layers. An investigation was also set

up into the levels of heavy metals and organic micropollutants in the livers of diving ducks

Jrom the lJsselmeer area. A process is also currently being developed to reduce the

pollutants in the most severely polluted dredging mud (so-called class lV)to class lll, so that

the mud can be dumped on sites which will be made available for restricted uses.

Water pollution

The Research lnstitute for Environmental Hygiene was able to make great progress in its

research into the qualities of surface waters in the Netherlands (classification), in cases

where there is little or no question of contamination with waste water (reference waters).

Research into the measurement of the oxygenation capacity in sewage farms using helium

as a tracer gas made good progress, as did the investigation into various aspects of heavy

metals in sewage sludge.

TNO : Baggerstort kan wel :' :' l, :' :' :' :, ,' l' I I l',',
d"g"lijk gevolgen hehben

26. 'Suspension delays work on new sluice even

further. TNO: Dumping dredging mud can no

doubt have consequences'.

lf traffic is to keep moving, inland waterways

haveto be dredged. But the dredging mud is not

always unpolluted. TNO is working on both

short-term and long-term solutions. A lot of

research goes into determining just how
polluted the mud is. Classification into four
grades has already made it possible to deal

with many local problems.
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27. 'Minister Winsemius: Tackle acid rain'.
Acid rain; we still don't know the full implications
TNO has tried to shed light on the different com-
pounds that accumulate.

28. 'Nitrogen oxides and traffic'.
Nitrogen oxides are an important factor in the
formation of smog - photochemical air pollution.
An article in the journal 'Verkeerskunde' referred
to the contribution made by traffic.

The investigation into the breakdown of nitrilotriacetic acid (NTA) in sewage farms was
completed, as was research on sludge characterization and the optimization of sludge
dewatering with filter presses.

For many years there has been a need for greater insight into the ecological consequences

of an environmental disaster which might be caused by an accident involving an oil tanker
or the fracture of a pipeline. ln collaboration with the Dutch lnstitute for Marine Research
(NIOZ) and the State lnstitute for Nature Conservancy (RlN), sections of the Division of
Technology for Society are working on a project in which wetlands ecosystems are
simulated in the RIN's large concrete basins. ln order to be sure that the results to be

measured can be related back to pollution with oil, the investigation started with a
comparison of model wetlands ecosystems in six large basins which have not yet been
contaminated with oil. ln connection with the influence of the seasons on the growth of the
populations, this research will be concluded in the coming spring when the natural

ecological variation of these reference experiments will be sufficiently known.
Research for the European Communities is currently going on into the behaviour of model
plankton ecosystems under the influence of oil which has been treated with dispersants and
oil which has not. When oil is spilled on to water there are various effects which depend on

the type of oil and the weather conditions. The oil can evaporate, and light and oxygen can

cause chemical changes. lnvestigations are being carried out into the way in which the
chemical composition of the oilchanges as a function of time and the effect of this oilon the
composition of the plankton. Asimilar investigation is being carried outforthe Delta Service

of the Public Works Department (Rijkswaterstaat). ln this project the oil is released in the
open North Sea. A comparison is made between the situation at the point where oil has been
released on to the water and the situation a few metres away where there is not (yet) any oil.

ln this experiment, too, a distinction is made between oil with and oil without dispersants.
The plankton counts for both experiments are currently being processed.

Groundwater

Within the framework of the geohydrological survey of the Netherlands, the Ground Water
Survey has completed the inventory draft report on four areas and concluded four
supplementary investigations.

Also, a start has been made on research into the effects of brown coal mining in the area of
Germany adjoining the Dutch border on groundwater levels in the Netherlands. Three
provinces commissioned work on the optimization of the density of the measurement
network in the regions concerned, supplementing an assignment from the Public Works
Department (Rijkswaterstaat) which has been running since 1979. Through collaboration
with the lnstitute for Mathematics, lnformation Processing and Statistics, the experience
which the latter institute has gained with the Kriging interpolation method was used to
advantage on this project.29
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Eight local groundwater studies have been carried out for the public water authorities. At the

same time investigations have been carried out to determine the horizontal and vertical

dispersion of polluted groundwateraround 16 refuse dumps. A computerfile forthe storage

of data on groundwater levels was set up for one water company.

The Ground Water Survey has developed various new graphical and statistical processing

options for the use of people consulting the Register of Ground Water Levels.

Glucose from paper in domestic refuse

The preliminary investigation into the possibilities of producing glucose from paper retrieved

by separating domestic refuse has been completed. The method involves hydrolysing the

cellulose present in the paper.

Various mechanical pre-processing methods were examined, a usable enzyme was sought,

and a number of experiments were carried out to optimize the process conditions. The

process can be carried out in such a way that it would appear to be economically feasible.

ln the follow-up investigation particular attention will be paid to the possibilities of reducing

the cost of the enzyme.

Experience was also gained with the microbial degradation of ink on paper.

Air pollution

Now that it is generaly recognized that air pollution can have extremely detrimental effects,

the government has an increasing need for data to support a combat and prevention policy.

Air pollution will have to be tackled on a continental scale at the very least. There is a need

for knowledge of the contributions made by the different types of pollution sources to the

total expected concentration levels and to the deposition of photochemical or acidifying air

pollutants. These contributions depend on the 'combat scenario' being considered. This will

be worked out using already available dispersion models to which TNO made a major

contribution in the past.

On the basis of measurements carried out earlier by TNO in Delft and the relatively scanty

data in literature, an initial estimate was obtained of thetotal pollution of the North Seafrom

the atmosphere with respect to heavy metals and organic compounds such as pesticides,

halogenated hydrocarbons, etc. lt also appears that the flow of a number of heavy metals,

PAHs, PCBs, etc. into the North Sea from atmospheric deposition is quantitatively

comparable with that caused by rivers, dumping and discharge. This was investigated in

greater detail for lead and cadmium.

Astudy has been completed into the role of nitrogen oxides and ammonia in the deposition

of fertilizing and acidifying substances from the air on Dutch soil. As far as was possible at

this Stage, a number of broad conclusions have been drawn which may be of importance to

afuture environmental policy. Of thetotal acidifying precipitation overthe Netherlands46%

proved to consist of SO", 22o/o ol NO, and 32o/o of NH, out of an estimate annual total of

29. Streams of refuse, day and night. TNO is

developing systems to divide the streams and
recover materials from certain side streams. The
project designed to produce glucose through
separation of domestic refuse is achieving
encouraging results.
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6,000 acid equivalents, with dry deposition appearing to be 'l .5 to 2 times greater than wet
deposition. Measurements of the dry deposition of 02, NO2 and O. carried out by TNO in
.1982 were also evaluated. A detailed study of the nature and variation of dry deposition in

the Rijnmond area indicated that local effects can also be determined in this way. The results

of Ames tests on fractions of aerosol extracts suggest that genotoxic effects are caused by
PAHs, mono-nitro-PAHs and possibly also by dinitro- and hydroxy-PAHs. An extremely

sensitive method has been developed in preparation for measurements of NH3 deposition.

A long-term government-sponsored project has been concluded with a summary of the

'calculation system for air pollution' developed jointly by TNO and the government. The aim
of this calculation system, which in a broad sense is also available to the public, is to
calculate as a function of the distance from the source(s) the effects on air quality of various

polluting gases, on the basis of emission data. An integration report in support of a future
NO, policy has been completed. This report describes the emission pattern of NO, in the
Netherlands; the NO, concentrations in the Netherlands; the chemical derivatives of NO,

and the phenomena which occur during photochemical air pollution and in visibility-redu-
cing circumstances; and the dry and wet deposition of acidic and acidifying substances.
A great deal of time was furthermore devoted to the setting up of an international study
entitled 'Photochemical Oxidants and Acid Deposition Model Application', a co-operative
effort between the Ministry of Housing, Planning and the Environment, the Umwelt-
bundesamt, Dornier, Freie Universitiit Berlin, the University of Technology at Darmstadt,

S.A.l. (U.S.A.), the State lnstitute of Public Health and TNO, with TNO in overall charge of the
project.

This so-called 'Phoca'study will take several years and will cover an area of approximately
1,000 x 1,000 km. The grid size will be 25 x 25 km. Possible extension to larger areas is
currently under discussion. All the above-mentioned projects came about as commissions
from and/or in collaboration with, among others, the Dutch government, the DCMR
(Rijnmond) and the EEC.

The Research lnstitute for Environmental Hygiene has made normal progress with the

measurements of fluorine pollution which it has been carrying out for several years, and with
the series of measurements using, for example, deposit gauges and Lidge spheres.
The finishing touches were put to models for the dispersion of airborne pollutants. With

these models it is possible not only to calculate the dispersion from the source of emission,
but also to back-calculate from measured levels of pollution to the source of the emission.
Using these models, for example, the contributions of a large industrial complex and a

sewage farm to the total pollution situation were determined.
An inventory and appraisal of the international state of affairs concerning concentration and
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deposition measurements of coal dust around coal storage and handling sites was

completed in draft form.

Emission measurements were carried out Ior companies and local authorities. Research

was also carried out for numerous institutions into the nature, level and origin of pollutants

in the environment. These include methyl bromide used for disinfecting glasshouses,

polycyclic aromatics in the manufacture of asphalt, dust created by the storage and

handling of rubble, air pollution as a result olthe use of open fireplaces and multi-fuel stoves,

and coal-firing in commercial greenhouses. Progress was made with the'Zero base

programme' relating to the current levels of a number of air-polluting components and the

expected trends as a result of the increasing use of coal. Research is also going on into the

levels and the atmospheric chemistry of different compounds under various meteorological

conditions.

lndoor climate

The restriction of ventilation in dwellings (often as a result of insulation measures), coupled

with the application of new building materials, makes an in-depth investigation into levels

and sources of pollution essential. ln this context, the Research lnstitute for Environmental

Hygiene has started an investigation into the air quality in so-called 'minimum energy

houses'which are heated with a multi-fuel stove.

On thetheme of 'Safe welding procedures', the lnstitute carried out a preliminary investiga-

tion into adverse agents and factors encountered in welding work. This research concerned

nuisances caused by air pollution, thermal climate, noise, ultraviolet radiation, ventilation

and air currents.

The Metal Research lnstitute was able to interest a number of industrial partners in the

continuation of an investigation into the composition, damaging effects and limitation of

welding smoke, an investigation which had until then been carried out by the Metal

Research lnstitute as a project on policy concepts.

The Research lnstitute for Environmental Hygiene furthermore carried out a very large

number of investigations for various bodies in the area of indoor air quality. These included

asbestos in schools and offices, complaints relating to unpleasant odours, dust in

wood-processing companies, a coffee-roasting establishment, bakeries, the exposure of

employees to, among other things, styrene, (chlorinated) hydrocarbons, formaldehyde,

vinyl chloride, carbon fibres, lead on a rifle-range, exposure of dragline operators to

asbestos, and lead dust in a battery factory.

ln 1983, the Research lnstitute for Environmental Hygiene took part in a national research

programme concerning the radioactive radiation exposure of persons living in the Nether-

lands. Quantitative information about the ventilation in houses was collected, after which the
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30. TNO collaborated on the development of the
Syntacan. The 'acoustic telescope' gives an

excellent picture of the degree of nuisance

caused by specific sources of noise. All set to
'listen'to a modern windmill....

air flow through the rooms was determined under various weather conditions for a number

of different types and designs of dwellings.

Research into energy-saving and user-friendly housing and installation concepts was

continued. An investigation was started in 66 dwellings into the extent to which the use of
High Efficiency boilers can lead to actual savings in energy. An increasing number of
questions and assignments were received from third parties. These included the ventilation

of an underground sewage treatment installation, the physical background to research into

the working conditions in a milk factory, the natural ventilation of dwellings and rooms under

the influence of wind pressure, turbulence and thermal effects, energy saving in hospitals,

climate variables and comfort, energy saving and user behaviour, and the air speeds to be

expected in an underground railway station.

In 1983 the research into lighting systems for dwellings and buildings was primarily directed
towards the question of whether it is possible to arrive at an interior lighting system that
responds to the available level of daylight. The results indicated that, forthe time being, it is

not possible to use standardized daylight magnitudes in calculation programs for low-ener-
gy, user-friendly lighting systems.

Noise pollution

The first phase of the transversal hearing investigation in the building industry has been

completed by the Research lnstitute for Envrronmental Hygiene, together wich a provisional

procedure for noise measurements at the place of work in connection with hearing
protection programmes.

Research was continued into the effect of cracks in walls on noise insulation in practice, as

a function of the material used in the construction of the wall, the location, shape and

dimensions of the crack, and the type and nature of the material used for sealing. Attention
was also paid to of the extent to which the dimensions of the crack and the passage of sound

are dependent on temperature and humidity.

Research into hearing protection programmes which can be carried out in practice was

continued in collaboration with company medical services.

lnvestigations were carried out for various clients, including work on the properties of
sound-proofed booths, and on sound insulation and sound damping of ceiling and wall

elements.

The lnstitute of Applied Physics assisted a number of local authorities in zoning industrial

estates within the framework of the Noise Pollution Act. Among the equipment used in this
work was the SYNTACAN - the acoustic telescope developed by Delft University of

Technology.

Physical effects of the environnrent and holrs ng iryg cnc

Physical effects of the environment and housing hygiene has again handled a large number

of requests for research relating to the effects of the physical environment on people at33



31 . Causing collisions in the lab. TNO deter-
mined what the damage to the tanks would be if
an LPG inland waterways tanker was involved in

a collision with a sizeable vessel. This has pro-

vided the government with hard information
which can be used to support decisions on the

inland LPG transport.

home, at work, and elsewhere. These assignments included impulse noise pollution, lighting

systems in patients' rooms in a hospital, the applicability of the Kosten unit and the Bitter

index at military air bases, the nuisance caused by the noise of installations and plumbing in

dwellings, and heating and ventilation behaviour in one-family houses.

ln 1983 there was an explosion in the demand for solutions to problems concerned with

dwellings, and with housing hygiene in particular. Many of these questions come from

people with bronchial complaints (chronic non-specific respiratory disorders) and irritation

symptoms.

Safety

Many TNO institutes carry out research into safety. Via the lndustrial Safety Managing

Group, the lndustrial Safety Bureau co-ordinates these activities in such a way that the

knowledge and capacity acquired can be made available as effectively as possible to

government, institutions or companies looking for solutions to safety problems.

Good progress has been made with the government-sponsored integral LPG study. Within

the framework of this study the lnstitute for Mechanical Constructions (INO-IWECO) has

ascertained what damage would be caused to the tanks of an inland waterways LPG tanker

if itwas in collision with anothervessel. On the basis of this work, the government was able

to take various decisions about methods of inland LPG transport.

The work of TNO-IWECO on the traffic control system for the Rotterdam harbour area

resulted in a mathematical model for shipping traffic in this area. lt can predict how shipping

traffic will normally develop in the short and in the longer term (15 minutes and 4 hours). ln

the shipping guidance system, which is scheduled to become operational in 1986, these

prediction models will be used for the planning and co-ordination of shipping traffic.

TNO-IWECO also carried out work for the Belgian and Dutch governments on the safe

regulation of shipping traffic, including the traffic between Antwerp and Hansweert after the

(proposed) widening of the Western Scheldt, and the traffic on Dutch inland waterways.

ln connection with this type of research, the institute is working on a mathematical model for

the decision-making behaviourof ship's navigators. This model will be used to assist in the

design of harbours and waterways.

Training courses on TNO-IWECO's ship's bridge and engine-room simulators are increa-

singly contributing to the safety of shipping traffic. Among those who have taken courses

are officers of the Holland America Cruise Line (HAC), who practised manoeuvres with the

'Nieuw Amsterdam' prior to the vessel's sea trials.

Since 1983 TNO has also been involved in safety aspects of an entirely different nature.

Together with experts from KEMA and Recron, TNO representatives formed a working

group on the safety of rides and attractions at amusements parks.

ln the area of the safety, reliability and durability of constructions, the collaboration between

the institutes is leading to an extremely efficient approach to the problems. A newly-formed34
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32. Safely over the top.... TNO staff took part in

a working group looking into the safety of rides
and attractions in amusement parks.

co-ordinating group of the Division for Building and Metal Research is now trying to gearthe
joint research work in this field as far as possible to the demands of the industry.
This work is also beginning to become known among the smaller and medium-sized
companies; the number of commissions from companies of this kind is increasing.
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33. Adding lifeto years. People live longerthese Health
days and TNO is investigating what we must do

to stay healthy as we grow older.

The larger part of the health research carried out by TNO in 1983 was done within the

Division for Health Research. Owing tothe nature of the organization it was possibleto make

use of the capacities in the other divisions for the execution of certain projects. This was

especially to the benefit of activities on the theme of 'man and work'.

Health care

Health care research relates to the functioning of services - and their management

structures - aimed at promoting and maintaining health. The function of the health care

services is to contribute to the quality of life. Three factors play a part in health care research:

the demand for care, the provision of services, and the policy adopted by the government

and care services in order to realize their objectives. Demand is subject to considerable

fluctuations, in part because of changes in the pattern of disease rates. Because death from

infectious diseases is virtually a thing of the past and the proportion of elderly people in the

population is increasing, the morbidity (disease rate) pattern in the Dutch population is

currently dominated by (chronic) disorders which eitherdo not result in death or cause death

only after a relatively long period of illness.

The health care research carried out by the Netherlands lnstitute for Preventive Health Care

plays an important role in the triangular relationship of demand, provision and policy. ln the

initial phase the work was primarily in the nature of an inventory. Based on the knowledge

acquired, research is now being carried out which provides an insight into the etfectiveness

of the services and their interaction. lnvestigations aimed at prevention, basic health care

and population groups with an increased health risk, such as children and the elderly, are

essential topics of the research programme. Also, questions of a general financial or

managerial nature are the subject of research.

The main category of health care research includes the subiects of youth health care, basic

health care, and planning and finance.

Man and work

Research aimed at the improvement of work, working conditions and the organization of

work is developing rapidly, in both scientific and social terms. This research is aimed at

bringing working conditions into line with standards which can be laid down from the

viewpoint of health, safety and welfare. Factors which play a part in this respect are:

- the phased introduction of the Working Conditions Act in the coming few years;

- the fact that technological developments have effects on working conditions;

-the increasing demand foran approach tothe problem, permitting the interrelationships of

36 the various subsidiary aspects to be studied;
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34. Display terminals open up new possibilities.
lncreasing numbers of men and women are
working with them. TNO advises on information
graphics, hardware, lighting and computer furni-
ture.

- the fact that attention to working conditions forms part of total company policy, so that

there is an economic interest as well as a health consideration;
- a more active role being taken by employees, employees' organizations and staff councils

in this area.

The research and advisory work in the area of working conditions is undergoing considera-

ble growth. On the one hand, efforts are being directed towards the possibilities of
improving the working situation. At the Netherlands lnstitute for Preventive Health Care this

research is primarily based on the institute's ergonomic and social/organizational expertise.

The input of other specialized expertise, for example in the areas of technology, toxicology
and industrial hygiene, is achieved through collaboration with other TNO institutes. On the

other hand, work is carried out to gain an insight into the effects of specific aspects of the

working situation on health.

These activities are linked with the government's need for policy support research,

particularly in terms of the introduction and extension of the Conditions at Work Act. ln
addition, especially the questions asked by branches of industry, companies, employers'
and employees'organizations are important. ln many cases, the Co-ordinating Committee

Jor activities in the area of Humanization of Work and the executive Bureau, which is housed

in the Netherlands lnstitute for Preventive Health Care, are involved in the acquisition and
preparation of these projects, particularly where collaboration and co-ordination between

various TNO institutes are necessary. Among the activities carried out are:

- research into the changes in the work situation brought about by the introduction of

modern technologies (automation, VDU problems);

- screening of work situations, companies and branches of industry for unsatisfactory
working conditions;
- research into industrial safety in relation to industrial hygiene;

- fundamental research aimed at the development of instruments and methods, and at

establishing standards.

The research carried out by the Medical Biological Laboratory revolves around the study of
the working mechanisms of harmful substances, methods of detecting harmful substances,

and their effects on health. lndustrial toxicology is an important part of the work programme.

For instance, investigations have indicated that solvents which are commonly used in the
paint industry can, under certain conditions, cause damage to the central nervous system.

On the basis of this research, new guidelines have been drawn up for the periodic medical

examination of workers exposed to these solvents.

The lnstitute of Applied Physics, pad of the Division for Technical-Scientific Services, was

very much involved in the preparation of three reports on 'Noise in the working environment',
issued by the lnterministerial Committee on Noise Abatement. On behalf of the lnstitute37



35. A good work climate also implies the control
of noise levels. TNO is working on the abatement
of noise pollution in production and conveyor

facilities.

C|VO-Technology, the lnstitute of Applied Physics examined the possibility of reducing the

noise from carcase saws used in the butchery industry. ln a project on policy concepts on

behalf of the Forest Products Research lnstitute, an investigation was carried out to

determine what could be done to combat the noise from wood-processing machinery.

As man-machine systems (such as those found in process industry and in ship navigation)

become more complex, the importance of computerization becomes greater. The role of the

operator in an automated continuous process is one of the subjects on which various TNO

institutes are collaborating. The aim of this research is to detect problem areas sothatthey

can be avoided in future similar types of automation. ln this connection, a report (in Dutch)

entitled: 'The operator in manufacturing industry: a TNO viewpoint', has been published.

Gerontology

The percentage of elderly people is increasing. The effects of this increase can be seen in all

sections of society. For example, one third of all medicines prescribed are taken by the

elderly. The lnstitute for Experimental Gerontology is carrying out research into the possible

harmful effects of a number of groups of medicines on cedain organ systems. Within this

field of research, particular attention is paid to the liver, partly in view of the possible effects

of the aging process on the functioning of this important organ.

ln collaboration with the university hospitals in Leiden and Nijmegen research is being

carried out into the effects of cerlain narcotics used in anaesthesia. The conf usion to which

elderly people are often subject following a general anaesthetic has been linked with the use

of sodium pentothal;the action of this substance is being studied experimentally in animals.

The institute also studies other aspects of aging. Work in this area is also done at the tissue

culture level. For example, the metabolism of isolated rat liver cells exposed to potentially

toxic substances is studied. The effect of the aging process on the immune system is also

investigated in relation to herpes zoster (a seriously debilitating disease in older people).

Monoclonal antibodies are being produced in order to study certain facets of the aging of

the defence mechanism. lt was demonstrated very recently in lifespan studies of inbred rats

and mice that the maximum age varies considerably from individual to individual. The results

of the work on these animals, which are comparable with monozygotic twins, show that the

results of experiments with drugs for which a life-prolonging effect is claimed must be

interpreted with a great deal of caution.

Reconrbinant DNA research

The recombinant DNA research is done by a number of institutes. Originally this work was

carried out only in the Medical Biological Laboratory, but now several institutes (the

Radiobiological lnstitute, the lnstitute for Experimental Gerontology, the Primate Centre and

the Gaubius lnstitute for Cardiovascular Diseases) have topics in their working programmes

which demand the use of recombinant DNA techniques. A great deal of effort is devoted to38



the development of vaccines. The Medical Biological Laboratory has recently cloned
so-called 'auxiliary proteins' which are of importance for the eventual preparation of a polio
vaccine. ln collaboration with the Biogen company, the Primate Centre has tested the first
active recombinant DNA hepatitis B vaccine in chimpanzees. The other forms of hepatitis
(nonA-nonB and delta) are now being studied in depth.

The other DNA research currently being undertaken is primarily concerned with the area of
genotoxicity (damage caused to DNA by environmental factors) and the possibilities of
repairing damage to the DNA which has already occurred. ln the area of host-vector
systems, progress has made with Aspergillus. This fundamental research is essential in

order to achieve the optimum production of recombinant DNA products.

lmmunology

The immunological research is carried out by a number of institutes within the Division for
Health Research. The work is aimed at solving both immunological and non-immunological
problems using immunological techniques.

The wide-ranging nature of this research is clearly illustrated by the number of different
applications of monoclonal antibodies in the programmes of the various institutes. ln the
lnstitute for Experimental Gerontology monoclonal antibodies are produced in connection
with the early detection of tumours, and also for the detection of small quantities of bacterial
toxins in food.

ln the Primate Centre monoclonal antibodies are produced against certain subclasses of
white blood corpuscles which are a factor in the rejection of foreign tissue. ln the Gaubius
lnstitute for Cardiovascular Diseases monoclonal antibodies are produced against
hormones and apoproteins.

Theorgan and bone marrowtransplant research within the so-called'REP'group (Radiobio-

logical lnstitute, lnstitute for Experimental Gerontology and Primate Centre) has acquired a
considerable reputation in the f ield of preclinical research (in rhesus monkeys). ln this work,

too, monoclonal antibodies play an important part, both diagnostically and therapeutically.
It has been shown that certain monoclonal antibodies from mice, directed against human
tissue determinants, can be used to prevent the impending rejection of a kidney transplant.

The immunological research cannot be seen in total isolation from genetic research in view
of the hereditary transmission of certain tissue characteristics which can predispose a

person to disease. ln this context, work is being carried out with rhesus monkeys into model

systems for rheumatism (in collaboration with Yerkes, Atlanta), multiple sclerosis and
A.I,D.S.

For a number of investigations laboratory animals are indispensable. lt is TNO's policy to
make the most selective use possible of laboratory animals. Various TNO institutes have
developed a great deal of expertise in this field. A distinction has to be made between the39
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Dewijdvempreideopvattingdat zingen dat het menselijk lichaam
elke dosis radio-actieve straling, over een afweersysteem beschikt
hoe klein ook, schadelijk is voor de dat de eventuele schade van deze
menselijke gezondheid is een mis- betrekkelijk kleine stralingsdoses
vatting. Uit allerlei ondeEoeken herstelt. -

blijkt duidelijk, dat de lage stra-
lin-gsdoses van kemcentrales-een Op somise Dlaatsen in de we-
volkomen te verwaarlozen effect reifis-i;;;11"iliik;;Hiine retis
zoude-n kunnen hebben 9p het ver- 

"!.-1 
,""ii"i:?li"*i"1,rJa;,.t.r;All" d;

oorzaken van kanker. Geen enkel 2ir'rtii"i.-U.ri1,,i" is-aEiwee maatondezoek heeft de veronderetel- 7.li6itli"*i:iAHa;V;ditdaling, dat mensen in de buurt van -gi"-1"-rfo'y.'.j".iiril",-roits'O""r7".,
kemcentrales meer rlslco l9P€n waar ile kosmisihi straling 2,5
dande rest van de bevolking, kun- i;; aiJv'"i-it"a"it.nd is. I"n eir-nen.oevesllgen. kele streken vm China hebben
- 

Dlt ls- d-e- menrn€ van pror' 
, qJ deskundigen een natuurlijke stra-

B;,ml.:r*r'ism',1i5,"fi1,:rii,b"l,liTj{i jtiis?ai",utiJa'i.!t"t"ie"
Rijswijk,enprof. drL. vanPutten "-''

36. 'TNO expefts: misconceptions concerning
the danger of low doses of radiation'.
On 15 July the Financi6le Dagblad devoted two
columns to the seventh international conference
on radiation research organized by TNO.
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production of special laboratory animals for specific purposes (closely linked to the

programmes of various institutes), and the production of animals for customers who have

less specific requirements concerning certain aspects of microflora, genetics, etc. The

Central lnstitute for the Breeding of Laboratory Animals primarily supplies laboratory

animals in the second category to customers outside TNO (industry, universities and other

institutions). Efforts are being made to make the institute's set-up more efficient also in the

interest of the laboratory animals. For the time being, no definite decision has been taken

concerning a national laboratory animal facility at a location other than Zeist'

ln the field of the breeding and keeping oJ rhesus monkeys and chimpanzees, the TNO

Primate Centre occupies a unique position in Europe. There is a clear tendency to concen-

trate research on non-human primates where the most expertise is available. This means

that clients often subcontract their work to the Primate Centre, which results in a certain

widening of the expertise of the staff involved in the research. An isolation building

developed by TNO is available for carrying out tests under conditions of strict isolation. ln

this building work on primates involving viruses and other potentially dangerous material

can be carried out in safe conditions.

Effects of ionizing radiation and cancer

The Radiobiological lnstitute's research programme is concerned with the role of ionizing

radiation in the genesis and also in the treatment of cancer. Particular attention is paid to the

possible effects oJ regular exposure to relatively small amounts of radiation. Among the

methods used are tissue culture techniques, which are extremely useful in investigations

into the occurrence of malignant changes in cells after exposure to radiation. Using the

results of this type of fundamental research, it is possible to use epidemiological data

relating to the occurrence of cancer in man after exposure to relatively high doses of ionizing

radiation to calculate the risks of the occurrence of cancer at low doses.

The Radiobiological lnstitute also does a great deal of fundamental research into the

treatment of cancer. As a result of the institute's close links with the Rotterdam Comprehen-

sive Cancer Centre, Dijkzigt Hospital and the Rotterdam Radiotherapeutic lnstitute, the

results obtained from the research are quickly available to the medical specialists concer-

ned. The institute is also taking part in a combined experimental and clinical research

programme in which the use of heat in combination with radiation is studied in connection

with the treatment of certain types of cancer. One of the Radiobiological lnstitute's

important tasks is the preparation of a cancer registration system for the entire Rotterdam

region.

ln the treatment of a number of malignant blood diseases (such as leukaemia) the use of

bone marrow transplants is part of the therapy of choice. For this purpose, it is important

that the parent cell of the bone marrow is isolated as completely as possible, USing
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advanced cell separation equipment, it has proved possible to identify this cell. lt is now
possible to study the role of the parent cell in leukaemia caused by radiation.

Medical technological research

The abolition of the lnstitute of Medical Physics announced earlier took place at the end of
1983. Two of its important activities will continue to make progress in the Biomedical

lnstrumentation Research Unit (BMl) and the Medical Technology Department (MTD). As
wellas continuing work on equipment for measuring blood pressure, the BMI is also looking

at other developments in the field of instrumentation in collaboration with the Department of
Medical Physics of Amsterdam University.

The MTD area of work includes a broadly conceived assessment of medical equipment and

new medical technologies. Collaboration with the Netherlands lnstitute for Preventive
Health Care and the Medical Faculty of Leiden State University is extremely important to this
service, which will be located in Leiden.

The research into the control of epilepsy received a larger subsidy in 1 983 as a result of the

collaboration between the National Epilepsy Fund and the Fund for Epilepsy Research 'De

macht van het Kleine'. The Research Committee on Epilepsy, whose task is to assess

requests for subsidies in the area of scientific research into epilepsy control on behalf of the
providers of subsidies, was thereby given the opportunity of recommending that subsidies
be granted for more and/or more extensive research projects.

Thus 15 new applications for subsidy were dealt with, and six of these requests were
granted.

Rehabilitation technoloqy

Concern for the situation of disabled people in our society has grown considerably in the
past few years. As a result, TNO has devoted more attention to research which benefits

disabled people and to work on rehabilitation, particularly in terms of expansion and
co-ordination of research. ln this context, work carried out by the lnstitute of Medical
Physics has been used as a foundation for further research.

TNO has made great efforts in this area on behalf of the Foundation for Scientific Research
into Rehabilitation (SWOR), in which the Lucas Foundation for Rehabilitation, State
University of Limburg and rNo, with support from national and provincial governments, are

working together to set up the Rehabilitation Research lnstitute (lBV) of the SWOR.
The establishment and co-ordrnation of a TNO/lRV research programme have been taken in

hand bythe Committee on Aids forthe Handicapped set up forthis purpose (on which TNO

sections and the IRV are represented) with an executive Bureau for Aids for the Handicap-
ped. Since October 1982, this Bureau has been housed in the Netherlands lnstitute for
Preventive Health Care. The Bureau also acts as an enquiry desk for organizations for the
disabled, the providers of services, the medical sector, manufacturer$ of technical aids in

37l38. At the Rehabilitation Research lnstitute
part of the research is aimed at the rehabilitation
of people at risk of social isolation as a result of

illness or accident. Funding came from various
sources, including the Province of Limburg,
which wasgood newstothe Limburgs Dagblad,
a local newspaper.
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the field of rehabilitation and the care of disabled people, and the ministries involved. Also a

growing number of private individuals make use of this enquiry desk function.

TNO furthermore contributed to the preparation of and lead-up to the lnnovative Research

Programme on Aids for the Handicapped and the Quality and Practicality Research Project.

The number of TNO institutes involved in research projects increased to 10 in '1983. These

institutes belong to six different divisions. The Bureau has collaborated on the TNO Policy

Note 1984-1987 'Research in aid of disabled people and rehabilitation'. ln this programme

a distinction is made between four types of research: problem inventory and policy

preparation research, research into the practicality and quality of provisions for disabled

people, research aimed at product development and improvement, including the manufac-

turing methods to be used, and rehabilitation research/support research. Particular

attention is devoted to the possibilities of the second research category mentioned.

This has led to a certain clustering of TNO, TNO/IRV and IRV projects around the following

themes: the mobilityof disabled people, aids forthe disabled, disabled people at home and

at work, research into the rehabilitation process (lRV only), research for the orthopaedic

shoe manufacturing sector and orthopaedic workshops, and nursing facilities.

Efforts of the Bureau have also been directed towards project preparation and fund-raising

in order to get projects to the implementation stage, while endeavours have been made to

mobilize the right disciplines within TNO.
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39. Articles, such as this one in the Volkskrant,
regularly appear in the press about whether or
not there is a relationship between the food we
eat and cancer. TNO is working on several pro-
jects in order to get greater insight into the pro-
blem.

Nutrition and food

Virtually all TNO research in the area of nutrition and food is carried out by the Division for
Nutrition and Food Research. Among the impoftant aspects of the division's work on basic
and luxury foodstuffs are quality, hygiene, toxicology and technology. ln addition, the
Division is active in the areas of biotechnology, energy and development co-operation, in so
far as these relate to its own field of work. The subjects of energy and development
co-operation are discussed in the relevant chapters. The following paragraphs deal with just
some of the very diverse subjects of the Division of Nutrition and Food Research.

NLrtrition resoarch

An important project carried out by the lnstitute C|VO-Toxicology and Nutrition concerns
the setting up of a nationwide system for the continuous monitoring of the nutritional status

and dietary pattern of various sections of the Dutch population. ln the initial stages, attention
is being concentrated on the elderly. Once the system is functioning it will provide a

continuous flow of information, which willbe indispensableto the government in implemen-
ting a policy on food and nutrition. lnvestigations are currently being carried out to establish
whether it is possible to set up the necessary infrastructure with a team made up solely of
employees of the Division. ln 1 983 a pilot study of some 200 elderly people (over 65 years of
age) was carried out. This investigation involved elderly people living alone and residents of
old people's homes, spread over urban and rural areas in two regions. The research was
primarily concerned with the standard of nutrition of this section of the population, and

included an interview, anthropometric measurements, the collection of urine over 24 hours,
and the taking of blood samples. The results of this study are still being processed. They will
certainly not allow any generally valid conclusions, since the sample was too small.
However, the finding that this pilot study went broadly according to plan is extremely
valuable. The old people involved in the study did not regard the investigation as an

unpleasant experience. Partly on the basis of the knowledge gained, it was possible to
design software to set up a nationally representative sample, formulate questionnaires for
the control, storage and analysis of data, and make estimates relating to the national
population as a whole. This was done with a view to a nationwide study to be carried out in

1 984.

The blood samples were analysed for, among other things, components which are a

measure for iron intake, and for vitamin 86. One of the reasons for this was the result of

another recent investigation among a number of elderly people, which indicated that their
blood iron level and their vitamin 86 level were significantly lower than those of younger
people. Vitamin 86 is an important factor in the metabolism.
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ln the autumn oI 1983 the lnstitute C|VO-Toxicology and Nutrition hosted the second

meeting of the NATO study group on the diet of military personnel.

The lnstitutefor Mathematics, lnformation Processing and Statistics Division forTechnical-

Scientific Services) has completed, apart from a few supplementary activities, the project for

a comprehensive information system for the Food and Drug lnspectorate. The system has

now been implemented at 12 of the 16 lnspectorates'

Food hygiene

Most fishery products are highly perishable. Research aimed at improving hygiene and

keeping qualities is therefore extremely important, not only for manufacturers but also for

the retail trade and the government.

On the basis of observations and comments made by the public health authorities, in 1983

considerable attention was again devoted to the causes of contamination of shrimps,

particularly contamination with staphylococci. An exhaustive survey revealed that staphylo-

coccal contamination can occur at any point in the processing chain, both on board and on

shore. Whether the bacteria subsequently multiply depends on the refrigeration systems.

The situation would be considerably better if shrimps could be brought ashore still alive. A

preliminary study indicated that this is certainly a possibility.

As part of food-chain monitoring, it is essential that the microbial condition of the raw

materials for meat products can be determined quickly. An investigation was carried out into

the possibilities of using the 'Bactometer', an instrument developed in England which works

on the principle of changes in impedance as the result of microbial conversions. Depending

on the germ count, the results are available within one to eight hours.

Toxicological food research

Research was carried out for the European Communities into whether, and to what extent,

the use of laboratory animals in toxicological research could be cut back. lt was possible to

formulate a number of recommendations based on scientific arguments. These recommen-

dations may lead to the limitation of the use of animals in ten types of experiments, namely

LD5s and LC5o tests, skin and eye irritation experiments, subacute, sub-chronic and chronic

toxicity research, and reproduction and genotoxicity research. At the same time, the

currently existing in vitro methods were assessed as an alternative.

For the Ministry of Housing, Planning and the Environment, a cost-saving system, which

also limits the use of laboratory animals, was developed for the provisional assessment of

the reproductive toxicity of environmental pollutants.

There are numerous indications that nutrition could play a part in the genesis, course or

treatment of a number of diseases, including cancer. Research has likewise clearly

demonstrated that nutrition has an effect on the hormonal system. A study was conse-44
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40. A nose for aromas and thus for f lavour conti-
nues to play a part in research. TNO works with
panels of'sharp noses'; for certain sorts of
research they are indispensable.

quently set up into the effects which fat, protein, carbohydrates etc. have, via the hormonal

system, on two of the most common forms of cancer, i.e. breast cancer and cancer of the
prostate. Data on hormonal reactions to nutrition is obtained by determining androgens,

oestrogens and prolactin in blood plasma, and androgen and oestrogen receptors in
prostate of mammary and uterine tissue of rats. A start has also been made on a large-scale

experiment in which the etfect of quantities of fat and linoleic acid on existing carcinogen-
induced tumours is investigated. A series of different feed compositions is used, so that
interactions between the two elements can also be observed.

Nutritionists have believed for many years that lactobacilli in foods such as yoghun, cheese,

continental sausage and sauerkraut provide protection against cancer of the intestine. This

was investigated in rats, using two products and a lactobacilli preparation. The production

of glycocholic acids, the activity of certain enzymes and the bacterial composition of the
faeces, factors which play a par.t in the genesis of intestinal cancer, showed no noteworlhy
differences in the test groups. Further research is carried out to discover whether the

incidence of induced tumours is affected by the diet.

Food analysis

For many years the Division for Nutrition and Food Research has had a number of special

analysis techniques at its disposal. One of these is sensory research using panels. The basic

and luxury food industry's need for this type of work continues to grow, in connection with

the assessment of the quality of existing products and the development of new ones. ln a

co-operative project involving the lnstitute CIVO-Analysis and the Psychological Laboratory

of Utrecht State University, the existing research method was computerized. A number of

new aroma threshold values for chemical compounds in air and in water have been added

to the existing compilation; the fifth cumulative supplement, to be published shortly, will

contain several thousand data items on many hundreds of compounds.

Also, the use of instrumentation is resulting in the continual discovery of new compounds in

basic and luxury foodstuffs which contribute to the aroma and flavour of the products.

Mass spectroscopy is a form of analysis for which the Division for Nutrition and Food

Research is well equipped. With the introduction of a new Finnigan MAT 8200 mass

spectrometer in 1983, a whole series was added to the existing range of analytical

possibilities. This made possible the successful application of chemical ionization to an

extract of urine, whereby a number of previously unknown compounds (polyethyleneglycol-

furfurylethers) came to light. These may be of importance to medical diagnostics. Using

multiple ion monitoring, success was also achieved in identifying and determining the

quantity of extremely small amounts of compounds in complex mixtures, such as the

hormone DES in cattle urine and catecholamines in human urine. Preliminary separation of

the material to be analysed is usually done by means of gas chromatography (GC-MS).
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A collection of the spectra obtained is being built up ('Compilation of mass spectra of volatile

compounds in food'; patlt12 has been published).

One of the major areas of application for GC-MS is the determination of off-flavours in the

most diverse types of foods. The Division has received numerous requests for this type of

work.

Food technology
An example of the development of a new technology in the investigation started by the

lnstitute C|VO-Technology in 1982 into the extraction of soya using supercritical carbon

dioxide. The high quality of the oil obtained and the relative simplicity of the process justify

further research. Efforts are currently concentrated on reducing the extraction time and the

development of a continuous process. The results obtained from defatting cocoa and the

extraction of flavours from a wide range of natural products were equally encouraging, so

that the prospects of this technology in all sorts of product areas may be described as

promising.

The Oils, Fats and Margarine Department received the lnternational Market Development

Award from the American Soybean Association for its marketing activities in the area of soya.

An automatic carcase opener is currently being examined as a possible future development

in the field of mechanization and automation. ln collaboration with the lnstitute for Mechani-

cal Constructions [NO-IWECO), the possibilities of automating the jointing process are

also being investigated. The present state of technology does not permit the total automa-

tion of the process, although it should certainly prove possible to automate a number of

subsidiary processes. A preliminary study is going on into automatic displays as a

replacement for human observation in the butchery line. Using video recorders linked to a

computer, the automatic location of certain anatomical characteristics does indeed appear

to be possible.

ln the past few years, a surplus of the f ish species bream has been recorded. ln principle, it

appears possible to transform the flesh of this fish into a minced semi-manufacture at little

cost, and it is conceivable that this could be used to make a savoury new product with good

keeping qualities.

Within the framework of the application of microelectronics to food technology, a closed-

loop control system for industrial autoclaves has been developed in collaboration with the

lnstitute of Applied Physics. For demonstration purposes, the system will be installed in a

preserves factory.

ln the period 1 977 - 1 983 the lnstitute for Cereals, Flour and Bread has been systematically

investigating the possiblities of developing attractive products and semi-manufactures by

extruding wheat and rye flour. lmportant characteristics of extrusion products are the

41 . Odour research in the lab using the 'Olfacto-

meter'. The odour threshold of a specific gas is
being tested here.

42. The bream are biting. ln fact, there are so

many that TNO is making mincemeat of them. lt
is possible that this can be used to develop a

savoury product with good keeping qualities for
the food industry.
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content of soluble carbohydrates and the stiffening behaviour of the starch. These

characteristics determine to a considerable degree the area of application of an extrusion
product. With both a single-screw extruder and a double-screw extruder, using light

extrusion, a good alternative to the currently used chlorinated flour has been obtained. lt
appears that the preparation of ragout can be simplified by using a wheat flourthat has been

sub.iected to moderately heavy extrusion treatment.

The same is true of the manufacture of choux pastry. The single-screw extruder was
preferred for both products. Using the double-screw extruder, a product was obtained from

rye flour which gives a dough for making slab cake when kneaded with water and sugar
syrup at room temperature. lf a small quantity of the rye flour is replaced by a rye product
obtained by means of a heavy extrusion treatment in the double.screw extruder, the cake

remains moist for longer. A wheat product, similarly processed, has the same effect in
bread. The main significance of the processes developed is that they save time and are

simpler than the conventional methods of preparation.

Biotechnology

The technique of staged malting, whereby in 1982 a malt flour was obtained which, when
added to wheat flour, led to an increase in the volume of bread, has been further explored.

Germination experiments under varied conditions, however, did not produce a malt which
was better for bread-making. An investigation was carried out to discover whether the
former malt might have an application in brewing. When added to malt of inferior quality,

however, it had no significant effect on the brewing process. Consideration is now being
given to the possibility of applications in a wide range of bakery products.
lmprovement of the pressing and extraction yield of oil seeds is the aim of a project in which
attempts are made to break down the cell walls of the seeds enzymatically. Various enzyme
preparations and process conditions are currently examined; this method would appear to
hold out good prospects.
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43. More types of bread to choose from. TNO is

carrying out research for bakers. Biotechnolo-
gists, too, are working on even better-tasting
bakery products.
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National defence research

The aim of national defence research is to meet in an effective way the need of the

Netherlands Ministry of Defence and the armed forces for scientific support in the areas of

operations, personnel, materials and finance/economics. The national defence research in

TNO is carried out under authority of the National Defence Research Council, which is

responsible for its policy to the Minister of Defence.

The majority of the research is carried out by the four laboratories in the Division for National

Delence Research. For those areas where these laboratories have no or insufficient

experlise, the Division contracts research work out to other TNO institutes or to various

institutions outsideTNO. An important part of this isthe medical biological research carried

out by the TNO Medical Biological Laboratory. Research is also carried out in the fields of

mechanical constructions, hydrodynamics, sound insulation, stress and vibration, optics,

and nutrition and food.

The Division for National Defence Research has knowledge and experience which can be

used for civilian purposes. The laboratories are therefore regularly asked bythe government,

commerce and industry and private bodies to carry out research or give advice on, among

other things, explosion safety, the detection of toxic substances, simulation, and road

safety. Participation in various TNO projects on policy concepts also proved an important

means of using the spin-otf from national defence research to benefit the civilian sector.

Operational research, telecommunications, simulation, radar. sonar

The Physics Laboratory again received many request from the armed forces for studies in

thefield of operational research. The need forthistype of research, which is stillgrowing, is

obvious, since the branches of the armed forces regularly have to take decisions about

future equipment. ln view of thefactthat expensive purchasesfor long periods are involved

here, a careful preliminary study is indispensable. The acquisition of equipment also has

consequences for the training of service personnel and gives rise to the need for simulators.

Research into the limitations imposed by the atmosphere on the military applications of

electro-optical sensors was continued, with particular reference to the effect of the vertical

structure of the atmosphere. This knowledge is primarily of importance in the evaluation of

observation systems intended for observation from aircraft.

Since the atmospheric limitations above large expanses of water must also be known, a

measurement programme was carried out on board the weather vessel Cumulus, stationed

in the Atlantic Ocean. These atmospheric measurements were carried out from sea level up

to a height of 1,000 m. ln the field of observation equipment, very promising results have

been achieved with a prototype model of an infrared warning device which ensures a good

chance of detecting approaching enemy missiles. ln the area of radar observation, tests48



44. Cutting an octagonal rotating aluminium
mirror (approx. 15 cm diameter) for use in a
remote-infrared detection system. With a dia-
mond cutter a surface smoothness of optical
quality can be obtained.

45. Testing a newly developed flight duration
measurement system for pro.iectiles. The photo-
graph shows the system's infrared detectors
(installed on the Afsluitdijk), which can determine
the moment of detonation of the pro.jectile at a
range of 10 to 20 km.

were continued into the detectability of sea and land targets against various backgrounds.
Research was also continued into improved versions of the phased -array radar antenna

with which the Physics Laboratory already achieved remarkable results in the past.

ln the area of communications, good progress was made with the preparations of thetests,
scheduled for 1985, of the prototype of ZODIAC, the new, fully computerized communica-

tions system for the Dutch Army. These tests, which will be carried out in the field, will last

for several months and will determine whether or not production goes ahead. The develop-
ment of two flight-duration meters, which measure thetotal flighttime of arlillery pro,jectiles,

was concluded. Work was also completed on a so-called Stuik cylinder measuring system,
which measures the maximum gas pressure in the barrel of a cannon during Iiring.

Encouraging advances were made with the development of a projectile speed measuring

system for small calibre projectiles.

A great deal of attention was also devoted to determining the spread of fired projectiles for

the Royal Dutch Navy's Goalkeeper weapons systems. Modif ications were made to a firing
pattern registration device developed several years ago for the Dutch Army so that it can
process the Goalkeepers's high firing-rate and long bursts of fire.

ln the area of mine detection, research continued into improved or new methods of clearing

mines from Dutch coastal waters in an emergency. Within the framework of the co-operative
programme for the building of the new 'Tripartite' mine detection vessel (Belgium, France,

the Netherlands), a series of sea trials was completed. By means of mine detection
operations using practice mines of precisely determined areas in the vicinity of Brest, the
chances of detection under varying conditions were established. ln addition, simulations

were carried out for the same conditions using a mathematical model, and the results

obtained in practice were then compared with those given by the model.

Finally, the important work done by the Systems Research Group must be mentioned. ln

addition to specifically military research, the value of this research was clearly demonstrated
by three projects on policy concepts which were assigned to the Physics Laboratory in

collaboration with otherTNO institutes. Computerization aspects, such as computer-aided

design/computer-aided manufacturing (CAD/CAM) and the computerization of systems

design are extremely importantfactors in these projects. lt has become clearthat this work
may lead to valuable innovations in a broader context both for TNO and for outside

organizations.

At the Laboratory for Electronic Developments for the Armed Forces good progress was

made with the construction of the experimental radarsystem SMRA (S-band measurement

radar). This radar is needed in research into the improvement of the distinction between

desired and undesired radar reflections. The radar is capable of transmitting complex wave

forms. The processing of these complex wave forms (pulse compression) is done by rapid

FFT processors (10 MHz data rate), using the available standard components.
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46. Bird migration can seriously jeopardize air-
craft safety. A bird strike can not only cause
damage to the fuselage or the engines of the
plane, it can also directly endanger the pilot if
the windscreen is struck and shattered. The
Laboratory for Electronic Developments for the

Armed Forces has investigated the technical
possibilities of developing an automatic bird
warning system.

A start was also made on the task of computerizing the Dutch Army's vehicle testing facility.

Part of this project relates to the development of a universally installable robot for the

automatic operation of accelerator, brake and gears. A call was made on the expertise of the

TNO institute lnstrumentum for the mechanical design of this robot.

ln research into the effect of radiation in the radio-wave and microwave frequencies on

electric detonators for munitions, it is important to know what levels of radiation can occur.

A mathematical model was developed with a view to limiting the extent of the measure-

ments. After the data on the characteristics of the transmitter (radar, radio) had been

entered, the model was used to calculate the field strengths occurring in the vicinity of

transmitter. As a spin-off from this work, the model was used in drawing up an inventory of

the radiation levels in the Netherlands carried out on behalf of the Ministry of Housing,

Planning and the Environment.

Research carried out by the Laboratory for Electronic Developments for the Armed Forces

into filtering methods which enable bird echoes to be distinguished from other undesired

echoes on a radarscope is extremely important for air transport safety. Birds can be a

considerable hazard, and if bird echoes can automatically be distinguished from other

echoes the central control of the radar system can give timely warning of bird intensities

recorded on particular flight paths.

A method has also been developed forthe automatic processing of the pictures on the radar

screen. Display processing of this kind is becoming important in an increasing number of

applications. On the one hand, there is the broad area of application whereby computers

can produce synthetic pictures or picture enhancements so that the decision-making

process is simplif ied. On the other hand, display processing can serve directly as the control

for an automatic system. This involves the use of other techniques and brings us into the

area of intelligent'sensor systems, in which pattern recognition plays a malor role. In this

field, further work was done on the research into an experimental TV tracking system.

Pafticular attention was paid to mathematical methods of suppressing 'snow'and

improving the contrast, as an aid forthe control of the system. The ultimate goal is to achieve

a fully-automatic system for the detection and tracking of a specific object.

Effects of toxic and expios ve sLlbstances

The work which the Prins Maurits Laboratory (PML) carries out for the armed forces covers

two lines of research. One relates to research and development aimed at improving the

protection of military personnel against chemical warfare. This work also includes the

application of chemical expertise to other problems encountered by the armed forces.

The other area concerns research into munitions and the explosive substances used in

them, in orderto increase safety during use, ensure reliable functioning and optimum effect,

and to improve protection against the effects of explosions. Where possible, the knowledge50
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and experience gained in carrying out these tasks is also applied to related problems in the

civilian sector, for example, explosion prevention in industry, and the protection of people

against the harmful effects of toxic substances in their (working) environment.

ln 1983 there were again indications that chemical weapons are possibly being used in

various conflicts throughout the world. lt has been agreed by the United Nations that expert

laboratories must be available to investigate the accuracy of these reports. ln this context,

the Secretary-General of the United Nations has invited the Prins Maurits Laboratory to take
part, in cases which may arise, in the analysis of samples for the presence of chemical

weapons, and the Head of the Analytical Chemistry Research Group has been appointed
chairman of an international NATO working group on this subject.

A great deal of attention has again been devoted to support services for purchases by the

armed forces. This assistance ranged from testing and assessment to the development of
new protective equipment. Particularly worthy of mention in this connection is the work

done by the PML on the development of the new Personal Standard Kit, which was carried

out in close collaboration with the Dutch companies involved. ln other projects, too, suppod
work was carried out for Dutch companies, particularly in the area of the detection of toxic

substances.

The prototype of a mobile drinking water installation for use by the Dutch Army, which was

built by a Dutch company for the PML, was completed in 1983. This installation, which is

based on a combination of ultrafiltration, reverse osmosis and active carbon filtration, will be

capable of producing drinking water continuously and virtually automatically from surface

water containing any sort of pollutant. lf the results of the tests come up to expectations, the

Dutch Army will have the disposal of a unique installation within a relatively short time.

The research carried out by the Medical Biological Laboratory into the treatment of soman

poisoning has been redirected towards work on prophylaxis, in which the principle of the

soman simulator developed by the Prins Maurits Laboratory plays an important part. ln this

connection, twelve structure variants were prepared, and these were tested by the Medical

Biological Laboratory. One of the simulators proved to be the most active, if administered to
rats in combination with the Hagedorn oxime Hl-6. lt is remarkable that this method of
administration is effective both prior to the administration of soman (prophylactically) and

after such administration (therapeutically).

ln the area of technological research, good progress can be reporled in the research project

on the Solid Fuel Combustion Chamber, which is being led by the Department of Aeronau-

tics and Space Technology of the University of Technology at Delft. The project is financed

for the greater part by the Foundation forApplied Sciences and the Energy Research Project

Office. Solid Fuel Combustion Chambers can be used as propulsion motors, as incinerators

for hard{o-burn poisonous organic chemicals/waste products and as energy generation

installations through the production of extremely hot combustion gases.

The Prins Maurits Laboratory has devoted a great deal of attention to research into thermally

4{

47. The experimental TV tracking system of the
Laboratory for Electronic Developments for the
Armed Forces is an 'intelligent' sensor system,

in which pattern recognition will be a major fac-
tor. The present system can track objects on the
basis of their contrast with the background. The

equipment is used for research into optical
tracking methods for air defence purpose. On

the photograph:

right - tripod with stabilized camera
centre - processor with control facilities; monitor
left - servo and power box.

48. TNO developed a prototype of a mobile
drinking water installation for use by the Dutch
army. This artist impression shows the
possibilities.
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unstable compounds. Using Differential Thermal Analysis (DTA or DSC), the decomposition

of, for example, organic peroxides can be followed for a period of minutes and, using

sensitive calorimeters, for days, weeks or even months. The recently evaluated Thermal

Jump Test, in which unstable compounds are suddenly (in 50 microseconds) brought to a

temperature of about 1,000'C, gives a response in the region of microseconds to milli-

seconds.

The research into gas cloud explosions for the Division of Technology for Society has been

completed. lt has resulted in a new concept, the Multi-Energy method, which opens up the

possibility of calculating the total effect of the blast from the response of reactive compo-

nents (the effects of concentration and the surroundings).

Large-scale pressure discharge tests have been carried out for the agricultural sector in

collaboration with the lnstitute for Cereals, Flour and Bread, co-ordinated by the lndustrial

Safety Bureau. The drafting of the guidelines forsafe working practices in the industry is also

virtually complete, while the design of the series of instructional slides is making good

progress. The results of the research into the explosion risks of coal dust for the Energy

Research Project Office were presented at a public symposium.

The investigation into two explosions at the premises of Muiden-Chemie resulted in the f irst

case in the discovery of a definite cause, and the necessary recommendations were made

for improvements to increase safety. The investigation into the second case has not been

completed yet.

Further refinements were made to the method of calculating the behaviour of dynamically

loaded structures, developed in collaboration with Delft University of Technology, the

response being determined by developing it in natural oscillations. The response of a beam

to an extremely localized load can now also be determined, and theextension of the model

to rectangular plates is in an advanced stage. A start was also made on research into the

fracturing of concrete at high load speeds.

Perception

The research into military visual observation in the field, aimed at targed detection and

camouflage, was continued with projects on search models, the effectiveness of smoke-

screens and the range of heat display equipment. Research into picture enhancement

techniques indicated that the removal of fine graining had no measurable effect on the

detection of relevant objects. The intention is to test all current picture enhancement

techniques for their visual values.

ln collaboration with lnstrumentum, the lnstitute for Perception developed a new stick for

blind people. Hearing research experiments established that the noise of gunf ire is relatively

more disturbing than traffic noise at the same average intensity over a period of time, but

that this difference decreases again if other background noise is present. Several applica-52
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49. During the 'Atlantic Lion' autumn exercises
the crews were subjected at various moments
to psychological function tests. This photograph

illustrates the measurement of sense of balance
using a stabilometer.

tions of voice control by means of automatic speech recognition were tested, among other

things for the control of a wheelchair for people with motor handicaps.

ln the area of human decision theory, remarkable differences were recorded between the

decisions taken by 'authorities' and those taken by 'citizens' in reponse to imaginary

problems with a personal risk factor.

Good progress was made with the development of a programme of test tasks for testing

psychological functions in practical situations, intended for, among other things, research

into symptoms of fatigue and stress. Several test tasks have already been successfully

applied, for instance, during the 'Atlantic Lion' autumn manoeuvres. The research for the

Factory lnspectorate on stress in work situations concentrated on the effects of stress on

respiration.

Work was continued on the building of actual-size mock-ups of operational areas,

particularlyon board Royal Dutch Navyvessels, in orderto evaluatethem on theirergonomic

merits. Very promising experiencewas gained using commercially available softwareforthe

Computer Aided Design of work areas according to anthropometric criteria.

The lnstitute for Mechanical Constructions ONO-IWECO) of the Division for Building and

Metal Research is involved in various ways in the design and control of submarines. Among

other things, the institute IINO-IWECO) has completed a computer model for the manoeu-

vring behaviour of this type of vessel, and is building a simulatorfortraining purposes which

imitates navigational and engine-room functions. lt also drew up the control algorithms (the

'formulas') for the automatic control of the new Walrus Class submarines.

Noise is often not only a source of irritation to the crew of a vessel, it can also contain

information which one does not want to disclose. The lnstitute of Applied Physics carried

out pioneering research for the Royal Dutch Navy into the suppression of noise on board

ships and the reduction of sound radiation under water.

The recommendations made by the lnstitute for Perception on the basis of the annual

analysis of traffic accident statistics for the armed forces have contributed to a fifty percent

drop in the number of accidents. The observation technique developed by the lnstitute for

Perception for conflict analysis in traffic situations based on video recording came out well

in an international comparison in Malmo. One thing emerges clearly from the various

projects on the analysis of the task of driving, namely that the driver reacts when the vehicle

threatens to leave the road within a certain critical time. Several investigations for the Road

Traffic Service of the Public Works Department (Rijkswaterstaat) and for the Road Safety

Agency have clearly demonstrated, among other things, that the 'black hole effect' upon

entering tunnels is caused by the diffusion of light in the atmosphere, in the windscreen and

in the driver's eye. Older drivers, in particular, experience greater difficulty with this than was

originally thought.

ln the area of thermophysiology and clothing ergonomics, attention was concentrated on53



50. A crossroads in Malmo (Sweden) as seen by
the video system developed by the lnstitute for
Perception to analyse traffic conflicts. For the
purpose of comparison, conflict analyses were
carried out at this crossroads by various interna-
tional teams.

the Personal Standard Kit, particularly on the combat clothing, the tenVsleeping bag

combination and the gas-mask. There is also a great deal of interest in this research in the

civilian sector, among other things with regard to protective clothing for firemen and

rainwear.
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51. 'lnnovation project for small firms'.
TNO again helped many companies in their
search for new activities which would produce a

good return.

Policy studies and lnformation services

Technology policy

ln the field of innovation policy, the emphasis at the Centre for Technology and Policy

Studies, part of the Group Policy Research and lnformation, has been placed on work on the
Technological Policy Project and (follow-up) projects forthe Department of Science Policy.

Three projects were carried out for each of these clients. The Technology and Economics
project is particularly worthy of mention. This project will form the basis of a long-term
programme in which the aforesaid Centre is involved.

The transfer of government research on innovation from the Ministry of Education and

Science to the Ministry of Economic Affairs, which took place in 1 983, has increased interest
in this subject. A Staff Board for General Technology Policy was set up in the Ministry of
Economic Affairs at the end of 1983.

Attitudes to the question of technology and labour changed somewhat in the course of
1 983. There has been a dramatic shift away from interest in the effects of technology on the

quality of work toward interest in its effects on the quantity of work. The expectation that the

major investigation 'The labour market in the graphics industry', which was completed in

1982, would lead to follow-up studies in 1983 was not fulfilled. However, the Ministry of
Economic Affairs, the Ministry of Employment and Social Security and the trades unions
have all become very interested in the interaction between technology and employment
levels. Especially the unions' interest in the support of the Centre for Technology and Policy

Studies for their own training courses for officials is a noteworthy development.

The new task of the Department of Science Policy has meant that there, too, interest in the
work of the Centre in the field of Technology Assessment has grown. The Centre has a

long-term contract with this department of the Ministryto provide policy support in this area.

ln formulating policy, the methods used to arrive at decisions are obviously of prime
importance. Several employees of the Applied Mathematics Depadment of the lnstitute for
Mathematics, lnformation Processing and Statistics are carrying out studies in the field of
multi-criteria decision methods. They are looking at decision-making problems in which a

variety of objectives or criteria play a part. Some methods have been implemented on the
lnstitute's 'Cyber'. One of these (lnteractive Multiple Goal Programming) was used in a

project for the Scientilic Advisory Board for Government Policy. Exploratory calculations
have been carried out on a comprehensive linear programming problem with multiple goals

for an investigation into national economic developments in the medium term.
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Supporl for innovation

Product innovation begins with the recognition of the need to wind up present activities and

develop new ones in a given period. This need is only rarely the result of technological

developments. The stimulus usually comes from the market. The needs and demands of

customers change, competitors introduce new products, or existing products are no longer

entirely satisfactory. lt is important to recognise such market Signals in good time and to

translate them into an appropriate company strategy. This usually means that better and/or

new activities, based on the company's strengths, must be sought.

The lnnovation Advice Group assists companies in this search process. A characteristic

feature is the goal-oriented and systematic approach, whereby the advisers closely

supervise an innovation team set up bythe company. The demand forthe Group's services

again increased in 1983. ln particular, larger concerns with a number of divisions or

operating companies are calling on the Group more and more frequentlyto assist in creating

a more innovative climate in the organization(s).

Environmental studies and information services

To assist the Council for Environmental Research in its long-term programming, the Study

and lnformation Centre on Environmental Research contributed to the subjects of air, water

and soil, landscape and ecosystems, and waste, and also carried out social-scientific

environmental research.

The Netherlands Society for Landscape Ecology and the Air Pollution Research Committee

have again demonstrated the importance of their roles in the exchange of information and

the programming of research in the general areas of landscape ecology and air pollution.

The Netherlands Society of Landscape Ecology organised three study days, which were

well attended. These covered landscape types, ecological infrastructure and the relation-

ship to research.

The Study and lnformation Centre on Environmental Research played an important part in

the organization of a conference on acid rain, at which the Air Quality Association, which was

set up in 1 g83, made its first appearance. After intensive preliminary discussions, agreement

was reached on an international co-operative project which will develop models for the

transport of acidifying and photochemical components over great distances. The Study and

lnformation Centre on Environmental Research is managing the project, and the Division of

Technology for Society has a major share in the development of the model.

ln consultation with the Department of Environmental Hygiene, the Centre drew up an

environmental information plan for 1984-1986. The principal elements are inventories,

information processing, computerized environmental documentation and an information

system for geographically-linked environmental data.

ln collaboration with several other TNO sections, a study has been carried out into the

environmental efiects which could be expected as a result of several different methods of

commercial energy production in the industrial area of Zeeland-Flanders.56
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52. TNO has a traffic and transport group which
co-ordinates for users' benefit the Organiza-
tion's wide range of activities in this area.

Various types of traffic together in one photo-
graph....

Since physical planning and environmental policy have now been brought together in one

ministry, the Study and lnformation Centre for Environmental Research and the Research

Centre for Physical Planning made a joint study of the area of overlap between the

environment and physical planning. Special emphasis was placed on the way in which

land-use zoning can be carried out in areas which lie within range of potentially hazardous

installations.

Traffic and transport

Research in the field of traffic and transport is carried out in a number of places within the

TNO organization. The Traffic and Transport Group, paft of the Group Policy Research and

lnformation since 1 983, played an important part in the efforts to improve co-operation and

make TNO's activities in this field more widely known. A contact group was set up with

representatives from eight institutes. A start was made on preparations for a symposium

and the publication of a folder. ln 1 983, alone or in collaboration with others, the Traffic and

Transport Group worked on:

- a study of the technological developments in traffic and transit through the Netherlands;

- an evaluation study of the Delft cycle path plan;

- the construction of a model for road hazards in the Netherlands;

- advice on the development of future software for the Traffic Service of the Public Works

Department (Rij kswaterstaat) ;

- a study of the means of transport used by railway travellers prior to and aftertrain journeys.

Road safety

The Research lnstitute for Road Vehicles plays an important pafi in the development of
measures and facilities relating to road safety.

Safety measures in cars (including seat belts) have led to a sharp decline in the nurnbers of

those killed and injured in head-on collisions. As a result, the percentages of deaths and

injuries from side-impact collisions have come to dominate the accident statistics. At the

instance of the European Parliament, the EEC is therefore sponsoring a speeding-up in the

development of standards which will force car manufacturers to provide greater protection

in side-impact collisions.

Commissioned by the EEC, the Research lnstitute for Road Vehicles has led the international

research into a suitable test dummy for use in drafting the regulations. As a result, TNO is

now playing a leading role in the development of a completely new European test dummy,

the EUROSID.

Within the framework of a specific subsidy project for the Ministry of Transport and Public

Works, the lnstitute has carried out collision tests as a basis for international standards and

guidelinesto make motorvehicles less injurious in accidents involving pedestrians, cyclists
and moped-riders (the'pedestrian-friendliness' of cars).57



lnformation services

ln 1983 the services provided by the Centre for Technical and Scientific lnformation and

Documentation were again expanded. These services consist of the systematic retrieval of

information for the business world and the government. The Centre is connected to some

30 European and American computer centres and has access to more than 200 data bases.

ln order to enable the customer to keep track of and, if necessary, guide the search from his

own office, two new services - TELESEARCH and VIDISEARCH - were developed in 1983.

lf a customer wants to make use of TELESEARCH, a display screen connected to the

Centre's terminal via a telephone line is placed in his office. The customer can see on his

screen allthe data coming into the Centre, and can follow and guide the course of the search

The Centre has succeeded in developing a program which can translate the computer

signals in which the data files to be consulted are stored into videotex signals, so that a

videotex terminal (viditel) can be used instead of a TELESEARCH monitor. These develop-

ments have been made operational at the premises of several clients.

TNO also continued its activities in the specific field of patent information through the work

of the Patent lnformation Office (formerly NIDER). The Office specializes in locating and

interpreting patent information. This information can be important for:

- evaluating the originality of products and methods, and improvements thereof;

- possible use in opposition or nullification procedures; - evaluating the originality of

inventions described in existing patents;

- exploring the risk of breaching the patent rights of third pafties;

- guiding research and innovation projects.

Using selected, relevant information, the services of the Patent lnformation Office were

brought to the notice of potential customers in 1983.

ln 1983, TNO's lnnovation Advice Group too was involved in work relating to the dissemina-

tion of knowledge. ln collaboration with the Centre for Technology and Policy Studies, an

investigation was carried out into the knowledge infrastructure of the wood and furniture

industry. The process of the development, dissemination and application of knowledge, as

it occurs in the agricultural and horlicultural industries, was taken as the frame of reference

or conceptual model. This agricultural model provided commerce and industry, the

government and 'knowledge' institutions with so much to work on and had such an inspiring

effect that several concrete suggestions in the project report are now being implemented by

interested padies.

Since 1978 the lnnovation Advice Group has given regular courses on creativity and

innovation. These courses were continued in 1983, both insides and outside TNO, and the

Group also contributed to the Teleac course 'lnnovation, creative enterprise'. As well as

contributing to the content of the course book and the radio and TV lessons, the group was

also involved in the final editing of the course.

53. New technological developments often call
for modern methods of transferring knowledge.
On TNO's ship's bridge simulator, navigators

are trained to handle large, complicated vessels.

The courses can be regarded as real sea exerci-
SES.
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54.'INNOVATION, creative enterprise'.
One of TNO's tasks is to pass on knowledge to
those who want to use it in practice. One of the

ways in which TNO does this is by giving cour-
ses. A contribution which was heard and seen

by a large audience was part of the Teleac

course on innovation.

Within the framework of the statistical supervision of agricultural research, statisticians of

the lnstitute for Mathematics, lnformation Processing and Statistics were assigned full-time

to the work of 13 agricultural research institutes. The activities of these institutes range from

research directly related to cultivation, to investigations in the areas of mechanization, soil

surveying and conservation. The statisticians provide project-related information, particu-

larly concerning the setting up of experiments. The processing of the results can increasingly

be carried out by the researchers themselves, and the statisticians therefore devote a great

deal of attention to the dissemination of general knowledge relating to the use of statistical

methods. Real progress was also made in the application of statistics to ecology, which has

led to greater insight into the relationships between species and environment.
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55. One of the places where researcher and
entrepreneur meet. At trade fairs TNO demon-
stratres what the Organization has to offer com-
merce and industry.

lnformation centres

One of TNO's tasks is to intensify its relationship with commerce and industry, particularly

with small and medium-sized companies, and to establish contacts with the regional

authorities. Regional advice and information centres have therefore been set up in

Enschede and Waalwijk, which were officially opened in 1983.

These centres are there to promote awareness of those TNO products and services which

are of interest to commerce and industry and the local authorities. ln the first phase, their

efforts are being directed towards 'intermediaries', institutions whose function is to serve

commerce and industry, such as the Govermental lndustrial Counselling Service and

Chambers of Commerce, Development Corporations, Employers' Associations and Banks.

The centres also work with the economic departments of the provincial and district

authorities.

A number of companies and institutions have already contacted the regional centres.

Among the problems put to them were questions relating to the assessment of materials and

the evaluation and development of products. Consultations on the approach to environmen-

tal issues in the region are being carried on with Waalwijk District Council. Afterdefining the

problem with the inquirers, the centres can make use of TNO's extensive knowledge and

capacity. ln many cases the inquiry is dealt with by one or more experts from the specialist

institute which is most at home in the area concerned. The regional co-ordinator is kept

informed of the progress.

Researcher meets entrepreneur

It is the policy of TNO to try and show as effectively as possible how outsiders can profit from

the work of the Organization. TNO devotes a great deal of effort to bringing about as many

direct meetings as possible between potential users of the research and the people in the

institutes who are searching for new technologies.

For instance, TNO frequently takes part in trade fairs and exhibitions, and regularly

organizes conferences and open days.

lndustrial iaison officers

Another example of how TNO tries to make the knowledge acquired through research

available to potential users, is the inquiry handling service fortrade and industrywhich was

set up several years ago.

By dialling +31 - (0)15 - 569330 and asking for the TNO industrial liaison officers ('TNO-
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Wegwijzer'), anyone can make use of the Organization's question and answer system. Every

year several hundred problems are dealt with in such a way that they are either solved within
a short time, or that the first step is made towards a solution.
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Development co-operation

As usual, TNO has again been active in a number of development co-operation proJects.

Within the Division for Technical-Scientific Services, the Ground Water Survey in particular

involved in work in developing countries. ln the North West Frontier Province of Pakistan this

lnstitute, in collaboration with the Water and Power Development Authority (WAPDA), has

carried out research into the quantity of groundwater which can be made available for

irrigation in a number of valleys and small river basins. ln the Kerio Valley and West Pokot,

Kenya, similar research has been carried out in co-operation with the Kenyan Ministry of

Water Development into the provision of irrigation and drinking water.

ln co-operation with the Sudanese National Administration for Water, following on from

previous projects in Kassala, El Gedaref and El Jebelein, a study has been made of the

amount of water available in Nyala in western Sudan. Assistance was also given in setting

up a computerized file of geological and hydrological data.

ln North Yemen a national inventory of the available hydrological and geohydrological data

has been comPleted.

The collaboration with INGEOMINAS in the districts of Atlantico and Bolivar (Atbol project,

Colombia) was continued. Limited supervision was provided from the Netherlands, in

contrast to the intensive collaboration in the other projects via on-the-spot teams of staff of

the Ground Water SurveY.

ln addition to the co-operative pro.jects mentioned above, a number of short missions have

been undertaken from Delft, primarily to identify projects. These included trips to China,

Egypt, Ethiopia, lndonesia, Saudi Arabia and Zimbabwe.

ln 1983 an agreement was entered into with Holcomb Research lnstitute, Butler University,

lndianapolis, U.S.A.,for the establishment of an office of the lnternational Ground Water

Modeling Center (IGWMC) at the Ground Water Survey. The IGWMC off ice in Delft will serve

Europe, Asia and Africa.

Staff of the Metal Research lnstitute (Division for Building and Metals Research) have carried

out a preliminary study into the possibilities of manufacturing nodular cast iron in Egypt. ln

the liquid state, this material behaves like cast iron - and is therefore relatively easy to smelt

and cast - but in the solid state it has virtually the same properties as steel. The ability to

manulacture it is of great importance to developing countries, since this eliminates the need

to import numerous expensive cast iron components, forged articles, and even rolled

products. lt enables these countries to maintain and run sugar refineries, agricultural

equipment, etc. without outside aid. The results of the preliminary study in Egypt were

sufficiently encouraging, and at the end of 1983 the Metal Research lnstitute was asked to

62 organize the introduction of nodular cast iron manufacture.
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56. Dr. W. Scheurs of theTNO Division for Nutri-
tion and Food Research received an honorary
doctorate of medicine at the University of Khon

Kaen in Thailand. King Bhumibol conferred this
honour on Dr. Scheurs on 1 5 December 1 983 in
recognition of his valuable services to public

health in Thailand.

The institutes in the Division for Nutrition and Food Research also did a great deal of work in

the field of development co-operation. The 'Food lnspector Training Projects', a training

course for African food inspectors in Kenya supervised by this Division, came to an end in

1 983. A follow-up proiect, which will last three years, has been started. During the course of

this project Dutch supervision willgradually be phased out, and management of the course

will pass into Kenyan hands.

The Division has submitted important proposals to the Ministry of Development Co-opera-

tion for a long-terrh project involving courses on food hygiene and technology in developing

countries. Preparations have also been made for co-operative programmes with universities

in Bogor (lndonesia) and Khon Kaen fl-hailand).
ln December 1983, the King of Thailand conferred an honorarydoctorate of medicine atthe

University of Khon Kaen on a member of the staff of the lnstitute C|VO-Toxicology and

Nutrition. This honour was awarded in recognition of all the valuable work he has done in

Thailand in the field of development co-operation. The aim of this work was to improve the

nutritional status of the population of the north-eastern region of Thailand. After trials to

determine the effects of a vitamin/mineral compound developed in the Netherlands on the

nutritional state of children, preparations have been made for a major dietary supplementa-

tion project. This will form part of a health education project being carried out with support

from the Dutch government.

Under United Nations supervision, TNO has taken part in a numberof missionsto Cambodia

to assess the severity of the food shortage there. As a result of the findings of the teams and

the recommendations made, an extensive UN humanitarian aid programme has been

started in the region.

Developing countries would be able to reduce their imports of wheat if local grains could be

substituted for a proportion of the wheat used in making bread and biscuit. ln African

countries these local cereals are chiefly sorghum and millet. The Division has developed a

technique for grinding these grains together with wheat in roller mills. The resulting

composite flour gave good results when used for making bread, provided that not more than

25oh ot the mixture was yellow-seed sorghum. Biscuit baking tests indicated that it is

technically possible to go as high as 50% sorghum; however, in taste tests biscuit proved

to be acceptable only if the sorghum content was kept below 25%. ln Cape Verde a TNO

staff member supervised the industrial milling and processing of a large batch of sorghum

and wheat, donated as food aid by Saudi Arabia and the Netherlands respectively. The f lour

produced gave extremely good results when made into bread and biscuit.

During 1983 a reseacherfrom the People's Republic of China worked atthe Division on the

improvement of types of bread made from composite f lours of wheat and other crops such

as rice, maize and sweet potatoes (yams), which are commonly grown in China.

Acceptance trials of three types of fish protein concentrate made by the Division were

carried out in Senegal. The reaction from Senegal was unanimously favourable. 200 kg of
the product which was rated the best was subsequently manufactured in the Netherlands63



for use in more extensive acceptance trials. lf these prove to be positive, an experimental

factory can be installed at the site where fish imports arrive.

The Division for Health Research is a participant in the lnternational Tuberculosis Surveil-

lance Centre. Among their activities were a training course for tuberculosis control in

Ethiopia, and follow-up investigations in lndonesia and Syria.
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Addresses of lnstitutes and other Establishments

(in the Netherlands)

Division of Technology for Society
TNO (MT-TNO)

Laan van Westenenk 501, 7334 DT Apeldoorn
Telex 36395 tnoap nl

Phone 055-773344

Delft Branch
Schoemakerstraat 97, 2628 VK Delft

P.O. Box 217 , 2600 AE Delft
Telex 38071 zptno nl

Phone 01 5-569330

Marine Research Laboratory @iology
Department)
Ambachtsweg 8a, 1 785 AJ Den Helder

P.O. Box 57,1780 AB Den Helder
Phone 02230-32924

TNO Research lnstitute for Environmental
Hygiene
Schoemakerstraat 97, 2628 VK Delft

P.O. Box 214, 2600 AE Delft
Telex 3807 1 zptno nl

Phone 01 5-569330

ZeistlUtrecht Branch
lnstitute of Applied Chemistry

Zeist Branch (lnstitute tor Physical
Chemistry)
Utrechtseweg 48,3407 HE Zeist

P.O. Box 108, 3700 AC Zeist
Phone 03404-55444

Utrecht Branch

Croesestraat 79,3522 AD Utrecht
P.O. Box 5009, 3502 JA Utrecht
Phone 030-88272 1

Apeldoorn Branch

Laan van Westenenk 501 , 7334 DT Apeldoorn
P.O. Box 342, 7300 AH Apeldoorn
Telex 36395 tnoap nl

Phone 055-773344

TNO Bureau tor Biotechnology TNO

Utrechtseweg 48, 3704 HE Zeist
P.O. Box 108, 3700 AC Zeist
Phone 03404-55444

TNO lndustrial Safety Bureau

Lange Kleiweg 117,2288 GJ Rijswijk
P.O. Box 45, 2280 M Rijswijk (ZH)

Telex 38034 pmtno nl

Phone015-138777

Energy Research Project Otfice TNO

Laan van Westenenk 501 , 7334 DT Apeldoorn
P.O. Box 342, 7300 AH Apeldoorn
Telex 36395 tnoap nl

Phone 055-773344

Bureau for Environmental Projects TNO

Schoemakerstraat 97, 2628 VK Delft
P.O. Box 217, 2600 AD Delft
Telex 38071 zptno nl

Phone 01 5-569330

Centre for Energy Studles fNO
Laan van Westenenk 501 , 7334 DT Apeldoorn
P.O. Box 342,73OO AH Apeldoorn
Telex 36395 tnoap nl

Phone 055-773344
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Division for Building and Metal lnstitute for Building Materials and Metal Research lnstitute TNO

Research TNO (BM-TNO) Building Strucrures fNO Laan van Westenenk 501, 7334 DT Apeldoorn

Laan van Westenenk 50 1, 7334 DT Apeldoorn Lange Kleiweg 5, 2288 GH Rijswijk (ZH) P.O. Box 541 , 7300 AM Apeldoorn

Telex 36395 tnoap nl P.O. Box 49, 2600 M Delft Telex 36395 tnoap nl

Phone 055-773344 Telex 38270 ibbc nl Phone 055-773344
Phone 01 5-1 38222

lnstitute for Mechanical Constructions TNO

Leeghwaterstraat 5, 2628 CA Delft
P.O. Box 29,2600 AA Delft

Telex 38192 iweco nl

Phone 01 5-56921 8

Division for lndustrial Products and Forest Products Research lnstitute TNO lnstitute for Packaging Research TNO

Services TNO 0PD-TNO)
Schoemakerstraat 97, 2628 VK Delft

Telex 3807'l zptno nl

Phone 01 5-569330

Schoemakerstraat 97, 2628 VK Delfl
P.O. Box 151 , 2600 AD Delft

Telex 38071 zptno nl

Phone 01 5-569330

Schoemakerstraal 97, 2628 VK Delft

P.O. Box 169, 2600 AD Delft
Telex 38071 zptno nl

Phone 01 5-569330

P/asfics and Rubber Research lnstitute TNO Fibre Research lnstitute TNO

Schoemakerstraat97,2628 VK Delft Schoemakerstraat 97, 2628 VK Delft

Postbus 71, 2600 AB Delft P.O. Box 1 10, 2600 AC Delft
Telex 38071 zptno nl Telex 38071 zptno nl

Phone 015-569330 Phone 015-569330

lnstitute for Leather and Shoe Research TNO Research lnstitute for Road Vehicles TNO

Mr. van Coothstraat 55, 5141 ER Waalwijk Schoemakerstraal97,2628 VK Delft

Telex 35083 lstno nl P.O. Box 237, 2600 AE Delft
Phone 04160-33255 Telex 38071 zptno nl

Phone 0'l 5-569330

Paint Research lnstitute TNO

Schoemakerstraat 97, 2628 VK Delft
P.O. Box 203, 2600 AE Delft
Telex 38071 zptno nl

Phone 01 5-569330

Laboratory for Applied Marine Research TNO

Ambachtsweg 8a, 1785 ,A.J Den Helder
P.O. Box 57, 1780 AB Den Helder
Phone 02230-32924

67



Division for Nutrition and Food Research lnstitute CIVO-Analysis TNO

Division for Technicat-Scientific
Services TNO FWD-TNO)
Stieltiesweg 1, 2628 CK Delft
Telex 38091 tpddt nl

Phone 01 5-788020

TNO (VV-rNO)
Utrechtseweg 48,3704 HE Zeist
Telex 40022 civo nl

Phone 034O4-52244

TNO Centre for Micro-Electronics
Schoemakerstraa| 9T, 2628 VK Delft
P.O. Box 67, 2600 AB Delft
Telex 38071 zptno nl

Phone 01 5-569330

Groundwater Survey TNO
Schoemakerstraat 97, 2628 VK Delft
P.O. Box 285, 2600 AG Delft

Telex 38071 zptno nl

Phone 01 5-569330

lnstrumentum TNO
Surinamestraat 2, 261 2 EA Delft
Curagaostraat 2, Delft

Telex 38130 intno nl

Phone 0'15-140281

Malt and Beer)

I n stitute C IVO -Tec h nolo gy T N O

Utrechtseweg 48,3704 HE Zeist

P.O. Box 360, 3700 AJ Zeist
Telex 40022 civo nl

Phone 03404-52244

P.O. Box 183, 1970 AD lJmuiden)

lnstitute CIVO-Toxicology and Nutrition TNO

Utrechtseweg 48,3704 HE Zeist
P.O. Box 360, 3700 AJ Zeist
Telex 40022 civo nl

Phone 03404-52244

TNO lnstitute for Mathematics, lntormation
Processing and Statlstlcs
Koningin Marialaan 21 ,2595 GA The Hague

P.O. Box 297,2501 BD The Hague

fe|ex31707 wstno nl

Phone 070-8241 61

lnstitute for Applied Physics TNO-TH

Stieltjesweg 1, 2628 CK Delft

P.O. Box 155, 2600 AD Delft
Telex 38091 tpddt nl

Phone 01 5-788020

T N O Biomed ic al I n stru me ntation Res e arc h

Unit
Academisch Medisch Centrum (AMC)

Ruimte 61-1 11

Meibergdreef 9, 1105 AZ Amsterdam

Phone 020-5665838

lnstitute tor Cereals, Flour and Bread TNO
Lawickse Allee 15, 6701 AN Wageningen
P.O. Box 15, 6700 M Wageningen
Phone 08370-1 905 1

Utrechtseweg 48,3704 HE Zeist
P.O. Box 360, 3700 AJ Zeist
Telex 40022 civo nl

Phone 03404-52244

Bureau Toxicology TNO
Utrechtseweg 48,3704 HE Zeist

Phone 03404-52244

Utrechtseweg 48,3704 HE Zeist
P.O. Box 360, 3700 AJ Zeist
Telex 40022 civo nl

Phone 03404-52244
(incl. Netherlands lnstitute for Malting Barley, Research Group for Meat and Meat Products

(incl. Netherlands Centre for Meat Technology, P.O. Box 360, 3700 AJ Zeist
Zeist, and TNO lnstitute for Fishery Products, Telex 40022 civo nl
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Division for Health Research TNO (GO-TNO)
Eysingahuis
Rijnsburgerweg 100, 2333 AE Leiden

Phone O71-172041

Gaubius lnstitute TNO
Herenstraat 5d, 231 3 AD Leiden

Phone 071 -13.1 345/134548

Medical Biological Laboratory TNO

Lange Kleiweg 139,2288 GJ Rijswijk (ZH)

P.O. Box 45, 22BO AA Rijswijk (ZH)

Telex 38034 pmtno nl

Phone 01 5- 1 38777

TNO Medical Technology Department
Da Costakade 45, 3521 VS Utrecht
P.O. Box 501 1, 3502 JA Utrecht
Phone 030-935 1 41

Netherlands lnstitute fot Preventive Health
Care TNO
Wassenaarseweg 56, 2333 AL Leiden
P.O. Box 124, 2300 AC Leiden
Phone 071-170441

Central lnstitute tor the Breeding ot
Laboratory Animals INO
Woudenbergseweg 55,
3 707 HW Au ste rlilz/Zeist
P.O. Box 167, 3700 AD Zeist
Phone 03439-1 646

Rad io b iolog i c al I nstitute T N O

Lange Kleiweg 151 , 22BB GJ Rijswijk (ZH)

P.O. Box 5815, 2280 HV Rijswilk (ZH)

Telex 38191 repgo nl

Phone 01 5-1 36940

lnstitute for Experimental Gerontology TNO
Lange Kleiweg 151 ,2288 GJ Rijswijk (ZH)

P.O. Box 5815,2280 HV Rijswijk (ZH)

Telex 381 91 repgo nl

Phone 01 5-1 36940

Primate Centre TNO

Lange Kleiweg 151 , 2288 GJ Rijswijk (ZH)

P.O. Box 5815, 2280 HV Rijswijk (ZH)

Telex 38191 repgo nl, Phone 0.1 5-136940

Rad iological I nstltute fNO
Utrechtseweg 310, 68.12 AB Arnhem
Phone 085-457057

Caries Research Unit TNO
Catharijnesingel 59, 351 1 GG Utrecht
Phone 030-31 3347 , exl. 43

Tuberculin Research Unit TNO
Juliana van Stolberglaan 148,

2595 CL The Hague

P.O. Box 297,2501 BD The Hague
Telex 31 660 tnogv nl

Phone 070-814481

Co-ordinating Bureau for Activities in the area
of Humanization of Work TNO

Wassenaarseweg 56, 2333 AL Leiden
P.O. Box 124, 2300 AC Leiden

Phone 071-170441



Division for National Defence Research TNO
(DO-rNO)
Koningin Marialaan 21 ,2595 GA The Hague

Telex 31 660 tnogv nl

Phone 070-814481

TNO Policy Research and lnformation Group
(Br-rNo)
Schoemakerstraal 97 , 2628 VK Delft

Telex 38071 zptno nl

Phone 01 5-569330

Laboratory of Electronic Developments
for the Armed Forces INO
Haarlemmerstraatweg 7, 2343 LA Oegstgeest
P.O. Box 1260,2340 BG Oegstgeest
Telex 39319 dleok nl

Phone0l711-19210

Physics Laboratory TNO
Oude Waalsdorperweg 63,

2597 AK The Hague
P.O. Box 96864, 2509 JG The Hague

Telex 32397 pltno nl

Phone 070-264221

Research Centre for Physical Planning TNO

Schoemakerstr aat 97, 2628 VK Delft

P.O. Box 45, 2600 AA Delft

Telex 38071 zptno nl

Phone 01 5-569330

Study and lnformation Centre TNO on

Envi ronmental Research
Schoemakerstraat 9T, 2628 VK Delft
P.O. Box 186, 2600 AD Delft

Telex 38071 zptno nl

Phone 01 5-569330

Centre lor Technology and Policy Studies TNO
Laan van Westenenk 5O1,7334 DT Apeldoorn
P.O. Box 541 ,73OO AM Apeldoorn

Telex 36395 tnoap nl

Phone 055-773344

Centre for Technical and Scientific
lnformation and Documentation TNO
Schoemakerstraal 97 . 2628 VK Delft

P.O. Box 36, 2600 M Delft
Telex 38071 zptno nl

Phone 01 5-569330

TNO lnnovation Advisory Group
Schoemakerstraat 97 , 2628 VK Delft
P.O. Box 215, 2600 AE Delft

Telex 38071 zptno nl

Phone 0 1 5-569330

Prins Maurits Laboratory TNO

lnstitute tor Chemical and Technological

Research
TNO-complex Plaspoelpolder

Lange Kleiweg 137 , 2288 GJ Bijswijk (ZH)

P.O. Box 45,2280 AA Rijswijk (ZH)

Telex 38034 pmtno nl

Phone 01 5-1 38777

lnstitute for Perception TNO
Kampweg 5,3769 DE Soesterberg
P.O. Box 23,3769 ZG Soesterberg

Phone 03463-1 444

Bureau of the Netherlands lndustrial
Council for Oceanology
Schoemakerstraal 9T, 2628 VK Delft

P.O. Box 215, 2600 AE Delft

Telex 38134 iro nl

Phone 01 5-569330

Bureau of the lndustrial lnnovation Proiect

Laan van Westenenk 50 1 , 7334 DT Apeldoorn
P.O. Box 910, 7301 BD Apeldoorn

Telex 36395 tnoap nl

Phone 055-339791

TNO Traftic and Transportation Group
(VVG-TNO) (atfiliated to the TNO Research
Centre for Physical Planning)

Schoemakerstraal9T , 2628 VK Delft
P.O. Box 45, 2600 AA Delft
Telex 38071 zptno nl

Phone 01 5-569330

Patent lnformation Office (formerly NIDER)

Patentlaan 2,2288E8 Rijswijk (ZH)

P.O. Box 309, 2280 AH Rijswiik (ZH)

Telex 31622 nider nl

Phone 070-907858
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lnstitutions connected with TNO

National Co-ordinating !nstitutions

Potato Processing Research lnstitute
Rouaanstraat 27, 9723 CC Groningen
Phone 050-1 30341

Foundation for Scientific Research into
Rehabilitation (SWOR)

Zandbergsweg 1 1 1, 6432 CC Hoensbroek
Phone 045-2 1 4000

lnternational lnstitute for Applied Systems
An aly s i s ( Fou nd atio n I I AS A-The N eth erlan ds)
Schoemakerstraat 97, 2628 VK Delft
P.O. Box 895, 2600 AW Delft
Telex 38071 zptno nl

Phone 01 5-569330

TNO lnstitute for Cleaning Techniques (lR-TNO)
Schoemakerstraal 97, 2628 VK Delft
P.O. Box 70, 2600 AB Delft
Phone 01 5-569330

National Council for Agricultural Research
Adelheidstraat 84, The Hague
Telex 31 660 tnogv nl

Phone 070-471021

TNO Commiftee on Hydrological Research
(cHo-TNO)
Juliana van Stolberglaan 148, The Hague
P.O. Box 297,2501 BD The Hague

TNO Commiftee on Research into
Side-effects of Pesficldes and related
Compounds
Schoemakerstraat 97, 2628 VK Delft
P.O. Box 186, 2600 AD Deltt
Telex 38071 zptno nl

Phone 01 5-569330

Netherlands lnstitute for Welding
Laan van Meerdervoorl2b,2517 AJ The Hague
Phone 070-600937

Maritime Research lnstitute Netherlands
(MARtN)

MARIN Wageningen
Haagsteeg 2,6708 PM Wageningen
P.O. Box 28, 6700 M Wageningen
Telex 45148 nsmb nl

Phone 08370-9391 1

TNO Committee on Air Pollution Research
TNO-complex Zuidpolder
Schoemakerstraat 97, 2628 VK Delft
P.O. Box 186, 2600 AD Delft
Telex 38071 zptno nl

Phone 01 5-569330
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Keywords

On the next few pages the reader willfind an alphabetical list of keywords. When

compiling this list, the aim was to provide the user with a number of relevant entries

to the activities described in this brochure, rather than to strive after completeness.

For that reason the list should not be regarded as an access to the entire programme

of activitiesof theTNOOrganization,'ResearchApplied'in itself being nomorethan
a selection from these activities.
Thosewho wish to get a complete view of a certain subject area are advised to make

use of the entries (names and addresses) on pp. 73ff.
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Analysis of traffic accident statistics 53 Complaints relating to unpleasant odours 32 Firing pattern registration 4g

Absorption heat pump 19

Acid equivalents 31

Acid rain 56
Acidic and acidifying substances 31

Acidifying air pollutants 30
Aging 38
Agricultural equipment I
Agricultural research 59

A.t.D.S.39
Aids for the disabled people 42

Air pollution 30

Ammonia 30
Amylase derivatives 10

Animal feed processing industry 21

Asbestos 32

Audibility of speech 26
Automatic coffee-makers 9

Automatic operation of accelerator,
brake and gears 50

Automatic speech recognition 52
Automation 37

Bacterial toxins 39
Bactometer 44

Bakery products 47
Barcode 9

Barcode scanner system 9

Beechwood 16

Biomedical lnstrumentation 41

Biotechnology 47
Bird intensities 50
Blasting grit 27
Blood iron level 43
Bromide compounds 27
Building 23

CAD/CAM 7;24;49
Cadmium 30

Calibrating 12

Cancer registration system 40
CASTA 24

Chronic non-specific respiratory disorders 34 Ethiopia 62
Clothing 12

Clothing ergonomics 53

Coal dust 32; 52

Coal exploration pro.lects 21

Coal technology 19

Communications system 49

Cavity walls 25
Cell separation equipment 41

Ceramic materials I
Chemical ionization 45

Chemical wadare 50
Chemometry .17

Complex iron cyanides 27
Composite flour 63

steel constructions 24
Computer in the building industry 24
Concrete structures 25

Environment 27

Environment and physical planning 57
Environmental policy 30
Enzymatic hydrolysis 1 l
Epidemiological data 40
Equipment for measuring blood pressure 41

EUROSID 57

Explosion prevention 5 l
Extrusion treatment 47
Eye irritation experiments 44

Fire prevention 26

Fish protein concentrate 63

Fishery products 44

Flight-duration meters 49
Fluorine 31

Food 44

Food lnspectors Training Projects 63
Foot abnormalities 15

Footwear information package 15

Force transducers | 2

Forest management 1 5

Frozen fish stores 21

Fruit juices and drinks 17

Functional clothing 12

Fungicides 28

Gas cloud explosions 52

Gas cylinders 9
Gas-motor heat pump 19

Gas-motor heat pump systems 26

Gas-works 27
Genotoxicity 39
Genotoxicity research 44
Geothermal energy project 21

Gerontology 38
Glass fibre technology 8

Glucose 30

Groundwater 29
Groundwater studies 30

Computer Aided Manufacturing (CAM) - Flavour and odour compounds l0

Consumption and physical structure 24 Food hygiene 44
Control of Epilepsy 41

CO, laser 8

Cyber 55

Dead weight bench 12

Defects 25
Demographic research 23
Detection of toxic substances 51

Development co-operation 62

DIANA 24

Disabled people 4'l

Dispersion models 30
Domestic refuse 30
Drawing and cutting equipment 13
Dredging mud 28
Drinking water installation 51

Drying stresses 1 6

Dynamically loaded structures 52

Ecology 59
Egypt 62

Elderly 38
Electro-optical sensors 48
Emission 31

Energy 1 9

Energy saving 26
Energy saving in industry 2073



Harbour mud 28
Health care 36

Hearing protection programmes 33
Heatpumps l9
Heat recovery 20
Heat storage 22

HeaVpower generation 20
Heating systems 25
Heavy metals 2B

Hepatitis 39

High Efficiency boilers 33

High temperature erosion 7

High temperature reactors 7

Hormonal reactions to nutrition 44

Hormone DES 45
Housing hygiene 34

Hydrocarbons 30
Hyperfiltration membranes 1 1

lmmobilization of enzymes 10

lmmune system 38
lmmunology 39
lndonesia 62

lndoor climate 25

lndustrial bakeries 20

lndustrial hygiene 37
lndustrial safety 37

lndustrial technology 7

lnformation technology 7; B

lnfrared Astronomy Satellite 12

lnfrared warning device 48
lnner city 23

Kidney transplant 39

Kosten unit 34
Kriging interpolation method 29

Lactobacilli 45
Laser in industrial processes 8

Laser pen for barcode scanning 9

Lead 30
Leukaemia 40

Level of daylight 33

Lifespan studies 38

Maize 63

Maintenance work 23

Making succinate 10

Man and work 36
Man-machine systems 38

Marrow transplant 39

Mass spectroscopy 45
Mass transfer processes 1 0

Medical biological research 48
Membrane technology 11

meat products 44

Microbial soil processes 19

Mine detection 49
Minimum energy houses 32

MISCHEDULE program 7

MITURN system 7

Mobility of disabled people 42

Modifications 23

Monoclonal antibodies 38

Multijuel stove 32

Multi-room model 25

Multiple sclerosis 39

Narcotics 38

Neodymium-YAG laser B

Nervous system 37

Nitrogen oxides 30
Nodular cast iron 62

Noise in the working environment 37

Noise pollution 26

North Yemen 62

Nutrition and cancer 44

Nutrition 43

Observation equipment 4B

Off-flavours 46

Offshore 7

Oil seeds 47

oit 29

Operational research 48

Operator in manufacturing industry 38

Optical glass fibres 8

Organic micropollutants 28

Odhopaedic footwear 15

Oxygenation capacity in sewage farms 28

Packaging 14

Packaging design 14

Paint-spray robots 9

Pakistan 62

Paper manufacturer 20

Penicillin/Acylase/Urease 1 0

Pesticides 30

pH control 10

Phased-array radar antenna 49

Photochemical Oxidants and Acid Deposition 4

Model Application 31

Physical planning 23

Pipeline 29
Policy relating to groMh arcas24
Polio vaccine 39

Pressure discharge tests 52

Pressure sensor 8

Prevention 36
Primates 40

Product development I
Product innovation 56
Production technology 7

Projectile speed measuring system 49

Public water authorities 30

Ouality assurance in the building industry 25

Quality control 16

Methods of detecting harmful substances 37 Parent cell of the bone marrow 40

Methyl bromide 32 Pattern recognition 50

Microbial condition of the raw materials for Pedestrian-friendliness 57

lnspection (of concrete under water) 12 Model plankton ecosystems 29

lnspection of foundations 25

lnterior lighting system 33
lnternational Tuberculosis Surveillance Morbidity 36

Centre 64

IRAS project 12

lron Cyanides 27

Kenya 62

Kerio Vatley 62
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Radar reflections 49

Radiation (cancer) 40

Radioactive radiation exposure 32

Rainwear 12

Recombinant DNA 38
Recycling 11

Reflection seismics 21

Refuse dumps 30

Rehabilitation technology 41

Benovations 23

Rheumatism 39
Rice 63
Road safety 57

Robot manipulations 13

Roof racks and load carriers 16

Room thermostat 26

Rye flour 46

Safety 34

Safety of rides and attractions at

amusements parks 34

Safety measures in cars 57
Safety of road vehicles 16

Saudi Arabia 62

Seismic fieldwork 21

Seismic research 9
Sensory research 45

Ship movements 11

Shipbuilding industry 7

Shipping traffic 34

Shoes for disabled people 42

Shrimps 35
Sialons 9
Simulation 48
Sludge dewatering with filter presses 29
Slufterdam proiect 28

Soil heat exchangers 't 9

Soil pollution 27
Soil survey 59

Solar energy 19

Solar-heated houses 1 I
Solvents 37
Soman simulator 51

Sonar 48
Sorghum 63
Sound insulation 33
Sound insulation during renovation 26

Sound-proofed booths 33
Soya 46

Staged malting 47
Starch factory 20

Stick for blind people 52

Stress in work situations 53

Submarines 53

Sudan 62

Sudace waters 28
Synthetics from waste 11

Tanks of an inland waterways LPG tanker 34

Teach-in procedure 9

Teachmovers 1 3

Technology 55
Technology and Policy 55
Technology Assessment 55

Telecommunications 48

Test dummy 57

Test regulations l6
Textile mill 20

Textile research 1 2

Thailand 63

Thermal Jump Test 52

Thermophysiology 53
Total-energy installations 26

Toxic substances 50

Toxicology and nutrition 43
Traffic control system 34
Training on ship's bridge and

engine-room simulators 34
Transit 57

Transportation packaging I4
Tuberculosis control 64
Tumours 39
TV tracking system 50

Upflow fermentator 10

VDU problems 37
Ventilation in dwellings 32

Vessel-movement simulator 1 2

Vibration transducer I
Vitamin 86 level 43

Waste dumps 27
Water and Power Development Authority 62

Water pollution 28
Welding 32

Welding wire 7
West Pokot 62

Wetlands ecosystems 29
Wheelchair for people with motor

handicaps 53
Wood and furniture industry 58

Wood 15

Wood-processing industries 1 5

Work situations 37

Youth health care 36

Zero base programma 32

Zimbabwe 62
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