















































present the range of applications is
expanding rapidly. On one hand devices
basically intended to be produced by
thermal diffusion are optimized by the
introduction of steps obtained by
ion implantation; on the other hand,
designing draws new potential from the
greater degree of freedom that ion
implantation allows in the doping of
semiconductors, and devices with totally
new characteristics become feasible. The
greater flexibility of the doping process
and better control of the basic param-
eters of the devices are the two factors
which determined the introduction of
implantation as an industrial production
technology for silicon devices. In the
case of compound semiconductors the
advantage is still more obvious, since
with thermal diffusion it is often impos-
sible to introduce the desired doping
impurities without at the same time
altering the structure of the semiconduc-
tor with consequent deterioration of the
electric characteristics. This is due to the
decomposition phenomena which occur
in the material at the high temperatures
required for thermal diffusion.

It should be noted that implantation
is compatible with all the technological
processes already in use in the manu-
facture of these devices, and could be
introduced either as an integral part of
the process or as a process comple-
menting or — in some cases — replacing
thermal diffusion.

From a strictly technological point of
view, the main advantages of the diffu-
sion process may be summarized as
follows:

— a wide choice of doping elements;

— possibility of varying the concentration
profile to a wide degree, independently
of the temperature;

- high precision control of the doping
down to the lowest levels with optimum
uniformity even on surfaces several
cm? in area;

— concentration profile not influenced by
the presence of defects (e.g., disloca-
tions) in the semiconductor;

— use of relatively low temperatures,
which reduces the risk of introducing
unwanted impurities by diffusion and
spoiling the characteristics of the
initial material (average carrier life-
time);

-~ absence of lateral spreading of the
dopant when introduced through a
mask;

— possibility of using one accelerator for
several types of dopants.

In terms of performance of conven-
tional devices, the advantages listed
above take the form of improvement in
three basic characteristics:

~ high frequency response;
- ability to withstand high power values;
— reproducibility and production yields.

The high frequency response is limited
by the time required for carrier transit
through the active region of the device,
and by the parasitic capacitances and
resistances, which depend on the geome-
try and the concentration profiles of the
doped zones. One example of the advan-
tage achievable is given further on in the
detailed comment on the implanted
MOST (Metal Oxide Semiconductor
Transistor).

The ability to withstand high power
values (high voltages without rupture,

and high amperages) depends on the
concentration profile and its uniformity
along the surface.

Reproducibility and production yield
are higher owing to better control and
greater uniformity of the doping.

Some of the devices developed by
means of ion implantation are listed in
Table V; the list is far from exhaustive,
and is only intended to exemplify some
of the advantages discussed above.

MOST — A more detailed treatment
has been reserved for MOST devices,
both for historical reasons, because
they were the first to be made by implan-
tation on an industrial scale, and
because it is this category of device which
has hitherto chiefly benefited from the
advantages provided by the use of ion
implantation (Fig. 13). In the conven-
tional MOST, the tolerances in the
masking process and the influence of
lateral diffusion are such that the overlap

Table V: Characteristics of the devices obtained through ion implantation.

— variable capacity
(varactor) diodes

— IMPATT (Impact

Resistors Possibility of obtaining high resistivity with
good reproducibility, uniformity and increased
value of discharge voltage to the substrate.
Small dimensions with advantages in the
case of complex circuits.

Diodes:

— solar cells Junctions very close to the surface are obtained

-— nuclear radiation which minimize theradiation “entry windows ",

detectors It is possible to obtain uniform doping over

an extended area.

The relation between the diode capacity and the
applied voltage can be predetermined within
very broad limits by varying the concentration
profile of the implanted ions.

Junctions are obtained in which the tendency to

Avalanche Transit
Time) diodes

—- photodiodes

form microplasmas is reduced by the uniform
depth of penetration of the implanted ions.
This characteristic is particularly useful because
these diodes operate with electric ficlds close
to the discharge level.

The yields are improved from 10%, to 90%, owing
to the improved uniformity and reproducibility
of the doping.

MOST (Metal Oxide
Semiconductor
Transistor)

Lower parasitic capacitances are obtained and
therefore it is possible to operate with higher
frequencies
greater compactness and density of devices in
complex circuits:
lower cnergy consumption;
improved control of characteristics;
better reproducibility;
higher production yield.
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The advantage of being able to use
any type of ion regardless of its solubility
in semiconductors is obvious. For
example, the conversion of CdS from n
type to p type (an important stage in the
manufacture of devices based on CdS),
not feasible by diffusion, has been
achieved by implanting bismuth ions.
In addition, because the defects can be
annealed at a lower temperature and
for a shorter time, the degradation
(decomposition with loss of stoichiome-
try) produced by the high temperatures
typical of diffusion is avoided.

One of the problems of compound
semiconductors is the complexity of the
damage caused by the slowing down of
the ions in the solid. The electrical
activity of the defects introduced has
been utilized to produce, by bombard-
ment with 100 keV protons, donor levels
in GaAs and high-resistivity layers in
ZnTe. The existence of acceptor or
donor levels introduced by bombardment
often tends to conceal the effect produced
by the chemical species of the implanted
ion and to complicate the annealing
process. A great deal of work is being
carried out to throw more light on the
behaviour of these systems.

Summary

In this article, ion implantation has
been presented as a complementary and
sometimes alternative technique to ther-
mal diffusion for the doping of semi-
conductors. The explanation of the
physical process has shown the reader
why it is a highly flexible and potentially
valuable method.

As regards fabrication of the devices,
we have confined ourselves to those
that have already been favourably asses-
sed and have found uses in industry
which, after all, is the real test bench for
any new technology. The material is
continually being developed, and it is
foreseeable that in 7-8 years time nearly
all the devices will include one or more
ion implantation stages in the production
process; the prediction is supported by
the fact that this new technology pushes
components electronics further along the
road it has already taken and which it
appears bound to follow, towards greater
device density, reliability and response
velocity and lower energy consumption.

Our primary aim was to illustrate the
use of ion implantation in the field of
semiconductor devices. It is not certain

that it could be as widely applied in
other fields, but its potential is equally
promising.

Particularly noteworthy are the pros-
pects in the field of the optical and
magnetic properties of materials. It has
been shown that the refractive index
of dielectric materials can be varied very
accurately, by means of ion implantation;
this is of particular interest in the devel-
opment of integrated optical circuits.
By using a similar technique it is possible
to modify thin films so as to control
their magnetic properties; such a process
could be used in the technology of
superconductors and magnetic-bubble
memories.

Other interesting applications are being
found in the field of materials for nuclear
uses. They depend on the possibility of
simulating, by ion bombardment, the
effect of high neutron fluxes on the pro-
perties of the materials; an irradiation
with ~ 1015 ions/em? is equivalent to
an integrated flux of 1020 - 1021 fast
neutrons/cm?.  Specific  applications
concern void formation processes and
gas emission from the structural materials
of nuclear reactors and, in the field of
thermonuclear fusion, simulation of
pressure vessel damage done by 14 MeV
neutrons.

In the field of fundamental research,
the discovery of this technique has led
to a far greater understanding of ion/
crystal interaction processes and of the
chemical and physical behaviour of
atoms introduced into different matrices.
Another contribution was the discovery
of ion channelling in single crystals,
which disclosed a new branch of research
and created a powerful instrument for
diagnosing the position of atoms in a
crystalline matrix.

Altogether, ion implantation is an
excellent example of how a new technique
can help to stimulate studies and applica-
tions in various scientific fields (Fig. 14).
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Ecology and ecosystems

According to the usual definition, the
science of ecology or synecology! means
the study of the relationship between
living beings and their environment and
each other. This term was suggested in
1896 by the German biologist Haeckel (1)
in order to distinguish ecology from
other biological and allied natural
sciences, such as plant and animal
physiology, systematics, sociology, agro-
geology, etc. Because of its many facets,
ecology is a synthetic science, made up
of different disciplines. Ecological re-
search is just as old as the research done
in the numerous fields which form a part
of it.

Ecology is not a new science, but it is
a topical one, as result of all the anti-
ecological threats and dangers to which
the human, plant and animal environ-
ment is exposed to nowadays.

Though it is really stretching the term
ecology somewhat, further distinctions
are currently made between the world of
plants (plant ecology), animals (animal
ecology) and man (human ecology). A
particular aspect of human ecology is
further known as health ecology, defined
by Zielhuis (2) as “The study of the
processes which at the level of biotic
and social relations between man and
his environment are relevant to the
health, diseases and health care of man
as a species and as a group”’. The results
of these studies will help public author-
ities to act with purpose and direction.

Radioecology (also known as radiation
ecology) is that branch of ecology which
deals both with the transfer of radio-
nuclides in the ecosystems in relation to
the protection of man and animals
against the direct hazards of radioactive
contamination and with the effects of
ionizing radiations on the biotic com-
ponents of ecosystems (3).

In the natural physical habitat, with
definite abiotic ecological characteristics,
also known as the biorope, a natural
community will be formed with a
population having specific characteristics.
In 1877 Mobius gave the name of
biocoenosis to a community of all types
of organisms living permanently in the
same biotope. This community is very

1 Oikos = literally “‘dwelling place”: the
study of homes, habitats or households, a
neologism related to classical *“‘economics”.

closely dependent on the physical,
abiotic environment in which it lives and
with which, under normal circumstances,
it forms an indivisible whole. Tansley (4)
called this unity of the biocoenose and
the biotope — under natural conditions
— the ecosystem (biogeocoenosis).

Ecology is therefore a composite
science. The consequence of increasing
specialization in the sciences, each
leading to its own highly specialized
research, was that even a century or
more ago it was impossible, both liter-
ally and figuratively, to see the commu-
nity of the wood for the trees. Insufficient
attention was paid to the interrelation
between the biocoenosis and its habitat,
the biotope.

This negligence was most in evidence
where human intervention led to the
introduction into a particular ecosystem,
alongside natural cultures, of cultures
originating from other ecosystems with
different climatological, geographical,
edaphic, orological, biotic or sociological
conditions. Even a difference in one of
the natural characteristics of a given
natural ecosystem, e.g., temperature,
light, precipitation or altitude, resulted
in the failure of non-indigenous cultures,
especially when the life form in question
had little if any power to adapt itself.

Many instances can be quoted in this
connection, such as the consequences of
transferring tropical cultures to our
temperate zones. Conversely, natural
cultures from our parts of the world
appear to have difficulty in adapting to
tropical areas. The well-known dandelion
which flourishes in low-lying polder
areas cannot manage, phenotypically,
i.e., in its physical form, to be more than
a small, stunted plant in mountainous
areas.

There are a number of factors which
determine the natural (5) ecosystem and
which are essential to man, plants and
animals, system-linked environmental fac-
tors such as :

— climatological factors : temperature,
rainfall, vaporization, light, sunshine,
wind;

— edaphic factors : physical and chemical
composition of soil, air and water; the
substrata in and on which man, plants
and animals live;

— orological factors : altitude; in general
a series of complex influences of pri-









some way induce changes in the compo-
sition of an ecosystem.

In a number of respects, for example,
the definition of water pollution for-
mulated at a meeting of FEuropean
experts in Geneva in 1961 is open to
criticism: ‘““A watercourse is considered
to be polluted when the composition of
the water or condition in which it
exists is directly or indirectly changed
by man in such a way as to render it
less well suited to all, or at least some
of the purposes for which it could be
used in the natural state’.

According to this definition then, the
criterion for judging whether water
is polluted is whether or not it can be
used. Moreover, the only causal agent
considered is man, whereas various other
circumstances may contribute to pollu-
tion, such as floods, animal offal or
cadavers, minerals from toxic ore depos-
its (e.g., deposits containing radium),
etc.

Matters or energy foreign to the system
may be classified in various ways in the
elaboration of measures relative to
environmental hygiene. The following
categories may be distinguished :

— waste materials :@ as gases, fluids or
solids. This heading includes xeno-
biotica with the most widely differing
physical and chemical properties,
including radioactive substances;

— residues such as pesticides and fertil-
izers;

— viruses such as bacteria and other
micro-organisms which may find a
good nutrient medium in slaughter
houses and municipal garbage disposal
plants;

— additives used as dyes, preservatives,
antioxidants, emulsifiers, stabilizers,
antibiotics, hormones, etc., in the
manufacture and processing of food-
stuffs;

— thermal loading of surface or ground
water by industrial cooling water;

— stench and fetid odours: industry;
— noise: industry, means of transport;
— fonizing radiations: industry, etc.

<4

Fig. 4: Harmful substances can enter living
organisms by a large variety of ways, e.g.,
through drinking water, as in the case of these
cows.

Dose-effect relationship — The task
of the environmental hygienist is to study
harmful exogenous influences and either
restrict them to a minimum or eliminate
their causes in order to protect human
health and the natural environment,
According to the World Health Organi-
zation’s definition, the term ‘‘health’ has
to be interpreted very broadly : ‘“Health
is a condition of perfect physical, mental
and social well-being and not merely an
absence of illness or infirmity”.

Theoretically speaking, it would be
easy to exclude from the human envi-
ronment all factors foreign to the system,
if other considerations, e.g., of an
economic nature, did not have to be
taken into account.

We must note that rapid technological
development, industrialization, the in-
crease in traffic, urbanization and energy
production have not been accompanied
by an awareness that disturbances of the
natural equilibrium could lead to disas-
trous consequences (6).

There is one exception to these nega-

tive aspects of industrial progress,
namely, the peaceful use of atomic
energy. Development in this field is

surrounded by the strictest of provisions
on health protection and environmental
hygiene. These standards are so severe
that it has taken a long time to get
this source of energy developed on a
commercial and competitive basis.

One of the great problems confronting
environmental hygienists is to determine
the maximum admissible levels of matter
foreign to the environment. Russian
hygienists set their standards in accor-
dance with the following principle
“Any stimulus, whether pleasant or
unpleasant, and of whatever kind,
becomes unpleasant, intolerable and
even pathogenic once it is inescapable’.

It is well-known that for system-linked
environmental factors there is also an
optimum dose situated between a given
maximum and a given minimum and
which, if exceeded in either direction,
produces a harmful effect instead of a
useful one. For even an excessive use of
cooking salt is harmful. As early as the
sixteenth century the Swiss alchemist
Paracelsus observed that *“Sola dosis
facit venenum’ (it is only the dose which
poisons). The optimum dose for mate-
rials foreign to the system is naturally
nil. It may also be desirable or necessary

for other reasons of an economic nature,
for example, to set tolerance levels with
a dose greater than nil.

There are many aspects to the ques-
tions which must be asked and answered
in establishing tolerance levels and the
like. Which materials are harmful to the
system, what is the nature of the damage
and at which dose will there be harm?
It is necessary to have information on
the dose-effect relationship. But here,
too, there are considerable gaps in our
scientific knowledge.

Effects may become apparent in the
short term but also in the long term,
e.g., in the case of exposure to relatively
low doses; they may also have a clinical
or a subclinical character. To what extent
does man’s adaptability play a part here
or even immunize him?

People living in mountainous areas
are exposed to a considerably larger
dose of (cosmic) radiation than those in
low-lying areas; people living on the
monazite areas of Kerala, India or
Terra Rossa in Brazil, which contain
highly radioactive minerals, are simi-
larly placed. This radiation dose does not
seem to have any influence on the
health or life expectation of the local
population.

Must tolerance levels be based on the
weakest link in the chain or should the
population average be taken as the
reference level 27

In terms of environmental hygiene the
following objectives must be pursued
in order to protect man and his envi-
ronment :

— a reduction in the concentration of
pollutants and particularly of the most
dangerous;

~ the improvement of knowledge about
the dissemination and effects of
pollutants;

— the establishing of criteria giving the
dose/effect relationships;

— the translation of selected criteria into
legal provisions or regulations.

The criteria to be established could
take into account the following:

— for man
— increased mortality rate
— increase in number of hospital cases

2 A much-used unit in animal experiments
in this context is .Dso, i.c., the lethal dose
for 509 of the animals tested.
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— increased number of cases involving
diseases of the respiratory organs
and lungs (e.g., bronchitis)

- absences from work

— irritation of certain sensory organs
(ears, nose, eyes, etc.)

— for his environment

— damage to flora and fauna

— reduced sunlight

— reduced clearness of surface water

— damaging effect on materials and
buildings (corrosion)

— degree of eutrophication of surface
water.

Ecological research

The character of ecological research
is determined in the first instance by the
point of view from which it is to be
conducted, e.g., that of man, plants or
animals, and then by defining the
research objectives within the appro-
priate category. The choice of the para-
meters to be studied and relevant to the
ecosystem depends first and foremost on
this. However, it should not be forgotten
in the analysis of the system that the
ecosystem forms an absolute unity.
Furthermore one should not forget the
interaction of the biocoenose with the
physical habitat and the state of its
delicate natural balance.

Ecological research concerned with
man has many aspects, e.g., with regard
to his behaviour as a living species in
the midst of other living organisms in a
given ecosystem; as a causality factor in
the changing and planning of the bio-
sphere and not least with regard to the
consequences of such changes for man
as a species.

In view of the nature and extent of
the problems in this field, and our
relatively recent realization of them,
it goes almost without saying that our
knowledge is far from complete and
that a lot more research is needed.

Many questions need to be answered
in the short run, such as the dose-effect
relation of a very large number of pol-
lutants and nuisances, the short and long
term effects of exposure to often rela-
tively low concentrations or doses, the
results of the interaction or synergisms
of environmental nuisances, the behav-
iour of pollutants in the environment,
the transfer mechanisms, etc.

In order to provide this information
it is necessary first of all, in analysing
a system, to define the relevant health,
ecological and epidemiological para-
meters, to observe, measure and examine
at fixed recurring intervals over long
periods of time, to collect and analyse
information and then to establish appro-
priate actions. The problems having
very many aspects require a multidis-
ciplinary approach. The research must
have at the same time a fundamental,
an applied scientific and an operational
character.

Transfer pathways (7) — In assessing
the degree of risk of waste disposal for
human health, the following factors have
in general to be examined:

— the processes whereby the final link
in food chains, air or water is polluted;

~ the processes of transfer or agents to
and within man, including metabolic
behaviour;

— the epidemiological aspects of the
nuisance.

The transfer to man of system-foreign
agents may occur directly, via air and
drinking water. In this case the number
of factors and transfer processes which
influence physicochemical changes in
agents and their concentration and
dilution is relatively small. They are
restricted chiefly to dilution or diffusion
by air currents or by water discharge.
Air and drinking water are thus the last
link.

The food chain, however, is an
indirect pathway with numerous links.
For once system-foreign agents (see
Fig. 5) are introduced into the food chain
through the air (by atmospheric precip-
itation) or through water (by irrigation,
for example), the transfer is influenced —
at the various links or trophical levels —
by a number of factors and processes
before the agents reach the final link
in the food chain (vegetable or animal
consumption products). Physiological,
metabolic and other processes in plants,
animals and hydrobiotics can cause
concentration, dilution and change in
the physicochemical characteristics of
agents. Rainfall can cause erosion of the
upper soil stratum,

Food chains can again be divided into
short and long chains. In the former case
soil and cattle are not included as inter-
mediate stages and contamination of
plants for consumption, e.g., greenstuffs,
occurs directly. In the case of the so-









Numerous parameters have to be
considered, such as the physicochemical
form of the agents, alterations during
transfer, the manner and frequency of
the discharge of pollutants (continuous
or discontinuous, high or low concen-
tration, controlled or uncontrolled as in
accidents, for example), the physical,
chemical and biological parameters of
the receiving environment such as, for
example, flowrate, volume and tem-
perature of surface water, prevailing
winds, frequency and quantities of
rainfall, soil composition, natural oxygen
and salt content of soil and water, nature
and composition of local or regional
communities, etc.

This is simply a rough summary of the
factors confronting the ecological re-
searcher in matters of environmental
hygiene.

Epidemiological research

Side by side with this ecological
research there is also epidemiological
research, concerned in this case with
the harmful or disease-inducing conse-
quences of environmental nuisance for
the population in general. Progress in
this field is considerably less advanced
than in that of non-human ecology.

The field of industrial hygiene cur-
rently provides a rich source of infor-
mation, especially in toxicological mat-
ters, for the establishing of standards in
the field of environmental hygiene in
general, although an essential difference
must be made between ‘“voluntary”
hazards and those to which the popula-
tion is involuntarily exposed.

Epidemiological studies of fairly large
population groups are needed in order
to estimate:

— the long term effects of environmental
nuisance, at both high and low concen-
trations and doses, and thus the harm-
ful effects of living in a polluted area
for many years;

— the shorter term effects of exposure to
different pollution levels for a number
of weeks or months;

— short term effects, e.g., of 24 hours
exposure to high concentrations or
levels.

This research may be designed to
determine the lethal or disease-inducing

effects of a somatic, mutagenous, carcin-
ogenous, psychic or teratogenetic natu-
re. Account must also be taken here of
the nature of the reference group: is
it the entire population or a special
group of the population, a group of
patients already suffering from a partic-
ular disease, e.g., bronchitis, or, in the
case of epidemiological research into
air pollution, a group of smokers or
non-smokers?

A particular problem in this field is
that of the synergism, or the effects of
the interaction of specific agents. This is
the case, for example, with air pollution
by sulphur dioxide and particulates. In
general it is acknowledged that air pol-
lution by sulphur dioxide in the presence
of heavy concentrations of particulates
constitutes a greater danger to public
health than it does when no particulates
are present. This synergism has to be
taken into consideration in evaluating the
general pollution of the environment and
the attendant hazards.

In establishing protection standards
against ionizing radiations we are as it
were ‘“‘fortunate” in that the absorbed
radiation dose of the various radio-
nuclides as such can be integrated with
respect to the biological effect and can be
expressed in one radiation unit known as
the “rem”™. In this way an evaluation of
the harm commitment of all radiation
sources can be given in a particular unit
of time. To date it has not yet been
possible to develop a similar integration
unit for all environmental nuisances or
for certain non-nuclear groups or cate-
gories.

It should be pointed out that a lot of
research conducted in the interests of
health only shows significant and useful
results when it is carried out in vivo or

in situ. For this reason large-scale
epidemiological research is extremely
important, although very costly and

time-consuming, if meaningful conclu-
sions are to be reached. The results
obtained from experiments on animals
or using laboratory aquariums often have
only a relative significance for extra-
polation to man and natural circum-
stances. Often they give only rough indica-
tions which, in a number of cases, can
be used as references for lack of better
information. Such research methods may
be quite helpful for a time, but they are
certainly no panacea.

Surveillance

If a strategy aimed at protecting man
and his environment is to be effective,
it is necessary to carry out observational
work (sampling and measuring) in order
to establish how things actually are at
present and then to register changes and
possible future developments as and
where they occur.

This information and knowledge is
indispensable if suitable surveillance
is to be exercised. Up to now measures
were only taken once problems had
attained serious and obvious propor-
tions, as was the case with the extensive
pollution of surface water, air pollution
in heavily industrialized areas and the
problems of DDT, mercury, lead, etc.

Once parameters and transfer factors
have been defined, the necessary means
for systematic observation can be estab-
lished. The required sampling and
measuring stations have then to be set
up.

In the case of radioactive pollution
widespread observation networks have
been in existence now for over ten years
to measure pollution of air, rainfall,
water as well as foodstuffs and soils.
Quite a few complications arose, espe-
cially with regard to the sampling and
measuring of food chains. Supervision
and control both of radioactivity in the
human environment and in the sur-
roundings of nuclear installation plants
has been organized for many years in a
satisfactory fashion, so that unexpected
situations in the field of radioactive
contamination are now kept to a mini-
mum.

With the more conventional nuisances
we have a different situation. Although
the problems are of longer standing,
supervision and therefore observation
and measuring are in general still not
entirely satisfactory.

The reason for this is not only that
interest in these problems is much more
recent, but also that the problems them-
selves are noticeably more complicated
because of the greater variety of agents:
every substance has its own chemical and
physical properties. Whilst the number
of specific nuclides examined in the
nuclear field is very limited, the variety
existing in the non-nuclear ficld is very

81






great, as is the number of emission
sources also. Furthermore, the nature
and thus the presence of a certain pollu-
tant are not always known. When the
Rhine was polluted by the pesticide
endosulfane in 1969, it was more or less
only chance and the skill of the investi-
gating analyst which enabled the labo-
ratory in question to identify the pollu-
tant, thereby averting a great disastre.

Each element or chemical compound
requires an analytical technique of its
own which, particularly in the case of
trace elements, is often difficult. No less
problematical is the question of sampling,
because of the large number of emission
sources. In this case a number of points
have to be established: the place where
the sample is taken (altitude and distance
from the source), the density of the
network, frequency of sampling, alarm
levels if appropriate, the evaluation of
the pollution of the background, etc.

This field also affords a wide range of
research topics which in turn entails very
considerable investment of manpower
and capital (personnel, equipment, labo-
ratories, etc.) for the research described
earlier.

Conclusion

The ideal situation, where all environ-
mental nuisances are eliminated, is, of
course, only wishful thinking. This
would at the moment be too demanding,
barely rational and in economic terms
impossible. One criterion, or rather at
this stage an indication, has been
suggested in this connection, namely the
cost/benefit ratio; increasing efforts are
being made to analyse and balance the
two elements of this ratio. The difficulties
involved in calculating the elements of
this ratio, and expecially in determining
the benefit factor, are numerous. How
high should we put the benefit of a
number of values which are hard to
estimate? It is easier to express absence
from work for the working population
in economic terms than it is, for example,
to express the incidence of sickness
among the non-working population. In
the latter case, for example, hospital-
ization could be used as a standard of
reference. But this is only relatively
realisticc. The number of “invisible
references” which cannot easily be
measured or not measured at all is very
high.

In view of the nature of the problems as
a whole and the research, etc., involved,
it is quite evident that multidisciplinary
cooperation on a large scale and above
all at international level is of great
importance in the battle against envi-
ronmental pollution to all parties who
can, among other things, keep the costs
involved to a minimum by exchanging
information. Economic factors involved
in the trade within the Common Market
also play an extremely important part
here.

In many fields cooperation of this
kind already exists, but the actual needs
and the possibilities too are very much
greater.

This international cooperation at the
same time places us under an obligation
to harmonize our international termi-
nology. In this field there is still a lot
of work to be done. Only too often it is
apparent that experts of different nation-
alities fail to understand or actually
misunderstand each other over a fami-
liar technical idiom. Standardization of
linguistic usage and techniques is indis-
pensable to international cooperation in
applied science.
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Since this article was written, the Commis-
sion of the European Communities has
submitted an action programme for environ-
mental protection to the Council of Minis-
ters, which was approved in its great lines
in July 1973 (ed.).
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Recent publications on
industrial chemical analysis methods

Eurisotop Information Booklets
18 d, n Special methods of measuring in activation
analysis (monograph). 1 e
57 e Determination of oxygen, silicon, phosphorus
and copper in iron and steel by 14 MeV
neutron activation analysis (monograph). 61 f
59d,f The technological and economic importance )
of the determination of oxygen in non-ferrous 62 d,f,i,n
metals (monograph).
65 e 14 MeV neutron activation analysis (annotated 63 d,f,i,n
bibliography).
68 e Determination of oxygen in non-ferrous metals
by 14 MeV neutron activation analysis 64 d, f
(monograph).
71 d, f, e Chemical methods for the determination of 65 d.f.in
oxygen in non-ferrous metals (monograph). B
72 d Nuclear analysis techniques in the production 66
and industrial use of noble metals (proceed- e
ings).
74 f, e Activation analysis with gamma-photons and 67 d,f,i,n
charged particles for the determination of
oxygen in non-ferrous metals (monograph).
87 d Determination of carbon and nitrogen in 68 e
silicon and germanium (monograph).
8 ( grap 69 d, f,i,n
70 f
71 e
72 d,f,i,n
These publications can be obtained, free of charge, at 76 d, f, e
Commission of the European Communities
D.G. III — Eurisotop Office
200, rue de la Loi 77 d,f
B-1040 Brussels (Belgium)
(d = German; f = French; i = Italian; n = Dutch; e = English).
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Eurisotop Technical Information
(ITE-Reports)

High precision neutron activation analysis of
manganese in pyrolusite and ferromanganese
with the aid of an isotopic neutron source.

Activation analysis of Si and Al in bauxites.

Non-destructive analysis of medieval gold
coins.

Neutron activation analysis of Au, Ir, Cu and
Mn traces in platinum and rhodiated platinum
wirenettings.

Study of problems of chemical analysis of
noble metals.

Study of the assay of gas-contents in noble
metal coatings.

Nuclear analytical methods in the production
and industrial use of noble metals.

Application of coincidence gamma-spectro-
metry for the assay of sub-micro traces of
noble metals.

Industrial uses of neutron activation analysis.

Charged particles and gamma photon activ-
ation analysis in the noble metals industry
(Ru, Rh, Pd, Ag, Os, Ir, Pt, Au).

Application possibilities of radioisotope X-ray
fluorescence in the noble metals industry.

Stable isotope dilution: a possible tool for the
analytical chemistry of noble metals.

Trace analyses in Au and Pt using spark source
mass spectrometry.

The influence of the surface treatment of
samples on oxygen assays in non-ferrous
metals.

Comparative study of the methods of oxygen
assay in lead-antimony.
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