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ENGLISH 

Since the Second World vJar the pattern of economic, social and cultural life 

in Yugoslavia has completely changed. Devastated by war, the country went 

through a period of reconstruction until industrialization and electrification 

began to transfom the once under-developed agricultural country. 

of industrialization in Yugoslavia is summarized in Table 1. 

The rapid rate 

TABLE 1. · INDICES OF TOTAL INDUSTRIAL PRODUCTION IN YUGOSLA. VIAl 

Year 1939 1946 1950 1955 1960 

Index lOO 79 172 208 451 

The development of the chemical industry, situated to a great extent in ti1e 

neighbourhood of large cities, has been the most rapid. 

The relative rate of increase of production in some important branches of 

industry is shown in Table 2. 
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TABLE 2. INDICES OF INDUSTRIAL PRODUCTION IN DIFFERENT 
BRANCHES OF INDUSTF.IAL ACTIVITY IN YUGOSIA VIA 1 

I 1939 1960 

Chemical industry 59 386 

Derivatives of p~trolcum and coal 35 272 

Building materials )8 203 

Metallurgy 44 334 

Mining 63 194 

Compared to some other countries in the world, the rate of industrial 
. 1 

development in Yugoslavia since the war appears to be V8ry high (TablE: 3). 

TABLE 3. A C01'-1PARISON OF THE BATE OF INDUSTRIAL DEVELOPMENT 
IN DIFFERENT COUNTRIES 

1938 1953 1960 

United States of America 36 lOO 119 

Great Britain 75 lOO 128 

France .. .. 74 lOO 17._3 . . 

Italy 62 lOO 182 

.. Federal Republic of 
·-

Germany - lOO 184 

Poland 26 100 197 

USSR 30 100 212 

Japan 88 lOO 2.17 

Yugoslavia 55~~ 100 
I 

246 
I 

* This index refers to the year 1939. 

.. 

-
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Rapid industrialization has had its side effects. The percentage of the 

population engaged in agriculture in pre-war Yugoslavia amounted to about 75 per 
2 cent., tod~ less than 50 p0r cent. The rest of the active population works in 

industry and other branches of the economy and in the public services. 

Industrialization has brought about a considerable increase in the population 

living in towns and newly-constructed industrial settlements, vThich has made 

problems of housing, v.rat(;r supply and nutrition V6ry acute, and a new 

environmental sanitation problem, which practically did not exist before the war, 

the problem of both indoor and outdoor air pollution, soon emerged. 

2. Air pollution surveys 

Up to 1950 air pollution studies in Yugoslavia were almost entirely confined 

to the indoor air in industry and mining. Extensive studies were performed in 

the lead mines and smelting plants of Ne~ice in Slovenia and Trepca in Serbia. 

Other work concerned air pollution caused by the production of manganese alloys 

in Sibenik (Dalmatia) and mere~ mining and smelting in Idria (Slovenia). 3 

These are only a few examples of the numerous studies made by various laboratories 

of the Public Health Service and other research laboratories all over the country. 

The first measurements of outdoor air pollution date back to 1950/51. Most 

of them were made in the vicini t.Y of large industrial air pollution sources in 

Bosnia (steel works in Zenica) and Slovenia (iron works in Jesenice); somewhat 

later they were extended tc the territory of Serbia (e.g. copper mines in Bor, 

lead mines in Trepc'a) and to some other places in Slovenia. All these 

measurements WE.rE. sporadic and of short duration. They included the estimation 

of both deposited matter and specific air pollutants (e.g. -su.J.;·:~_,. cl.LJ,.'"ick, h.~d , 

zinc). The equipment used was simple ahd improvised. Such occasional 

measurements are still carrioo out in Slovenia, Serbia and Bosnia. 

Systematic air pollution measurements started in 196Q in Beograd and in 1961 

in Zagreb. The 40 sampling stations in Beograd wE.re equipped with improvised 

deposit gauges, which were later (1962) substituted by 15 deposit gauges, 
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similar to the British Standard De::posi t C auge, but of smaller dimensions. Since 

1963 three volumetric apparatuses have been in use for collecting daily samples 

The air pollution sUlvcy in Zagrcb began in 1961 with an experimental 

deposit gauge. By the end of April 1962 there were already 10 deposit gauges 

located in typical areas, and the survey became systematic (analysis of monthly 

deposit samples). The deposit gauges in operation correspond exactly to the 

British Standard Deposit Gauge. This applies (with minor changes) also to the 

analytical methods. 

As an example of the air pollution level in large industrial cities in 

Yugoslavia we quote some results obtained in Zagreb in 1962 and 1963. They show 

that Zagreb belongs to the catego~ of highly polluted industrial areas (Table 4). 

TABLE 4. A COMPARISON OF AIR POLLUTION LEVELS IN SO}lli 
EUROPEA.N CITIES 

Relative frequency of sampling points (%) 

Total s . 4 Genoa5 6 Zagreb Essen7 eJ.no Hilan 
deposit 
level4 

2 1959/60 1954/60 1956/57 1962/63 1956/57 
(g/100 m 

* in one 2 years 5 years 1 year 1 year· 4 months 
month) 15 18 5 10 15 

sampling sampling sampling sampling sampling 
points points points points points 

0 - 500 - 33.3 20.0 - -
500 - 1000 80.0 44-4 so.o 60.0 13.3 

1000 - 1500 20.0 5.6 - 30.0 46.7 

1500 - - 16.7 - 10.0 40.0 

-~ 
Total sampling period 

Gels en-
8 

kirchen 

1957/58 

1 year· 
8 

sampling 
points 

-
-

60.0 

40.0 
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The investigation of deposited matter in Zagreb is now supplemented by 

apparatuses which also comply with the British Standard. 

At the same time epidemiological studies, concerned with elderly people 

suffcri.ng from chronic respiratory disease, have been initiated. 

These surveys of chemical air pollution, although far from satisfactory 

regarding the extent and the type of measurements, seem to indicate that in 

Yugoslav cities air pollution sources of industrial origin are very important. 

This view is supported by the rath€r large diffGrences between different areas 

of the town (industrial and non-industrial), and the comparatively small seasonal 

variations within industrial areas. The statistical data on coal consumption 

give additional evidence in favour of this conclusion. 

Finally, it seems appropriate to add a few words about the radioactive air 

pollution surveys in Yugoslavia. The situation in this respect has b<::6n more 

satisfacto~. Measurements of environmental radioactivity, including air and 

fallout, began in 1959, but a comprehensive national sampling programme cal!le into 

being in 1961. It has been carried out by four laboratories (Beograd, Zagreb, 

Ljubljana, Sarajevo). This sampling network covers the whole territory of 

Yugoslavia and consists of a total of 88 sampling points for air, surface wa wr, 

fallout, milk and other foodstuffs. The results obtained are well in agricment 

with results obtained in other countries of similar geographic position and 

climatic conditions. In addition there are local monitoring programmes carried 

out by the nuclear research laboratories in Beograd, Zagrcb and Ljubljana. 

ThE- problems of air pollution in Yugoslavia and abroad were reviewed at the 

S~osium on Air Pollution, organized in Zenica, June 1962, by thE- Federal Bureau 

of Public Health. 

3. Research 

At present there is little air pollution research in Yugoslavia and existing 

research mainly concerns the effects of occupational air pollution. For the 

sake of completeness we list the names of institutions having long-term 

research projects in this field: 
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Institute for Medical Research, Zagreb (methods of measurement and analysis 

of chemical and radioactive air pollution data, experimental toxicology, 

occupational diseases); 

Andrija Stampar School of Public Health, Zagreb (epidemiological air 

pollution problems, industrial toxicology); 

Institute of Public Health, Beograd (measurements of air pollutants); 

Institute of Occupational Health, Beograd (air pollution measurements, 

silicosis, effects of radioactive air pollutants), 

Department of Hygiene and Prcvontivo Medicine, University of Sarajcvo 

(industrial toxicology and environmental radioactivity), 

Institute for Technical and Nedical Health 'Protection, Ljubljana (industrial 

toxicology, environmental radioactivity). 

The Federal Bureau of Public Health in Beograd is concerned with 'standards and 

legal aspects of air pollutiono 

4. Legal aspects 

At present the only legal basis for air pollution abatement is the Sanitary 

Inspection Act (1956) •. 

However, having in mind that specific legislation is om .. of the most efficient 

methods for the control of air pollution, the Federal Bureau of Public Health 

(Savezni zavod za za~titu zdravlja, Bcograd) has drafted an Air Pollution Act. 

Here are the main features of the draft which is now being discussed: 

It contains legal provisions for: standards concerning permissible visibility 

reduction, standards for atmospheric radioactivity, MPCs for noxious gases, vapour 

and aerosols in the atmosphere and the stack effluents at the moment of release. 

According to this Act, a special Air Pollution Committee sot up by the Federal 

· Bureau of Public Health would propost.. clean air standards and methods of measurement 

as well as methods for the control of air pollution. 

-
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The Act contains standard values for the height of industrial stacks as a 

fUnction of the rate of fuel consumption. The maximum allowable sd f'ur contc!'lt 

of coal used as fuel ia also prescribed. Factories would be legally bound to 

apply appropriate methods for cleaning gaseous effluents prior to the release 

in the atmosphere. The enactment of the legal standards is assured by fines. 

Responsibility for the administration of standards and setting up of appropriate 

control programmes would be delegated to the local authorities (municipal or 

departmental). The draft also provides for the registration of potential and 

actual air pollution sources and the establishment of suitable control measures 

within specified time. Zoning is also envisaged as a possible control measure. 

A legal basis for the control of radioactive air pollution is provided by the 

Ionizing Radiation Protection Act (1959). 

5. Air quality standards 

MPC s f.Jr occupational exposure were set up in 1957.9 The list contains 

data for 46 toxic gases and vapours, 21 toxic dusts and aerosols and 10 mineral 

dusts. These standards are based on r·IPCs adopte.:d by ACGIH and ICI. 

The EPCs for radioactive air pollution used in this country are to a large 

extent based on the recommendations of the ICRP; in some cases the recornmcndp.tions 

of the Ministry of Health of the USSR have bee.:n followed. 10 ' 

At this point we should like to add some remarks concerning the basic 

philcsophy - from the point of view of public health - in setting clean air 

standards. In Yugoslavia there is no generally accepted view on this problem. 

All comments that follow express the personal opinion of the authcrs of this paper. 

It is almost generally acc€lpted that outdoor air quality standards arc 

closely related to the Maximum Allowable Concentrations for industry, which are 

based on the assumption that there exists a threshold valu£ belm·J which there is 

no evident harm to humans. 11 Such 24-hour average air quality standards for the 

general population are between 1/10 and 1/100 of the industrial MAC for the same 

substance. They appear to be satisfactory if tht,re is a measurable effect 

which can~e correlated to the degree of air pollution. But this is certainly 
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no<:. the case with possible chronic effect 1 on human beings, particularly if we have 

in mind the similarity of action o£ certain ~ypes of air pollutants and of radiation. 

Even the Sovict air quality .standards which, .in general, arc more stringent and 

co:1.~ain a much higher safety factor, do not solve this problem because they still 

irr.?lY the idea of a "penni tted" level. 

It seems to us, thcrefort, that the non-threshold hypothesis which is· 

i;.1corporated in the concept of "radiation prott:ction guides" proposed by the United 

States Federal Radiation Council12 is a sourrlcr basis for setting up the clean air 

standard than ·i:,he usual threshcld hypothesis. 

\r:Je think, therefore, that careful consideration should be given to the 

possibility of replacing the "permitted" or "permissible" air pollution leve~s by 

~: clc::an air guides". The setting up of such guides would involve passing 

judgement on the extent of the possible health hazard a community is willing to 

accept in order tq realize the known benefits of industrial and economic 

development. It is obvious that the acceptable risk ·Hill depend to a large extent 

on the level o~ industrial development of a certain community, and on the size of 

the population involvedo This decision as to the "acceptable risk" is a moral 

and social one as well as a scientific one, and must have firm administrative 

(&~d legal) support. 

Under certain circumstances it might be better to accept a greater risk for a 

limited period of time, though m'"are of the possible consequences of this risk, 

than to set up legal standards that are as yet unattainable for techniGal or 

economic reasons, and which therefore cannot be enforced for the time be~ng. Such 

temporary legal standards should be lowered as rapidly as technological and 

economic conditions permit in order to minimize the possible deleterious effects 

and to er~ure that maximum benefit is derived from the technological development 

of the community. 

Another point which seems to deserve discussion is the numerical 

presentatior. c,f "clean air guides". The current practice is to give a single 

d d S D "nk 13 h . figure for ar. MA.C or a clean air stan a.r • omc years ago n e;r- -. avmg 

in mind the lar~e differences that c:;cistcd bc tween MACs rc·.:-::·nJ.;e~~H:;,0c:L in dlffc .. rf~nt 
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countries and the inherent inaccura~J of the scientific data on which th~ were 

based - proposed another way for expressing tolerance limits for toxic substances 

by using "toxicity zones". This seems to us a better method than numerical 

presentation because it conveys both the idea of biological v~rir:bili ty of 

response and the idea of sampling and measuring variations. 

6. Hethods of measurement 

In 1962 a list of provisional standard analytical methods was proposed for 37 

industrial air contaminants and 10 external air pollutants: sulf'ur dioxide, 

sulfur trioxide, nitrogen dioxide, hydrogen sulfide, carbon disulfide, fluorine, 

chlorine, phenol, arsenic and 3-4-benzpyrene. They are now being used in field 

work in order to acqu~re additional c~~eriencc before accepting them as definite 

standard methods. 

Exp8rience in othe,r fields of analytical chemistry shows that the problem of 

standardization of methods of measurement is a difficult one. 14 Standardization 

of analytical methods in the field of air pollution is inherently even more 

difficult. While it is an easy matter to prepare a standard sample of a chemical 

substance by weighing, it is technically difficult to prepare a reproducible sample 

of a polluted atmosphere, particularly if one of the pollutants is an aerosol. 

The usual methods for estimating the reliability, precision and accuracy of 

an analytical procedure are internal checking and int<.,rlaboratory comparison. 

Both of these methods, if applied to the analytical chemistry of air pollutants, 

would require standardized equipment for making known concentrations of gases and 

and vapours, and aerosols of specified size distribution. Although a varie~ of 

such apparatus exists, 15 there is no accepted standard equipment of this kind. 

There is no doubt that the problem of standard equipment for producing polluted air 

could be solved. The success of such a project will depend on plaru1ed inter-

laboratory collaboration and the support obtained from international 

organizations (e.g. UPAC and WHO). 
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There is another wa:y of promoting tl-:e standardization of methods of 

measurement which, p~rhaps, deserves discussion: systematic interlaboratory 

exchange - both on a national and international scale - of scientists concerned 

with the methodology of air pollution measurements. 

7. Summary 

(1) A short review is given of air pollution problems in Yugoslavia. 

(2) It is suggested that the concept of 11permissible 11 or. 11pcrmitted11 

concentration be replaced by the concept of "clean air guides 11 • 

(3) Standardization of methods of mc~suremcnt of air contaminants is briefly 

discussed from the point of view of interlaboratory comparison. 
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