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1. INTRODUCTION

This report is the result of Phase 1 of the research within the Case Study Zagreb (CSZ)

co-financed by the IAEA according to the Project YUG/9/029.

CSZ is a constituent part of the Ecological Project - Zagreb (hereinafter referred to as

ZEP (Zagreb Environmental Project)), initiated by the City of Zagreb through its organi-

zation responsible for the management of municipal waste (ZGO). CSZ and ZEP have

also both been identified as activities of interest to the Republic of Croatia, bearing in

mind the fact that the problem of risk assessment and management is of interest to

other industrial centres within Croatia. Consequently, CSZ has received further support

from relevant Ministries in Croatia for construction and environmental protection, as well

as for industry and energy.

The basic long-term aim of both CSZ and ZEP is a reduction in hazards to human

health and to the environment in the area of Zagreb. Essential steps to be taken as a

part of achieving this aim are risk assessment and risk management. Risk assessment

is vital if one is to establish effective risk management; this in fact represents problem

identification. The result of assessment of a risk in relation to a given source of risk is

that a specific number of people are going to get hurt, fall ill, suffer injury or premature

death (where the assessment in question relates to effects on health) or that within a

specified area the number of biological communities will decrease, underground waters

will become polluted, visibility will be reduced, and similar (where risks to the environ-

ment are in question). Risk management constitutes a system of decisions indicating

what it is that needs to be done in order to reduce the risks, i.e., to have fewer dead and

injured, fewer people falling ill, improved general health, more biological communities,

good quality and cleaner underground waters, enhanced visibility, etc.

In reality, risk management represents a problem of choice, on whose basis always lies

the problem of economic analysis. And every economic analysis is reduced to the

question of the optimum utilization of means (resources). The problem of limited means

is one common to all communities, otherwise they would have no need for economic

analyses.



Thus, the question of risk management itself is reduced to the problem of selecting (at

any given moment) risk-reducing activities designed to bring about maximum risk

reduction with the available means.

A concept thus presented appears clear and understandable, but in the course of its

realization considerable problems are commonly encountered. One of the main as-

sumptions for quality risk assessment is the possibility for comparison between various

types of hazards and their influence on the environment. Adverse events, i.e., sources of

risk, can be differentiated by the area they affect and by their duration. In scope they

could be local, regional, continental or global; in their duration, short-term, long-term or

infinite. Furthermore, changes occurring in the health of the population and in the envi-

ronment can be acute or chronic; the processes in question could be reversible or

irreversible, recoverable or irrecoverable. Some pollutants can induce an increased

incidence of cancerous diseases, can provoke genetic changes or cause congenital,

functional, or development malformations in new-born babies and in children. Compar-

ing these risks with those that result in "only" acute consequences can also pose a

problem.

A comparison of human health risks with ecological risks poses a particular problem.

Although every damage inflicted on the environment undoubtedly has a generally

unfavourable influence on the health of the population, this need not be the case if risks

are observed within a restricted area only.

Certain problems may result from a lack of necessary information, because of unreliabil-

ity of existing data and due to the selection of an unsuitable method of risk analysis.

All the foregoing leads to the conclusion that risk assessment and management are

processes which, even with the best intentions, cannot be regarded merely as a techni-

cal problem, since the more or less subjective analyses and expert judgements often

exert a dominant influence.

At this point in time the problem referred to above is not a serious one in Croatia, since

opinions of the public and expert analyses generally coincide due to the fact that some



of the main problems have yet to be resolved and because even the sequence in which

those problems are dealt with is not crucial. Problems will arise, however, when more

subtle sources of risk come into play, which will demand equally large means but where

the public will not be able to fully comprehend the reasons.

This is the reason why those activities related to expert judgement of risks, as well as

the defining of activities designed to reduce risks on the basis of expert analysis, are an

essential precondition for the future concept of risk management in Zagreb and in the

wider Croatia. Hence, both CSZ and ZEP have been recognized as the initial activities in

an ongoing process which will certainly justify the long-term explanations regarding

optimal allocations of available funds intended for the reduction of health risks to both

human health and the environment in the area of the City of Zagreb.



2. DESCRIPTION OF PROJECT ORGANIZATION

2.1. Brief chronology of Project development

The Project was officially presented at the beginning of 1989 during a meeting in

Athens. During the course of a conference in Schiedam, Holland, (9-13 October 1989)

bases for the revision of the Project were adopted and in 1991, implementation of revi-

sion 1 of the Project was formally adopted by the International Atomic Energy Agency

(IAEA).

The aim of the proposed Project is to assist, in parallel with other, similar activities

undertaken within ZEP in defining the optimum method of risk management in the area

of the City of Zagreb, to improve the level of know-how in that sphere, to enhance the

ability of relevant institutions to react in an appropriate fashion in the event of various

kinds of accidents occurring in energy plants and other complex industrial installations.

A further aim of this Project is to assist the industrial development of Zagreb with

maximum control and risk management linked with such development. The expected

direct results of the Project are, among other things:

- development of practical methods of risk management and the control of hazardous

events and activities,

- improvement of policies in the field of protection of human health and the environ-

ment, and

- establishing optimal allocation of funds intended for the reduction of risks to which

the population and environment of the Zagreb area are exposed.

The Project is foreseen to be realized in four main phases:

1. Establishment of a database for the area of interest and prioritization of activities for

analysis

2. Health and environmental risk analysis studies

' Assessing and managing health and environmental risks from energy and other complex industrial
systems in the Zagreb area, IE Zagreb, October 1992.



3. Infra-structure and organizational safety analysis

4. Formulation of an integrated management strategies with associated actions plans

In October 1991 ZRAO signed a Contract^ covering the execution of a part of the activi-

ties defined within Phase 1. of Project realization, the Institute for Electrical Energy,

Zagreb (today, EKONERG) being the main contractor. Activities defined within this

Contract included formulation of questionnaires, data gathering and the organization of

a data base that would contain and update information on hazardous supstances and

risk-carrying facilities.^ ZRAO has also undertaken responsibilities and obligations vis-

vis the Ministry of Industry, Shipbuilding and Energy, and the Ministry of Civil Engineer-

ing and Environmental Protection of the Republic of Croatia, as well as towards the

IAEA for realization of the whole Project.4

At the end of April 1992, ZRAO forwarded the Report on the state of activities within the

Project and the plan for its further development5 to the IAEA. In that report a request

was made for cooperation with experts of the International Agency. The Agency re8

sponded by sending a mission of experts, and which was in Zagreb from 13-17 July.

The mission comprised Mr Adrian Gheorge, mission leader (from IAEA), Mr Roberto

Dones, an expert in the field of analysis of major accidents at energy and other industri-

al plants and Mr Wladimir Litwin, an expert in the field of continuous emissions into the

atmosphere. Mission members assessed as positive the initiatives and activities aimed

at the realization of the Project undertaken to that end.^ They accepted in full those

reasons leading to certain delays and also accepted assurances on the readiness and

determination of all involved in the Project for its realization

Contract on the production of the study "Identification of radioactive, special and hazardous waste and
activities in the area of the City of Zagreb", No 1500-O/91, Zagreb, 15 October 1991
Study "Identification of hazardous substances and hazardous waste in the area of Zagreb", Ekonerg,
Zagreb, October 1992

4 Implementation of Case Study, Zagreb Project, Ministry of Industry, Shipbuilding and Energy, Zagreb,
11 September 1991 - letter addressed to IAEA, Division of Technical Cooperation Programmes (Dr
Mohammad Ridwan)

j | Status of the Project Implementation and Implementation Plans for Phase 1:1991-1992
6 Travel Report: Mission to Zagreb, Croatia Case Study on "Integrated Risk Management for Large

Industrial Complexes", Zagreb, 13-17 July 1992. TA No 921010235, and Report on a visit by the mis-
sion of experts from IAEA, Vienna", ZRAO, Zagreb, 21 July 1992



through their common efforts and with the assistance of IAEA. Members of the mission

of experts presented a number of suggestions, recommendations and proposals

designed to further improve the Project. It was recommended that the Final Report for

1992 be produced by the end of the year and that it be sent to IAEA for verification. The

content and form of the Final Report were also proposed by the mission. This proposal

was accepted, after which the Contract for the Final Report for 1992 between ZRAO and

the ZGO as the Investors and EKONERG, as the Main Contractor was defined.

2.2. Project Organization

Project Organization Chart is presented in Fig. 2-1.

When responsibility for realization of the Project was undertaken, a Supervisory Steering

Commitee (SSC) was established with the following Institutions and their representa-

tives:

1. Ministry of Civil Engineerging and Environmental Protection (Dr V. Simončić, Deputy

Minister)

2. Ministry of Industry, Shipbuilding and Energy (R. Nota, Deputy Minister)

3. Ministry of Health (Dr V. Tonkovic, Deputy Minister)

4. City Secretariat for Physical Planning, Construction, Communal and Housing Activi-

ties, Transport and Communications (B. Ordulj, Secretary)

5. ZRAO (D. Subašić, Director)

6. ZGO (S. Nikolić, Director)



Fig. 2-1. Project Organization Chart
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Selection of these persons to participate in the SSC also ensured the participation of at

this point in time those institutions and organizations most interested in the Project. On

one side we have representatives of Ministries and the City administration who are

involved in defining national and regional (i.e., local) policies for health and environmen-

tal protection, and on the other side we have directors of two companies who are

financing the Project. It is important to note that the above list of SSC members is not

final and will be expanded depending upon the dynamics of Project development.

Some of those primarily counted on to take part are representatives of complex indus-

trial systems such as the Croatian Electrical Energy Supply (HEP) and the Oil Industry

(INA), as well as universities, scientific-research institutes and ecologically oriented

NGOs. Some of those organizations are represented through the participation of

their people in the activities of the Steering Committee (SC).

Until now, the SSC has had two meetings, at the request of the SC. The Secretary of the

SC (currently the ZRAO representative) participates in SC activities; he elaborates initia-

tives and demands agreed at previous Team meetings and submits reports on Project

status and achieved results. The basic duties of the SSC, which carries the main re-

sponsibility for final realization of the entire Project, include:



- verification of initiatives and Project tasks as defined by the SC

- securing of necessary financial support

- securing the support of relevant City and State authorise

- verification of results

- media interpretation of results

The SC listed below, is an operational body composed of twelve experts with consider-

able experience in the fields of health protection and environmental protection:

1. I. Halle, Ministry of Industry, Shipbuilding and Energy

2. B. Bakarić, Ministry of Civil Engineering and Environmental Protection

3. Dr A. Bauman, Institute for Medical Research and Work Medicine at Zagreb Univer-

sity

4. E. Hribar, Institute for Safety

5. Lj. Wilder, M.Sc, (INA) Research and Development

6. M. Borso, Croatian Electrical Energy Industry (HEP)

7. Prof. Dr Dj. Deželić, Andrija Štampar School of Public Health

8. B. Vekić, M.Sc., The Rudjer Bošković Institute - Service for the Protection from ioniz-

ing radiation

9. Dr N. Ivičić, Medical Central Office of the Republic of Croatia - Toxicological Service

10. Dr N. Malbaša, Ekonerg Ltd

11. Z. Milanović, M.Sc., ZGO

12. D. Škanata, M.Sc., ZRAO

SC members have a mandate to make decisions in the fields defined by the Project.

The team bears the main responsibility for implementation of decisions reached by the

SSC. The main tasks of the SC include:

- defining the strategy and plan of Project development

- preparation of initiatives and proposals for later consideration by the SC

- formulation of aims and individual Project tasks

- preparation of the Final report on Project status and achieved results, as well as

providing other material support in the form requested by members of the SSC



Members of the SC also take part in the activities of individual working groups, usually

as associates or as activity coordinators. Until this point in time five such working

groups have been formed:

1. Working groups for gathering and organization of data

2. Working groups for application of methodology for rapid assessment of risk to

human health and the environment as a result of activities and events which pro-

duce a considerable hazard'

3. Working groups for the analysis of continuous emissions into the atmosphere from

the main energy producing, stationary plants**

4. Working groups for analysis of air and water pollution monitoring on the area of the

City of Zagreb

5. Working groups for the production of an epidemiological analysis model for the City

of Zagreb

The Main Contractor selected for the task is Ekonerg - Department for Energy Systems

and Environmental Protection, represented within the SC by Dr N. Malbaša, who is also

Head of Department. Ekonerg is a company with considerable experience and refer-

ences in the field of environmental protection. In the Project Organization Chart a

special position is occupied by Consultant Services. The mission of experts that visited

Zagreb from 13-17 July 1992 falls into that category.

7 "Manual for the Classification and Prioritization of Risk from Major Accidents in Process and
Related Industry - Draft Report, UNEP-WHO-IAEA-UNIDO, Vienna, November 1991

8 Application of InterCLAIR computer code



2.3. Conclusion

It took a several years for the "Integrated health and environmental risk assessment and

risk management in large industrial areas" to be accepted and to become a constituent

part of the international programme initiated by four prominent international agencies

(UNEP, WHO, IAEA and UNIDO). A considerable advance was made at the end of 1991

when financial support for certain Project activities was secured. At that time, work on

the formulation and establishment of a functioning organizational structure for the

Project was begun. The next very important stage was the visit by the IAEA mission of

experts. Their visit to Zagreb and particularly the actions taken by them after it provid-

ed an additional impulse for other participants in the Project. The ultimate success of

the Project became a real possibility.

Concerning the organizational structure, it can be said that its introduction and function-

ing is one of the basic conditions for the realization of so complex a Project. At this point

in time the structure, generally speaking, meets all existing requirements despite certain

inevitable problems and restrictions. Meanwhile, the organizational chart is to be better

profiled and optimized to keep pace with the dynamics of the further development of the

Project. Considerable improvement was achieved through co-opting ZGO to act as an

equal participant in financing the production of the Final Report for 1992. Lack of fund-

ing for the Project will continue to pose a problem and is one that all participants in the

Project will have to come to grips with.
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3. HAZARD IDENTIFICATION AND RISK PRIORITIZATION

IN THE AREA OF INTEREST

3.1. Delineation of the Area of Interest

The area of interest is the city of Zagreb (Fig. 3-1), i.e. its administrative area of 1715

km2 and population of 930550 (as at 1981). The inner core of the city covering an area

of some 240 km2 and housing about 800.000 inhabitants (Fig. 3-2) is situated mainly

inside the triangle shown in Fig. 3-1 in an open, low-land landscape (100-180 m altitude)

on the southern slopes of Medvednica, whose peak, Sljeme, has an altitude of 1035 m.

The river Sava flows through the town, having an annual flow rate of about 350 m3/sec.

Alluvial sediments in the Sava valley consist up of several layers of varying permeability

enclosing large reservoirs of excellent groundwater.

Zagreb is situated in a moderately warm, rainy climate area with no characteristic dry

season, but with minimum precipitation in winter. Basic characteristics of the climate are

as follows:

- maximum air temperature (1862-1981) 40.3 C

- minimum air temperature (1862-1981) -22.2 C

- mean air temperature (1951 -1980) 11.4 C

- mean relative humidity (1971-1980) 71 %

- maximum 24-hour precipitation (1862-1981) 118.8 mm

Prevailing wind directions are NNE (13%) and ENE (12%). Precipitation mostly coincides

with northeasterly winds (particularly NNE).

In the Zagreb area, 635 km2 or 37.3% of the land is forested. In the Sava River Valley,

oak prevails. On Mt. Medvednica, the maple and ash forests are among the most beau-

tiful in Croatia. There is also a small percentage of acacia and birch. Of conifers, fir and

pine are the most prominent, but yew, spruce and some other tress are also present.

Green areas encompass 1758 hectares, of the park forests 1020 hectares and parks

and lawns 738 hectares. There exists in Zagreb 113 km of avenues with 15400 trees.

11



Fig. 3-1 Area of interest
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About 50% of the entire Zagreb area is devoted to agricultural land of very good quality.

Zagreb became an historical entity as early as 1094 (with the founding of the bishopric)

and began its faster economic, political and cultural development in the 19 tn century. At

the time of the first census in 1857 there were 16657 inhabitants, and by 1880 this

number had grons to 30830. Since then, the population has doubled every 22 years. In

recent times, a number of measures have been planned to check the rapid expansion

of the town and to enable a more even and harmonious development.

History has witnessed a number of large scale disasters which resulted great damage

and entailing a series of useful actions. Events to hawe their mark on the history of the

town were:

- invasion and devastation by Tartars (1242)

- great fires (1645, 1674, 1706 and 1731)

- plague (1647 and 1682)

- earthquake (1880)

- flood (1964)

About the middle of the 19 t h century, industrial development began, as well as the

development of communications and traffic infrastructure (railway 1862, gasworks 1863,

waterworks 1878, electric tramway 1900, etc.). As early as 1910, there were more than a

hundred industrial enterprises in the town.

Today, Zagreb is the capital of the Republic of Croatia and its most important industrial

and cultural centre with about 400,000 employed, largely in industry (120,000; civil

engineering (40,000); trade and commerce (50,000); transportation (30,000); crafts

(25,000); education, science, cultural activities and informatics (36,000), health and

medical care (33,000), etc. According to the gross national product, the most significant

branches of economy (in 1989) were:

a) manufacture of electric machines and appliances
(rotary machines, transformers, cables, batteries,
copper wire, telephone and cable exchange units) 15.5 %

14



b) production of basic chemical products
(polyethylene, polystyrol, ethylene, pesticides,
styrol, etc.) 13.1 %

c) food industry (bread, flour, oil, margarine,
vegetable shortenings, dairy products, pastas,
sweets, etc.) 12.6%

d) processing of chemical products (paints and
varnishes, detergents, auxiliary agents for
processing of fabrics, drugs and pharmaceutical
raw materials, miscellaneous chemicals, etc.) 12.0 %

e) electrical energy and heat production 6.9 %

f) machine construction (steam boilers, machine
tools, transporters and cranes) 6.8 %

g) metal processing (welding electrodes, metal
furniture, poured metal products, metal
containers, armatures) 4.9 %

h) clothing industry 3.6 %

i) paper industry 2.9 %

j) printing 2.8 %

Other important production lines involve production and processing of textiles and

yarns, leather industry, spirits and beverage industry, etc.

According to realised profit in 1989, leeding sectors are the food industry and process-

ing of chemical products, followed by of tobacco and cigarettes, the clothing industry,

oil processing, metal processing, production of basic chemical products, nonmetal

industries, etc.

The gross available energy for meeting energy needs in 1990 was 54,826 TJ. Energy

delivered to consumers is given in Table 3-1.
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Available energy
(TJ)

506
1278

18956
7413
1035
7946
2825
5890
8952

25

Percentage of tc
amount (%)

0.92
2.33

34.58
13.52

1.89
14.49
5.15

10.74
16.33
0.05

Future plans involve greater utilization of high-quality coal in the town's heating plants,

along with construction of several hydro-power plants on the Sava adjacent to the town.

Table 3-1: Gross available energy for energy needs in 1983 (TJ)

Form of energy

Wood
Coal
Natural gas
Electric power
LPG
Gasoline
Jet fuel and petroleum
Diesel oil
Heating oil
Geothermal energy

Total 54826 100.00

Zagreb is also an important transportation centre (railroad and road transit, airport). The

number of cars in 1990 was 224,039. The town's transportation system involved 462

buses (139-106) passengers), and 486 tram vehicles (231-106 passengers). Airport traf-

fic amounted to 33096 flights with 1,630,000 passengers and 14112 tons of goods.

The age structure of the population of Zagreb is shown in Figure 3-3. and depicts the

significant influence of immigration within younger age groups, the large participation of

a work-active population and a preponderance of females in almost all age groups.

Natality rate is low (in 1981 the figure was only 1091) and is falling. Average number of

still-births in the period 1980-89 was 3.8 per one thousand live births; in 95% of those

cases it was a first child that was still-born. The mortality rate percentage for 1980 and

1989, showing cause of death, is shown in table 3-2.
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Fig. 3-3 Population Age Structure in Zagreb (1981)
Year of birth

before 1905

1906-10

1911-15

1916-20

1921-25

1926-30

1931-35

1936-40

1941^15

1946-50

1951-55

1956-60

1961-65

1966-70

1971-75

1976-80

Age

>75

70-74

65-69

60-64

55-59

50-54

45^9

40-44

35-39

30-34

25-29

20-24

15-19

10-14

5-9
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Table 3-2. Mortality in Zagreb according to cause of death (%)

1980 1989

Diseases of the circulatory system
Neoplasm
Accidents, poisoning, violence
Diseases of the digestive system
Diseases of the respiratory system
Senility and insufficiently defined causes
Diseases of the urogenital system
Diseases of early childhood
Allergies and diseases of the endocrine system, disorders

of the metabolism and nutritional imbalance
Tuberculosis, other infectious and parasitic diseases
Diseases of the nervous system and sensory organs
Congenital anomalies
Psychic and psycho-neurotic disorders
Diseases of the blood and blood-producing organs
Diseases of the musculatory system, skeleton and

connective tissue 0.06 0.04

44.85
21.31
9.30
6.86
6.23
3.18
1.80
1.63

1.56
1.06
0.96
0.68
0.41
0.11

50.09
23.93
8.48
5.24
2.54
3.61
1.03
0.46

1.72
0.94
0.76
0.29
0.77
0.10

3.2. Hazard identification

Hazard identification represents the first step in risk assessment. The sources of hazard

are all those activities and phenomena with a direct or indirect influence on the human

environment, including natural and man-made assets. All hazards can usually be classi-

fied into two groups. The first group contains those hazards that are the result of routine

operation of plants, they are anticipated and their effects are largely of a stochastic na-

ture. Risks associated with these events are usually exceptionally small for the individu-

al, but since a large number of the endangered population is frequently involved, total

risk can be very significant. The second type of hazard appears as a result of an unex-

pected, sudden event. The effects are usually local in nature and they endanger a

smaller number of people, but the consequences for a certain group of individuals are

much greater. The consequences of such events often involve loss of life and injuries,

as well as material damage. The risk associated with such events depends upon its

probability and resulting consequences. In fact, the risk is equal to the product of these
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two values. Occasionally, a separate group of risks is considered, involving occupation-

al exposures and so-called professional diseases. The reason for this lies in the fact that

certain groups of employed are exposed to higher risks than the rest of the population,

or that these higher risks are legally sanctioned. For example, individuals employed in

nuclear plants may receive as much as ten times the permitted dose of radiation than

the rest of the population. That, however, does not necessarily mean that those em-

ployed in such plants should actually be exposed to greater risks than the rest of the

population, i.e. their hazard must be also lowered in accordance with generally accept-

ed criteria. It seems justified to state that it is desirable to study all hazards together,

within a common risk assessment task. Disregarding the fact that such a procedure

may in practice encounter problems, not only of a technical but also of methical nature,

generally speaking it seems a reasonable and the only correct one. Therefore, this

paper will procede to present an identification of hazards, independent of whether they

result from normal circumstances or from accidental situations. Besides those hazards

associated with the consequences of human activities, it seems justified to identify the

natural phenomena that may have potentially hazardous consequences. Also, particular-

ly in an urban environment, it is necessary to point out that the concept of human envi-

ronment does not involve only natural systems but also their interdependence with an

existing or desirable social environment. This introduces into the risk analysis, criteria of

an aesthetic nature, because the quality of the human environment is valued according

to conditions of life, work and communication among the people. With regard to direct

effects, one can consider in the risk assessment, and particularly within the activities for

its reduction, the following events:

1. Harmful emissions (air pollution, surface water and groundwater pollution, noise,

land use)

2. Natural hazards (earthquake, flood, extreme meteorological phenomena)

3. Man-made hazards (explosions, fires, accidental release of explosive, toxic, com-

bustible, corrosive and radioactive substances, traffic accidents etc.)
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3.2.1. Hazard assessment in the area of interest

3.2.1.1. Air pollution

Air pollution in the area involves the presence of solid particulates, liquid or gaseous

substances and, not infrequently, pathogenic microorganisms. The effects of different

types air pollution can be classified according to their impact on human health, econom-

ic harmfulness or general disagreeable effects, with external manifestations as follows:

- Acute health effects for people and animals during short exposure to high concentra-

tions of pollutants

- Chronic and subclinical effects related to long-term exposure to low concentrations

(increasing number of cardio-vascular diseases and diseases of the respiratory

system, general deterioration of health, etc.)

- Soiling of buildings, corrosive effects on metal surfaces, undesirable effects on agri-

cultural areas

- Lesser visibility and insolation, odious odours and general unaesthetic effects

Depending on the situation, various substances participate in air pollution. These are,

prevailingly, combustion waste products (SO2, NOX, CO) but also particulates of vary-

ing origin and composition, hydrocarbons, heavy metals and other elements. Frequent-

ly, insecticides, pesticides, radioactive substances, biological aerosols, etc. are also

present in the air in large concentrations.

Air pollution in Zagreb is given much consideration, particularly from the standpoint of

interdependence between air quality and energy supply for the town. Planning of

energy needs is always connected with problems of air pollution. There is a good emis-

sion register listing at least the large furnaces (over 5 GJ). Smaller furnaces are usually

grouped together and treated as a surface source of pollution. Good meteorological

and air pollution data are also available, enabling the testing and utilisation of very

complex calculation models. The model series UNAMAP to be proved as very good. It

was developed by US EPA and the newer versions dating from this decade fit excellently

measured data.
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Air pollution has been systematically observed on the territory of the town since 1963.

Ten to fifteen locations provide data for determining average daily values for the follow-

ing features:

- sulphur dioxide

- smoke (particles smaller than 3 /L/m)

- suspended particles (larger than 3 jum)

- some metals (Fe, Mn, Zn, Cu)

Occasionally other parameters are measured (pH-value, tarry substances, soluble

substances, insoluble substances, chlorides, sulphates, nitrates, calcium, etc.) with the

aim of determining the source of pollution. Rough estimates indicate that SO2 emissions

mostly originate from fuel burning in stationary plants, with traffic participating with only

5%. Suspended particles and smoke are in most cases the consequence of traffic

(inadequate road maintenance), fuel burning in households, uncontrolled burning of

solid waste in the open and particularly in the case of certain industrial plants (e.g.

cement factory).

Obviously, the major aim of planned investigations concerning air pollution and associ-

ated risks is, if possible, to retain existing patterns and trends emphasising a faster

decrease of suspended particles in the air. In connection with this, it is necessary to

provide a detailed emission register and to determine, in risk reduction, the necessary

corrective measures.

3.2.1.2. Pollution of surface waters and groundwaters

The main river in the Zagreb area is the Sava, the longest river in Croatia. Unfortunately,

the quality of its water is for the most part very poor. The reason for this lies in the fact

that the river, particularly in the upper region of its flow, and its tributaries pass through

the industrially developed areas of Slovenia, while cleaning and purification of waters is

inadequate and insufficient. When the river enters the town, its quality is of 3r<^ category

and downstream of Zagreb of 4 t n . The level of dissolved oxygen downstream of

Zagreb often falls below 2 g/m3 in summer months with BOD frequently exceeding 20
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g/m3. Organic pollution is caused by upstream polluters, such as the paper-mill in the

town of Krško, coal mines, the organic chemical industry in Zagreb and sewage from

the town. Phenols, pesticides and detergents are also present in relatively large concen-

trations. Inorganic pollution is also great (soluble salts, heavy metals, various toxic sub-

stances) discharged from the industrial plants in Zagreb. A large content of coliform

bacteria, particularly in the summer and during low water, testifies to a great biologic

pollution. The aesthetic, physical and physiological effects of pollution are very unfa-

vourable (poor transparency, large amount of suspended substance, bad odour, etc.).

Pollution of the Sava is a problem that concerns almost the whole country and is hardly

an issue that can be solved by Zagreb itself. Even though the direct risk to human

health in the Zagreb area is not high (its water is not used either for drinking or in indus-

try, with the exception of the cogeneration plant cooled by river water), aesthetic criteria

and the general significance of the river place its pollutedness in the category of first

rate problems. If water quality does not improve, a number of initiatives in this area will

possibly be threatened. For example, construction of a number of smaller power plants

will not be possible with present water quality. Their construction would decelerate the

velocity, resulting in poorer aeration and a further deterioration of water quality. Poor

water quality creates problems and incurs great expenditures for the recreational area

(lake Jarun), directly connected with the river.

On the other hand, groundwater is still of superb quality despite of its occasional

degradation in individual aquifers. The southern and western parts of Zagreb lie almost

entirely on large reservoirs of groundwater. Preservation of its quality is of first-rate

importance, creating significant restrictions in the utilisation of land directly above the

aquifers. The badly polluted river may also be one of the causes of pollution of ground-

water. There exists a number of good initiatives and individual actions aimed at preserv-

ing groundwater qyality at least in those areas with great possibilities for exploitation. So

far, however, a complete analysis has not been undertaken to evaluate correctly the

actual importance and value of the Sava and groundwater, which would offer a basis

for carrying out the necessary measures.
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3.2.1.3. Land use

Land use in the Zagreb area has, at least globally, been solved by the General Town

Plan. Industrial, residential and recreational zones, along with the main transportation

and communication routes and energy supply, etc. have been delineated. A detailed

elaboration and adoption of final solutions and plans, as well as the quality of the

adopted variations, will depend on the opportunities for solving the fundamental prob-

lems of the town. Among other things, the above will be closely related to those activi-

ties that involve a greater or lesser level of risk to the environment and human health.

One of the burning problems is the evacuation and sanation of solid waste. The existing

deposition sites are already full while new ones are difficult to find. The refuse incinera-

tion plant will only partly solve this problem since an uncontrolled piling of waste and

prolongation of a definitive solution may have dangerous consequences (pollution of

groundwater reservoirs, deleterious effect upon the quality of air and even direct effects

on human health).

3.2.1.4. Natural hazards

In risk assessment the effects of natural phenomena cannot be neglected, on the one

hand because they can sometimes significantly participate in the total risk, and on the

other they serve as a certain reference point. If the risks of human activities and their

associated dangerous effects are approximately equal or even lower than the risk

caused by natural phenomena, it may be said that the situation is very favourable.

The Zagreb area is subject to important natural hazards suchas earthquake, flood and

extreme meteorological phenomena.

a) Earthquakes

Earthquakes belong to the group of natural phenomena causing the greatest risk for

man. Great devastations with thousands of casualties are a relatively frequent occur-

ance in many parts of the world. Zagreb is situated in an area of great seismic activity

and practically lies on a fault that has already generated hundreds of earthquakes of
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various magnitudes, including the worst one in 1880, of 6.3 magnitude on the Richter

scale and IX degree of intensity on the MSC scale.

The greatest number of newer buildings can, without greater damage, withstand the IX

degree according to the MCS scale, but some, more extensive, damage can be caused

to indivudual buildingseven at the intensity VII.

b) Floods

Since the flood in 1964, when a large part of the Zagreb was under water, much has

been done to protect the town from flooding. At the moment, it is actively protected by

dikes from large waters of a 100-year return period, but passive protective measures

(flooding of nearby retentions) raise safety to a 100-year return period or even more.

Certain more frequent problems may appear due to the harmful effect of groundwater in

periods of extreme water levels on the Sava, but they are local in nature and less signifi-

cant.

c) Extreme meteorological phenomena

Extreme meteorological phenomena (rainfall, hurricanes, thunder, hail, etc.) are rather

frequent in this area. Usually, damage is suffered by crops, fruit trees, electric cables

and, not exceptionally, by buildings that can be locally flooded and damaged. Investiga-

tions of these phenomena and protection against them are not at a satisfactory level,

making risks and level of damage unnecessarily high.

3.2.1.5. Man-made hazards

This title includes hazards typical of the industrial era which, if they occur in densely

populated areas, usually cause great damage and frequently result in loss of life. As a

rule, sources of hazard can be grouped into stationary ones (chemical plants, store-

houses, refineries, reservoirs, pipelines) and mobile ones (transportation vehicles carry-

ing hazardous substances). An individual source of hazard may produce several harm-

ful effects:
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- air pressure wave generated by an explosion

- the effect of various missiles created by the explosion

- the effect of heat and fire

- the effect of dust and smoke

- cloud of explosive, inflammable or corrosive gases

- corrosive, toxic or radioactive gases, aerosols or fluids

- local earthquakes, land deformation, etc.

Sometimes, combinations of individual sources occur.

In the Zagreb area, the greatest hazards are due to explosions and the uncontrolled

release of toxic substances into the atmosphere and the river, along with a whole array

of other hazards that should not be neglected (e.g. gas poisoning). Traffic accidents are

a separate problem. The greatest risk is related to utilisation of liquefied gas. It is trans-

ported to the town's storage (2000 m3 capacity) by pipeline or in containers and is then

delivered to consumers. Another source of hazard are two gas terminals of 900 and 300

m3 , respectively, and gas tank terminals in 20 locations with a maximum of 3000 kg of

gas each. 7000 gas tanks (capacity 10 kg of gas) are filled and distributed daily. A total

of 100,000 tanks is in circulation, mostly in those areas of the town lacking gasworks

installations. Explosions, a frequent occurrence, are usually the result of carelessness.

There are in the town about 100 additional liquid gas consumers with tanks o fup to 5

Along with liquefied gas, significant amounts of natural gas are also used, particularly in

the central and older parts of the town. The greatest risks in utilisation of this gas relate

to poisoning caused by poor or faulty installations or negligence. Except for the energy

supplied to households, the greatest risks are associated with those plants that process

organic-chemical, chemical substances and drugs. Most of these plants are located in

the southeastern, less populated part of the town. They are also the largest chemical

polluters of the Sava, with not infrequent releases of larger amounts of poisonous

substances. Considering traffic accidents, the annual average amounts to several

hundred deaths and several thousand injured, with a considerable amount of damage.

The most endangered group are pedestrians. Prevalent causes are speeding, faulty

vehicles and poor signalization.
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The above mentioned is more a result of rough estimates than of detailed and complex

analysis. The risk assessment of these occurrences deserves greatest attention since

risks themselves are, for a number of reasons, very high.

3.3. Problems related to the study of risk assessment

in the light of experience gained to date

The early sections of this paper dealt with a general survey of possible sources of risk

for people and the human environment in Zagreb and its surrounding area. Even

though numerous studies carried out in recent years have more or less clarified individ-

ual problems, there are areas that have hardly been touched. Individual investigations

have mainly been related to an actual building or plant and its existence in a given

space. The interrelations between various types of risk and different plants have,

however, not been considered. Total results are therefore inadequate and incomplete,

with expenditures for risk reduction not always being rationally based. Certain projects

thereby suffer considerable damage as victims of possibly too high requirements, while

other, much larger risk generators are treated too lightly. Owing to the fact that studies

usually deal with new plants, a reexamination of existing ones, along with their risks and

the necessary corrective measures, are mostly missing.

These are just some of the reasons for initiation of all-encompassing investigations of

hazardous events and an assessment of their associated risks, within a well-

coordinated and systematic action. Regardless of the undoubted justification of such an

approach, however, it is necessary to identify possible problems or critical points in an

action of this scope. The key issues that need to be solved before, or in the course of

this type of action, are as follows:

a) Database

A basic prerequisite for realisation of such an undertaking is the availability of good and

reliable data on the natural and ecological features of the area under consideration, as

well as information on the typical plants, their technologies and operational features,
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particularly those that participate in safety systems and systems for treatment of unde-

sirable effects upon the environment, personnel and the population in general. Further-

more, data on the population are indispensable (density, distribution, living conditions,

habits). Other important data involve sports and recreational areas, mode of energy

supply, nutrition, death rate and causes of deaths, etc.

Data should quantitatively and qualitatively meet the purpose, they should be verified

and prepared suitably for simple usage. The greatest number of the needed data is

already available from various sources. Occasionally, however, their reliability is not very

certain.

b) Selection of suitable models

Risk assessment requires a careful selection of suitable models for description of the

most varied natural phenomena and effects. Certain areas already possess a series of

very good models (e.g., the previously mentioned UNAMAP) while other are very scarce

(e.g., dispersion models for heavy gases such as chlorine).

Additionally, choice of model sometimes greatly depends upon available data and the

purpose of an analysis. Highly sophisticated models combined with inadequate data

are surely the worst variation.

c) Selection of risk assessment method

The correct selection of the method is of exceptional importance for the success of the

undertaking. The selected method should, if possible, solve a series of key problems,

such as, for example:

- risk assessment of both routine and accidental effects}

- establishing a relationship between local short-term effects and long-term goals

- establishing a relationship between local and regional development plans

- offering the possibility of a simultaneous evaluation of several different sources of risk

according to different parameters, etc.
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There are various methods available. Some are based on purely ecological principles,

while other may favour a kind of balance between various economic parameters

(employment, income, etc.) and the corresponding risk. Cost-benefit and particularly

the cost-effectiveness analysis, along with different combinations of various methods

and approaches, also remain an open possibility.

d) Alternative solutions

Of course, risk assessment is not the final goal. The ultimate achievement are corrective

measures that must be feasible, rational and in line with objective socio-economic

conditions. The feasibility of corrective measures greatly depends upon the existence

and prior analysis of alternative structures, systems and components and of alternative

locations. It is the areal and technological harmony of the solutions within an all-

encompassing rational plan that forms the base of efficient risk reduction.

e) Development and existence of necessary regulations and standards,

as well as adequate bodies

The existence of basic regulative elements, such as standards, instructions, safety crite-

ria, etc., is indispensable at least as a framework for undertaking the necessary activi-

ties. No less important are inspection services and supervision to ensurethat the pre-

scribed measures will in fact be effectively carried out and maintained over a longer

period of time. An efficient and correct response must be ensured in risk situations,

through the existence of evacuation plans and other measures for alleviation of conse-

quences if an accident should occur.

3.4. Delphi Analysis

In the summer of 1992 an assessment of priorities for dealing with ecological problems

in Zagreb was made using the Delphi method. The analysis was performed in accord-

ance with the requirements of the Zagreb Ecological Project the Basics, with the aim of

overcoming the temporary gap in data and for eliminating methodological shortcom-

ings.
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The Group was made up of twelve people, all of whom were carefully chosen on the

basis of the following criteria:

- on the basis of knowledge and information they already possessed and that the

information given them prior to start of work would permit Group members to settle

themselves readily into the given task

- Group members had to be able to form their own opinions on any given subject rela-

tively quickly, to be able not only to offer adequate arguments but also to be pre-

pared to accept sound arguments presented by other Group members and to adjust

their own stands accordingly

- that not one of the Group members had until then participated in this study

- that in their professional work to date, Group members had dealt in detail with at

least one of the several key ecological problems in 2!agreb, while about the remain-

der they could possess no more than basic information

On the basis of the above criteria the following individuals (possessing basic knowledge

about work relevant to this Project) were selected and are listed in alphabetical order:

1. Hrvoje Brkic, B.Sc.(Eng); a retired EKONERG associate and one of the foremost

experts among us, who has studied the problems of air pollution from thermal

power plants (ecological and technical aspects)

2. Dr Mirka Fugaš; scientific advisor, Associate member of the IMIMR; retired; coordi-

nator of research projects in cooperation with SZO and EPA in the sphere of air

quality and the exposure of human beings; member of the Council for Environmen-

tal Protection, and the leader of the Group dealing with air quality within the Assem-

bly of the City of Zagreb; involved with formulation directions designed to improve

air quality

3. Ivka Goleš, B.Sc.(Biotech); sanitary inspector for the City Secretariat for Health and
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Social Care; engaged in sanitary supervision in the field of environmental protection,

industrial ecology, air protection, protection from noise, as well as general commu-

nal problems

4. Vesna Hladnik, B.Sc.(Chem Tech); water inspector (protection of water) for the City

Secretariat for Construction, Communal and Housing Affairs, Transport and

Communications; is involved in the prevention of water pollution; she set in motion

the process for dealing with the problem of waste from technological processes

hazardous to water

5. Valerija Kelemen-Pepeonik, M.Sc, B.Sc. (Geog); Head of Department for the Pro-

tection of the Environment at the City Institute for Planning and Development and

Environmental Protection; is involved in the production of spatial planning at differ-

ent levels (Physical Plan of the City of Zagreb; Plan for the Medvednica Nature Park

(the mountain above Zagreb); Master Plans for the Area of Zagreb) with special

emphasis on evaluation of spatial entities, utilization regimes, protection, etc.

6. Vladimir Lay, M.Sc., sociologist; scientific advisor to the Institute for Social Research

at Zagreb University; associate of the project entitled "Socio-ecological aspects of

development"; author of SUO for two HE power plants; author of a paper in the field

of human ecology; President of Green Action of Zagreb; initiator of projects in the

sphere of environmental protection

7. Prof. Dr Milan Meštrov, Doctor of Biological Science; Full Professor at the Faculty of

Natural Sciences, Zagreb University; engaged in the field of the ecology of surface

and ground waters (Butoniga, the River Sava, interstitial ground waters, etc.)

8. Zlatko Milanović, M.Sc., B.Sc.(Eng); engaged in professional, scientific work in the

fields of energy, waste management and environmental protection

9. Prof. Dr Inge Perko-Šeparović; Full Professor at the Faculty of Political Sciences,

Zagreb University; involved in teaching and scientific work, with special emphasis

on development models from growth models to models of sustainable develop-

ment
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10. Mladen Petričec, M.Sc, B.Sc.(Civ.Eng.); Head of SJ at the Institute for Electric

Power Industry, Zagreb; engaged in activities in the field of planning, utilization and

protection of water resources

11. Dr Velimir Pravdić, Prof. Chem.; scientific advisor to the Rudjer Boskovic Institute in

Zagreb; engaged in scientific work in the field of environmental protection, funda-

mental chemistry and development strategy, as well as being involved in laboratory-

experimental work in the field of geo-chemistry and the protection of sea and fresh

waters

12. Ankica Senta, M.Sc., B.Sc.(Bio.Tech.); Assistant at the Faculty of Medicine, Zagreb

University (Andrija Štampar School of Public Health) where she is working in the

school laboratory on analyses of effluent waters in the City of Zagreb, as well as of

surface and ground waters; lecturer at the Faculty of Medicine on subjects such as

health ecology and the laboratory testing of water

The Group undertook its work in the premises of EKONERG, Zagreb, Vukovarska

Avenija 37, on 10 and 11 September 1992.

Proceedings were led by Dr Niko Malbaša, an EKONERG staff member and Head of the

Department for Energetics and Environmental Protection.

The following members of the study producers' coordination team were also present at

the meetings: from ELEKTROPROJEKT Janko Jurković, B.Sc.(Eng), (Chief Study

Coordinator); Vladimir Potočnik, M.Sc. and Dr Stjepan Mišetić; from EKONERG Vladi-

mir Jelavić, M.Sc. and Zoran Kisić, B.Sc.(Eng). Their task during the course of the

Delphi procedure was to give Group members a brief presentation of the main results of

work to date, and the opinions of the authorial team regarding those problems not so

far elaborated upon in an exact manner during research work.

Thus, the Group was ensured independence in its work, thereby also eliminating any

possible influence by study authors on the intuitive processes of the Group's work.
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The day before the group began its work, members were furnished with information on

the results of work to date. The information was presented in the form of a systematized

collection of work summaries covering several main groups of ecological problems in

the City of Zagreb.

The scope and quality of information is a reflection of facts presently known. Since the

elaboration of certain subjects has a longer tradition in Zagreb, such information is of

better quality; on the other hand, for some areas available information is inadequate.

Some activities are in hand but here, final results are not yet available. Delphi Group

members were expected to fill in the gaps in available information on the basis of indi-

vidually obtained facts together with their own assessments, thereby achieving a

common outcome the quality of which would raise the general level of available informa-

tion.

The Group's work was realized in two cycles.

On the basis of an analysis of the Group's answers we are able to arrive at the following

conclusions and recommendations:

1. The problem of waste (of all types), pollution (i.e., protection) of water and pollution

(i.e., protection) of air, in that particular order, comprise those groups of ecological

problems perceived as the greatest sources of risk to the health and lives of the

population, i.e., having the greatest environmental influence, and their present

situation in the Zagreb area deviates most from the desired state. Consequently,

dealing with that particular problem would produce the highest ecological benefits,

and must be tackled at the earliest possible juncture.

2. Protection of the soil, flora and fauna, protection from noise and reducing the risk of

industrial accidents, are ecological problems which are secondary when compared

to those previously mentioned. This, however, does not mean that they should be

omitted completely from the list of priority activities because of a dearth of finances

required for a comprehensive approach to ecological problems in the area of the

City of Zagreb. More so, since much can be done in those particular areas through

undertaking activities which demand relatively low funding (in comparison with
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those from ad 1.); in other words, without any ser ous investment or other material

expenditure, but with an emphasis on activating existing personnel and material

resources. A similar approach could be taken with capacities (possibilities) for

sports and recreational activities engaged in by citizens, as well as with renovation

and cleanliness of the City (which the Group believes to be in anything but a de-

sirable state).

3. Those activities designed to deal with problems of technological waste and protec-

tion of main water pumping sites are regarded as being of the highest priority,

according to the level of ecological benefit, urgency and level of risk this received

an almost total consensus by Group members.

4. Consistent with the preceding conclusions, the second group of priorities includes

those activities designed to improve sanation and completion of the sewer and

water supply network, as well as activities connected with the Jakusevac waste

depot and the new site for communal waste. Despite the moderate range of as-

sessments, the level of ecological benefit and urgency of execution are judged to

be high.

Within that particular group of activities, assessments of benefits and the urgency

for completion of the water supply network especially of the construction of the

communal waste depot produced a significant divergence of opinion among Group

members during the second round of the survey. Despite the relatively high evalua-

tion of the benefits resulting from the construction of the water supply network, it is

believed that numerous other activities are far more important. On the other hand,

construction of the communal waste depot, together with activities ad 3.), is con-

sidered to be very urgent.

5. Differences of opinion among Group members are most prominent in the third

group of activities, regarding their ecological benefits and level of urgency (im-

provement of water quality of the Sava river upstream of the City, reduction of

noxions substances emission from stationary sources as well as from traffic, con-

struction of the communal waste incineration plant and facilities for the purification

of urban effluent waters). The very wide range of assessment with regard to bene-
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fits, and approximately the same number of opinions recorded concerning urgency

of implementation of those activities, indicate that it may be necessary to undertake

additional investigation of all relevant aspects and to give comprehensive considera-

tion to the role they play in the wider context of the Zagreb area (especially in rela-

tion to improvement of water quality of the Sava river upstream of the City, and the

construction of effluent waters purification facilities).

The activity within this group which most divided Group members, in both parame-

ters, was the question of the construction of the communal waste incineration plant

(range of benefit evaluations ranged from 1 to 10, while the urgency parameter was

equally divided: four out of five of both most urgent and least urgent activities). It is

patently clear that a greater degree of accord on the matter is hardly to be expected

at various public levels (even among the professional segment), as several years of

discussions on that controversial ecological-commercial facility have already shown.

6. Problems of noise, for flora and fauna, rehabilitation of the Medvednica streams and

of reduction in risks of industrial accidents were also viewed variously by Group

members, but are generally awarded a lower assessment of ecological benefits and

urgency. Consequently, the recommendation is as already mentioned in ad 2.) to

opt for those activities not requiring large material assets but which are, for the

moment, restricted to the level of information and organization. For instance, the

following, among other things, is recommended:

- for noise: concentrating on critical locations in Zagreb, adopting and enforcing

more rigid regulations and taking actions in the town centre (particularly where

road traffic is concerned);

- for soil, flora and fauna: supervision of soil utilization in protected areas due to

their water resources; popularization of nature and education of the population;

systematic research and monitoring;

- for industrial accident risks: a number of measures preventive in character (inter-

nal quality controls; supervision and inspection services; better quality design of

safety functions, etc.).

34



7. Bearing in mind the fact that the priority sequence of activities for dealing with any

single ecological programme (problem) is left to specialists, the Group priorities for

the main problem groups are quoted purely as information for authors (listed

according to the number of 1st, 2nd and 3rd places received in any particular

survey question)

- for waste: dealing with technologically hazardous waste; integral concept of

waste management; construction of communal waste depot;

- for water protection: sanation and control of ground water pollution sources;

sanation of sewer network (elimination of leakages, expansion of the network,

direct protection of water pumping sites i.e. aquifers);

- for air protection: substitution of coal by gas in low-lying fire boxes; reduction of

traffic emissions; control of emissions caused by technological processes; reduc-

tion of emissions from large combustion chambers.
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4. IDENTIFICATION OF INDUSTRIAL RISK SOURCES AND

HAZARDOUS SUBSTANCES IN THE ZAGREB AREA

In everyday speech the terms hazard and risk are almost synonymous. However, in

technical language there is a significant difference.

Hazard represents physical condition having the potential to threaten human lives,

environment and material goods. Risk represents the occurrence probability of particu-

lar undesirable event during fixed period of time or in determined conditions. The risk

can be expressed as frequency (frequency of the occurrence of undesirable event in a

given period of time) or as probability. As for uncommon events, the frequency usually

applies to a longer period and the probability to a shorter period of time (e.g. if the

expected frequency of an event is 3 times in 1000 years, then the probability of such

event is 3x10'^ per year). The hazard isn't usually effected with maximum potential.

Generally, the rule can be applied that the probability of an event is lesser when the

realized hazard potential is nearer to the maximum. Thus, as a risk measure, diagrams

can be drawn showing the relation between the frequency and consequences of an

event. If only consequences for people are considered, they are usually expressed as

dead or wounded persons (when talking about acute consequences) or, when talking

about chronic effects, as an increase in specific illnesses (cancer, leukemia, genetic

malformations, and similar).

The term social risk denotes the relation between frequency and the number of people

in the given population suffering from the specified level of damage caused by the

occurrence of particular hazardous event. The term individual risk means the probability

that an individual will suffer certain damage in the case that hazardous event occurs.

The term hazard range is frequently used, expressing the relation between the distance

from the hazard source and possible consequences (damage).

Sometimes the term risk is being used to express damage to environment or material

goods (e.g.. dilapidation of forests due to acid rains or houses damaged by an earth-

quake). Most frequently the term risk is closely associated with people and human

health and life, mainly expressing acute (immediate) consequences of a particular event.

Very often (specially in the analysis of industrial hazards) the term risk is applied only to
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the population in the surroundings and not to the employees.

It is considered that the employees have better direct protection measures at their

disposal, are adequately educated and have accepted the increased risk by their

choice of the job, in distinction from the population in the surroundings.

In this Chapter, the term risk denotes all damage regarding human health and life inflict-

ed on people in the surroundings. Particularly in estimation of risk from major accidents

in process and related industries (sec. 4.2.) only fatalities are considered. The employ-

ees in the company which is a potential source of risk are excluded from the analysis.

Likewise, the damage to natural and manmade environment is not included under the

term risk.

In distinction from natural catastrophes known throughout the history, the accidents

(catastrophes) caused by human activities have increased by industrial and technologi-

cal development. Currently, the largest industrial installation can, in the case of major

accidents, cause consequences to human health and lives and to the environment

which can be compared to greatest natural catastrophes.

The public accepts the consequences of industrial catastrophes much harder than

natural catastrophes which have similar effects. One of the reasons is the common

opinion that industrial accidents could be prevented. This might be true in some cases,

but looking globally and statistically, such belief is without foundation. Industrial acci-

dents are an inevitable part of everyday life in contemporary world.

4.1. Survey on Risk Sources

In order to collect information on risk sources i.e. hazardous activities (facilities) and

substances in the observed area, the survey was conducted among relevant industrial

and trading companies selected by consulting several checklists and directories from

referenced literature.
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4.1.1. Identification of Hazardous Substances and Facilities

The survey questionnaire was based on the list of hazardous substances developed by

taking into account their inflammability, explosiveness and toxicity. By reviewing the list,

the surveyed companies could identify hazardous substances they posses and/or they

could add the name of the "new" substance (the one not included in the list) if they

found it hazardous by their own estimate. The basic set of substances in the list was

taken from the Ref.4-1 and 4-2, supplemented by selected items from the list of poisons

which can be put in trade (ace. to the Law on Trade in Poisons) and suggestions of

experts acquainted with industry in the area. The final list contains 379 hazardous

substances arranged in alphabetical order.

The questionnaire was somewhat simplified in comparison to certain similar question-

naires (received from IAEA experts), following the directives of the supervisory expert

group appointed by the Investor. The expert group met several times in the period from

February to April 1992 when the questionnaire was agreed upon its final form and

approved by the Investor.

4.1.2. Development of Directory of Companies

As already mentioned, for the needs of this research the most important companies had

to be selected out of 4500 which conduct their business affairs in the Zagreb area. The

companies belonging to specific industrial branches were selected according to the

Ref.4-1. where particularly hazardous activities were enumerated, e.g. production and

transportation of liquid and gaseous fuels, storage of toxic, explosive and flammable

substances, chemical processing of leather, wood, paper and rubber, etc.

The suggestions of experts acquainted with our economy, its problems and hazardous

substances typical of particular companies were very important. The basic list of some

two hundred companies in the Zagreb economy area (from Sesvete to Samobor com-

munes) was elaborated. This list was then processed in the following way:

- the list was loaded into the computer of the Ministry of Industry, Shipbuilding and

Energy where all import-export declarations for raw materials and semi-finished
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goods of Zagreb companies are stored

- the list of all substances (hazardous and non-hazardous) handled by the companies

was developed

- hazardous substances of interest to this survey were selected out of all enumerated

substances,

- the final list was loaded into the computer of the Ministry once more in order to

determine all companies dealing with the substances; from the above list

- the list (directory) of companies was finally enlarged to some 270 companies

4.1.3. Organization of Data Acquisition

An organized data acquisition (i.e. the survey) was carried out by means of a computer

program HAZIN (developed in Ekonerg). The program was recorded on the PC diskette

and distributed to the surveyed companies.

Each company received by mail also the following:

1. Official letter of the company EKONERG, explaining the purpose of the poll

2. Official letters of the Ministry of Industry, Shipbuilding, and Energy and Ministry of

Civil and Environmental Protection

3. Official letter of the Zagreb City Assembly (president of the Executive Council)

4. Stamped envelope and identification card

The letters were addressed to the company's manager and each company was asked

to fill in the identification card comprising basic data, and to appoint the person in

charge of the activities related to the survey. The cards with data are kept in the archive

of Ekonerg.

In addition to the program for the input of data on hazardous substances and facilities

the written questionnaire was prepared. The companies lacking appropriate computers

received the written questionnaire at their request or at intervention of the expert team.

After a certain period of time the team visited some 50 companies in order to help them

fill in the questionnaire and clarify particular issues. The rest of them filled in the ques-
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tionnaires independently or after telephone consultations.

Some 190 companies responded to the survey by completing the questionnaire, among

which are those representing, according to the experience to date, greatest sources of

risk regarding industrial accidents.

A number of circumstances influenced the effectiveness and quality of the accom-

plished work. The war, bankruptcy of certain companies, processes of ownership trans-

formation, decrease in production, resignation of key experts in some companies and

insufficient professional knowledge in others, significantly aggravated the process of

data acquisition.

Due to some of the above reasons, some companies didn't respond to the question-

naire and some, although putting maximum effort, couldn't acquire complete data.

The main principle was to register in the inventory (database) only high quality and veri-

fied data. Where data didn't exist or were not verified, an empty space was left in the

database. The inventory can be improved and completed with the missing data in the

following phase in a very simple way. The data processing will be repeated as well, if

neccessary.

All the data available are loaded into computer. The program HAZOUT was developed

in order to provide a simple way of data listing, filtering, modifications, supplements and

other data processing. It is developed for the use on personal computer under MS DOS

operating system. It requires at least the following equipment: personal computer, hard

disk 10 MB, diskette 1.2 MB and matrix printer.

4.1.4. Technical Description of Databases

The data are stored in two databases:

- data on companies/locations (file name: adrese.dbf)

- data on substances (file name: rez.dbf)
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Main databases are organized on the basis of the reference number assigned to each

company. Each of the answers to the questions asked in the questionnaire is stored in

the reserved field/record of the base, record being named after the company reference

number. Data processing is very simple and quick. The result is the possibility of select-

ing data according to certain criteria e.g.

1. Print-out of all companies with pertaining substances and data

2. Print-out of only one company with pertaining substances and data

3. Print-out of all substances per companies with data

4. Print-out of companies dealing only with particular substances, etc.

The user can define its own criteria according to specific needs.

Data loading into the database is carried out by recording data from the diskette deliv-

ered by the surveyed company. Some errors occurred during data entry in the compa-

nies, e.g. the entry of quantities in m3 instead of kg. Those errors were eliminated and

corrected after telephone consultations.

4.2. Risk Assessment of Major Industrial Accidents in the Zagreb Area

The database, compiled as the result of a survey, is the basis for identification of those

facilities, activities and hazardous substances known to be potentially the most signifi-

cant sources of risk for the population in their vicinity. In order to ensure the most effi-

cient and rational utilization of generally limited funds available for the identification and

management of such risks, a method was conceived within the international/inter-

agency project "Assessment and management of Health and Environmental Risks from

Energy and Other Complex Industrial Systems" for the classification of activities involv-

ing hazardous substances (making them a source of risk) and the formulation of a list of

priorities that would indicate the possible need for undertaking further risk analysis. This

method, known as "RRA Rapid Risk Assessment" is described in the "Manual for the

Classification and Prioritization of Risk from Major Accidents in Process and Related

Industries, IAEA, 1991 (in the following parts of this paper: the Manual) was applied in

the processing of the result of the survey undertaken, which forms the subject of this
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chapter. Minor deviations from the method were caused by adapting it to meet local

conditions, primarily meteorological, which differ from those outlined in the Manual and

which will be described separately later in their proper context. Certain simplifications in

application resulted from discussions with members of the IAEA expert mission who,

during the course of monitoring the work on the project, visited Zagreb in the summer

of 1992.

Brief Presentation of the RRA Method

Prior to presentation of basic elements of the method and to facilitate a better under-

standing of obtained results, it is essential that mention be made of its basic conditions

and limitations.

1. This method deals with risks from major accidents in stationary industrial installations

(where hazardous substances are either stored or used in a process) or in the trans-

portation of hazardous substances (by road, rail, water and pipeline) the conse-

quences of which would be 100% fatality of the exposed people (beyond the perime-

ter fence of the risk source) within the boundaries of the effects of such an accident.

Here, the risk to installation employees (occupational risk) or the environment is not

considered. Fires, explosions and the uncontrolled releases of toxic substances are

regarded as direct sources of risk.

The scope of analyses in this work, i.e., in the conducted survey, extended only to

stationary installations (storehouses and processes), but which is regarded as a

sound base on which to build further experience in the collecting of data within this

rather sensitive aspect of industrial practice. It will most certainly be of benefit for

similar analyses of risks stemming from the transport of hazardous substances in the

subsequent phase of the project.

2. Risk is defined by consequences and by the probability of an undesirable event

(accident) occurring, and the method relates to a group (societal) risk, i.e., the risk of

death for a certain number of people as a consequence of an accident.
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3. Since the method is used to obtain a preliminary and generalized review of various

risks in a specific industrial area with the aim of defining a list of priorities for further

and detailed risk analysis, obtained results are not to be used for the following:

- absolute risk assessment or risk management for individual industrial facilities

- physical planning for the siting of new hazardous facilities or transport routes

- safety assessments or risk acceptability of individual installations

- comparison of absolute risk values with criteria or standards of risk acceptability

(where, of course, they exist; that is still not the case in Croatia)

Main phases of the procedure within the applied method are as follows:

A) Classification of Types of Activity (Stationary Installations)

and Relevant Hazardous Substances

- defining the boundaries of the observed area

- general review of companies (facilities) which could, by the very nature of their main

activity, involve hazardous substances

- data collecting (through a survey, and using direct contacts, if necessary)

- classification of collected data on hazardous substances by type and quantity

- selection of activities and substances which could result in dangerous consequences

(fatalities) for people in the surrounding

B) Estimation of External Consequences for the Population because of Major Accidents

- Estimation of the possible number of fatalities for each of the previously selected

activities, i.e., hazardous substances, taking into consideration possible alleviating

and mitigating actions

C) Estimation of Probability of Major Accidents

- This is carried out on the basis of average (standard) probability of an accident

depending on the type of hazardous material and the type of activity ("storage" or

"process") and the application of several corrective parameters
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D) Estimation of Group Risk

- classification of all analyzed activities, i.e. substances according to the categories of

consequences (possible number of fatalities) and categories of probability (frequen-

cy) of an accident

E) Determining Priorities for Further Analysis

- a precondition for determining priorities is the defining of criteria for acceptability of a

group risk; in any subsequent analysis those activities should be considered which

do not meet the specified acceptability criteria

A - Classification of Activities and Relevant Hazardous Substances

The path of the Phase A procedure is presented clearly in Fig. 4.1.

In Spring of 1992 a survey questionnaire on the identification of hazardous substances

and facilities in the Zagreb area was sent to 255 companies believed storing or using in

their production processes something like 380 hazardous substances a list of which

was enclosed with the questionnaire. The list of the most important substances (given in

the Appendix 1 to the Manual) has been extended by the inclusion of other, similar lists

taken from referenced literature (Ref. 4-1, 4-2, 4-3, 4-4). The aim of this extension was to

ensure as comprehensive an insight as possible into the spread and diversity of haz-

ardous substances within the observed area.

The survey questionnaire was completed by 194 companies (76% of those ap-

proached), among them being almost all the major industrial units which could be

expected to be holding significant quantities of hazardous substances. It is reasonable

to believe, therefore, that the information gathered through the survey covers a very

high percentage of the hazardous substances present in significant quantity within

industrial complexes in the Zagreb area.
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Fig. 4.1.: Risk classification and prioritization scheme
( RRA method - phase A )
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Of the companies who completed the survey, 43 stated that they possessed no haz-

ardous substances, thereby reducing the number of companies/location1 declaring

possession of hazardous substances to 151 in 260 locations. Data on all companies

and locations, as well as on quantities of hazardous substances and other information

and notes from completed survey questionnaires were fed into the database.

All data collected about any one hazardous material in a company (such as quantity,

aggregate state, etc.) - from here on described as a record, and in order to retain the

spatial attribute will be quoted as "company/location/hazardous substance". At the time

this report was being compiled (January 1993) the database contained 2013 records.

The list of hazardous substances with data on quantities (for the group "storages" as

declared by surveyed companies is given in the Enclosure 4.1. with this Chapter. It

serves also as an example of printouts of the previously mentioned database.

It is at this point that the process of eliminating certain groups of records begins, ac-

cording to several criteria and on the basis of the fundamental parameter of the base -

hazardous material.

The first group covers companies/locations/hazardous substances for which quantities

of hazardous substances in storage or jn the production process were not stated. It is

foreseen that information on quantities for that group will be obtained in later phases,

should it prove necessary from the aspect of the spatial siting of a company/location in

relation to criteria of distance to inhabited areas for particular groups of hazardous

substances.

Under the heading "location" the data base contains information as given in the survey questionnaire,

some companies have units in different locations, each of which (units) has a different address,

others have all their facilitiesin one place, in which case a "location" denotes different units within the

company organization
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In the second group eliminated to date are those companies/locations that quoted

substances not listed in the basic list of hazardous substances taken from the Manual.

This group would demand further detailed analysis from the aspect of actual hazard

posed by those substances whether or not they were included in the list enclosed with

the survey questionnaire (or even added by the company under survey). All would

depend, of course, on quantities disclosed.

The remaining group of companies was treated in accordance with criteria derived from

the Table in the Manual, according to which substances quoted in quantities of under

5 tons are not considered. From this fairly large group, a more thorough investigation

would be demanded of those records on toxic liquids and gases which could, even in

considerably smaller quantities, cause lethal effects beyond the location of the facility

itself.

The group of companies/locations with > 5 tons of hazardous substances (107 records

in 37 companies/147 locations for "storages", and 31 entries in 17 companies/20 loca-

tions for a "process") was subjected to the criterion of distance from the nearest

populated area. According to the Manual, for flammable substances that distance is

500 metres (the second part of the criteria, i.e., 10,000 metres for toxic substances, has

no practical applicability for the industrial region within the area of Zagreb).

As a result of the elimination of those companies/locations holding flammable sub-

stances which are beyond a 500-metre radius from the nearest populated area, the only

one remaining is a group of 71 records in 36 companies/42 locations for "storages" (and

20 entries in 15 companies/16 locations for "process"), which covers all other hazardous

substances, regardless of distance from populated areas, as well as flammable sub-

stances under the above conditions.

Categories of conseguences (effects) from accidents for this group are determined

according to the procedure in the Manual.

Category of effects is defined by the maximum distance at which effects can be felt

(i.e., the maximum extent of the effect) and the area of affected territory. Letters A-H

denote the expanding range of effect (25, 50, 100, 200, 500, 1000, 3000 and 10000 m).
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The affected area is divided into three grades according to the form of anticipated

spread: I - full circle (characteristic of explosions), II - semi-circle (special cases in

accidents involving flammable and explosive substances and smaller quantities of toxic

substances with a lower level of toxicity) and III - a circular sector (characteristic of the

dispersion of major quantities of toxic gases in the form of an elongated cloud).

Parameters used in establishing effect categories are the type of hazardous substance

and the maximum quantity which could be involved in an accident (on a conservative

estimate). Depending on the physical and chemical properties (evaporation pressure,

liquefaction mode, toxicity et al.) and the type of activity (type of storage, type of trans-

port, etc.) hazardous substances have been categorized and are designated by refer-

ence numbers.

Having established the category of effects for each of the remaining records the next

step is to compare the maximum range of the effect to the previously determined dis-

tance of the company/location from the nearest populated area, thereby eliminating

those companies/locations/substances which, according to that criterion, pose no

hazard for the population in the vicinity.

The procedure for defining the maximum range of the effect for toxic material whose

gases spread in the form of an elongated cloud (plume?) described in the Manual, was

altered due to the fundamentally different meteorological situation in the Zagreb area

from that assumed in the Manual (stability class D, wind velocity 5 m/s). It was estimated

that in local conditions (predominantly classes E & F, average wind velocity 1.8 m/s) a

cloud of toxic gas would affect the same overall area but with double the range, and

therefore a narrower angle of dissipation.

The remaining 13 records for 9 companies/10 locations for "storages" and just 5 re-

cords for 2 companies/3 locations comprise the final group of Phase A^ i.e., that group

for which the consequences and probability of an accident, as well as the group risk are

to be estimated, thereby providing a base for establishing a priority list for further risk

analysis (with the criteria for risk acceptability being established beforehand). The

mentioned group for "storage" is presented in Table 4.2.1., and for "process" in Table

4.2.2.
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The relatively small number of remaining "hazardous" companies/locations/substances

could be the direct consequence of a good physical distribution of potentially danger-

ous industrial units in the Zagreb area, on the one hand, and the multiple successive

elimination criteria as an element of the applied RRA method on the other. The most

rigorous criterion was shown to be that of borderline quantities of hazardous sub-

stances of 5 tons, which led to the elimination of most entries. This is justified for flam-

mable substances, but as far as toxic and explosive substances are concerned, con-

sideration should be given to the danger posed by smaller quantities. Within the group

of eliminated records, the most numerous are those relating to flammable liquids

(mainly fuels) which happen to be the largest group of hazardous substances in the

overall database.

Table 4.2.1. Final group Phase A - Storages

Record
coda

28/1/1
28/1/2

29/1/1

34/1/1
34/1/2

85/3/1
85/3/la

164/1/1
164/1/2

184/1/1
184/2/1

224/1/1

276/6/1

277/2/1

Comp.
raf.
no.

28
28

29

34
34

85
85

164
164

184
184

224

276

277

Location

1
1

1

1
1

3
3

1
1

1
2

1

6

2

Hazardous substance

No.

01902
01902

10...

11297
11365

02327
02327

05366
11365

11297
11297

02327

11292

07207

Name

org.solvents
prep.primers

pesticydes

polymers
fertilisers

LPG
LPG

urea nitrate
fertilisers

polymers
polymers

LPG

pestic.+insect.

compr. chlorine

Type

flamm. liq.
flams, liq.

tox.comb.pr.

tox.comb.pr.
tox.comb.pr.

flamm. gas
flamm. gas

explos.
tox.comb.pr.

tox.comb.pr.
tox.comb.pr.

flamm. gas

tox.comb.pr.

toxic gas

ma:c.

qty.iti

37.1
550

201)

300
2!i

211)
70

20
3(1

100
100

7C

10

10

Ref.
No.

6
6

43

46
44

7
7

15
44

46
46

7

43

32

Effect.
Category

DII
DII

EIII

Dili

cm
El
DI

CII

cm
cm
cm

DI

BII

EIII

R .

w

150
150

150

150
150

50
50

50
50

100
50

180

50

250

R
(m)

200
200

1000

400
200

500
200

100
200

200
200

200

50

1000

A
(ha)

6
6

8

1
0,3

80
12

3
0,3

0,3
0,3

1

0,4

8

Table 4.2.2. Final group Phase A - Processes

Record
code

184/1/1
184/2/1

280/7/1
280/7/2
280/7/3

Coup.
ref.
no.

184
184

280
280
280

Location

1
2

7
7
7

Hazardous substance

No.

11297
11297

01022
01047
01231

Name

polymers
polymers

acetone
benzsne
methanol

Type

tox.comb.pr.
tox.comb.pr.

flamm. liq.
flamn. liq.
flamm. liq.

max.
qty.(t)

100
100

80
24
9

Ref.
No.

46
46

3
3
3

Effect.
Category

cm
cm

BI
AI
AI

R

W

100
100

25
25
25

R
(m)

200
200

50
25
25

A
(ha)

0,3
0,3

0,8
0,2
0,2
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B Estimation of Effects of an Accident on the Population

Estimation of effects includes fatalities that would be suffered in an accident (caused by

any type of hazardous substance). According to the RRA method given in the Manual,

the estimate of effects is based in on an estimate of population distribution within a

circular zone of effects, on certain generic data on population density for individual

populated areas around the source of risk, and those corrective factors which take into

account the ratio of inhabited and uninhabited areas in the affected zone.

Since the aim is to obtain a conservative estimate of the potentially threatened people,

that the combination of high- and low-rise dwellings (apartment blocks and family

houses) very often exist cheek by jowl in the Zagreb area, and that maximum effect

ranges (distances) are generally up to 200 m from the risk source (with a maximum of

up to 1000 m, see Table 4.2.1.) the recommended procedure is seen as unsuitable for

the majority of local cases. Consequently, the number of potentially threatened inhabi-

tants has been estimated through a direct count of dwelling units within the affected

zone on the basis of 1:10000 scale maps and, where it proved necessary, by walking

the affected areas.

For the affected zones in form of semi-circle (II in category effects) or elongated cloud

the relevant sectors were those with the highest estimated number of inhabitants.

In the events of risk from toxic gases (elongated cloud) special attention was paid to

population density in the direction S and SW of the risk source, since according to

Zagreb wind rose the most prevalent winds are from N and NE directions (altogether a

frequency of c. 35%).

Depending on the type of accident, i.e. on the type of hazardous substance, it is possi-

ble, in the event of an accident, to apply certain actions to mitigate or alleviate the ef-

fects (escape, evacuation, shelters, etc.). Consequently, the Manual gives correction

factor fm, which is used to reduce the number of potentially threatened inhabitants to

the number of potential fatalities per accident as the final result of this phase.
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The total estimated number of threatened inhabitants, factor fm and the final estimate of

fatalities for the listed companies/locations/substances (Tables 4.2.1. and 4.2.2.) is

presented in Table 4.2.3. for "storages" and in Table 4.2.4. for "processes".

Table 4.2.3. Effects estimation of major accident - "storage"

Racord
coda

28/1/1
28/1/2

29/1/1

34/1/1
34/1/2

85/3/1
95/3/1«

164/1/1
164/1/2

184/1/1
184/2/1

224/1/1

276/6/1

277/2/1

Hazardous substance

No.

01902
01902

10...

11297
11365

02327
02327

05366
11365

11297
11297

02327

11292

07207

Nama

orq. solv.
prep, primers

pestic. var.

polymers
fertilisers

LPG
LPG

urea nitrate

polymers
polymers

LPG

compr. chlor.

Type

flamm. liq.
flamm. liq.

tox.comb.pr.

tox.comb.pr.
tox.comb.pr.

flamm. gas
flamm. gas

expl. aubst.

tox.comb.pr.
tox.comb.pr.

flamm. gas

toxic gas

Ref.
No.

6
6

43

46
44

7
7

15

46
46

7

32

Effect
category

DII
DII

EIII

Dili

cm
El
DI

CII

cm
cm

DI

BII

BUI

R
(m)

200
200

1000

400
200

500
200

100
200

200
200

200

50

1000

Threatened population

max. (sector)

200
200

450 (NNW)

550 (S,SSW)
200 (S.SSW)

9000
1400

1100
800 (NNW)

300 (HSH)
40 (SSH)

20

20

160 (WNH)

in S,SH

-

0

550
200

-

100

60
40

-

0

f
m

1
1

0,05

0,05
0,05

1
1

1
0,05

0,05
0,05

1

0,05

0,10

fata-
litieB

200
200

22

27
10

9000
1400

1100
40

15
2

20

1

16

Table 4.2.4. Effects estimations of major accident - "processes"

Record
code

184/1/1

184/2/1

280/7/1
280/7/2
280/7/3

Hazardous substance

No.

11297

11297

01022
01047
01231

Name

polymers

polymers

acetone
benzene
methanol

Type

tox.comb.pr.

tox.comb.pr.

flamm. liq.
flamm. liq.
flamm. liq.

Ref.
No.

46

46

3
3
3

Effect
category

cm

cm

BI
AI
AI

R
(m)

200

200

50
25
25

Threatened population

m.uc. (sector)

300 (HSH)

40 (SSH)

60
20
20

in S,SH

60

40

£
m

0,05

0,05

1
1
J

fata-
lities

15

2

60
20
20

C Probability Estimation of a Major Accident

The probability of a major accident which would involve a hazardous substance, there-

by resulting in the above defined consequences, is expressed as the number of such

accidents per year. According to the Manual the probability estimation is based on

establishing the probability figure N j s, which is converted to a probability reading by

means of the relevant table or by using the formula:
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N = /log10P/.

The basis for estimation is the average (standard) probability number N j s depending

on the type of hazardous substance (i.e., its reference number in the Manual) and on

whether the hazardous material is in storage or being used in a production process.

That number (taken from the Manual) is corrected by several corrective factors which

take the following into account:

- nj - frequency of manipulation of hazardous substances (loading/unloading: estimat-

ed on the basis of data obtained from the survey and additional contacts)

- rif - installed safety devices within activities involving flammable substances: estimat-

ed on the basis of additional contacts

- n o - characteristics of the company with regard to safety aspects (i.e., age of produc-

tion unit, safety procedures, quality of maintenance, emergency planning, et al.);

estimated on the basis of data obtained in the survey and from a general impression

- rip - the probability of the wind moving in the direction of the previously determined

most densely populated areas within the affected zone: estimated according to the

Manual with certain adjustments being made to Zagreb's wind rose.

Tables 4.2.5 "for storages" and 4.2.6. for "processes" present results of probability esti-

mation for major accidents in the final group of companies/locations/ substances.

D Estimation of Group Risk

For each company/location/hazardous substance in the final group of those remaining

for application of the RRA method, two figures were calculated in the preceding points

(number of fatalities and frequency of major accidents with the relevant substances, the

consequences of which would produce the quoted number of fatalities). The group risk

for the population living around stationary installations - the risk source - is now estimat-

ed with the aid of those two figures.
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Table 4.2.5. Probability estimation of major accident - "storage"

Record
code

28/1/1
28/1/2

29/1/1

34/1/1
34/1/2

85/3/1
85/3/la

164/1/1
164/1/2

184/1/1
184/2/1

224/1/1

276/1/1

277/1/1

Hazardous substance

No.

01902
01902

10. ..

11297
11365

02327
02327

05366
11365

11297
11297

02327

11292

07207

Name

org. solvents
prep. prijnerB

pestic. var.

polymers
fertilisers

LPG
LPG

urea nitrate
fertilisers

polymers
polymers

LPG

pestic.+insact.

camp, chlor.

Type

flanun. liq.
flamm. liq.

tox.comb.pr.

tox.comb.pr.
tox.conb.pr.

flanun. gas
flamm. gas

explos.
tox.coeb.pr.

tox.coitJo.pr.
tox. cozjD.pr.

flamm. gas

tox.coiJs.pr.

toxic gas

Ref.
No.

6
6

43

46
44

7
7

15
44

46
46

7

43

32

Effect
category

DII
DII

EIII

Dili

cm
El
DI

CII

cm
cm
cm

DI

BII

EIII

+
N

1,B

7
7

3

3
3

6
6

7
3

3
3

6

3

6

r'l

- 1
- 1

-1,5

- 1
- 1

-1,5
-1,5

0
0

- 1
- 1

- 1

0

0

nf

-

-

-

+ 0,5
+ 0,5

-

-

+0,5

-

-

n
o

0
0

+ 0,5

0
0

0
0

0
0

0
0

0

0

0

n
P

0
0

+ 1,5

0
0

0
0

0
0

+ 1
+0,5

0

+0,5

+ 1,5

N.
1 , B

6
6

3,5

2
2

5
5

7
3

3
2,5

5,5

3,5

7,5

P
accid./
/yr.

l»10

3»10"4

l»10~j
l«10

WO"!
l«10

l»10~3
l«10

l«10~3
3»10"

3»10~*

3«10"4

3«10"8

Table 4.2.6. Probability estimation of major accident - "processes"

Record
code

184/1/1
184/2/1

280/7/1
280/7/2
280/7/3

Hazardous substance

No.

11297
11297

01022
01047
01231

Nans

polymers
polymers

acetone
benzene
methanol

Type

tox.comb.pr.
tox.comb.pr.

flamm. liq.
flamm. liq.
flamm. liq.

Ref.
No.

46
46

3
3
3

Effect
category

cm
cm

BI
AI
AI

N .

* *

7
7
7

"l

0
0
0

nf

-

n
o

0
0
0

n
P

0
0
0

Ni,.

7
7
7

P
accid./
/yr.

— 7

The Manual does not give elements for probability estimation of this type of accident

Estimated group risk is presented using the coordinate system, in which the effects of

the accident are shown on the X-axis, and probability of an accident on the Y-axis. Due

to the relative crude nature of the method appropriate for the particular purpose,

parameters of consequences and parameters on the coordinate axes as shown as a

group classes:

- for consequences: 0-25,26-50,51 -100,101 -250,251 -500 and > 500 fatalities/accident

- for probability (frequency): by one order of magnitude of the annual number of acci-

dents

If, within one company/location, there are several substances which independently of

each other could cause an accident (i.e., participate in one) then the risk of accident

(i.e., substances), the consequences of which belong to the same class of conse-
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quences, can be summed up. In our particular case, the above can be applied to activi-

ties under code 28/1/1 and 28/1/2 (in the group "storages"), as well as to 280/7/2 and

280/7/3 (in the group "processes").

Tables 4.2.7. and 4.2.8. present the final group of companies/locations/substances, with

their estimated risks, arrived at through the application of RRA method in this work. A

graphic presentation of results is given in Fig. 4.2.

Table 4.2.7. Risk estimated by the RRA method (final group-"storages")

Record
coda

28/1/1
28/1/2

29/1/1

34/1/1
34/1/2

85/3/1
85/3/la

164/1/1
164/1/2

184/1/1
184/2/1

224/1/1

276/6/1

277/2/1

Hazardous
substance

org. solvents
prop, primers

pestic. var.

polymers
fertilisem

LPG
LPG

urea nitrate
fertilisers

polymers
polymers

LPG

pestic.+insoct.

coup, chlor.

Rsf .
No.

6
6

43

46
44

7
7

15
44

46
46

7

43

32

Max.

qty.

m
374
550

200

300
25

210
70

20
30800

100
100

70

10

10

R
(m|

200
200

1000

400
200

500
200

100
200

200
200

200

50

1000

Consequences
(fatalities/
/accident)

200
200

22

27
10

9000
1400

1100
40

15
2

20

1

16

Probability
(accidont/yi)

l»10

3«10"

l»10~2
1*10

l»10~5
1*10

l«10~3
l»10

l»10~3
3»10

3«10"6

-4
3»10

3»10"8

Combined
risk

2«10"6

-

-

-

-

-

-

-

-

Symbol
Fig.4.2.

SI •
S2 •

S3 A

S4 A
S5 A

S6 Q
S6a Q

S7 <J
SB A
S9 A
sio A
Sll O

S12 A

S13 V

Table. 4.2.8. Risk estimated by the RRA method (final group-"processes")

Record
code

184/1/1
184/2/1

280/7/1
280/7/2
280/7/3

Hazardous
substance

polymers
polymers

acetone
benzene
methanol

Ref.
No.

46
46

3

3

3

Max.
qty.
(t)

100
100

80
24
9

R

(«)

200
200

50
25
25

Consequences
(fatalities/
/accident)

15
2

60
20
20

Probability
(accident/yr)

i«io"7
l«10 7
1M0

Combined
risk

2»10" 7

Symbol
Fig.4.2.

PI •
P2 •
P3 •
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Frequency
(accidents/year)

10"3

10"4

10 -5

IO"7

10"1

10-9

P2&P3

EKONERG

S1&S2

0-25 26-50 51-100 101-250 251-500 >500

Consequence
(fatalities/accident)

- toxic combustion products

- flammable liquid

- flammable gas

\y - toxic gas

explosive

S - storage

P - process

Fig. 4.2. Matrix for risk classification in the
Zagreb area ("RRA method")
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E Establishing Priorities for Further Risk Analysis

Bearing in mind that Croatia does not yet have established criteria of acceptability of

risk for major accidents which have consequences for a circumambient population,

priorities for a further, detailed risk analysis could possibly be established in relation to,

for instance, the Dutch criteria. However, taking into consideration the comments made

in the introductory part of this paper with regard to the limitations of the applicability of

results obtained by the RRA method, the following can be said in conclusion:

- in further risk analysis special attention must be paid to those activities involving

possible accidents/explosions (explosive substances.as well as flammable gas LPG)

which could result in a very large number of fatalities. Attention should also be given

to storages holding hazardous substances (such as plastic mass, pesticides, fertiliz-

ers, etc.) due to toxic gases appearing as products of combustion in accidents (fires)

with a relatively high degree of probability (although with relatively minor effects),

- the adoption of a critical approach towards the criterion of elimination of hazardous

substances in quantities less than 5 t, leads to recommendation that this group of

substances should be additionally analyzed with particular attention being paid to

older production units which, when constructed, were on the outskirts of the town but

which today are in the near vicinity of residential estates.

Remarks and Observations Related to the RRA Method as Presented in the Manual

Although many remarks and observations referring to application of the RRA method as

presented in the Manual have already been made earlier in this chapter, the most impor-

tant will be covered below as it is necessary to discuss them in more detail with the

authors of the Manual, as well as to highlight certain aspects that are important in the

furtherance of work on this Project. The order in which the remarks appear has no

bearing on their relative importance.

The approach adopted by the Manual, whereby assessment of effects does not take

into consideration employees in neighbouring companies, but rather bases the entire
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assessment process on the population in adjacent residential estate, is open to ques-

tion. People working in the area of the activity - source of risk - receive just a single

mention (p 18). It is not specified even there, however, whether this relates to the staff of

other, neighbouring industrial facilities (including their co-located administration person-

nel, a situation common in industrial zones) or only to employees in other (e.g., public)

non-industrial business units.

- the status (importance) of the list of hazardous substances in the Appendix 1 of the

Manual also bears some discussion, since the list does not cover many items which

those surveyed reported as being hazardous in nature (and which were to be found

in fairly large quantities in many companies) such as liquid oxygen, trichloroethylene,

sodium compounds and many others.

- completed survey questionnaires include a number of items which were not listed

even in the exhaustive list of hazardous substances enclosed with the survey, which

demand verification to discover whether the designations used were trade names for

a particular material (or group of substances) in the list, or whether the added item is

a new hazardous substance.

- frequently absent, not entered or generally inaccessible, were data on the maximum

quantity of a material in storage or being used in a process. Instead, only average

figures were given (without defining which average) or those that were found at the

time the survey was being carried out

- in practice, hazardous substances are present (as the survey demonstrated) which

can participate in accidents even where their quantities are less than 51, the lower

limit for quantity of substance for which effect categories can be defined according to

Table 4.1 .a of the Manual and to which RRA method can be applied. This is charac-

teristic of toxic liquids and gases, particularly those of high toxicity.

- the procedure for assessment of effects by means of generic data on population

density in surrounding areas and the correction factors defined by the "geometric"

method is impractical and, in local conditions, often unsuitable
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The Manual should provide users with instructions on how to adjust certain elements

of the procedure depending on meteorological parameters, which could differ con-

siderably from those given in the Manual - as is the case in local conditions

it is our belief that, during the phase of combining reference number of hazardous

substances dependent on mode of storage or type of activities, it is necessary to

provide a better description of instances which could be slotted into the "other"

category.
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ENCLOSURE 4.1.

THE LIST OF HAZARDOUS SUBSTANCES IN ZAGREB AREA
(as declared by surveyed companies, as at Dec. 1992.)

stationary installation: STORAGE

CRM Company's main activity Substance Average Quantity
(»3) (kg) (•3)

Quantity
(kg)

1 FLAMMABLE LIQUID

17 NON-ALCOHOLIC BEVER.PROD.
17 NON-ALCOHOLIC BEVER.PROD.
25 MACHINE TOOLS IND.
2 8 PAINTS AND VARNISHES FACTORY
2B PAINTS AND VARNISHES FACTORY
2 8 PAINTS AND VARNISHES FACTORY
2 8 PAINTS AND VARNISHES FACTORY
2 8 PAINTS AND VARNISHES FACTORY
29 AGRO-CHEM.l PESTICIDES PROD.
3 3 PIGMENTS FACTORY
3 3 PIGMENTS FACTORY
34 PROD. OF PLASTICS
35 PAINTS DISPERSION FACTORY
35 PAINTS DISPERSION FACTORY
35 PAINTS DISPERSION FACTORY
35 PAINTS DISPERSION FACTORY
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS
36 PRINTING INKS

PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS
PIGMENTS WORKS

37 SYNTHETIC RESINS FACTORY
37 SYNTHETIC RESINS FACTORY
37 SYNTHETIC RESINS PACTORY
3 7 SYNTHETIC RESINS FACTORY
40 BATTERIES AND LAMP FACTORY
40 BATTERIES AND LAMP FACTORY
46 TEXTILE READY-MADE WEAR
49 ELECTR.FITTINGS t WIRINGS MAN.
62 PHOTOMATERIAL PRODUCER
76 ELECTRIC POWER SUPPLY INDUSTRY
76 ELECTRIC POWER SUPPLY INDUSTRY
78 CROATIAN RAILWAYS
78 CROATIAN RAILWAYS
8 3 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
8 3 CHEMICAL IND. (PLASTICS)
8 3 CHEMICAL IND. (PLASTICS)
8 3 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
8 3 CHEMICAL IND. (PLASTICS)
84 PETROLEUM REFINERY
84 PETROLEUM REFINERY
84 PETROLEUM REFINERY
84 PETROLEUM REFINERY
84 PETROLEUM REFINERY

01117 dieael oil, gas oil, domestic fuel oil
01002 1,2-dichlorobenien
01263 fuel oil, heavy
01902 org. solvents, binders, pigmuntB
01902 paints and lacquers
01902 org. solvents, binders, pigmonte
01902 paints and lacquers
01902 diluting liquids
01226 xylsne (xylol, dimsthylbanzene)
01278 acetic acid
01902 org. solvents (white spirit)
01157 phenol
01317 styran (vinyl benzen)
01902 butyl acrylate
01129 ethyl acrylate
01367 vinyl acetate
01060 butanone (methyl ethyl ketonei)
01062 butylacetate
01072 cyclohexanons
01117 dlesel oil, gas oil, domestic fuel oil
01124 ethanol
01128 ethyl acetate
01123 ethyl glycol (2-ethoxyethanol)
01134 ethyl glycol acetate
01195 isopropanol (isopropyl alcohol, 2-propanol
01226 xylsne (xylol, dimathylbenzene)
012 3 8 methyl ethyl katone
01263 petroleum (oil)
01340 toluene (methyl benzen)
01022 acetone
01059 butanol, n-, sec- (butyl alcohol)
01060 butanone (methyl ethyl katone)
01062 butylacetata
01072 cyclohexanone
01117 diesel oil, gas oil, domestic fuel oil
01124 ethanol
01128 ethyl acetate
01133 ethyl glycol (2-ethoxyethanol)
01134 ethyl glycol acetate
01195 isopropanol (isopropyl alcohol, 2-propanol
01226 xylene (xylol, dimethylbenzene)
012 38 methyl ethyl ketone
01263 petroleum (oil)
01340 toluene (methyl benzen)
01022 acetone
01157 phenol
01169 furfuryl alcohol (furyl carbinol)
01224 cresol (mathylphenol)
012 31 methanol (methyl alcohol)
01117 fuel oil, extra light
01263 fuel oil, heavy
01117 diesel oil, gas oil, domestic fuel oil
01262 mineral oil
01278 acetic acid
01117 diesel oil, gas oil, domestic fuel oil
01263 fuel oil, heavy
01117 diesel oil D-2, gas oil
01117 diesel oil D-2
0122 7 cumene
01130 ethyl benzene
01049 (benzines) petrols
01049 highoctanic petrol
01047 benzene
01317 styren (vinyl benzen)
01022 acetone
01902 dehydrated mixture
0126! fuel oil
01288 pentane
01157 phenol
0104!) (benzines) petrols
0190;! distillate 1
0190:! refined liquid PR
01902 refined liquid VR
0126:) petroleum (oil) \

100000
250000
400000
550000
600000
200000
300000
20000
10000

25000
10000
10000
40000

200000
374000
550000
750000
800000
300000
600000
40000
50000

100000
70000
50000
150000

26
20000

40
100
100
300

50000
10000
10000
15000

30000
12500

10000000
1057163
427540

1200000

80000

200
200
300
500

80000
40000
25000
30000
3000

20000
120000
20000

17000000

880000
1260000
9200000
4800000
4720000
1158000
780000
800000
3870000
51000

1560000

25000000

CRN Company Reference Number

HSRN - Hazardous Substance Reference Number (last 3 digits ace. to the List of Haz. SubsL enclosed to the Questionnaire)

- No Data Available (probably insignificant quantities for the majority ot companies/substances)

59



CJUI Ccspany' • Main a c t i v i t y HSRJi Substance Average Quantify
(•3) (kg) (•3)

Quantity
(kg)

1 TRADE
t TRADE
i TRADE
I TRADE
fc TRADE
i TRADE

84 PETROLEUM REFINERY
64 PETROLEUM REFINERY
84 PETROLEUM REFINERY
8 4 PETROLEUM REFINERY
85 PETROL.DERIV.PROC.
85 PETROL.DERrV.PROC.
85 PETROL.DERIV.PROC.
85 PETROL.DERIV.PROC.
8 7 NATURAL GAS PROC.
8 7 NATURAL GAS PROC.
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 6 PAPER I CARDBOARD PROD. COMP.
105 CHEM.F. (GLUES,COAT,PAINTS)
105 CHEM.F. (GLUES,COAT,PAINTS)
105 CHEM.F. (GLUES,COAT,PAINTS]
106 BUILDING ISOL. MATERIALS MAN.
106 BUILDING ISOL. MATERIALS MAN.
107 PHARM.l DESIGN.CHEMICALS PROD.
107 PHARM.t DESIGN.CHEMICALS PROD.
114 POWER TRANSFORMERS MAN.
125 POWER TRANSFORMERS MAN.
12 7 SPEC.CHEMICALS PROD.
127 SPEC.CHEMICALS PROD.
127 SPEC.CHEMICALS PROD.
127 SPEC.CHEMICALS PROD.
127 SPEC.CHEMICALS PROD.
159 TRADING COMPANY
161 PHARM.,CHEM.,POOD,COSH.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM..CHEM.,FOOD,COSM.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM..CHEM., FOOD, COSM. IND.
169 COOKING OIL RAFINERY
169 COOKING OIL RAFINERY
169 COOKING OIL RAFINERY
169 COOKING OIL RAFINERY
171 CROATIAN RAILWAYS
171 CROATIAN RAILWAYS
171 CROATIAN RAILWAYS
175 REDUCTION GEARS FACTORY
180 EL.POWER LOCOMOTIVES HAN.
22 4 NON-FERROUS METALS PROC.
241 THERMO-VENTILATION EQPHT.HAN.
255 BREWERY:BEER,ALC.,NON-ALC. BEV.
268 SYNTHERED METALS t TOOLS MAN.
268 SYNTHERED METALS i TOOLS MAN.
2 72 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
276 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHBM.,PROD.,COSH.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEH., PROD.,COSH.IND.
277 PHARM.,CHEM., PROD.,COSH.IND.
277 PHARM.,CHBM.,PROD.,COSH.IND.
277 PHARM.,CHEM.,PROD.,COSH.IND.
277 PHARH.,CHEH., PROD.,COSH.IND.
277 PHARM..CHEM.,PROD.,COSH.IND.
277 PHARH.,CHEM.,PROD.,COSH.IND.
277 PHARH..CHEM.,PROD.,COSH.IND.
277 PHARM.,CBEM.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARH.,CHEM., PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARH.,CHEM., PROD., COSM.IND.
277 PHARM.,CHEM. , PROD.,COSM.IND.
277 PHARM.,CHBM., PROD., COSM.IND.
277 PHARM.,CHEM.,PROD.,COSH.IND.
277 PHARM.,CHEH.,PROD.,COSH.IND.
280 PHARH.,CHEM. , PROD.,COSM.IND.
280 PHARM.,CHEM., PROD.,COSM.IND.

01117 fuel oil, medium
01117 dieael oil D-2
01117 dieael oil D-l
01149 ethylene glycol (glycol)
01049 petrol - 86 oct.
01049 petrol - 98 oct.
01117 dieael oil D-2
01117 fusl oil, extra light
01125 ethanolamine
01231 methanol (methyl alcohol)
01022 acetone
01039 aniline
01047 benzene
01124 ethanol
01278 acetic acid
01231 methanol (methyl alcohol)
01262 mineral oil
01124 ethanol
01049 (benzines! petrols
01317 styren (vinyl benzen)
01367 vinyl acetate
01049 (benzinea) petrols
01117 diesel oil, gas oil, domestic fuel oil
01047 benzene
01005 1,4-dioxana
01117 diesel oil, gas oil, domestic fuel oil
01341 power transformer oil
01093 diethylamine
01133 ethyl glycol (2-ethoxyethanol)
01280 oleic acid
01342 triethylamlne
01902 dodacylbenzane
01117 diesel oil, gas oil, domestic fuel oil
01022 acetone
01128 ethyl acetate
01231 methanol (methyl alcohol)
01340 toluene (methyl benzen)
0112 4 ethanol
01278 acetic acid
01047 benzene
01038 acetic anhydride
01176 hexane
01263 fuel oil, heavy
01049 extract, benzines
01263 fuel oil
01263 fuel oil, heavy
01262 mineral oil
01117 diesel oil D-l, D-2, fuel oil
01117 diesel oil D-l, gas oil, fuel oil
01262 mineral oil
01117 diesel oil, gas oil, domestic fuel oil
01117 diesel oil, gas oil, domestic fuel oil
01117 diesel oil, gas oil, domestic fuel oil
01149 ethylene glycol (glycoli
01263 petroleum (oil)
01049 (benzines) petrols
01022 acetone
01049 (benzines) petrols
01059 butanol, n-, sec- (butyl alcohol)
01063 butyl diglycol
01149 ethylena glycol (glycol)
01226 xylene (xylol, dimethylbenzene)
01317 styren (vinyl benzen)
01124 ethanol
0134C toluene (methyl benzen)
01187 isobutanol (isobutyl alcohol)
01195 laopropanol (iaopropyl alcohol, 2-propanol
01250 methyl metacrilate
01309 propylene glycol (methyl ethylen glycol)
01212 chlorobenzene
01278 acetic acid
01038 acetic anhydride
01231 methanol (methyl alcohol)
01124 ethanol
01195 isopropanol (iaopropyl alcohol, 2-propanol
01380 sodium methylate
01212 chlorobenzene
01047 benzene
01340 toluene (methyl benzen)
01022 acetone
012 38 methyl ethyl ketone
01226 xylene (xylol, dimethylbenzene)
01022 acetone
01059 butanol, n-, sec- (butyl alcohol)
01195 isopropanol (isopropyl alcohol, 2-propanol
01226 xylene (xylol, dimethylbenzene)
01231 methanol (methyl alcohol)
01236 methyl ethyl ketone
01278 acetic acid
01022 acetone
01231 methanol (methyl alcohol)

500
300
40

500

150
7000

5000
50000
6000
12000

37400
127500

10000

100000

20000

11000
50000
6000

150000
25000
20000
6000
10000
20000
10000

100000
70000
15000

30
30

1500
1000
200
2000
5000
10000
40000
10000

200
12000

30000
30000

200000
12000
50000

5600
255000

20000

100000

1800
30

20

18000
500000
54491
17329
20800

150000

20000
3000

3S00
60

25
350000

SOOOO
12000

11000
150000
20000

300000
50000
40000
20000
30000
50000
10000

350000
200000

30000

40
40

CRN • Company Reference Number

HSRN Hazardous Substance Reference Number (last 3 dtgits ace. to the List of Haz. Subst. enclosed to the Questionnaire)

- No Data Available (probably insignificant quantities for the ma|onty of companies/subMances)
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CRJi Company's activity Substance Average Quantity

(»3) (kg) (»3)
Quantity

(kg)

280 PHARH.,CHEM.,PROD.,COSM.IND. | 01047 benzene 15 20

2 FLAMMABLE GAS (Liquified by pressure)

7 AGRICULT.i CATTLE-BREED.COMP.
16 MOTOR VEHICLES SERVICE i. MAINT.
17 NON-ALCOHOLIC BEVER.PROD.
17 NON-ALCOHOLIC BEVER.PROD.
2 3 PLASTIC TOYS FACTORY
25 MACHINE TOOLS IND.
41 EL.POWER TRANSMISS.LINES PROD.
41 EL.POWER TRANSMISS.LINES PROD.
48 MILK AND DIARY PRODUC. t PROC.
7 6 ELECTRIC POWER SUPPLY INDUSTRY
76 ELECTRIC POWER SUPPLY INDUSTRY
83 CHEMICAL IND. (PLASTICS)
83 CHEMICAL IND. (PLASTICS)
85 PETROL.DERIV.PROC. I TRADE
85 PETROL.DERIV.PROC. t TRADE
87 NATURAL GAS PROC. i. TRADE
9 3 CERAMICS MANUFACTURERS
94 MEC. EQPMT. SUPPLIES
97 HYDRO-,THERMO-,REFR.ISOLATION
98 HOSIERY FACTORY
114 POWER TRANSFORMERS MAN.
116 HIGH VOLTAGE DEVICES MAN.
116 HIGH VOLTAGE DEVICES MAN.
123 ELECTROMACBINES t EQPMT.MAN.
124 RESTAURANT EQUIPMENT MAN.
146 INDUST.FACIL.CONSTR.t INSTAL.
147 TECHNICAL GASES PROD.
170 CROATIAN RAILWAYS
170 CROATIAN RAILWAYS
175 REDUCTION GEARS FACTORY
203 ELECTRIC BULBS FACTORY
203 BLBCTRIC BULBS FACTORY
203 ELECTRIC BULBS FACTORY
214 COOLING SYS.,COMPRESSORS PROD.
224 NON-FERROUS METALS PROC.
241 THERMO-VENTILATION EQPMT.MAN.
257 MAINT. OF TRAMS AND BUSSES
257 MAINT. OF TRAMS AND BUSSES
2 57 MAINT. OF TRAMS AND BUSSES
257 HAINT. OF TRAMS AND BUSSES
2 68 SYNTHERED METALS i TOOLS MAN.

02 327
0202 1
0202 1
02057
0202 1
02021
0202 1
02057
02057
02021
02057
02057
02300
02327
02327
02141)
02021
02021
02327
0202.1
02021
0202.1
02057
02021
0202.1
02021
02021
02057
02057
02300
02021
02057
02300
02021
02327
02021
02021
02327
02021
02327
02 327

LPG (liquified
acetylene
acetylene
butane
acetylene
acetylene
acetylene
butane
butane
acetylene
butane
butane
propane
LPG (liquified
LPG (liquified
ethylene
acetylene
acetylene
LPG (liquified
acetylene
acetylene
acetylene
butane
acetylene
acetylene
acetylene
acetylene
butane
butane
propane
acetylene
butane
propane
acetylene
LPG (liquified
acetylene
acetylene
LPG (liquified
acetylene
LPG (liquified
LPG (liquified

petroleum gas)

petroleum gas)
petroleum gas)

petroleum gas)

petroleum gas)

petroleum gas)

petroleum gas)
petroleum gas)

24

60

50000
100
440
3
15
144
200
100

50
50

50
200
22
39
150
50
50
60
50

1000
175
25

200
750
193

25
250
50
50
25
720

2000
500

34

150

150000
100
440
30
30

288
600
300

80
145

5010000
1440000

105
700
44
78

250
50

120
120
3000

200
750
407

100
400
200
100
50

4000

3 FLAMMABLE GAS (Liquified by cooling)

87 NATURAL GAS PROC. It TRADE
147 TECHNICAL GASES PROD.
147 TECHNICAL GASES PROD.

0314(1 ethylene
0 3902 liquid oxygen
03902 liquid oxygen

1000
800000
20000

1800
1000000
20000

4 FLAMMABLE GAS (Under pressure)

87 NATURAL GAS PROC. t TRADE
147 TECHNICAL GASES PROD.
147 TECHNICAL GASES PROD.
169 COOKING OIL RAFINERY
20 3 ELECTRIC BULBS FACTORY
2 68 SYNTHERED METALS 1 TOOLS MAN.
277 PHARM.,CHEM.,PROD.,COSM.IND.

04123 ethane
04 372 hydrogen
04902 compressed oxygen
04 372 hydrogen
04 3 72 hydrogen
04 372 hydrogen
04372 hydrogen

1800
900
120

1200

190
15000

900
125

1600

324
15000

5 EXPLOSIVE
17 NON-ALCOHOLIC BEVER.PROD.
67 OPTICAL INSTRUM. I GLASSES MAN.
10 3 SEWAGE SYSTEM MAINTENANCE
107 PHARM.l DIAGN. CHEMICALS PROD.
107 PHARM.I DIAGN. CHEMICALS PROD.
107 PHARM.l DIAGN. CHEMICALS PROD.
116 HIGH VOLTAGE DEVICES MAN.
121 MEDIUM ELECTRO MACHINES MAN.
12 8 DBTERG.,COSM.l CHEM.PROD.
129 CHAINS AND WIRE GOODS MAN.
164 NON-FOODSTUFFS RETAIL I WHOLES
2 22 POLYESTHER BUTTONS MAN.
2 72 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY
272 SYNTHETIC RESINS FACTORY
2 72 SYNTHETIC RESINS FACTORY

05015 3,3,6,6,9, 9-hexamethyl-1,2,4, !i-tetroxanona
0508S dicyclohexyl peroxydicarbonat«
05015 3, 3,6,6,9,9-hexa»ethyl-l,2,4,:i-tetroxanona
05379 mercury fulminate
05379 mercury fulminate
05036 ammonium nitrate
05272 nitrocellulose
0500C organic peroxides
05015 3,3,6,6,9,9-hexamethyl-l,2,4,S-tetroxanona
05015 3, 3,6,6,9,9-hexamethyl-l,2,4,!'-tetroxanona
05366 ureum nitrate
052 39 methyl ethyl ketone peroxide
052 39 methyl ethyl ketone peroxide
05073 cyclohexanone peroxide
05701 di-tert-butyl peroxide
05701 bezoylperoxide

127

90
250
30

10000
100

240

250
500
50

20000
200

CRN - Company Reference Number

HSRN - Hazardous Substance Reference Number (last 3 digits ace. to the List ot Haz. Subst. enclosed to the Questionnaire)

- No Data Available (probab)y insignificant quantities for the majority ot companies/substances)
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CSUi P f ~ r a t ' T ' • activity Substance Avarags Quantity
(•3) (kg) (»3)

Quantity
(kg)

6 TOXIC LIQUID

17 NON-ALCOHOLIC BEVER.PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.t PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
3 3 PIGMENTS FACTORY
35 PAINTS DISPERSION FASTORY
48 MILK AND DIARY PRODUC. I PROC.
48 MILK AND DIARY PRODUC. I PROC.
49 ELECTR.FITTINGS I WIRINGS MAN.
5 8 DRY CLEANING I DYING OF TEXT.
62 PHOTOMATERIAL PRODUCER
6 2 PHOTOMATERIAL PRODUCER
67 OPTICAL INSTRUM. I GLASSES MAN.
8 3 CHEMICAL IND. (PLASTICS)
8 4 PETROLEUM REFINERY
8 7 NATURAL GAS PROC. I TRADE
87 NATURAL GAS PROC. I TRADE
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
9 3 CERAMICS MANUFACTURERS
94 MEDICAL EQPMT. MAN.
98 HOSIERY FACTORY
98 HOSIERY FACTORY
105 CHEM.F. (GLUES,COAT.,PAINTS i
105 CHEM.F. (GLUES,COAT.,PAINTS)
110 TRADING COMPANY
116 HIGH VOLTAGE DEVICES MAN.
121 MEDIUM ELECTRO MACHINES MAN.
127 SPEC.CHEMICALS PROD.
127 SPEC.CHEMICALS PROD.
12 7 SPEC.CHEMICALS PROD.
12 7 SPEC.CHEMICALS PROD.
133 LOUNDRY AND DRY CLEANING
147 TECHNICAL GASES PROD.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM.,CHEM.,FOOD,COSM.IND.
161 PHARM..CHEM.,FOOD,COSM.IND.
176 LV ELECTRODEV.l EQPMT.PROD.
2 03 ELECTRIC BULBS FACTORY
210 TEXTILES 1 ART.FUR PROD.
210 TEXTILES I ART.FUR PROD.
212 ELECTROTECH.PRODUCTS FACT.
219 BOILERS MANUFACTURERS
231 THREAD PROD., DYEING OF YARN
234 CHAINS I HACHIN.COMPON. HAN.
234 CHAINS I MACHIN.COMPON. MAN.
246 ELECTROTECH. AND MACHINE FACT.
263 PROCESS EQPMT. MAN.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM..CHEM.,PROD-,COSM.IND.
277 PHARM.,CHEM., PROD., COSM. IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEH.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.

06020 acetyl chloride
06802 cipermetrin
06803 fentln hidrokaid 50%
06802 kvinalfoB 70%
06122 nitric acid, fuming
06024 acrylonitrile
06122 nitric acid, fuming
06373 hydrogen superoxide
06122 nitric acid, fuming
06802 perchloroethylen
06122 nitric acid, fuming
06 37 3 hydrogen superoxida
06 34 3 trichloroethylene
06024 acrylonitrile
06343 trichloroathylane
06106 dimethyl sulphide
06803 sodium hypochlorite
06122 nitric acid, fuming
06 34 3 trichloroethylene
06373 hydrogen superoxide
06343 trichloroethylene
0637 3 hydrogen superoxide
06803 sodium hypochlorite
06343 trichloroethylene
06373 hydrogen superoxide
06803 sodium hypochlorite
06343 trichloroathylene
06343 trichloroethylene
06281 oleum
06343 trichloroethylene
063 7 3 hydrogen superoxide
06802 epichlorohydrine
06343 trichloroethylene
06343 trichloroethylene
06802 nitric acid, fuming (57%)
06343 trichloroethylene
06122 nitric acid, fuming
06343 trichloroethylene
06122 nitric acid, fuming
06373 hydrogen superoxide
06803 sodium hypochlorite
06343 trichloroethylene
06343 trichloroethylene
06 373 hydrogen superoxide
06 34 3 trichloroethylene
0612 2 nitric acid, fuming
06 34 3 trichloroethylene
06122 nitric acid, fuming
06137 ethyl chloroformate
0602 0 acetyl chloride
0602 4 acrylonitrile
0637 3 hydrogen superoxide
0680 2 chloroform
06122 nitric acid, fuming
0637 3 hydrogen superoxide
06 37 3 hydrogen superoxide
06020 acetyl chloride
06024 acrylonitrile

2000
5000
10000
20000
5000
1000
300

3000
2000
2500

47

300
6000
8000

280
150
300
500
200
500
250
200

500
1000
100
700
200

600
2000
2200
800
300
50

3000
280
300
260
300

4000
5000
1000
3000
5000

360
215
73
74

2000
5000
10000
50000
25000
2500
500
4000
5000

300
40000
1000
8000
15000

280
200
500
1000
1000
2500
500
400

1500
1000
400
700
200

900
3000
4300
1000

50
3500
1200
300
520

8000
15000
4000
10000
10000

1080
300
436
200

7 TOXIC GAS (Liquified by pressure)

17 NON-ALCOHOLIC BEVER.PROD.
17 NON-ALCOHOLIC BEVER.PROD.
25 MACHINE TOOLS IND.
2 9 AGRO-CHEM.l PESTICIDES PROD.
3 3 PIGMENTS FACTORY
35 PAINTS DISPERSION FACTORY
62 PHOTOMATERIAL PRODUCER
93 CERAMICS MANUFACTURERS
94 MEDICAL EQPMT. MAN.
105 CHEM.F. (GLUES,COAT.,PAINTS)
107 PHARM. I DIAGN.CHEMICALS PROD.
12 4 RESTAURANT EQUIPMENT MAN.
12 7 SPEC.CHEMICALS PROD.
130 ICE-CREAM AND FROZEN FOOD FACT.
161 PHARM.,CHEM.,FOOD,COSM.IND.
169 COOKING OIL REFINERY
197 MEAT INDUSTRY
197 MEAT INDUSTRY
203 ELECTRIC BULBS FACTORY
206 TEXTILE PRINTING COMP.
210 TEXTILES I ART.FUR PROD.
2 38 COLD-STORAGE FACILITY
255 BREWERY:BEER,ALC.,NON-ALC. BEV.
276 PHARM.,CHEM.,PROD.,COSM.IND.

07035
07035
0703!)
07107
0703!)
0703!)
07035
0703!i
0703S
07035
07035
07035
07035
0703S
0 7 0 3 !i
07035
07207
07035
07035
07035
0703!.
07035
0703!.
07207

ammonia
ammonia
ammonia
dimethylamine
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
chlorine
ammonia
ammonia
ammonia
ammonia
ammonia
ammonia
chlorine

450
800

20
10000

500
5000

200

1183
20

400

2400
50

18000

50
40

450
800

60
10000

1000
20000

600
2000
2093

40
1200

150
25000

100
40

CRN - Company Reference Number

HSHN - Hazardous Substance Reference Number (last 3 digits ace. to the List of Haz. SubsL enclosed to the Questionnaire)

No Data Available (probably insignificant quantities for the majority of companies/subtitances)
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CRH Company's main ac t iv i ty Substance Average Quantity

(»3) (kg) (»3)

Quantity

(kg)

277 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.

07207 chlorina
07207 chlorine
072 35 methyl bromide
07249 methyl chloride

5000
93

0.054
0.134

10000
900
B0
80

9 TOXIC GAS (Under pressure)

20 3 ELECTRIC BULBS FACTORY
214 COOLING SYS.,COMPRESSORS HAN.
277 PHARM.,CHEM.,PROD.,COSM.IND.

09321 sulphur dioxide
09119 nitrogen dioxide
09321 sulphur dioxide

150
240

150
360

10 SOLID TOXIC SUBSTANCES (powders)

29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEH.l PESTICIDES PROD.
29 AGRO-CHEM.t PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
2 9 AGRO-CHEM.l PESTICIDES PROD.
2 9 AGRO-CHEM.l PESTICIDES PROD.
2 9 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHBM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHBM.l PESTICIDES PROD.

2 9 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHBM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.
29 AGRO-CHEM.l PESTICIDES PROD.

3 3 PIGMENTS FACTORY
35 PAINTS DISPERSION FASTORY
48 MILK AND DIARY PRODUC. I PROC.
62 PHOTOMATERIAL PRODUCER
62 PHOTOMATERIAL PRODUCER

104 PLASTIC, METAL AND RUBBER MAN.
105 CHEM.F. (GLUES,COAT,PAINTS)
164 NON-FOODSTUFFS RETAIL I WHOLES
176 LV ELECTRODEV.l EQPMT.PROD.
176 LV ELECTRODEV.l EQPMT.PROD.
1B2 HOUSEHOLD APPLIANCES MAN.
210 TEXTILES I ART.FUR PROD.
272 SYNTHETIC RESINS FACTORY
276 PHARH.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
277 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.
280 PHARM.,CHEM.,PROD.,COSM.IND.

10801 dichlorophos 95%
10801 carbofuran 75%
10801 carbofuran 85%
10801 carbofuran 98%
10801 metidation 701
10801 monocrotophos 50%
10801 matidation techn.
10802 bromiunoxynil octanoat 90%
10802 dimotoat
10802 endosulphan
10802 phosalan 96%
10802 ioxynil octanoat
10802 kalium hydroxide
10802 chloropyriphos
10802 lindan
10802 mataldehyda
10802 sodium hydroxide

10802 thyomethon 50%
10803 dazomat
10802 2,4-D acid
10803 MCPA acid
10803 MCPP acid
10043 copper oxychlorida
10903 ethrel
10802 aodiun hydroxide
10802 sodium hydroxide
10267 sodium chlorate
10803 hydrochinone
10802 kaliun hydroxide
10803 zinc chloride
10801 sodium meta arsenite
10183 insecticides (azinfos ...)
10266 sodium cyanide
10266 kalium cyanide
10802 sodium hydroxide
10802 sodium nitrite
10803 maleic anhydride
10183 insecticides (azinfos ...)
10802 sodium nitrite
10266 sodium cyanide
10802 sodium hydroxide
10802 oxalic acid
10802 sodium nitrite
10266 sodium cyanide
10833 zins sulphate

6000
10000
10000
10000
15000
5000
10000
3000
3000
3000

10000
5000
1000

10000
500

3000
3000
5000

40000
5000
5000
5000

10000
3000

10000
1000

50
22000
22000

100

2000
100
200
500
300

400
3000
6000
6000

10000

450
1000

46000
100000
20000
10000
15000
5000
10000
3000
3000
3000

10000
5000
2000

10000
500

3000
3000
5000

40000
5000
5000
5000

10000
3000

20000
5000
150

300
5000
4000
500

1000
1000
500

5000
10000
25000
20000
45000

900
5000

11 TOXIC COMBUSTION PRODUCTS

8 FERTILIZERS I CHEM.PROD.ITRADE 11292
34 PROD. OF PLASTICS 11297
34 PROD. OF PLASTICS 11365
36 PRINTING INKS I PIGMENTS WORKS 11297
36 PRINTING INKS I PIGMENTS WORKS 11297
49 ELECTR.FITTINGS I WIRINGS MAN. 11297
54 ELECTR. I PLASTIC PROD. MAN. 11297
84 PETROLEUM REFINERY 11297
97 HYDRO-,THERMO-,REFR.ISOLATION 11297

105 CHEM.F. (GLUES,COAT,PAINTS) 11297
164 NON-FOODSTUFFS RETAIL I WHOLES 11365
176 LV ELECTRODEV.l EQPMT.PROD. 11297
184 RUBBER PRODUCTS MAN. 112 97
18 4 RUBBER PRODUCTS MAN. 11297
208 PLASTIC PRODUCTS MAN. 112!>7
276 PHARM.,CHEM.,PROD.,COSM.IND. 1 12!>2

pesticides
polymeric mat.
ferti l isers
polymeric mat.
polymeric mat.
polymeric mat.
polymeric mat.
polymeric mat.
polymeric mat.
polymeric mat.
fertil isers
polymeric mat.
polymeric mat.
polymeric mat.
polymeric mat.
pesticides

(granule, PVC, PE, PU . . |

(granule , PVC, PE, PU . . )
(granule , PVC, PE, PU . . )
(granule, PVC, PE, PU . . |
(granule , PVC, PE, PU . . )
(granule , PVC, PE, PU , . )
(granule , PVC, PE, PU . . )
(granule , PVC, PE, PU . . |

(granule , PVC, PE, PU . . )
(granule , PVC, PE, PU . . )
(granule , PVC, PE, PU . . )
(granule, PVC, PE, PU . . ]

4000
100000
25000

30000
100

20000
350

20000
8000

50000
50000

6000
200

15000
300000
25000

150000
1000

40000
1700

30000
20000

100000
100000
10000
5000

CRN - Company Reference Number

HSRN - Hazardous Substance Reference Number (last 3 digits ace to the List of Haz. Subst. unclosed to the Questionnaire)

- No Data Available (probably insignificant quantities lor the majority of companies/substances)
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5. RISK FROM CONTINUOUS RELEASES SOURCES

5.1. Air Quality and Meteorological Monitoring in the City of Zagreb

This chapter gives a brief presentation of air quality and meteorological monitoring in

the area of the City of Zagreb. The report is based on information prepared by the

Zagreb Institute for Medical Research, the State Hydro-meteorological Institute and the

Institute for the Protection of Health, City of Zagreb, all of whom are working within the

ZEP(Ref. 5-1).

The stated needs for revision and expansion of monitoring should be regarded as

provisional, as their definition requires more detailed elaboration.

5.1.1. Air Quality Monitoring - Existing Situation

Presentation of parameters being continually measured in the area of Zagreb is given in

Table 5-1, and locations of measuring are shown in Figure 5-1.

The Institute for Medical Research (IMI), which has been conducting measuring activi-

ties since 1963, possesses the largest scope of measuring results. IMI has continually

measured concentrations SO2 smoke and particles, as well as the metal content in

particles. The City of Zagreb Institute for the Protection of Health (ZZZ Zagreb) has

been continually measuring sedimentary deposits and determining their physical and

chemical properties, as well as carrying out periodic target measuring. In its stations at

Grič, Maksimir and Puntijarka, the State Hydro-Meteorological Institute (DHMZ) monitors

the quality of precipitations and measures certain parameters of air quality. Within its

facilities at Žitnjak, INA measures concentrations of SCv> and smoke.

Apart from regular, continuous measuring, periodic and targeted measuring of certain

parameters - such as CO, O2, NH3, PAH and NO2 - is also being carried out.
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The City of Zagreb Institute for Health Protection possesses an ecological bus fitted out

with measuring instruments for almost all the most vital parameters of pollution. Parame-

ters are measured by automatic devices which provide the possibility of selecting period

average, which is most important since today all continuous measuring in Zagreb are

performed on the basis of daily average values, something that is often unsatisfactory.

The bus is also fitted with devices for meteorological measuring, including one device

which determines one very important parameter - mixing layer depth. Due to lack of

finances, however, improvements to the vehicle have been neglected and no new

equipment has been installed. It is now necessary to produce a high-quality measuring

programme for the bus to enable it to be used in accordance with City requirements.

The measuring of daily averages values of sulphur dioxide and smoke in the Zagreb

area began in 1963 at 4 separate locations. By 1981 the number of measuring stations

had grown to 15, and in 1986 a 16* came into operation in the new part of the town,

south of the Sava river. Since 1988 a lack of available funds has resulted in a decrease

of operable stations and at the time of writing, SO2 and smoke are being measured by

only nine of those stations.

From 1971 the weight concentration of particles (TSP) in the air was measured by 3

stations, from 1974 by 4 and from 1988, again by 3. Metals in particles are presently

being determined by 2 measuring stations. Until 1988 the number of such stations was

3, and between 1978-83 there were 4 engaged in measuring. Nitrogen dioxide (NO2) is

measured by DHMZ stations but which are dislocated from roads - the main source of

NOX emission. Since 1977, three measuring stations for the monitoring of the levels of

sulphur dioxide and particles in the Zagreb area have been incorporated into the GEMS

- Global Environmental Measurement System programime (the only ones present in this

part of Europe).

Measuring of sedimentation (ZZZ Zagreb) is being conducted at 20 locations, thereby

providing a fairly good coverage of the urban section of the inner City of Zagreb.

Air pollution in Zagreb is determined in accordance with standards valid elsewhere in

the world. However, classic, analytical methods most often applied (gravitational, vibra-

tion, spectrophotometric, atomic absorption spectrophotometric) while instruments
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used are manually operated and semi-automatic, but rarely automatic.

Measurement results are most often evaluated in accordance on the basis of directives

issued by the WHO and the EEC, on the basis of which a group of experts from the

Republic of Croatia's Society for the Protection of Air has produced guidelines to be

followed as subordinate legislation until the law on the protection of air is promulgated.

The laboratories possess the following important apparatuses: atomic absorption spec-

trophotometer, spectrophotometer, liquid chromatograph, ionizing chromatograph, ion-

selective electrodes, mono-dispersive aerosol generator, automatic NOX analyzator,

and a device for determining organic impurities. Unfortunately, this equipment is only

slowly replaced and the instruments are frequently unserviceable due to lack of spares.

5.1.2. Monitoring of Air Quality - Requirements

For sake of comparison, Table 5-2 gives a presentation of parameter measures in some

European towns (Ref. 5-2) as well as those obtained in Zagreb. It will be seen that NOX,

O3, CO and VOC have not been measured in Zagreb.

Concerning the required number of measuring stations, a comparative presentation is

given in Table 5-3.

The conclusion reached is that compared with practice in some countries and WHO

recommendations, the number of stations for measuring SO2 could be said to be suffi-

cient.

However, due to its specific features and because of separated urban centres such as

Velika Gorica, Samobor, Zaprešić and Sesvete - all of which possess their own peculiar

features as regards emission of pollutants and meteorological parameters, the City of

Zagreb should have a larger number of stations for the continuing measurement of

concentrations and sedimentation. Some of the existing stations could be moved to

other locations, but if this is done it should proceed with the utmost caution, since it is

extremely useful to have long-term records from the same locations with measures

produced using the same methods.
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In addition to urban areas, certain specific parameters (such as sedimentation) should

also be monitored in Zagreb's rural areas. There are presently no such measurements,

with the exception of those provided by Puntijarka (a DHMZ station on mountain Sljeme

- 889 m asl).

Occasional measurements of air quality are conducted in the indoor atmosphere. These

measurements cover the monitoring of concentrations of CO and PAU compounds.

Within the framework of development of the exposure model, measurements of HCHO,

NO2, NH3 and of sedimentary dust (IMI - Zagreb) have also been made in various inte-

riors (households, nurseries, primary schools, banks, shops, etc.).

The required expansion of monitoring stations and programme of measurement, which

is one of the priority tasks designed to achieve a systematic control of air quality, is

presented in table 5-4. Expansion of monitoring is foreseen to occur in two phases. The

chief characteristics in the first phase would be an increase in the number of stations for

general pollution indicators, the introduction of new stations for NO2. CO, C x H y and O3,

as well as the establishment of one, complementary automatic monitoring station. This

station should be sited next to an existing measurement station in order that the long-

term sequence of data be maintained and in order to obtain a correlation of measured

data with a view to new methods of measuring. The first automatic station would provide

experience for the further expansion and full automatization foreseen for the second

phase, during which all stations should be linked into a network with a single informatics

system.

5.1.3. Meteorological Monitoring of the Zagreb Area

Existing Situation

Meteorological measurements and monitoring in the Zagreb area have been conducted

since 1861 (Zagreb-Grič Observatory). With the creation of the hydro-meteorological

service of Croatia in 1947 a network of stations was organized throughout the wider

area of the city.
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The primary stations network is decreed by law and covers a minimum of evenly dis-

tributed measuring locations in a particular area and at various altitudes, thereby provid-

ing the most essential volume of data, i.e., satisfying both the basic and general re-

quirements for the monitoring of weather conditions and climate in a given area.

There is also a secondary network formed by meteorological stations formed to satisfy

specific requirements, most often when information provided by the primary network is

insufficient for a certain phenomenon to be properly studied.

This secondary network is commonly known as the "investor's" network since its main-

tenance, data processing and analysis are financed completely by the direct users of

the obtained data. All information obtained through measurement and observation in

the secondary network is processed and checked in accordance with the same criteria

as data obtained through the primary network.

Figure 5-2 depicts the distribution of networks in the wider area of the city, as well as

their category (Ref. 5-5).

According to the work programme, meteorological stations are designated as follows:

1) observatories 4) aerogical

2) climatological 5) agro-meteorological

3) central (synoptic) 6) precipitation gauge

Two main types of instrument are used within a station network: basic instruments and

printers. Basic instruments, which describe a momentary situation, include a barometer,

thermometer, psychrometer, rain gauge, anemometer, evaporator, etc.

Recorders - barographs, thermographs, hygrographs, etc., provide a continual record

of the prevailing situation, i.e., changes in weather conditions.
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Data Quality and Reliability of Conclusions Related to Research

Quality of data in the station network depends of the rating of the particular station. Data

produced by stations of the highest rating and by those staffed by professional per-

sonnel (observatories, central meteorological and climatological stations) is much more

reliable than those produced by other (ordinary and rain gauge) stations. However,

since all data is submitted to normal, logical and spatial control, it can be said that data

obtained through measurement is generally reliable and of good quality, given the limi-

tations of sensitivity of such measuring instruments, whereas data produced from

observations can be slanted through the objectivity of the observer.

Thoroughness of analyses and reliability of conclusions related to research conducted

in the Zagreb area are restricted by the method of measuring and the available data.

The research works most predominantly has been obtained through regulated meas-

urement at 7, 14, and 21 hours, which provides a general, rather rough and ready,

estimate of phenomena and processes which are significant for the urban area.

On the basis of all analyses and researches undertaken many fact were learned that

were of significance to the Zagreb area. However, due to a lack of appropriate informa-

tion or measurements, the majority of results and conclusions are qualitative in nature

and many of problems are left unresolved.

It has to be emphasised that existing data on the Zagreb area represent the most

comprehensive and best quality set of information available in the whole of Croatia.

Consequently, their detailed analysis - from the time measurement began (at Grič, in

1861) until the present day - is able to provide the best basis for all other projects

associated with climate and weather.

5.1.4. Meteorological Monitoring - Requirements

In order to meet the requirements of an urban environment meteorological monitoring

should fulfil several basic criteria:
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1. criteria for spatial coverage of the area

2. continuity of measurement

3. a measurement method in keeping with requirements (automatic monitoring)

4. types of instrument in keeping with required data, i.e., instruments providing direct

information with as few derived or calculated values as possible

5. continuous measuring of the vertical structure of the atmosphere

6. continuous and detailed measuring of the atmospheric layer from the ground up to

about 150 metres (meteorological tower with measurements taken at 6 to 8 levels

The basic shortcoming in the existing measurings is that they do not cover a sufficiently

large area of the town through appropriate measurement.

A second shortcoming relates to the type of instruments used and an inability to meas-

ure those parameters essential to turbulent exchange in the urban environment (only

basic parameters are measured and those by classic instruments, which is sufficient

from the aspect of general climatology, but decidedly insufficient if the majority of specif-

ic problems are to be effectively dealt with).

Monitoring of meteorological parameters, encompassing all necessary details, loca-

tions, measuring methods, instruments, mode of transfer, control and data storing, must

be organized on the basis of the separate Preliminary Design of Meteorological

Monitoring for the City of Zagreb

Here, it has to be stressed that the concept of meteorological monitoring of a town also

includes the monitoring of its outskirts, due to the fad: that intensive atmospheric proc-

esses take place at the outer edges of areas with different climatic characteristics and

that they influence conditions both in the town as well as in the rural environment.

Without any special elaboration or detailed explanation - but based on experience

regarding accepted practices around the world - presented below is one possible solu-

tion that would be desirable for Zagreb (Fig. 5-2). Basic requirements, with a view to

expansion, are: six automatic meteorological stations of specified performance, a

meteorological tower, measuring sensors on that tower and a Doppler radar -sodar

(complete).
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A list of necessary requirements as regards instruments and research is given in Table

5-5.

Mention must be made of the fact that sodar measuring is quite common around the

world. There are sodar networks in, among other countries, the Czech Republic, in

Slovakia, in France (mostly adjacent to TPPs and NPPs). and in Sweden (in Stockholm

alone there are 3 sodars installed to monitor the urban environment).

On the basis of existing data on the City of Zagreb and its immediate surroundings,

documentary support should be provided Required research and documentary support

are listed in table 5-5.

Table 5-1. Continuous measurement of air quality parameters In the area of the City of Zagreb

Components Stations

Institute for medical

research

SO2, smoke

particles and metals in floating

particles (Pb, Fe, Mn, Zn, Cu)

9

3

City of Zagreb Institute

for Protection of Health

Total sedimentary matter,

total insolubles in water,

resinous matter, ashes, combustibles

Pb, Cd, Zn,

total solubles in water

Ca 2 + , CI", F', SO4
2", NO3", Si, pH,

MSV, PAD, (in some locations from 1992)

Ecological bus:

SO2, NO. NO2, NOX, CO, TMC, CH4, H2S,

particles, VOC, meteorological parameters

20

State Hydrometeorological

Institute

SO2, smoke, NO2,

daily sample of precipitations

(pH, MS, chlorides, sulphates, nitrates,

fluorides, ammonia, light metals -

Na, K, Ca, Mg, Cu, Zn)

3

3

INA - Žitnjak SO2 and smoke
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Table 5-2. Presentation of parameters of continuous measuring
in certain European Cities (NSCA, 1991)

City

Amsterdam

Athens

Madrid

Manchester

Paris

Turin

West Berlin

Gothenburg

Oslo

Zagreb

so2

*

•

*

*

*

*

*

Part.

•

*

*

*

*

*

*

N 0 x

*

*

*

*

*

*

°3
*

*

*

*

*

*

+

CO

*

*

*

*

*

*

voc

*

*

*

Pb

*

*

*

*

*

Others

*

*

*

*

Table 5-3. Number of measuring stations for urban areas - recommendations and some towns

No of inhabitants TSP smoke N0 2 CO Others

0.5 to 1 million

WHO recommendations (Ref. 5-2)

3-6*

Recommendation jn the USA (Ref. 5-3)

> 0.5 million inhabitants
Very polluted
Medium pollution
Small concentrations

Rijeka

Pula
Sisak

Zagreb

6-8
4-6
0-2

1

3

—
—
—

Some

13

6
4

9

6-8
4-6
0-2

towns in

13

6
4

9

Croatia

2

5

0

if SO2 is higher than
0.08 mg/m3

(annual avg.)

PAU (4), H2S (3),
phenol (7), NH3 (3)

PAU (3), H2S (1)
pesticides, sediments

Note: Recommendations are guidelines only. The number of stations is increased
depending on pollution, emission, terrain and other specific factors.
( ) parentheses contain the number of stations
* regardless of type of pollution
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Table 5-4.: Monitoring of air pollution - requirements

Expansion of the cjty. monitoring system ; Phase \

Expanding the number of monitoring stations tor SO and smoke to those areas of the city where no measuring takes place (Maksimir,

Dubrava, Sesvete, Jarun, Pescenica, Zapresić. Velika Gorica).

Expanding the number of stations for particle measuring (5-8 stations altogether). Include Cd in heavy metals measuring.

Analyze the need for change in location of certain stations for SO and smoke.

Automatic station with the following components: SO NO /NO, particles, CO, 0 VOC, meteorological parameters (wind speed and direc-

tion, temperature, air humidity).

Formation of a measuring network for those parameters so far not continually measured: NO27NO - laboratory instruments and automatic

equipment (1-3 stations)

0 - automatic equipment (one station in the city, one at the foot of Sljeme)3
CO - automatic equipment (alongside the busiest roads. 2 - 3 stations).

Renewal of equipment carried by City of Zagreb mobile station

Expand the number of stations tor sedimentary matter in the wider area of the city (Samobor, Zapresic, Sesvete, Velika Gorica).

Extend PAU measuring according to the influence of the largest sources (traffic and low combustion sources).

Instruments for measuring the indoor atmosphere.

To begin periodic measuring of photo-oxidants - PAN (peroxiacetyl-nrtrate) and aerosol in the air.

To begin periodic PAU measuring in sedimentary matter.

To begin periodic measuring of benzene.

Init ia l action i . . .Production of "Preliminary design of expansion of nonitoring
Tina Upon completion of ami »»ion inventory

Expansion of cjty. monitoring system : Phase N

Gradual replacement of manual-laboratory measuring of SO and smoke (24-hour values) with automatic equipment for SO and PM 10

particles (complete replacement within 15 years).

Revision of monitoring of other parameters: N0 o , 0_, particles, VOC, PAU, etc.

Unking of stations into an automatic network and creating an information centre.

Introduction of the measuring of reduced visibility/smog by Indirect remote control measuring method at points of highest pollution In the city.

Completion and modernization of equipment for specific laboratory measuring: gas cfiromatograph (PAU, PAN, benzene, VOC all hydrocar-

bons, non-metal hydrocarbons, specific hydrocarbons), liquid chromatograph of high efficiency (PAU) analyzers of hydrocarbons, atomic

absorption, spectroscopes, and similar.

Time . . . . . . 3 to 5 years following Phata I

Research and analyses

Analyses of measuring results of particle concentrations with the aim of verifying the reliability of measuring method (check by parallel

measuring, analyses of data time sequence).

Targeted measuring aimed at determining the influence of road traffic.

Continuation of research on models of exposure in the indoor atmosphere.
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Table 5-5. Meteorological monitoring of air pollution - requirements

Expansion of meteorological monitoring

Locating of 6 automatic stations in the city with a measuring scope of the central meteorological
station, according to the needs of the pollution model.
Completion of fitting out existing stations with automatic equipment.
Construction of meteorological tower (1 tower, 150-200 metres high, 6-8 levels).
Doppler radar - sodar (a set for measuring the vertical structure of the atmosphere and for deter-
mining the altitude of the mixing layer).
Linking of stations into a network with an information centre.

Ini t ial ac t ion: . . . . Production of a conceptual design for expansion of
meteorological monitoring.

Research and analyses

Expansion and production of meteorological models for data pre-processing and formatting suit-
able for the use of mathematical models of dispersion.
Climate in Zagreb (documentary back-up).
Development of atmospheric processes from 0 to 24 hours (monthly, seasonally, annually).
Dependence of pollution concentrations on meteorological conditions; differentiating the influence
of long-range transmissions from local sources of pollution.
Development of a 3-dimensional meteorological model for describing fields of meteorological
parameters of city atmosphere (wind speed and direction, temperature).
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5.2. Application of the InterCLAIR Decision Support System on Zagreb

5.2.1. Problem Description

In the past ten years, the air pollution in Zagreb originating from general pollutants

(SO2, smoke and particulate) decreased due to the gasification and the connection of

larger number of consumers to the centralized heating system. The measurements

shows that the air quality, regarding to general pollutants, is still not satisfactory in the

wider centre of the City. The SO2 and particulate concentrations are above recommen-

dations of the World Health Organization. The greatest pollution stems from solid par-

ticulate which have been a major problem for a longer period of time (70-140 /ig/m3

annual averages, 150-500 ̂ g/m3 daily maximums, Figure 5-3). Average SO2 concentra-

tions range between 40 and 80/jg/m3, daily maximum between 100 and 260/jg/m3

(Figures 5-4 and 5-5). Considering other pollution measured, the lead and cadmium

deposition is too high at some locations. The average acidity of deposits (pH) ranges

between 4.5 and 5.7. During the winter, extremely acid rainfalls are frequent (pH < 4). At

local scale, the odour gases pollution occurs in the immediate vicinity of industrial

sources.

Spatial load of almost all pollutants complies with the intensity of activities correspond-

ing to the historic development of the City. Highest concentrations are registered in the

central City core, they are a bit lower in the region to the north of the Sava River. In the

Novi Zagreb (southern residential part of the town) and in surrounding satellite canters

as well as in rural areas air is almost clean.

For a number of pollutants whose emissions in last ten years significantly increased

there is no data (e.g. NOX, VOC, HC) or data are not sufficient for assessment (e.g. O3,

CO, PAU, SVOC).

The existing condition calls for air pollution abatement, and priority reduction measures

should be undertaken in the central part of the City - the reclamation zone.
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5.2.2. Application of the InterCLAIR Decisions Support System

Till now air pollution system analysis hasn't been carried out in Zagreb. Some insights

come out from energy supply analysis when for the first time was started with emission

inventory and by using air pollution models (L5-8). According to current knowledge the

major cause of pollution are low sources - small coal-fired boilers and domestic com-

bustion sources.

Within the framework of the ZEP project, the improvement of overall information system

infrastructure in the field of air protection was recommended as one of the first actions

to be undertaken. The objective is to develop the Continuous Emission Risk Manage-

ment System (CERMS). Main parts of this system are as follow:

air quality monitoring

emission inventory

air pollution models (city and regional models)

optimization models for selection of the most favourable solutions

models enabling interaction with other fields (energy supply, economic develop-

ment, physical planning, etc.)

Figure 5-6 shows a schematic presentation of the CERMS system. The following parts

of the proposed system are currently available in Zagreb:

air quality monitoring is partly satisfactory. It should be modernized and the meas-

urement programme supplemented.

air quality standards don't exist (the Clean Air Act is expected to be issued in 1993)

the inventory of continuous emission sources is in the process of elaboration. Pre-

liminary results are presented in continuation

air pollution models are available for application. To date, they were used for prelim-

inary estimates

meteorological monitoring partly meets the needs of air pollution control (Chapter

5.1.)

there is no optimization model for the selection of most favourable protection meas

ures. Different methods were used, but they weren't unified in a systematic entity
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(delphy decision method, cost effectiveness method, multicriteria optimization

technics in energy supply).

the ENOPUS computer package was developed (Optimal energy Structure Supply

for Urban Areas). It is based on linear programming and includes the environmental

protection requirements (Ref. 5-9).

In the overall CERMS approach, the major shortcoming is felt in the field of the optimiza-

tion model for finding integral solution to air protection problems. The InterCLAIR expert

system (Ref. 5-10) covers this particular field unifying the database and mathematical

models for pollution estimate. Figure 5-6 shows the problem area within CERMS which

can be covered by the InterCLAIR expert system.

The objective of the work in the frame of this report was to get knowledge of InterCLAIR

performances and to examine the possibility of its application in Zagreb case by using

presently available data.

In this phase, only the CITY model was applied, while the application of regional and

water pollution models is envisaged for other phases of work. The model CITY was

applied in the scope determined by available data. Development of emission inventory

is still in process and the development of technical measure database requires a longer

period of research.

The model was applied to the mapping of emissions, imission concentrations and

determination of economic damage. The optimization couldn't be performed due to the

lack of technical measure data in this project phase.

5.2.3. Description of the InterCLAIR computer package

The InterCLAIR programme has been conceived as the system for management and

support in the process of making decisions on the protection of atmosphere, soil and

water in large industrial complexes (Environmental Decision Support System). It has the

purpose to unify wide area of scientific work in mathematics, physics, chemistry and

economic analysis and apply it to environmental management. Main possibilities of
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Programme application are enumerated in the Instructions for Use:

The potential applications of this system within the framework of Integrated Technologi-

cal Risk Assessment for Large Industrial Areas and Energy Systems are as follows:

Governmental Decision Support on Environmental Protection;

new environmental protection technologies assessment;

new and existing enterprises locations evaluation;

enterprises environmental investments strategies definition, etc.

The following features of the system are useful for a number of various applications:

database of regional stationary pollution sources;

database of technological measures (e.g. optional filters, fuels, liquidation of emis-

sion source, etc.),

data on industrial and source-specific impacts on the atmosphere;

ecological and economical effectiveness analysis of industrial innovations;

optimized investment allocations for air quality protection;

maximum resource calculation required for atmospheric protection options;

air pollution minimization within the specified expenditures;

definition of effective set of measures that could be applied to each emission

source.

The InterCLAIR consists of two models: the Model for City Pollution Analysis (CITY) and

the Model for Regional Pollution Analysis (REGION). Some of the basic features of the

CITY model applied during this work are described in continuation. The system can be

executed with minimum input data:

1. Emissions' sources data;

2. Technological measures data;

3. Meteorological data for the region averaged for ten or more years.

The following types of resulting data and maps are available for the decision maker:
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maps of emission distribution;

maps of economical damage distribution;

maps of pollutant concentration distribution;

maps of wet and dry deposition sulphates and nitrates;

sulphate and nitrate transportation diagrams out of the area considered;

maps evaluating danger (through acid rain) to coniferous forests;

graphs of optimal strategy as a function of expenditures for atmospheric pollution

reduction by each selected criteria (emissions, concentrations, depositions, trans-

portation out of the region, danger to coniferous forests) and any combination

thereof.

A number of new models and subsystems expanding the capabilities of InterCLAIR are

under preparation. These include:

car and traffic impact analysis;

simultaneous air and surface water DSS;

resource distribution for atmosphere and water quality protection.

The InterCLAIR system currently runs on IBM PC AT, 386, 486, or compatibles with EGA

or VGA/SVGA/XGA, coprocessor and a hard disk under IBM PC/DOS ver 3.xx or higher.

The system requires about 5 MB of disk space.

Estimate of Ground Concentrations

The modified gradient method (Beryland, M.E. 1985 Air Pollution Predicting and Con-

trol) has been applied for the estimate of ground concentrations. This method is most

frequently used in the countries of East Europe, and is adopted by Russian regulative.

The comparison was carried out with the Gaussian estimation models mostly used in

the West, and the obtained results were not much different, although particular interme-

diate results differed drastically (L5-11). The determines short-term concentrations (20-

30 min. average) and, for the requirements of the ecology damage model, long-term

concentrations as well. The concentrations are expressed as the relation between

estimated and maximum occasional permissible concentration (MOPS), or maximum

permissible concentration (MPS). Short-term concentrations are estimated for each
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quadrant of the network covering the city area. The least favourable conditions of

atmospheric dispersion are assumed (Stability A) and the critical wind speed tested.

Model is mainly oriented to estimate the impact of high point sources but provide

possibility to include local low sources, aggregating them in equivalent point sources

(small boiler houses, domestic heating sources).

Database of Technological Measures

Possible technical emission reduction measures are defined for each source and pollu-

tant. The technology is described by the reduction degree, physical emission character-

istics and the implementation costs of the measure. Investment and annual costs are

prescribed. Since the same measure can be applied to several sources, and some

measures exclude each other, the incompatibility, i.e. the interdependence of particular

measures, is defined.

Selection of Optimal Strategy

The selection of optimal measures (minimum costs) is based on the following criteria:

emission reduction, pollutants concentration in the environment and economic damage.

The multicriteria optimum can also be determined.

The procedure of optimization per particular criterion is the following: all possible solu-

tions are applied for the determined level of particular reduction (e.g. emission, concen-

tration etc.) and the set of measures requiring the lowest costs is selected. Since there

are usually in consideration a great number of sources (up to 500) and significant

number of measures, the number of possible combinations is infinite. Special numerical

methods are applied to shorten process of calculation to the operationally acceptable

time.

The final result is the Optimal Strategy curve of reduction in emissions, imissions or

economic damage in the function of costs. By selecting any point on the curve, corre-

sponding measures are listed out.
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Estimate of Economic Damage

The estimate of economic damage is an attempt to express air pollution effects in quan-

titative monetary units by encompassing a wide spectre of damage caused by pollution.

There are two basic types of economic expenditures which are usually caused by

changes in the environment.

1. Compensational expenditures which are caused by negative impact of Pollution on

industry. These expenditures decease the efficiency of production.

2. The decrease of the potential product output which is caused by increase of respi-

ratory sickness, agriculture productivity decrease, birth rate decrease of population

and, etc.

While considering problem of economic damage, we should keep in mind its complexity

and uncertainty, so that a number of approximations should be applied in finding solu-

tions to this problem. The method has proved superior while making relative compari-

son of particular measures, but absolute amounts should be accepted with caution.

The estimate of economic damage is carried out in an original way, based on a relative

aggressiveness of pollutants with relation to the pollutant for which all pollution effects

are known (impact on health, vegetation, flora) i.e. carbon monoxide. By the introduc-

tion of correction factors as regards different effects originating from particular pollu-

tants, the relative correlation of their negative impacts is achieved.

The usual procedure is more complex. Real scope of damage inflicted to individual

environmental segments, the so called "direct" damage, is elaborated for each pollu-

tant. However, this procedure couldn't be completely carried out since the effects of all

pollutants are not known. Thus, it is also subject to approximations. For the inclusion of

all pollutants of interest for a certain city, it is almost inapplicable.

The following direct effects are considered and calculated in the InterCLAIR
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Decrease in quality and production output

Decrease of recreational capacity of the area

Increase of sickness

Increased complexity of production technologies

Increased necessity and capacity of purification technologies

Increased wear and tear of industry

Increase complexity of new product developments and innovations

The economic damage from pollution of the lower layer of the atmosphere can be

expressed as a product

Y = g * s * f * M

where:

Y - the economic damage (monetary units/year);

g - the average specific economic damage (monetary units/comparison ton);

s - the dimensionless value characterizing the structure of receptors located in the

zone of a source active pollution. This value is calculated on the basis of the

landscape coefficient matrix sigma;

f - dimensionless correction factor for the mode of a pollutant dissipation in the

atmosphere to be depended on an active high of a source, mean annual wind

velocity, and rate of admixture deposition;

M - total mass of pollutant emission (comparison ton/year) normalized depending on

relative aggressiveness.

5.2.4. Results of the InterCLAIR Model Application in the Region of Zagreb

The specifics of the town Zagreb is that the large part of energy demand is met by

means of the centralized heating system. If the energy for transportation is excluded,

the participation of natural gas in total consumption is 30% and that of the heat generat-

ed in thermal power plants 22.2%, which represents 52.4% of total demand. Although

there are some isolated consumers in the regions provided with CHS and gas system
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(e.g. in the city centre), but great part of Zagreb has relatively low emission density.

Currently, the ban on coal utilization for new boiler is in force, but approximately 200

boiler still burn coal. The analyses so far have shown that the major source of pollution

are domestic combustion sources and road transportation. Besides natural gas and

extra light fuel oil, coal is still often used in households (lignite up to 1.5% S).

Due to the fact that production of an emission inventory is still under way, calculations

made by the InterCLAIR programme were based only on preliminary information con-

tained in the database (Ref. 5-12) . Completion of data related to energy sources

amounts to c. 80%. In this phase, technological sources of emission - which are esti-

mated not to participate largely in the emission of traditional pollutants - have not been

taken into account. Pollution from sulphur dioxide (SO2), nitric oxides (NOx), and parti-

cles was observed.

The estimate of emission is based on established quantities of fuel used and the emis-

sion factor. Fuel consumption data are collected from:

City Secretariat for Economy yearly balance,

City services for distribution of energy,

surveys undertaken throughout all industries in the city ,

surveys of major boilers in household and commercial (>1 MW),

survey of households through a sample of 1% of the population.

A presentation of energy requirements for the City of Zagreb, at the level of 14 city

municipalities, is given in Fig. 5-7. It also describes the structure of energy requirements

by individual types of source.

A presentation of calculated emission of SO2, NOX, CO particles and VOC, is given in

Fig. 5-8. Emission factors for calculation are determined on the basis of gathered data

on fuel characteristics and some measurements data, whereas for those pollutants

whose values were unknown, emission factors were extracted from literature (L5-13).

As shown in Fig. 5-9., the inner area of Zagreb (23x14 km) was selected for calculation

by the InterCLAIR programme. This area is divided into a network of 1 km quadrants,
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with area use being defined in each quadrant (parks, population, forests, industry, etc.).

From that area, information was available for 136 individual sources. The most signifi-

cant sources of emission are EL-TO and TE-TO (emission of SO2 3500 t/year, NOX

1897 t/year and dust 270 t/year). In addition to the point sources of emission the analy-

sis includes sources of lower levels of emission (small boiler houses and household

hearths). These sources have been aggregated into equivalent point sources in ac-

cordance with the procedure dictated by the InterCLAIR programme. Aggregated

sources were defined in 131 quadrants of the observed area, amounting to c. 40% of

total area.

For the presentation of normalised concentration related to MOPS (Maximal occasional

permissible concentration) and MPS (maximal permissible concentration) following air

quality limits were selected (Ref. 5-9).

so2
NOX

dust

MPC

0.120

0.125

0.120

mg/rrr

MOPC

0.500

0.400

0.500

MPC - 24 hour average guideline value

MOPC - 1 hour average guideline value

Output results of the InterCLAIR programme are fairly extensive, therefore only a

number of qualitative presentations are given in this paper:

Emission distribution of SO2, particles and NOX (Fig. 5-10, 5-11, 5-12)

Distribution of concentrations of SO2, particles and NOX (Fig. 5-13, 5-14, 5-15)

Distribution of economic damage caused by SO2, particles and NOX (Fig. 5-16., 5-

17. and 5-18.)
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The presentation of emission calculation shows the heaviest emissions to be from the

locations of two heating plants and in areas of household sources. The total emission

from analysed area are as follow:

SO2 = 4797 t/yr NOX = 3664 t/yr Dust = 1640 t/yr

Calculated concentrations for all pollutants not exceeded MOPS values. In the most

critical area (quadrants) normalised concentrations (concentration/MOPS) are: 0.96 for

dust, 0.68 for SO 2 and 0.53 for NOX. Maximum particle concentration is 480/jg/m3 in

the area of individual coal-fired household furnaces.

Concentrations of SO 2 do not exceed 350 /L/g/m3; in the centre of town they are be-

tween 100 and 150 /L/g/m3 which could be at the level of measured values (an exact

comparison is impossible, since 24-hour average values are measured).

Concentration of NOX reaches levels of 210/;g/m3; in the centre of town it reaches c.

100-180 fjg/m3. Somewhat higher concentrations of NOX in the centre of town with rela-

tion to SO2 and particles are caused by emission sources utilizing natural gas.

Calculation results of economic damage show 5 zones with a relatively higher influence.

The most prominent is damage near heating plant sources, followed by areas of indi-

vidual household sources. Areas of major emission from household sources are in the

NW part of the city (Mikulići, Gornje Vrapče) and in the SW (Savski Gaj, Trokut, Remeti-

nec). It is interesting to note that the relatively highest acidity of sediment was measured

in the SW area. The major contributor to economic damage is SO2, damages cause by

NOX and dust are of similar levels. In the most exposed quadrants total ecodamage is

about 1.2 Mln $/yr.

Critical wind speeds at which the highest level of pollution can be expected are about

3m/sec. As has already been explained, optimization has not yet been effected as no

data was available concerning technological measuring. Optimization will be carried out
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following the completion of the data base on technological measuring and with expan-

sion of the InterCLAIR programme by inclusion of specific features given later in this

paper.

5.2.5. Recommendations

Application and Improvement of the InterCLAIR System.

The expert InterCLAIR system uses a number of method and calculation models con-

centrated into a single programme package. Some models and approaches are gener-

ally known and accepted, while others are quite original, as, for instance, the approach

to dealing with economic damage. The aim of the tool in question is to assist in making

decisions which not be too precise. Improvement in the precision of individual models

could possibly impair their operability.

The system provides a very good basis for the incorporation of different models. It

would be advantageous to introduce improvements and to expand specific segments

which have been elaborated in the Zagreb area, and at a level more precise than that

provided by the InterCLAIR model. This refers particularly to the pollutant distribution

models.

With regard to current practice and meteorological measuring, it would be desirable to

apply Gauss models of distribution calculation. The Zagreb area has many years' expe-

rience in using calculation models which enable a much more exact comparison of

calculated values with standards. That models have been used for analysis thermal

power plants, complex industrial systems, nuclear power plants. Models used are those

obtained from the UNAMAP network (User's network for Applied Modelling of Air Pollu-

tion). The models have been tested on a range of examples around the world and have

been approved for application by the United States Environmental Protection. For in-

stance, models used in urban areas are the climatological model CDMQC, LONGZ or

RAMM models of hourly simulation of the entire annual cycle; analyses of the influence

of nuclear power stations are also made on the basis of Gauss models such as AIRDO-

SEPA, GASPAR, TIRION, CRAC2, etc. In order to facilitate selection of the appropriate
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calculation model, special studies have been prepared which gave a certain advantage

to the use of GAUSS models (L5-14). The IAEA guidelines also preferred Gaussian

models (SS-50-SG-S3, SS-No. 57).

Improvements regarded as desirable within application of the InterCLAIR system in the

Zagreb area are as follows:

a) incorporation of orography into the dispersion calculation

b) more adequate inclusion of small sources (known as surface sources)

c) the use of models operating on data available in the Zagreb area without the need

for too much processing but which have a wider scope than that demanded by the

model

d) calculation of concentrations which are exactly comparable with standards and

measuring in the environment (yearly average, season average, 95-percentile, 24-

hour maximal, 1-hour maximal)

e) the costs did not consider the time scale of the investment, which could result in

sub-optimal solutions

f) the optimization method is adjusted to large emission sources. As far as the small

boilers linking into larger systems (district heating or natural gas) are concerned,

non-linearities exist which cannot easily be covered as presented in the model

g) in a multi-criteria analysis, selection of weight factors should be able to be used,

with a view to selecting the optimal solution

h) bearing in mind that we are talking about an optimization model, it would be desira-

ble also to have, as a separate segment, a sensitivity analysis module, i.e., the reli-

ability of the solution (influence of the most important parameters on the result)

Certain of the listed improvements can be incorporated into existing models of the

programme, while some would require completely new segments. It is therefore

recommended that development be directed towards enabling the user to apply to

certain of his own calculations models which could be easily incorporated into the

overall framework of InterCLAIR, itself highly successful.

Being mindful of the fact that it is the intention to use InterCLAIR on a permanent basis,

it is believed that users should have at their disposal the source programme rather than
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only its executive version. Problems dealt with by InterCLAIR are far too complex to

have the programme used merely as a "black box". Recently learned facts and continu-

ing additions to the data base will require its constant updating and improvement.

Plan for the Analysis of Continual Sources of Emission

It is recommended that, until final calculations, analyses of the continual sources contain

the following:

1) Expansion and modification of the InterCLAIR system (CITY model) to include the

specific features of the City of Zagreb, in accordance with the foregoing

2) Application of the InterCLAIR REGION model

3) Analysis of the influence of road traffic (application of the APRAC model (L5-15))

4) Detailed testing of models through comparison with measured data (models should

be calibrated for permanent use)

5) Final calculations of pollution (stationary sources and traffic)

6) Calculation of risks and sustained economic damage

7) Linking risk calculation and damage with the ZEGIS (Zagreb Environmental and

Health Geographic System) data base

8) Selection of optimal protection measures (InterCLAIR and other methods and

models)

A number of parallel tasks need to be performed in order to realize the previously de-

scribed research, the most important of which being:

Compilation of a data bank for technological measures

Competition of the emission register to include specific pollutants

Measuring of emissions from typical boilers and household furnaces with a view to

a more precise determination of emission factors

Realization of the expansion programme for the air quality and meteorological

monitoring system

Elaboration of the energy supply and air protection interaction model
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Fig. 5-1 Air quality monitoring stations in Zagreb (continuous measurement)
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LEGEND:

§ Existing measurement (observatory and synoptic station)

H Existing measurement (ordinary stations, measurement at 7,14 and 21 hours)

O Required measurement (automatic stations) - 6 stations to install

® Required measurement (1 meteorological tower, 150-200 m high, 6-8 levels)

® Sodar measurement (1 Doppler radar)

Fig. 5-2 Existing and planned meteorological monitoring stations in Zagreb
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Fig. 5 - 3 . Yearly Average Concentrations of Particles (TSP)
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Fig. 5-10 Sulphur Dioxide Emission Distribution in Zagreb
(INTERCIair 2D and 3D Output)

99



Fig. 5-11 Nontoxic Dust Emission Distribution in Zagreb

(INTERCIair 2D and 3D Output)
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Fig. 5-12 Nitrogen Oxides Emission Distribution in Zagreb

(INTERCIair 2D and 3D Output)
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Fig. 5-13 Sulphur Dioxide Maximal Concentration (MOPC) in Zagreb

(INTERCIair 2D and 3D Output)
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Fig. 5-14 Nontoxic Dust Maximal Concentration (MOPC) in Zagreb

(INTERCIair 2D and 3D Output)
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Fig. 5-15 Nitrogen Oxides Maximal Concentration (MOPC) in Zagreb

(INTERCIair 2D and 3D Output)
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Fig. 5-16 Economic Damage Distribution in Zagreb Town - Sulphur Dioxide

(INTERCIair 2D and 3D Output)
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Fig. 5-17 Economic Damage Distribution in Zagreb Town - Nontoxic Dust

(INTERCIair 2D and 3D Output)
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Fig. 5-18 Economic Damage Distribution in Zagreb Town - Nitrogen Oxides

(INTERCIair 2D and 3D Output)
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Fig. 5-19 Total Economic Damage Distribution in Zagreb Town

(INTERCIair 2D and 3D Output)
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6. MODEL OF EPIDEMIOLOGICAL ANALYSIS OF THE CITY OF ZAGREB

6.1. Presentation and Analysis of Present Situation

In Croatia, as in all countries around the world, the living environment is brought more

and more in liaison with the people's health. One of the most difficult problems of

modern medicine is to estimate directly the danger of the harmful effect the environment

has on people. There are still not enough studies undertaken which would systematical-

ly study the influence of the environment as an entity on the health of people, both as

individuals and as members of a population, because such studies are methodological-

ly based on the holistic environmental analysis which requires the participation of var-

ious experts. Such studies are based on the environmental analysis performed through

the ecological zoning which includes administrative and geographic zoning, and the

functional zoning as to how working, residential, and recreational areas are situated.

When studying the effect of environmental factors on the health of either individuals or a

group of people, health is being observed as a dynamic system constantly developing,

either positively or negatively, mostly under the influence of external and internal envi-

ronment. The system as such cannot remain unaltered through the projection of time.

The levels of health and diseases complement each other in dependence of the level of

the relative adjustment to the current situation in the environment. The level of health is

determined by the degree of overcoming internal and external stress, while the level of

disease depends on the degree of men's susceptibility to stress. By acting positively on

the environment one acts on the interaction between the organism and the environment,

which can help promote health. If the environment is not controlled, consequently,

health develops in a negative way. With the today's rate of environmental degradation,

which is a consequence of more intensive men's activities, it is necessary for the indi-

vidual as well as for the entire population to observe, estimate, and fight health risks.

Simultaneously, this stands as the most important practical problem in the protection of

the population from unfavourable impacts of the environment.

The protection of the population from unfavourable environmental effects is in practice

carried out by determination of the level of exposure, which can be accepted with a very

small health risk; the risk being understood as an expected frequency of unwanted
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effects of men's exposure to any of the environmental factors. The environment, being

actually a system of climatic, biotic, social, and cultural factors which act on the eco-

system and determine its form and survival, can and must be controlled. Numerous

environmental factors are routinely controlled, but the observation of the impacts of that

environment on the health of man is still today observed by predominantly statistical

indicators i.e. vital statistical indexes. Genetic changes are also observed, physiologic

and mental conditions and social factors of both individuals and groups are measured

and estimated, including people's conduct or attitudes toward health and the health

profession. Concentrations of certain substances in the environment (eco-system) are

often so low that they are difficult to determine by routine methods, while temporary

changes caused by these substances in the organism are often so low, that it is very

difficult to detect them by routine methods, and momentary changes caused by these

substances are often unnoticeable, and is difficult or even impossible to prove them by

the methods of clinical research. Still, even these low concentrations can in time lead to

serious damage in the organism and to diseases.

In epidemiologic examinations a number of indicators are applied for estimation of

health of the population and environment in which that population lives (Lebret, 1990).

The health condition of a population is most frequently observed through the following

indicators:

1) life expectancy,

2) quality of life,

3) mortality,

4) morbidity, observed as incidence (number of new diseases) or prevalence (total

number of people within a population with a certain disease),

5) function disorder (irregular activity of certain organs),

6) annoyance (health accidents - difficulties).

Health indicators expressed as an expected duration of life and the quality of life are

described by the improvement of health, i.e. positive health, while the other four indica-

tors - mortality, morbidity, function disorder of certain organs and general annoyance -

are indicators of negative health, health difficulties, discomforts and diseases.
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Life expectancy is specific for age and sex, but according to past knowledge - it is 6-7

years longer in women than in men, and it is augmenting for both sexes. One of the

reasons is today's successful prevention of infectious diseases.

The quality of life indicates how long can life be spent in good health, i.e. in health which

shows no signs of disease or annoyance.

Mortality is indicated as being total or specific (from a specific disease) on 100,000

inhabitants. The population with a higher rate of elderly has a higher mortality caused by

neoplasms and cancer than a younger population. The application of such vital statisti-

cal indexes is a common method for registration of health condition of the population in

the European region.

Morbidity shown as incidence of disease (number of new cases) or as prevalence (total

number of ill with a certain disease in a population) is a much more reliable indicator of

a health condition than mortality. The number of hospitalizations, the number of visits

and consultations with the general practitioners, indicators of drug consumption etc.,

are all an indirect measure of morbidity.

The function disorder of certain organs often precedes the incidence of disease (mani-

festation of disease) or occurs parallel with the disease. Examples of this are impairment

of pulmonary and kidney functions, and low birth weight. In children, it is useful to

observe growth and development.

Annoyance reaction to environmental pollution indicate possible general changes in

health. In many cases annoyance warn about the health risk and the real risk of expo-

sure to pollution.

The following indicators usually serve for estimation of the environmental quality:

1. sources of pollution and their intensity

2. concentration of harmful substances

3. exposure measures

4. biological indicators.
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The existence of sources of pollution (dotted or linear) and their characterization as to

intensity and type of emission (e.g. continuous or intermittent) is an important indicator

of the environmental quality, and it is usually related to models of the pollution expan-

sion.

The concentration of harmful substances is typically measured by monitoring in the air,

water, and on surface, during which it is usually carried out on fixed points of measure-

ment representative for the related region.

The exposure measures can be direct (by air pollution) or indirect (as in food samples),

and are estimated as the amount of consumed harmful substances or the time of

exposure, respectively.

Findings in samples from the human organism (such as blood, urine, autopsy samples)

and growth and development of certain living beings are all classed in the group of

biological indicators.

The existence of certain types of indicators depends on whether they are routinely

observed or whether they are a result of special research on representative population

examples. In Croatia health indicators are observed in the framework of the existing

health care system, while the environmental indicators are predominantly based on

separate studies.

Contemporary epidemiological studies are based on the existence of health information

systems (HIS) which enable the production of information and its communication

needed in health care, and in this way also in epidemiological analysis. These systems,

on the other hand, do not offer much possibility for examination of such health phe-

nomena in a population in connection with the space in which this population lives.

HIS covers data which describes the health status of a population and which is estimat-

ed by previously mentioned indicators. Data which would serve for estimation of the

effects of environmental factors on human health is generally not constituted in HIS. For

this reason, such effects are examined by separate studies, but measures are under-

taken to include also the geographic distribution of health phenomena systematically in

112



the traditionally formed HIS.

Epidemiological studies are increasingly carried out in the world for certain groups of

diseases in specific geographic regions. As examples, mention should be made to the

studies in Scotland related to problems of atmospheric pollution by metal particles

(Lloyd, 1990), Norway related to population mortality (Nymoen, 1990), Germany related

to the problems of air, water, and food contamination, and also to morbidity of certain

diseases (Thiele, 1990), and in South Africa related to problems of implementation of

children's health care (Power et al., 1992). Atlases on expansion of certain diseases,

especially cancer should particularly be mentioned. The "Atlas of Disease Distribution,

Analytic Approaches of Epidemiological Data" has a significant position in such editions

(Cliff and Haggett, 1988). The geographic distribution was shown as important in the

analysis of the spreading of AIDS, and it became and important ground in the planning

of the fight against this deadly disease (Bernard, 1992). Such studies have not been

made for the Republic Croatia and for the Zagreb region.

6.2. Need for Construction of the Health Environmental Information System

The awareness on the importance of thinking how to take into consideration the envi-

ronment in which people live and work brought in previous years to a significant devel-

opment of the environmental information infrastructure. Contemplations about the envi-

ronment are linked to urbanistic, architectural, economic, social, cultural, and other

needs of the men's community on different levels of its existence (local, regional, na-

tional, international). Due to that, geographic information systems (GIS) are developing

in the world with the task to answer numerous questions related to the environment.

The following fields where these systems are applied can be mentioned among exam-

ples: problems with construction of housing estates, city planning, problems with seis-

mic activity, prevention against forest fires, and specially environmental pollution (URSA-

NET, 1992)

World Health Organization recognized the need to stimulate the linking of health infor-

mation systems (HIS) with geographic information systems (GIS). This link should result

in the development of programs such as EGIS (environmental GIS), or as a final product
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HEGIS (health environmental geographical information system) at international as well

as at lower levels, including local levels. By elaboration of such programs, especially of

HEGIS, results from various health studies would be enlisted, while their positive contri-

bution in the evaluation of the population health status is expected (WHO/EURO, 1991).

In Croatia, the studies on the relation of health and environment were started several

years ago by applying the so called small area analysis. Consequently, a data base

model for estimation of population's health condition and an adequate information

system were formed (Deželić et al., 1992). The system enables one to obtain data on

morbidity in small areas of some larger territorial entities, which are easy to understand

and compare, and is suitable for expansions which can cover environmental, social,

economic, and other data important for planning of health care and for decision-making

in health.

6.3. Elaboration of the Model of Epidemiological Analysis

The epidemiological analysis of the city of Zagreb will be based on the database which

will contain data on diagnosis of diseases, characteristics of the environment, and other

relevant characteristics of the population (demographic and sociologic information). All

the data will be spatially bound. That will be the basis of a HEGIS, the data flow of which

is shown in Fig. 6.1. The operation of the system is envisaged through personal com-

puters connected to computer networks.

The database consists of two types of records: primary and auxiliary records. The

general scheme of the database is shown in Fig. 6.2. Basic records are related to the

following entities: population data, health data, small area data. Auxiliary records belong

to entities describing characteristics of data clustering (especially regarding time inter-

vals), population characteristics (specifications of age ranges and sex categories),

health phenomena characteristics (diagnoses and their groups, causes of death), and

small area characteristics (small area descriptions, environmental harmful substances

concentration ranges, categories of social and economic attributes etc.).
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The model illustrated in this text is based on the data of the work records in primary

health care and their routine reports to the health statistics of the Health Care Institute of

the City of Zagreb during one year period (1991). Data is shown for the Greater Zagreb

Area (Zagreb with Samobor, Zaprešić, Sesvete, and Velika Gorica) and for Zagreb

alone (10 regions, former municipalities: Centar, Ćrnomerec, Dubrava, Maksimir,

MedvešČak, urban section of Novi Zagreb with 11 local communities, Peščenica,

Susedgrad, Trešnjevka, and Trnje). Data for the entire area (former municipality) Novi

Zagreb with its 34 local communities was obtained from daily records of the Health

Center Novi Zagreb during the same year (1991), processed on the IBM computer at

the Center for Automatic Data Processing of the City of Zagreb.

The database software from Figures 6.1. and 6.2. is prepared for the use on personal

computers, and has been written in FoxBASE+ language. The program is menu driven

and does not require any previous special training.

The mapping program has been written in Turbo Pascal 6.0 language. It can be used

on computers with either the Hercules or VGA colour graphic cards. For the computers

equipped with VGA cards the monitor can present both colour and monochrome maps.

The last possibility is envisaged for the printing of maps on monochrome printers, pref-

erably of the laser type.

The database program anticipates a ranking of numeric data in form of several ranges

(typically five). Statistical testing of indicators is feasible also for attributes which are

worth having assessed both their average values and deviations above and below

average. But for such testings a final method has not yet been selected, and therefore,

temporarily, a t-test for the significance of proportion differences was applied, estimating

the difference of the proportion of a particular small area and of the whole population.

This test has theoretical handicaps and therefore new methods of testing are foreseen

based on Poisson distribution.

From the groups of disease diagnoses, those possibly influenced by environmental

factors were selected, and they are based on tables of toxic effects of chemicals found

in polluted environment published in the handbook "Investigating Environmental Dis-

ease Outbreaks" (WHO, 1991). The list of group diagnoses is given in Table 6.1.
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Table 6.1. Groups of disease diagnoses which can be caused by polluted environment
(ICD - International Classification of Diseases, Injuries, and Causes of Death)

ICD Codes Diagnoses groups

001-009 Intestinal infectious diseases
140-199 Malignant neoplasms
360-377 Disorders of the eye and adnexa
490-492 Bronchitis and emphysema
500-508 Pneumoconioses and other lung diseases due to external

agents
640-676 Complications related to pregnancy and delivery
691 -693 Inflammatory conditions of skin and subcutaneous tissue
740-759 Congenital anomalies

Figures 6.3, 6.4 and 6.5 illustrate typical examples of maps obtained on a monochrome

screen. The example chosen is for the group of diagnoses "490-492 Bronchitis and

emphysema", with maps of the Greater Zagreb Area, the city of Zagreb alone, and the

municipality of Novi Zagreb.

The model of HEGIS illustrated in this text has proved to be a good information basis for

epidemiologic environmental analysis. It is being developed toward the linking of data

on morbidity, routinely collected, with other indicators which describe the condition of

the environment. It is also necessary to elaborate methods of checking reliability and

correctness of data. The interpretation of these results, as shown in this text, should be

carried out very carefully. It is in every way essential that such analyses are performed

by experts for certain health problems. On the other hand, it is necessary to include in

HEGIS other indicators on health status of the population and on the condition of the

environment in which it lives and works. Concerning the possibilities already available

by some developed software products designed for development of GIS, such as

ArclNFO, it would be useful to apply such products for the future development of

HEGIS.
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Fig. 6.4 Graphic presentation of morbidity data on bronchitis

and emphysema in the City of Zagreb
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Fig. 6.5 Graphic presentation of morbidity data on bronchitis

and emphysema in the municipality of Novi Zagreb

6.4. Plan and Program of Work

Results illustrated in this text should be taken as an introduction to the systematic

development of an information system which will enable the study of health and envi-

ronmental problems in Zagreb and its metropolitan area. Such a system is necessary in

order to study health risks from environmental pollution to which the population in such

a large city is exposed. It is also important that the work at the HEGIS is linked with

research in other regions in which GIS are used, in Croatia as well as abroad. At the

same time, there should be an initiative for the continuation of HIS development in

Zagreb which would routinely provide HEGIS with all the necessary data on health.
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For this reason the following should be done in 1993:

1. Continue with the work on the development of the HEGIS model for Zagreb and to

provide funding for the work experts, gathered in the Department of Informatics at

the Andrija Štampar School of Public Health, Medical Faculty, University of Zagreb, in

the amount of 15 persons/months;

2. Organize acquisition of needed data on the health of the population and the condi-

tion of the environment in the region of Zagreb, and for that purpose provide the

collaboration with adequate institutions in Zagreb and necessary financial resources;

3. Procure necessary working tools: ArclNFO software (representative in Zagreb:

GISDATA), and in line with financial possibilities a more appropriately configured

personal computer for the work with geographic maps;

4. Enable the training of experts in GIS technology through seminars in the country as

well as abroad;

5. Establish the collaboration with institutions abroad which are involved with the prob-

lems of HEGIS; this is especially related to the collaboration of the Andrija Štampar

School of Public Health, Medical Faculty, University of Zagreb, with the WHO Center

for the HEGIS program - National Institute of Public Health and Environmental Pro-

tection in Bilthoven, The Netherlands.
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7. SCHEDULE AND PROGRAM FOR THE CONTINUATION OF WORKS IN 1993

7.1. Survey of Project Activities

Chapter 2.1 "Brief Chronology of Project Development" individually points out four

development phases in the whole project realization. These phases were determined in

accordance with the document "Procedural Guide for Integrated Health and Environ-

mental Risk Assessment and Safety Management in Large Industrial Areas" - Draft

Report, UNEP-WHO-IAEA-UNIDO, Tel Aviv, November 1991. The activities presented in

this Final Report were performed in 1992 and cover, to a significant degree, the scope

of work anticipated under Phase 1 and a part of works anticipated under Phase 2.

Databases are more or less completely organized in the fields covering information on

hazardous activities and substances, routine air emissions, hazardous waste and pollu-

tion of groundwater and surface water flows in the region of Zagreb. Anyhow, the organ-

ization and development of various databases is a rather long lasting process, mainly

determined by the number and variety of requirements established in this field. Data-

bases which are under development within this project, after particular modifications of

structure, criteria of information search and mode of their presentation, would have a

wide application in the field of public health and environmental protection. At the same

time, it will represent a solid basis for the development of Information System for Envi-

ronmental Protection in the Republic of Croatia - a project initiated and coordinated by

the Ministry of Civil Engineering and Environmental Protection of the Republic of Croa-

tia.

Considering the scope of work envisaged within the scope of Phase 2 in the previous

year, the emphasis has been put on the following topics:

1. Project organization

2. Hazard identification and analysis, where special significance has the application of

methodology for rapid assessment of risks to public health and environment aris-

ing from hazardous activities and events, presented in the document "Manual for
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the Classification and Prioritization of Risk from Major Accidents in Process and

Related Industry" - Draft Report, UNEP-WHO-IAEAUNIDO, Vienna, November 1991,

3. Presentation of air pollution monitoring system

4. Analysis of continuous emissions from main stationary power facilities (application

of integral computer code InterCLAIR)

In the course of the year 1993 some elements of the elaborated topics should be re-

vised, and the following activities of Phase 2 realized:

1. Analysis of significant public health and environmental hazards by the application of

specialized software (such as SAVE computer code) for the assessment of conse-

quences and risks

2. Analysis of the impact of hazardous waste on public health and environment

3. Analysis of risks from transportation of hazardous substances

4. Analysis of radioactive material and waste management system (project has been

initiated in October 1992 by ZRAO and is presently in the final stage of elaboration)

5. Analysis of the impact of NPP Krško normal operation on public health and envi-

ronment in the Zagreb area

6. Project for the improvement of integral monitoring system of Zagreb

Meanwhile, a new activity was initiated - i.e. Model of Epidemiological Analysis of Za-

greb. This project refers to the assessment of risks to public health from energy and

other industrial sectors in the Zagreb area , expert interpretation as regards impacts

and effects of various pollutants on public health, defining the criteria of "Acceptable

Risks" from the aspect of health service, systematic monitoring of epidemiological condi-

tions in the region of Zagreb, application of already available computer codes, which

opens the possibility of verifying the results obtained by "technical" analysis, as well as

the need of health institutions to participate in the process of control, management and

reduction of identified risks. Thus, the project provides enough arguments for the inclu-

sion of the above activities in the schedule and the engagement of particular health insti-

tutions and the Ministry of Health of the Republic of Croatia in the project. Chapter 6 of

this Report describes the initial work in this field. It has the purpose to provide brief

presentation of the current condition in this field, provide arguments for the develop-

ment of health - environmental information system based on GIS (Geographical Infor-
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mation System), develop a model for epidemiological analysis and suggest the sched-

ule and programme of works for the year 1993. With this respect, the following activities

are envisaged for the 1993:

1. Continuation of works on the development of HEGIS (Health-Environmental Geo-

graphical Information System) for Zagreb

2. Compilation of data regarding the health of citizens and environmental conditions in

the region of Zagreb and the development of appropriate database

3. Procurement of appropriate software support and equipment

4. Organization of necessary training in the field of GIS application

5. Establishment of closer cooperation with international institutions dealing with the

above topics, first of all with the WHO Center for the HEGIS Program - National Insti-

tute of Public Health and Environmental Protection in Bilthoven, Netherlands.

Under Phases 3 and 4 of project realization, the following activities should be initiated

during the year 1993 (as suggested in the document "Travel Report: Mission to Zagreb,

Croatia Case Study on 'Integrated Risk Management for Large Industrial Complexes',

Zagreb, 13-17 July, 1992, TA no.: 921010235"):

1. Infra-structure and organizational safety analysis (application of APELL methodolo-

gy)

2. Analysis and improvement of citizens' culture in the field of safety (Safety Culture)

with special consideration of aspects specific for the citizens of Zagreb

3. Social and economic analysis in the field of risk management

4. Elaboration of legislation in the field of environmental protection and the introduction

of the term "risk" as one of the criteria for public health and environmental protection

measures

5. Formulation of integrated risk management strategy in the Zagreb area

The above survey of project activities which are expected to be realized during 1993

shows that this is an ambitious project. However, some activities from the above survey

have already started, which will facilitate project realization. For example, the Ministry of

Civil Engineering and Environmental Protection initiated the elaboration of new legisla-

tion in the field of environmental protection; the company ZGO started with ZEP a
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number of activities for the resolution of problems related to municipal waste, ground-

water and surface water flow protection; ZRAO initiated several projects in order to find

solutions to the problems related to hazardous waste and analyze radioactive material

and radioactive waste management in the region of Zagreb. The results of the above

program and projects should, by all means, be available to the SC of the CSZ Project

"Integrated Health and Environmental Risk Assessment and Risk Management in Large

Industrial Areas".

Besides the provision of necessary financial resources for the realization of such a

complex project, some appropriate interventions on project organization have to be

carried out during 1993. As already stated in Chapter 2.3, the emphasis is put on the

engagement of the largest possible number of interested organizations, institutions and

experts in the field of public health and environmental protection in this project.

7.2. The Role of International Atomic Energy Agency in the Project Realization

The IAEA has supervised and supported the development of the project Case Study

Zagreb since 1991. For the period from 1991 till the end of 1993, when the project is to

be completed, the IAEA has provided for certain earmarked funds divided into three

categories: (1) services of IAEA experts; (2) equipment delivery; and (3) organization of

training (IAEA, Technical Assistance and Cooperation-operation, Full Status Report,

10.06.1992.). During the period from 1991 up to now, the cooperation with IAEA has

been organized in the following way:

1. In the course of June 1991, the visit of IAEA expert mission was organized, the

members of the mission being Messrs. D.Van Den E3rand and S. Haddad,

2. From November 18 to November 29, 1991, a course "Environmental Policy Plan-

ning, Risk Assessment and Risk Management" was organized and held in Nether-

lands, in the DCMR Agency (Environmental Control Agency Rijnmond). Messrs. V.

Jelavić (Ekonerg) and D. Škanata (ZRAO) participated at this course,

3. From July 13 to July 17, 1992 the visit of IAEA expert mission was organized, the

members of the mission were Messrs. A.Gheorghe, V.Litwin and R.Dones,
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4. From December 9 to December 13, 1992 a course in the application of integrated

computer program InterCLAIR was organized. The course was held in Vienna in the

company GOLEM Ges.m.b.H and Messrs. V.Jelavić and B.Delić, both employees of

Ekonerg, participated at the course. The company Ekonerg bore costs of accomo-

dation for this two participants.

5. As support in the realization of the project Case Study Zagreb, ZRAO has received

from IAEA and through the already mentioned company GOLEM, the donation in

the form of a computer code InterCLAIR for the analysis of continuous air emis-

sions, with complete documentation and necessary hardware and communication

equipment for its application.

It is clear that the cooperation with IAEA should be intensified in this year. The fact that

the Republic of Croatia has gained permanent membership in the IAEA will facilitate this

cooperation in many ways. The framework for the development of such program, which

was partly presented in the document "Travel Report: Mission to Zagreb, Croatia Case

Study on "Integrated Risk Management for Large Industrial Complexes, 13-17 July, 1992

TA No.: 921919235" would encompass the following elements:

1. Organization of courses in the application of APELL methodology

2. Organization of courses in the field of safety culture

3. Providing possibility for our experts to participate at the meetings regarding risk

assessment and risk management which are going to be held during 1993 at inter-

national level

4. Organization of expert missions which will supervise the development of the project

Case Study Zagreb in this year and improve the quality of results by their sugges-

tions, objections and recommendations

5. Aid in the establishment of best possible cooperation between our health institu-

tions and the WHO Center

6. Aid in the purchase of computer codes and appropriate hardware which have

already been successfully applied in the fields of interest for the project

7. Aid in the purchase of equipment for the improvement of environmental monitoring

system in the Zagreb area
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7.3. Provisional Schedule for the Year 1993

Basic elements of the schedule of project activities for the year 1993 are presented

below. Till the mid July it is planned to elaborate the Progress Report comprising entire

items anticipated within the scope of Phases 1 and 2 At the end o* 1993 the Final

Report would be elaborated determining items anticipated under Phases 3 and 4. For

both reports we plan to execute the versions in English language and carry out the veri-

fication procedure as it is applied to this Final Report for the year 1992.

Fig. 7-1. Provisional schedule of activities for the year 1993

Activities i

2

3 •

4

5

6

7

M onths

2 3 4 5 B 7 B 9 10 11 12

• •

1. Continuation of activities of Phase 1 and 2

2. Activities of Phase 3 and 4

3. Epidemiological analysis of Zagreb

4. Training and courses

5. Elaboration of detailed specifications and purchase of equipment for the improvement of monitoring
system of Zagreb

6. Organization and visits of IAEA expert missions

7. Elaboration of the Progress and Final Report for the year 1993
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The activities related to the epidemiological analysis of Zagreb are conceived as a

continuous process during the year 1993, as suggested in Chapter 6 of this Report.

Detail schedule and programme for the realization of these activities would be elaborat-

ed and proposed by the experts of Andrija Štampar School of Public Health of the

Medical Faculty, University of Zagreb. Specific elements of this schedule and pro-

gramme would be incorporated in both Reports planned for the year 1993.

The organization of courses in the application of APELL methodology and courses in

safety culture would be carried out mainly during the first half of 1993. Our experts

would participate at the meetings in the field of risk assessment and risk management

pursuant to the terms of their organization. The details concerning the training stated in

Chapter 6, which relates to the development of the epidemiological analysis of Zagreb,

would be settled among the experts of Andrija Štampar School of Public Health, the

IAEA representatives and the WHO Center.

After the completion of the project for the integral monitoring system of Zagreb, which is

planned to be realized within the scope of the Progress Report for the year 1993, we

would start, together with IAEA experts, with a more detailed specification of required

equipment, followed by the purchase of specified equipment. It is envisaged that the

above activities would be intensified in the second half of 1993.

As for the direct expert aid, we are planning three IAEA expert missions for the year

1993. First expert mission would be organized already in mid February. During the visit

of this expert mission a detailed program of cooperation between IAEA and the SC of

the Project would be defined. At the same time, the IAEA experts would help us define

the contents of the Progress Report for the year 1993 and suggest the methodology to

be applied. The second expert mission would be organized at the beginning of June

and is aimed at project surveillance, help in formulating conclusions for the Progress

Report and the specification of equipment required for the improvement of Zagreb

monitoring system. The visit of this expert mission would be used for precise definition

of contents of the Final Report for the year 1993. The third expert mission would be

organized in mid October. The main task would be direct surveillance over the activities

related to the elaboration of the Final Report for the year 1993.
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