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toxic chemicals including vinyl chloride monomer, ethylene dichloride, chlorine, phosgene
and ammonia. Bombing of electricity transformer stations has resulted in leaks of pyralen
and other compounds. The health and environmental consequences of such emissions have
yet to be evaluated, but all these compounds are extremely toxic. Several are environmen-
tally persistent and accumulate in the food chain; several are carcinogenic and mutagenic. It
is certain that at least some effects extend beyond Yugoslavia’s borders. Atmospheric
dioxins recorded in Skopje (Macedonia), downwind of Pancevo immediately following the
NATO bombardment, are said to have reached seven times the internationally agreed ‘safe’
levels. Dioxins and other airborne toxins resulting from NATO bombing have also been
recorded in Poland, Hungary and Greece. Again, further systematic monitoring is required
to see whether these emissions, severe but localised in time and space, will lead to
significant long-term effects.

Air pollution prior to 1990 was mainly concentrated in urban areas: thermal power
stations, industrial processes, factories, domestic heating, wildfires and automobile
exhausts. Inefficient energy utilisation and low technical efficiency of manufacturing and
other plant have made the situation worse, and have offset the otherwise positive
consequences (for air quality) of economic decline. A major problem in FRY (as elsewhe-
re) is incompatibility in data sets. Air pollution can threaten the health of people, trees,
lakes, crops, and animals, as well as damage the ozone layer and buildings. Air pollution
also can cause haze, reducing visibility in national parks and wilderness areas.

One of the key indicators of environmental conditions in a given region can be
obtained by examining environmental parameters of both surface and ground waters in that
region.  This is quite evident from a number of presentations given at this conference that
focused on water quality parameters throughout Yugoslavia.

Even during NATO air campaign in Yugoslavia and certainly in the months
following the destruction of major industrial and commercial facilities, a number of moni-
toring programs have been initiated to assess the extent of environmental damage resulting
from this destruction.  These programs focused on the several “hot spots” around refineries,
fuel storage facilities, petrochemical industry, and chemical and industrial plants, where the
destruction of these facilities lead to significant releases of toxic and hazardous chemicals
into the surrounding environment.  Most prominent ones include Pančevo (oil refinery and
chemical complex), Novi Sad (oil refinery), Smederevo (fuel storage), Valjevo (industrial
complex), Kragujevac (industrial complex), and Bor (mining complex).  Monitoring efforts
were primarily focused on heavy metals, PAH, PCB, BTEX and chlorinated solvents.  In
general, the initial sampling campaign revealed low levels of organic compounds in deeper
groundwater aquifers. However, significant temporal variability in the concentration of
these substances suggest possible contaminant plume movement in the subsurface and
requires long-term comprehensive monitoring program to ensure environmental quality of
major drinking water sources. This is particularly important having in mind well-documen-
ted significant contamination of soil and shallow groundwater aquifers in these areas and
high probability that some of these contaminants will eventually reach deeper water supply
aquifers.

A great focus has already been placed on source reduction in both Pančevo and
Novi Sad in order to prevent contamination of drinking water supplies for these cities.  It is
clear that further remediation measures will have to be taken at both locations. In addition,
serious heavy metal contamination of soils around these “hot-sports” and elevated heavy
metal levels in groundwater indicate that these locations will represent long-term envi-
ronmental problem. Well-documented degradation of surface water quality in the vicinity
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of destroyed installations, most notably of Danube in the region of Novi Sad and Pančevo,
requires immediate and wide-ranging attention to this part of the country. It is also clear
that enormous quantities of highly-contaminated sediments deposited during the last 30
years in the Iron Gate Reservoir represent on the most challenging environmental problems
that will require unprecedented efforts to resolve.

Immediate attention to these problems is needed to avoid further environmental
degradation and ensure future health and safety of the citizens of Yugoslavia. A centralized
agency that would coordinate monitoring efforts, collect and analyze data in order to
perform risk assessment, establish trends, and prioritize environmental activities, and
coordinate environmental improvement efforts is sorely lacking. It is also an imperative to
establish a rigorous quality assurance/quality control program for environmental monitoring
to ensure validity of the data collected in these monitoring campaigns. This is especially
important having in mind that long term monitoring program will be required to assess the
risk of environmental pollution and to document the effectiveness of remedial measures
that will be undertaken. A number of innovative technologies, both biological and physical/
chemical, for soil and groundwater remediation have been discussed at the conference. It
appears that most of the problems related to chlorinated solvents, petroleum hydrocarbons
and heavy metals may be appropriately addressed using inexpensive approaches like per-
meable reactive barriers, accelerated bioattenuation and phytoremediation.

Besides these alarming problems caused by the bombing campaign in 1999, past
decades of neglect have resulted in serious shortfalls in environmental conditions thro-
ughout the country.  Municipal and industrial wastewater collection and treatment systems
were considered burden to the national economy and their absence resulted in significant
pollution of both surface and ground waters with various inorganic and organic contami-
nants.  On the other hand, most of the drinking water plants lack necessary treatment steps
to deal with precisely these contaminants. A serious investment in both of these areas
should be one of the priorities for both local and state governments.

DEPLETED URANIUM ISSUES

A total of 19 papers contributed by authors from 9 different countries were
presented in 4 consecutive sessions. The papers could be grouped into those dealing with:
(a) use of DU weaponry; and (b) measurement techniques and sampling methodology.
Together with domestic experts, 11 prominent world experts from 8 institutes for the first
time offered results of their research. Subsequently, a lively panel discussion took place.

DU Paper Overview

General Zarić, chief of Nuclear-Biological-Chemical Defense Department, presen-
ted invaluable VJ (Vojska Jugoslavije, Yugoslav Army) insights into the NATO use of DU
weaponry during the 1999 Kosovo war. VJ anticipated that American A10 tank buster
would use DU weaponry and acted to protect its troops. Detailed map with locations of DU
ordinance existed the day VJ withdrew from Kosovo on June the 10th. NATO provided a
list of 112 locations a year later at the request of the UN Secretary General.  In November
2000, UNEP conducted a field mission and took samples from 12% of NATO sites. Zarić
presented a map of Kosovo with the NATO, VJ and UNEP sites showing significant dif-
ferences leading to a conclusion that the true story is not fully known yet until the
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discrepencies are resolved. The NATO map also excluded locations from four sites in
Southern Serbia and one from Montenegro. The sites in Southern Serbia are fenced off
while the site in Montenegro was cleaned up. The VJ conducted a medical examination of
1800 soldiers who were potentially at risk. From this a smaller group was formed for
additional examinations and follow-up. Malignant diseases have been observed thus far but
cannot be conclusively linked to DU exposure. Joksimovich, consultant from the U.S.,
presented results of his literature research including the DU use in three wars: Persian Gulf,
Bosnia and Kosovo. He concluded that since the underlying causes of the so-called Gulf
and Balkan syndromes have not been found over a decade, the DU must continue to be a
prime suspect. Hence, it is prudent to call for a moratorium which is what general Zaric
called for as well. Joksimovich also felt that DU use in the Kosovo war reckless in the
extreme. Ajdačić, of the Vinča Institute, challenged NATO credibility by pointing out
additional locations in Albania and Macedonia and claimed firing of 43,300 rounds rather
than NATO's official figure of 31,000. Stegnar, from Slovenian Jožef Štefan Institute,
summarized the IAEA mission findings including no link to leukemia. McLaughlin,
University College Dublin, analyzed a DU penetrator recovered from a target site in
Southern Serbia which was found to contain minute traces of plutonium (Pu). He concluded
that the radiation dose from the Pu contamination of the DU was much smaller than that
due to the uranium isotopes themselves and therefore concern over the Pu could be
reasonably dismissed. This conclusion was also corroborated by three other Labs in Europe.
There was a unanimity amongst the authors that possible health risks arise from inhalation
of DU aerosol or from ingestion via the food chain. In terms of health effects uranium in
common with other  heavy metals like lead  is primarily chemically toxic rather than radio-
toxic. Therefore if high intakes of DU occur the chemical toxicity via the food chain may
result in damage to organs such as the kidney in particular. .

Priest, Middlesex University, UK, with funding from BBC Scotland collected 25
urine samples from members of the public in Bratunac (Bosnia) and Djakovica and Klina in
Kosovo. All subjects measured excreted DU although levels were mostly lower than those
of natural uranium. The presence of DU in urine of a 1-year old child indicate the exposure
is continuing. Mietelski, Institute of Nuclear Physics, Krakow, Poland, analyzed an
aluminum jacket of DU bullet found in Kosovo using gamma and alpha spectroscopy. The
gamma spectroscopy turned out to be more useful for the studies of uranium isotopic ratio.
Anagnostakis, National Technical University Athens, discussed measurement options for
identifying DU in the presence of natural uranium. Orlić, Vinča Institute, summarized
uranium content measurements from bomb craters. With exception of the Cape Arza
location in Montenegro, the concentrations were comparable to natural uranium levels thus
corroborating general Zarić findings that the DU was not used by NATO in Tomahawk
Cruise missiles bombings of Serbia. Pavlović, Vinča Institute, reported on contamination of
the Adriatic Sea and its shore near Cape Arza in Montenegro. 2000 divers active in the area
represent the most affected population group. Navratil, Clemson University in South
Carolina, presented advances in treatment methods for uranium contaminated water and
soil at U.S. Department of Energy sites.

DU Panel Discussion

Mieteleski, Waligorski, Priest, McLaughlin, Stegnar, Ajdačić and Joksimovich
were the panelists. Stegnar acted as the moderator. Many participants in the audience
provided contributions in addition to the panelists. Several panelists made a point that only
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scientific data and approaches should be taken into account as opposed to the political ones.
Two approaches were discussed. One would connect the DU issue with new cases of
cancer, while the second would focus on detection of possible observable health effects.
The necessity of measuring, quantifying and assessing the actual situation in targeted areas
was emphasized. The importance of standardizing methodology and sampling protocols in
the fieldwork was also stressed. Quality assurance procedures must be established. Critical
groups of  potentially exposed people should be identified first. It was noted that studies
dealing with health consequences of the Chernobyl accident demonstrated significant health
detriment in the affected population attributable to the psychological stress resulting in
alcoholism, suicide and other psychosocial problems. Similar types of stresses have been
observed in the Balkans. Some panelists were leaning towards equating the risk of DU
exposure to that of natural uranium plus stress while the others quoting the Gulf War cases
felt that the DU exposure might pose additional risks.

DU Concluding Remarks

Public reaction to any kind of risk situation is strongly related to the perception of
that particular risk. Among the others factors, perception of risk is also dependent on the
controllability of risk and the uncertainties related to it. After the NATO actions in FRY,
the population was additionally anxious concerning the lack of accurate data about the
targets bombarded with the DU, possible health effects and overall risk assessment. Thus,
discrepancies between the NATO and VJ data regarding use of DU ordnance in Kosovo
needs to be resolved as soon as possible. UNEP could be involved. An agreed upon data
base (how much DU was used and where) should be established which would include all
affected sites in Bosnia, FRY (particularly in Kosovo) and Macedonia. Existence of this
data base would have multiple benefits including reduction in public anxiety. It would
enable both the international community and the Serbian authorities to plan and fund
relevant epidemiological data studies.

An international cooperation under the auspices of WHO and/or other relevant
international organizations should be established to plan and fund a scientific study of the
health and environmental  risks of long and medium term exposure (radiological and
chemical-toxic) to DU on population. The existing epidemiological data obtained in adult
uranium worker studies may not ,for a number of reasons, be directly applicable to the
general population consisting as it does young children and people with existing health
problems.  The results of this scientific study would provide the authorities with an
objective basis for dealing with public perception of the DU contamination and thus would
yield to a reduction in psychological stress.

The sites in Southern Serbia, currently fenced off, need to be cleaned up in due
course. The same is true for the sites in Kosovo.

FOOD SAFETY

In FRY legal framework for food safety was based on internationally recognized
scientific research. Despite all well known political events, sanctions and NATO
interventions, food safety control system sustained, probably due to the widely accepted
importance and recognized public health impact of this issue. In 1989 due to the initiative
of Federal Institute of Public Health, the annual food safety-monitoring program was
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established: 22 food items are tested on the quality standards parameters as well as on food
safety including microbiological and chemical parameters.

Very few studies in FRY have provided data of complete bio-monitoring of the
certain pollutants, and thus no proper and accurate data on contaminants consumption could
be obtained. In order to prevent entering the contaminants to the food chain, new
recommendations from WHO, FAO and EU suggest implementation of integrative
approach to food safety known as “from farm to table”. This new system of integrative
control should provide both safer food for our population, and adequate products for export,
thus helping sustainable development of the agriculture.

HUMAN HEALTH (BIOMEDICAL EFFECTS)

Prolonged environmental degradation and reduction in standard of living during
the 10-year period of economic sanctions and isolation, culminating in the 1999 NATO
intervention, had imposed a substantial health risk for the entire population of Yugoslavia,
and in particular those living in the regions identified as “hot spots”.  During the bombing,
78 industrial facilities were damaged releasing thousands of tons of various chemicals, over
100 000 tons of oil and oil derivates were burned, at least 31000 rounds of thirty millimeter
DU munitions were fired, and more then 20 000 houses were destroyed. For the first time in
the history so many different pollutants in large concentrations (up to 1000 times permis-
sible) had been released in the dense populated areas. Most of them are well known toxic
substances (heavy metals, ammonium, sulfur dioxide, nitrogen oxide), that also could have
mutagenic, teratogenic and oncogenic properties  (ethylene dichloride, vinyl chloride,
PCB’s. etc.)

Papers presented at this conference have proposed models for malignant disease
risk assessment. The projection of the incidence rate up to the year 2020 and the regional
distribution had been calculated based on the 30-year descriptive and analytical epidemio-
logical studies. According to that, sharp increase in cancer rate could be expected particu-
larly in some population groups. Since the latency period for most malignant diseases is
over 5 years, long term follow up studies are required. Meanwhile, analytical procedures
(biomarkers and gene markers) based on molecular genetics had been proposed as a part of
the process of monitoring and preventing serious health consequences.

Prof. Vukašin Radmilović, Kragujevac University School of Medicine, employed
the International Association for Research of Cancer (IARC) classification of ten most
frequent carcinogens in humans: benzo(a)piren, vinylchloride, benzene, PCB, dioxins/
furans, arsenic, cadmium, nickel, chromium and DU. Using modest publicly available mea-
surements during NATO bombing for  concentrations of these carcinogens, he expressed
these measured concentrations in units of carcinogenic factor contamination (CFC). CFC
varied between 1 and 4 million for benzo(a)piren illustrating a range of substantial risk
increases depending on carcinogen. The bottom line is recommendation for a comprehen-
sive study of carcinogens with assistance from a country with experience in analyzing
health consequences from industrial accidents and a call for urgent remediation measures.

Professor Miodrag Djordjević, Clinic Center Bežanijska Kosa Belgrade, presented
a projection of malignant diseases in Yugoslavia with specific regard to Belgrade up to the
year of 2000. Compared to 1997 the number of death would double (from 20,000 to
40,000). The impact of NATO bombing is unaccounted for. A new algorithm is needed to
account for the impact of NATO bombing as well to take into account cancer prevention
and screening.
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Retrospective study that was done in pre term newborn (1996 – 2001) had
revealed the incidence rate of congenital malformations to be stabile, ranging from 12.7 to
19.2 %.  Some other small-scale studies had pointed out that psychosomatic and social
consequences could be of utmost importance in overall health impairment.

Polarized views of different interest groups on Gulf War and newly proposed
Balkan Syndrome etiology and consequences, maintain long term controversy mainly due
to the lack of meaningful and objective interdisciplinary research. Despite dismissing some
of the worst claims on the dangers of DU and other pollutants, denial does not eliminate
fact that veterans of Gulf and Balkan War are being sick and dying.

The considerable scientific uncertainties concerning health impacts of seriously
degraded environment in Yugoslavia are even more important for civilians living in post-
conflict environment. This high-risk population should be under long term surveillance and
if necessary medical care for all of them should be provided. Both prevention and
management actions should be evidence based.

A centralized government agency proposed to collect and analyze data in order to
perform risk assessment should incorporate Rapid System of Notification of Environment
borne diseases (like one that we have for Infectious Diseases). It should be connected with
both district public health authorities and inspections capable for implementing immediate
measures and sanctions in order to prevent health hazards.

CONCLUSONS

Continuing economical downturn, financial crisis, political instability, destruction
caused by war, are proving to be highly destructive to the environment and may have
extremely negative long term consequences on environment and population. Although it is
difficult to envision that any substantial progress on environmental recovery in FR Yugo-
slavia will be made until political, economic, financial and social stability is restored,
environmental remediation and protection of nature and natural resources must be included
in any economical plan for recovery of country.

These are main conclusions and recommendations:

(A)  ESTABLISHMENT OF A CENTRALIZED ENVIRONMENTAL
RECOVERY AND PROTECTION AGENCY

This government agency should:

1. Establish long-term national environmental policy,
2. Strengthen environmental institutions and enforce environmental laws and

regulations,
3. Modify and harmonize national environmental regulation to conform to the

European Union regulation,
4. Coordinate monitoring efforts,
5. Collect and analyze data data in order to perform risk assessment, establish

trends, and prioritize environmental activities,
6. Coordinate environmental remediation and improvement efforts,
7. Propose long-term plans in environmental restoration and protection,
8. Establish information and educational resources.
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(B)  COMPREHENSIVE ASSESSMENT OF ENVIRONMENTAL STATUS IN
FR YUGOSLAVIA

The devastation of the environment in Yugoslavia has been built up over a period
of many years. This clearly suggests that the starting point for any comprehensive
assessment of the environmental status of FR Yugoslavia must precede NATO bombing.
This initiative recommends that the whole observation interval be divided into four
segments with the following principal activities:

1. 1990 as the reference starting point or ground “zero state.” All available data
prior to dissolution of Yugoslavia should be taken into account including
assessments of international experts using state-of-the-art methodologies.

2. June 1992 - March 1999 as the interval of depleting environmental resources
due to imposition of the UN economic sanctions on May 30 (UN Resolution
#757). All available measurements of environmental quality indicators as well
as modeling of pollutant depositions should be taken into account.

3. 1999 NATO Air Campaign, March 24 - June 10, regional consequences
including those in FYROM, North Greece, Bulgaria, Romania and Hungary.
All available environmental quality indicators should be taken into account.
Uncontrolled pollutant releases into the atmosphere should be assessed taking
into account material balances associated with burning and evaporation of
crude oil and its derivatives, releases of toxic chemicals from chemical/
petrochemical plants and fuel storage facilities as well as release of pyralene
from damage to transformers. Due emphasis will be placed on heavy metals
(Hg, As, Cd, Ni, Be, Pb, Cr, Cu, Zn, DU) and persistent organic pollutants
(POPs) with the following representatives: PAHs, PCBs and dioxins/furans.
Impact assessments should be provided using local scale such as for the above
mentioned hot spots, regional scale especially for environmentally protected
areas and the agricultural regions for food chain products.

4. June 10, 1999 to date. Basis should  be integrated environmental monitoring of
all above listed pollutants in all environmental media, i.e. air, water and soil,
with emphasis on the food chain. Number of monitoring stations and frequency
of sampling should be commensurate with the expected pollution levels.

In addition to most reputable institutions in Yugoslavia, other reputable labora-
tories in the region need to participate. Intercomparisons of measurement techniques betwe-
en the participating labs should be performed in order to achieve international standards.
The initiative needs include appropriate laboratory instruments, field experiment equipment
and various chemicals. Obtained data should be analysed from the standpoint of all relevant
environmental parameters, i.e. meteorological, hydrological, geochemical, topographical,
etc. Yugoslav multidisciplinary experts would constitute bulk of the project personnel
supplemented with regional experts from Greece, Bulgaria, FYROM, Romania and
Hungary. The Serbian diaspora experts will have a leading role in a joint search for
appropriate remedial actions and environmental recovery of Yugoslavia.

(C) RISK ASSESSMENT OF CONTAMINATED SITES AND THEIR
RANKING TO SET CLEAN-UP PRIORITIES

Hazardous site ranking promotes the effective use of limited funding resources and
expertise. First and foremost FRY needs to very carefully do an expert analysis of risk of all
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those contaminants that were released during the bombing.  The politics and rhetoric needs
to be taken out the expert discussions, otherwise, FRY will waste its precious money
remediating environments that pose little or no potential health or environmental risk.
However, it must quickly identify those sites that present immediate and threats to human
health and the environment. The hazardous site ranking should include:

1. Characterization of pollutants: indentification, source, estimation of quantities,
evaluation of chemical properties (mobility, persistance, toxicity, bioconcen-
tration).

2. Routes of migration: groundwater, surface water, air, soil ingestion.
3. Indentification of the risks: is there a human health risk (immediate, long-

term), is the environment threatened, is the socio-economical stability of the
area threatened, is the risk acceptable, what is the uncertainity.

4. Inclusion of other factors that might influence site ranking: cost of cleanup,
political factors, public opinion, potential for reuse.

Priority must also be given to preparation of a feasibility study for clean-up
activities in areas identified in the Federal Republic Report – The Consequences of NATO
Bombing for the Environment in FR Yugoslavia, prepared in February 2000 by the former
Federal Ministry for Development, Science and Environment.

Assessment of environmental pollution must be made on other sites with fuel
storage facilities destroyed during the NATO bombing like fuel storage facilities near
Smederevo, Sombor, Novi Sad, Priština, etc.

Having in mind the new political conditions, assessment of environmental
pollution must be made also of the main permanent environmental polluters and their
reconstruction. Priority should be given to facilities with big environmental risk for instance
in environmental black points in Bor, Trepča, thermal power plants in Obrenovac,
Lazarevac, Obilić, etc.

(C)  REMEDIATION OF “HOT SPOTS” SHOULD BEGIN IMMEDIATELY

Clean-up actitivities in at-risk areas must begin immediately. Having in mind the
present situation in Yugoslavia and the scope and complexity of the activities needed to
clean up the polluted areas their implementation will require financial and technical support
from the international community.

1. Top priority should first be given to 27 clean-up projects in the four so called
"hot spots" in Novi Sad, Pančevo, Kragujevac and Bor, identified in a
feasibility study finalized by the UNEP Balkan Task Force in April 2000.

2. Top priority also must be given to identification, assessment and clean-up
activities in the areas where NATO used ammunition with depleted uranium.

3. Simple things like aeration tubes, fertilizer applications, containment walls and
diversion walls need to be put in place immediately as an interim action to
prevent further environmental damage. These temporary measures will also
reduce future cleanup costs and the time required to cleanup.  The biggest
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advantages here will probably be realized by the fuel spills, though other
chemical and metals could also benefit.

4. It should be emphasized that remediation and environmental reconstruction
should rely on Yugoslav environmental authorities, enterprises, institutes and
professionals (experts) – not consultants and companies from abroad!

5. FRY needs to be very careful about 'Remediation' companies that offer single
solutions that the company has the proprietary edge.  These products often
seem too good to be true and always are.  Multiple solutions compared by life-
cycle costs, efficacy, and secondary effects with the conventional baseline
technology should be considered for every major cleanup project.

6. Innovative technologies should be assessed, having in mind that often the best
solution to environmental cleanup is monitored natural attenuation. The
environment has a tremendous capacity to cleanse itself, we often make things
worse over the long-term by using aggressive remediation techniques.
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