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1 Foreword

In 2001, the United Nations Environment Programme (UNEP) published the findings from
the first-ever assessment on the environmental impact of the use of depleted uranium (DU)
originating from a real conflict situation. This work was conducted in Kosovo in 2000 and
followed-up one year later in Serbia and Montenegro. Since then, UNEP has become a
reference in the scientific community regarding the impacts of DU when used in a conflict
situation. When, in the summer of 2002, the Council of Ministers of Bosnia and Herzegovina
(BiH) requested UNEP to conduct a similar assessment in BiH related to the use of DU
ordnance in 1994-95, UNEP was naturally ready to initiate action.

In this new study, we learn that more than seven years after the end of the conflict it is still
possible to detect DU in soil and sensitive bio-indicators at sites where DU had been used. A
large number of contamination points (holes were DU penetrators hit the ground), as well as
loose contamination, including DU penetrators, fragments and jackets/casings were found.
UNEP could confirm local DU contamination around impact points, although the levels
were low and no significant level of radioactivity could be measured.

Importantly, for the first time during an assessment in the Balkans, it was possible to detect
DU contamination in drinking water. The contamination, however, was very low and re-
mained below the World Health Organization’s (WHO) reference value. Finally, DU was also
detected in several of the air samples where it had been unexpected to find any DU particles
in the air so long after the end of the conflict. Again, detected levels remained below interna-
tional safety limits. However, for precautionary purposes, confirmation of DU contamina-
tion inside some buildings leads UNEP to recommend to the local authorities decontamina-
tion and clean-up measures .

The mission also analysed the handling and storage conditions of radioactive sources within
BiH. The representative from the International Atomic Energy Agency (IAEA) provided
valuable analysis on these issues.

During this challenging work, our cooperation with BiH authorities has been excellent. The
government shared their scientific and health expertise with UNEP, as well as their important
civil protection and mine clearance experience. NATO/SFOR co-operated with UNEP
throughout the study, and UNMIBH, as our local UN partner, helped make this work possi-
ble in many ways.

All of the scientific members on this mission were experienced from earlier UNEP assess-
ments. I want to congratulate these scientists not only for a work well done, but also for
producing new and valuable information on the behaviour of DU. Close cooperation with
our colleagues from the IAEA and the WHO was a success. Health related information was
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presented and reviewed by the WHO during meetings with hospitals and government health
officials. The WHO assessment, as the competent United Nations agency on health issues,
is included in this report.

This work could never been conducted in such an efficient manner without the professional
work by the national institutes of Greece, Italy, Russia, Sweden, Switzerland, the United King-
dom and the United States, ensuring the highest quality discussion and results. Above all,
my gratitude goes to the governments of Italy and Switzerland that provided UNEP with
experts, laboratory assistance and generous financial support.

Following this third DU assessment in the Balkans, the collective information from these
reports can now be used to minimize any health and environmental risks from depleted ura-
nium. These studies confirm that the behaviour of DU is a complex issue, and that DU can
be found in soil, vegetation, water and air in certain conditions many years after the conflict.

For this reason, UNEP strongly encourages further studies in the areas where risks could be
higher than in the Balkans.

—
\ —
LUJZUM \ﬁ\_
Klaus Topfer

United Nations Under-Secretary-General
Executive Director of the United Nations Environment Programme
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Introduction

pleted uranium (DU) ammunition has, after several conflicts, become a much debated

issue. Since there has been very little scientific fieldwork with proper measurements as
well as laboratory work outside of the military community, until recently it has been difficult
to come to any significant conclusions.

T he question on environmental and health impacts originating from the use of de-

In the autumn of 2000, UNEP cartied out the first-ever international assessment on the environmental
behaviour of DU following its use in a real conflict situation. In March 2001, UNEP published the
report, entitled Depleted Uraninm in Kosovo - Post-Conflict Environmental Assessment.

To reduce the uncertainties about DU's environmental impacts, a second phase was carried
out in Serbia and Montenegro with a field mission in October 2001. This study investigated
six sites, as well as - for the first time - one targeted military vehicle, which was studied in
detail. UNEP subsequently published the report, entitled Depleted Uranium in Serbia and Montenegro
- Post-Conflict Environmental Assessment in the Federal Republic of Yugoslavia in March 2002.

In Serbia and Montenegro, authorities had already conducted some decontamination and
clean-up operations, which were in line with the findings of the UNEP field studies. Both the
Kosovo and the Serbia and Montenegro reports were well received by local stakeholders, as
well as by the international scientific community. These reports helped alleviate some of the
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public concerns with respect to DU by scientifically demonstrating the low contamination
levels and providing recommendations to reduce future risks at affected sites.

The request by the Bosnia and Herzegovina (BiH) authorities to conduct similar studies over
seven years after the use of DU was a new challenge for the scientists in UNEP's team. 15 interna-
tional experts comprised the UNEP mission to BiH, which took place on 12 - 24 October 2002.

UNEDP had selected 15 sites to be visited during the mission. One of the sites was unfortu-
nately inaccessible due to the heavy presence of mines. For the remaining 14 sites, the pres-
ence of mines and other unexploded ordnance (UXO) was a factor that occasionally re-
stricted the work to a degree. Five of these fifteen sites were areas where NATO had reported
using DU munitions. The remaining 10 sites were areas where the local population or au-
thorities were concerned that DU might have been used.

The possible health risks and questions for safe storage of radioactive waste were integrated
into the tasks of this mission. Therefore, experts from the relevant UN agencies - the WHO
and the IAEA - participated on this mission. The valuable contributions and recommenda-
tions made by these experts are included in this report.

Soil sampling at
the Kalinovik
Ammunition
Destruction Site
with the remains
of an old Turkish
fortin the
background

A total of 132 samples were collected: 4 penetrators, 46 surface soil, 3 soil profiles of 60 cm,
5 smear, 2 scratch, 19 water, 24 air, and 29 vegetation samples. Both the Swiss Spiez Labora-
tory and the Italian APAT Laboratory conducted sample analyses. Of the 14 sites investi-
gated, three clearly showed DU contamination, confirming the earlier use of DU ordnance.
These sites correspond to the information on DU targets provided by NATO.

Four new and significant findings are contained within this report. First, detailed laboratory
analyses of surface soil samples revealed low levels of localized ground contamination. At
most, local ground contamination could be detected around contamination points at dis-
tances below 200 meters, but usually much closer. None of the sites showed widespread
contamination, meaning a contamination over large surfaces in the range of a couple of
hundred meters. Ground surface DU contamination detectable by portable beta and gamma
radiation detectors was typically limited to areas within 1 - 2 meters of penetrators and local-
ized points of contamination caused by a penetrator impact.

Second, penetrators buried near the ground surface and recovered by UNEP had decreased
in mass by approximately 25% over 7 years. Based on this finding, correlated with those
penetrators studied in UNEP's earlier studies, a DU penetrator can be fully oxidized to corro-
sion products (e.g uranium oxides and carbonates) in 25 to 35 years after impact. Following that
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Penetrators and fragments fully corrode 25 - 35 years after impact

time period, no more penetrators — metallic DU — will be found buried in the Balkans soil. In
contrast, penetrators lying on the ground surface showed significantly lower corrosion rates.

Third, for the first time, DU contamination of drinking water could be found at one site. DU
could be clearly identified in one drinking water sample. A second drinking water sample from a
well also showed traces of DU, but was detectable only through the use of mass spectrometric
measurements. Contamination of the well water may be due to the fact that the well is positioned
in what would have been the line of attack by planes. The concentrations are very low and the
corresponding radiation doses are insignificant for any health risk. This is also true considering the
toxicity of uranium as a heavy metal. However, because the mechanism that governs the contami-
nation of water in a given environment is not known in detail, it is recommended that water

sampling and measurements should continue for several years, and that an alternative water source
should be used if DU is found in the drinking water.

Finally, the presence of DU in air was found at two sites, including air and certain surface
contamination inside two buildings at two different sites. Resuspension of DU particles due
to wind and/or human activities from soutces such as contamination points, corroded pen-
etrators or fragments laying on the surface are the most likely cause. The concentrations were
very low and resulting radiation doses are minor and insignificant. However, as some of
these buildings are currently under use by the civil population or by military, UNEP considers
exposure to such a source unnecessary. Therefore, precautionary decontamination and clean-
up steps for these buildings are recommended.

In addition to these key findings, some important remarks must also be added. Throughout
the mission, the UNEP team observed that workers and civilians, as well as military and mine
clearance personnel with access to sites where DU presence was confirmed, were unaware of
or misunderstood the risks and issues surrounding DU ammunition. Awareness raising ac-
tivities should be considered, including information about DU in general, associated risks,
handling and storage and contact information for relevant authorities. A flyer or leaflet, like
the ones used to advocate mine safety, could be produced and distributed.
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The importance of having correct locations and coordinates for DU-affected sites and of
obtaining access to these sites for the purpose of conducting surveys and measurements is
essential. The longer the elapsed time since the date of the attack, the more difficult it is to
implement countermeasures, including decontamination, if necessary. As 6 coordinates of
confirmed attack sites are still missing according to the NATO web page, these coordinates
should be disclosed without delay.

Another important issue related to information on what had happened to the radioactive material
that had previously been collected and stored in BiH. During the assessment study, UNEP wanted
to confirm the whereabouts of a box containing DU penetrators collected eatlier from Hadzici.
The information received from NATO confirms that NATO/SFOR military authorities have

propetly stored it outside of BiH.
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On-line and
random survey
techniques were
used over hard
surfaces in
Ustikolina

UNEP also visited certain ammunition destruction sites to confirm that DU had not been
included among detonated ammunition, as well as to analyse another environmental aspect;
the contamination by heavy metals as a result of such destruction activities. Selected water
and soil samples were analysed for their heavy metals content. High surface soil contamina-
tion of heavy metals was measured at three sites. Such contamination could represent a future
health risk. Results indicate that past ammunition production, as well as current ammunition
destruction activities, have produced heavy metal contamination of the soil. Ammunition
destruction sites should therefore not be situated in areas where secondary contamination
could occur; for example, contamination of the groundwater and any animals grazing nearby.

Overall, the findings of this study are consistent with the findings of UNEP's earlier DU
studies. The levels of DU contamination are not a cause for alarm, but some uncertainty
remains with respect to future potential groundwater contamination from penetrator corro-
sion products. Both general and site-specific recommendations are included in this report for
follow-up and implementation.

This study is UNEP's third contribution to the scientific debate on the environmental risks
and the behaviour of DU. UNEP is committed to working with other UN organisations to
extend DU studies to other post-conflict regions where the long-term effects of DU con-
tamination should be studied. As part of this commitment, UNEP was invited in Spring 2002
by the IAEA to participate in a DU mission to Kuwait.

Depleted Uranium in Bosnia and Herzegovina = .




An air sampler operating near Foca bridge (Srbinje)

I would like to extend my genuine thanks and appreciation to all the national and interna-
tional experts who worked so hard to contribute to the success of this study. All scientists
made excellent contributions. I would like to extend my gratitude to three in particular.
Jan Olof Snihs, from the Swedish Radiation Protection Authority (SSI), has been the Scien-
tific Leader of all three UNEP DU studies in the Balkans. His role in keeping the scientific
quality of these reports at a high level has been exceptional. Gustav Akerblom, also from SSI,
has been the Technical Leader of each mission. Based on his experience, appropriate meth-
ods for finding and measuring DU ammunition have been developed by UNEP. Finally, Mario
Burger, from Spiez Laboratory in Switzerland, has been a key scientist in all three missions in
the Balkans and, for the Bosnia and Herzegovina assessment, acted as UNEP's Project Coot-
dinator. Without their respective dedicated and professional work, the UNEP assessments on
depleted uranium would not have been possible.

Based on its work in the Balkans, UNEP strongly encourages further assessments to be under-
taken in other regions and climate zones where DU has been used in earlier conflicts in order to
reduce any uncertainties about its potential environmental impacts in the longer term.

Contflicts and wars are never good news. I believe that the findings of this study will contrib-

ute both to conflict-prevention and to the protection of human health and environment
debate during times of conflicts.

IZ4

Pekka Haavisto
Chairman, UNEP Depleted Uranium Assessment Team
Geneva, 10 March 2003
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Background

2.1 UNEP'S ROLE IN POST-CONFLICT ENVIRONMENTAL ASSESSMENT

UNEDP's Post-Conflict Assessment Unit first emerged in May 1999 as a joint UNEP/UNCHS
(Habitat) 'Balkans Task Force' with the aim of producing an overall assessment of the conse-
quences of the Kosovo conflict on the environment and human settlements. Its particular
focus was on the Federal Republic of Yugoslavia (Kosovo, Montenegro and Serbia).

As part of this work, an international expert group - the 'Depleted Uranium Desk Assess-
ment Group' - was appointed to "assess the potential health and environmental impact of
depleted uranium (DU) used in the Kosovo conflict". However, the use of DU in Kosovo
had not been officially confirmed at that time and no information was available on the loca-
tions of sites possibly targeted by DU munitions.

Thus, the work was carried out, inter alia, by:

* collecting background information on the potential effects of DU on human health
and/or the environment, the quantity and quality of depleted uranium used in the con-
flict, and the locations of affected sites;

* assessing the medium- and long-term potential health and environmental impacts of DU
used in the Kosovo conflict by means of a scenario-based desk study;

e undertaking a fact-finding mission to Kosovo to make preparations for a possible future
sampling campaign; and

 analysing information in order to both quantify problems 'on the ground' in potentially
affected areas and to provide qualitative answers concerning the possible risks to human
health and the environment.

The fact-finding mission did not encounter elevated levels of radiation,
either in and around the wreckage of destroyed military vehicles, or
on/alongside roads. Based on these preliminary measurements, UNEP
concluded that there was no evidence or indication of the presence of
DU at the locations visited. However, it was stressed that any further
investigations could only be meaningful if and when confirmation was
received that DU ammunition had been used and, if so, where.

Such confirmation arrived in July 2000. Fol-
lowing approaches from the United Nations [§
Secretary-General, NATO made available a 8= SR

detailed list of sites where DU had been used. Depleted Uragj
Operating under the newly formed 'Balkans Unit', UNEP then moved FESICIT l**
quickly to assemble a team of international experts to prepare a sci- o 402
entific mission to Kosovo from 5-19 Novem-
ber 2000. In March 2001, UNEP published
. the findings in the report 'Depleted Uranium
B O in Kosovo' (see section 2.2 for a summary of

Dépleted Uranium these findings).
in Serbia and

Montenegro 41 With the continued help of NATO and local authorities, a similar
EcsRee ’m mission to Serbia and Montenegro (FRY) took place from 27 Octo-
i the Feskral Repubicof Yoposkera ber to 5 November 2001. Building on the Kosovo report, this mis-
« . = sion also took air samples in addition to water, soil and lichen sam-
g‘h“ 2 ples. The report, 'Depleted Uranium in Serbia and Montenegro', was

published in March 2002 (see section 2.2).
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The success of these missions created a need for UNEP to expand its scope beyond the
Balkans. In late 2001, the 'Balkans Unit' became the Post-Conflict Assessment Unit (PCAU)
in order to "extend the work to other areas of the world where the natural and human envi-
ronment has been damaged as a consequence of conflict".

In mid-2002, UNEP received an official invitation, this time from Bosnia and Herzegovina
(BiH), to make a third DU assessment focusing on the use of depleted uranium during air
attacks against armoured vehicles, tanks and artillery positions in 1994 and 1995. The ben-
efits of this project would also extend beyond the boundaries of BiH, as important new
information would be discovered on the environmental behaviour of DU more than seven
years after its use in combat. In order to assess the feasibility and safety of such an assess-
ment so long after the end of the conflict, a fact-finding mission was undertaken from
5-14 September 2002. Following the success of this undertaking, the third DU assessment
mission took place from 12-24 October 2002.

2.2 SUMMARY OF FINDINGS FROM THE KOSOVO AND
SERBIA/MONTENEGRO MISSIONS

In Kosovo, the mission did not find any widespread contamination of the soil or ground
surface, though some localized points of contamination were identified at some of the sites
where the use of DU had been reported. The major part of ground contamination was
found in the upper 10-20 cm directly below a penetrator. No DU contamination of water or
domesticated cow milk was found during the mission and subsequent laboratory testing, and
there was no evidence to suggest any immediate health problems. However, it was concluded
that there could be future risk of DU contamination of groundwater. Analyses of bio-
indicators (i.e. lichen, bark, moss and grass) at four sites indicated that DU had been used at
these sites, but did not uncover any conclusions about the aerosolisation of DU or airborne
contamination.

In the subsequent Serbia and Montenegro mission, all the sites investigated had previously
been visited, cleaned, fenced-off and assessed by the FRY authorities. This had not been the
case in Kosovo. UNEP could not find any significant contamination of the ground surface or
the soil except at localized points of concentrated contamination. Nine penetrators and
13 contamination points were identified. The penetrators were removed and the contamina-
tion points marked for later decontamination by the FRY authorities. However, laboratory
analyses of soil samples enabled contamination to be detected several metres from contami-
nation points. DU contamination was found in some soil samples within the fenced areas (i.e.
the target areas). With the exception of Cape Arza, none of the soil samples collected out-
side the fenced areas showed any DU contamination. Thus, there was no indication that DU
had spread outside the fenced areas or over a large distance. Importantly, however, the con-
tamination levels inside the fenced areas were of such a low level that they were considered
insignificant from the human health point of view.

In terms of groundwater contamination arising either from DU at contamination points or from
more widespread ground contamination, the possible consequences in Serbia and Montenegro
were insignificant. The general conclusion for the five sites investigated in Serbia was that there
were no penetrators remaining on the surface in the areas that were searched by UNEP. However,
at some sites there were indications that penetrators (and contamination points) were present
outside the searched areas and might be present outside the areas fenced-off by the FRY authori-
ties in Serbia. There were good reasons for believing that most of the DU rounds fired against
targets at the investigated sites did not fragment, but instead entered the ground more or less
intact. In this case, the buried penetrators constitute a source of uranium that might, in the future,
influence the concentration of uranium in drinking water. During the mission and subsequent
laboratory testing, there was no detectable DU in any of the water samples.
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Two of the sites showed a clear indication of DU in the air sampled. However, digging for
penetrators was undertaken at the same time as the operation of the filters used for air sam-
pling, making it difficult to find an unequivocal explanation for this finding.

As was found in the 2000 Kosovo mission, lichen appeared to be a reliable indicator of
aitborne DU contamination. Of the lichen samples taken in Serbia and Montenegro, only
those obtained from four sites showed any significant indication of DU.

2.3 DEPLETED URANIUM

What is depleted uranium?

Depleted uranium is a by-product from the process used to enrich natural uranium ore for use as
fuel in nuclear reactors and nuclear weapons. It is distinguished from natural uranium by differing
concentrations of certain uranium isotopes. Natural uranium has a uranium-235 (abbreviated as
U-235 or #°U) content of 0.7 per cent, wheteas the content of U-235 in DU is reduced to about
one-third of its original content (0.2-0.3 per cent). The U-235 content in DU used in DU ammu-
nition in the Balkans was found to be 0.2 per cent (UNEP 2001; UNEP 2002).
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Like naturally occurring uranium, DU is an unstable, radioactive heavy metal that emits ionizing
radiation of three types: alpha, beta and gamma. Because of its radioactivity, the amount of

- uranium in a given sample decreases
continuously but the so-called 'half-
life' (the period required for the
amount of uranium to be reduced
by 50 per cent) is very long, 4.5 bil-
lion years in the case of the isotope
uranium-238 (U-238 or **U).
Therefore, the level of radioactivity
does not change significantly over
human lifetimes. The unit of meas-
urement for radioactivity is
becquerel (Bg), 1 Bq being the dis-

integration of one atom per second.

A heavily corroded penetrator is collected from the soil at
Han Pijesak

When uranium decays, another nu-
clide or isotope is created, which in
turn is also radioactive, leading to a
long chain of radionuclides (uranium daughter products) being produced (see Appendix O "Data
on Uraniun’). DU is roughly 40 per cent less radioactive than natural uranium and, consequently,
less radiotoxic. This is because during the industrial process by which uranium ore is converted to
uranium metal, uranium is chemically separated from all its daughter products beyond U-234, i.e.
radium, radon and othets.

In the enrichment process used for the production of nuclear fuel, the uranium concentra-
tion of the isotope U-235 is enriched from 0.7 per cent in natural uranium to roughly 4 per
cent in the uranium destined for fuel in nuclear reactors.

The by-product is uranium with a lower concentration of U-235, i.e. depleted uranium (DU).
The U-235 concentration in the DU produced is usually 0.2-0.3 per cent. In enrichment
plants, U-235, which is slightly lighter in mass than U-238, is used to separate the two iso-
topes, allowing the enrichment process of U-235.

Since U-234 is an even lighter isotope, its concentration is correspondingly higher in fuel
uranium and lower in DU when compared with natural uranium. The fact that DU has
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lower concentrations of U-235 and U-234 than natural uranium also explains why DU is
less radioactive than natural uranium. Data on the specific activity of DU are given in
Table 2.1.

Table 2.1 Depleted Uranium, DU (**U 0.2%, **U 99.8%)

U-238 99.7990% 12.38
U-235 0.2000% 0.16
U-234 0.0010% 2.29
Th-234 Traces (Decay Product) 12.27
Pa-234 m Traces (Decay Product) 12.27
Th-231 Traces (Decay Product) 0.16

DU ammunition Sum 39.42

Y Browne et al., 1986

Uranium occurs naturally in all rock, soil, water and biota. The typical concentration of activity
- expressed as specific activity (activity per mass unit) - of U-238 in the Farth's crust is 5 to 125
becquerels per kilogram (Bq/kg), equivalent to 0.5-10 mg/kg (1 mg/kg = 1 ppm = 1 gram/
tonne). Typical values for U-235 are around 0.2 to 5 Bq/kg. The specific activity of U-238 in
uranium ore of good quality (0.5 to 30 per cent uranium) is 0.6- 10° to 3.6- 10°Bq/kg. The
specific activity of pure uranium metal in radioactive equilibrium with its immediate decay prod-
ucts is 50.23- 10° Bq/kg (50.23 Bq/
mg "U). Details on the specific
activity of uranium in soils, rocks,
water and air are given in Appendix O
(Tables O.18 and O.19).

The overwhelming part of the radia-
tion emitted from the nuclides in the
U-238 series is emitted from the iso-
topes that follow after U-234. Com-
pared with the sum of the energy of
alpha radiation emitted per transfor-
mation from all isotopes in the U-238
series, the isotopes that follow after
U-234 emit about 89 per cent of the
alpha energy, roughly 58 per cent of
the beta radiation energy and about
98.6 per cent of the gamma radiation
energy (Appendix O, Table O4).

Beta radiation is measured from a penetrator fragment
found in the concrete at Hadzici

If reprocessed uranium from a nuclear reactor is used (fully or partially) as feed material in
the enrichment process of uranium, or if this was the case during earlier runs of the technical
facilities of the enrichment plant, the DU may contain tiny traces of fission products, ura-
nium isotopes and transuranic elements that are specific to reprocessed reactor fuel. In DU
penetrator material found during earlier UNEP missions to the Balkans region (UNEP, 2001;
UNEP, 2002), traces of U-236 and Pu-239/240 could be identified. U-236 was analysed
around 0.003 per cent (mass per cent), and Pu-239/240 contamination of the DU was around
20 Bg/kg (10 micrograms per kilogram), which is equivalent to the very low content of one
plutonium atom per 100 billion uranium atoms. This indicates that the DU found in the
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Balkans came into contact with reprocessed uranium at some point during its fabrication
process. The concentration of contaminating nuclides is indeed so low that their contribu-
tion to the total radiation dose of DU is insignificant and can be neglected in assessing risk to
humans or the environment.

Uranium occurs naturally in the +2, +3, +4, +5, and +6 valence states, but it is most com-
monly found in the hexavalent form at the Earth's surface. In nature, hexavalent uranium is
commonly associated with oxygen as the uranyl ion, UO_*". The different uranium isotopes
are chemically identical and thus exert the same chemical and toxicological effects.

Metallic DU reacts chemically in the same manner as metallic uranium, which is considered to
be a reactive material. The general chemical character of uranium is that of a strong reducing
agent, particularly in aqueous systems. In air at room temperature, solid uranium metal oxi-
dizes slowly and first assumes a golden-yellow colour. As oxidation proceeds, the colour
darkens and at the end of three to four weeks, the metal appears black (Blasch ez 4/, 1970).

Metallic DU, particularly as a powder, is a pyrophore, which means that it spontaneously
ignites in air at temperatures of 600-700°C. When DU burns, the high temperatures oxidize
the uranium metal to a series of complex oxides, predominantly triuranium octaoxide (U,O,),
but also uranium dioxide (UO,) and uranium trioxide (UO,) (RAND, 1999).
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Upon oxidation, uranium metal first forms UO,. A typical oxidation rate for massive ura-
nium metal would be penetrations of 0.005 mm/day (0.19 mg/cm? per day) at 175°C. Sig-
nificant oxidation of UO, does not occur except at temperatures above 275°C (Bennellick,
1966). Uranium oxides are sparingly soluble in water but in a moist environment will gradu-
ally form hydrated oxides. Under such conditions, the addition of 0.75 per cent titanium to
DU metal used in penetrators appears to slow the oxidation rate by approximately a factor
of 16 (Erikson, 1990).

Microbial action can speed the corrosion rate of uranium. The corrosion rate is controlled by
several variables, including the oxygen content, presence of water, size of metal particles,
presence of protective coatings and the salinity of any water present. The principal factor
controlling corrosion is the size of the particles and hence, surface area. Thus, small particles
of uranium metal, produced by abrasion and fragmentation, corrode rapidly, whereas large
masses of uranium metal usually corrode very slowly. In the long term, all uranium metal will
oxidize to U*" and U" (US AEPI, 1994). Studies cattried out on penetrators collected by the
UNEP DU mission to Kosovo in 2000 showed that impact on the ground causes numerous
fine cracks in penetrators (UNEP, 2001). This favours increased rates of corrosion and
dissolution. Rapid corrosion was further confirmed by studies made on penetrators collected
during the 2001 UNEP mission to Serbia and Montenegro (UNEP, 2002).

DU can expose people to radiation both from the outside (external radiation) and from the
inside (internal radiation) if DU enters the body by inhalation or ingestion. The harmful
effect of such radiation is mainly an increased risk of cancer, with the magnitude of risk
depending on the part of the body exposed (particularly exposure of the lungs through the
inhalation of insoluble compounds) and on the radiation dose.

Like naturally occurring uranium and other heavy metals, DU is also chemically toxic. The
toxic effect depends on the amount ingested by the body and the chemical composition of
the uranium. Depleted uranium's toxicity is normally the dominant risk factor to consider in
the case of ingestion.

For complete, specific data on uranium and depleted uranium see Appendix O. The military
uses of DU are summarized in Appendix N.
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2.4 ASSESSING THE RISKS

The concept of risk, its meaning and application are discussed in detail in Appendix A 'Risk
Assessment'. The following is a summary, intended to equip readers with the necessary back-
ground for interpreting the Ouwerall Findings, Conclusions and Recommendations presented
respectively in Chapters 4, 5 and 6 of this report.

Line surveys with
field instruments
were undertaken
at all sites during

the mission

'Risk' can either refer to the probability, sometimes possibility of occurrence of a given event,
or to the consequences of an event if it occurs. A third possibility is a combination of both
probability and consequence. Regardless of how the term is used, it is clear that scientific
quantification of a given risk has to be expressed clearly and concisely so that appropriate
judgements and responses can be made.

The effects of being exposed to DU are both radiological (i.e. due to radiation) and chemical
(i.e. as a result of biochemical effects in the human body). Corresponding health conse-
quences may, depending upon the dose or intake, include cancer and malfunction of body
organs, particularly the kidneys.

In order to avoid consequences developing from day-to-day procedures in which radioactive
and toxic materials are used, a range of applicable standards have been established, including
limits for exposure to radiation and toxic materials. However, although such limits and stand-
ards exist, these do not imply that if these values are surpassed that there will automatically be
severe or adverse consequences, such as serious illness. Wide safety margins are built in
before any unconditional or high probability of serious illness could occur. Nonetheless,
from a safety point of view, such a situation would be unacceptable.

A potential way to judge the consequences of events or circumstances where DU exposure
may have occurred is to compare findings, measurements or assessments with natural levels,
and with given 'safety' limits or standards (see Appendix O). In this report, the consequences
are those that might be caused by intake of DU through ingestion or inhalation and/or
through external radiation exposure to DU.

The consequences of radiation may be expressed directly in terms of the radiation dose,
which is measured in millisieverts (mSv) or microsieverts (uSv). Comparisons can be made
with natural levels and with established limits and action levels. Consequences of radiation,
in this report, are considered insignificant for doses less than 1 mSv per year (or per
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infrequent event), and significant for doses higher than 1 mSv. Because there is an assump-
tion of a linear non-threshold relationship for biologically detrimental effects of ionizing
radiation, there is also a decreasing probability of occurrence with decreasing radiation doses.
Therefore, an insignificant radiation dose means, in reality, a low and insignificant probability
of getting a serious illness from that dose as compared with the overall probability of con-
tracting that same illness from all other potential sources.

With respect to chemical toxicity, consequences are treated as insignificant in this report for
concentrations or total intakes below applicable health standards or guidelines, and signifi-
cant for those above.

In the site-specific findings in Chapter 7, judgements of risk are made on the basis of meas-
ured DU ground contamination and measurements of possible DU contamination of drink-
ing water and air. The relationship between measurements and risks are discussed in Appen-
dix A 'Risk Assessment'. There is also a summary of risk assessment in relation to a given
situation (known as the Reference Case and taken from the 1999 UNEP DU Desk Assessment
Repord). This assumes ground-surface contamination of 10 g DU per square metre, hereafter
referred to as the Reference Level.
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The presence of minefields prevented full access to the site in Ustikolina

Some levels of exposure lead to significant risks (consequences, radiation doses, intakes, as
compared with chemical toxicity standards), others to insignificant risks. If ground contami-
nation is less than 0.1 to 1 g/m?, the consequences are normally insignificant. In the current
report, the risks considered and assessed - in terms of significance or insignificance of con-
sequences for the environment and human health - are the following:

* If there is widespread measurable contamination of the ground surface by DU, there is a
risk that some DU will become airborne through wind action and subsequently be inhaled
by people. There is also a possibility of contamination of food (fruit, vegetables, meat,
etc.) and drinking water.
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* If there are localized points of concentrated contamination (referred to in this report as
'contamination points'), there is a risk of contamination of hands and/or of direct inges-
tion of contaminated soil. There is also a possible risk of airborne contamination and
contamination of drinking water.

* Solid pieces of DU lying on the ground surface - either fragments of or complete penetra-
tors - can be picked up by persons completely unaware that they are handling uranium.
Consequently, there is a risk of being exposed to external beta radiation and to internal
radiation (i.e. from inside the body) if corroded DU dust or DU fragments enter the body.

* A large percentage of DU rounds that hit soft targets, or missed the intended target
completely, will have penetrated into the ground and become corroded over time (to a
widely varying degree, depending on site-specific environmental conditions). As a result,
there is a risk of future contamination of groundwater and nearby wells used to supply
drinking water. There is also a risk that DU fragments will be brought up to the surface
through reconstruction activities.

As more than seven years had elapsed since the attacks with DU munitions in BiH (1994-1995),
the conditions influencing the environmental consequences have changed and, thereby, the
risks to people. For instance, the risks of airborne contamination from resuspension of DU
dust on the ground surface should decrease over time due to the expected dispersion into the
ground by dissolution in water, as well as an increasing cover of grass, leaves, etc. On the
other hand - and for the same reasons - the probability of water contamination increases over
time as DU from surface dust and corroded penetrators enters the water table.

Furthermore, over the aforementioned seven-year period, people may have been exposed to
any of the risks described in Appendix A. The possible health consequences of such exposures
need to be taken into account by the relevant competent bodies within BiH.

The risks of contamination from touch-
ing a penetrator on the ground increase,
given the possibility of hands or clothes
becoming contaminated by corroded DU
and the risk of subsequent internal con-
tamination through ingestion. However,
this increased risk may be offset by the
decreased probability of finding a pen-
etrator that is hidden by vegetation. In
conclusion, and as discussed in further
detail in Appendix A, the overall risks
from DU decrease with time.

Waters were collected from various sources
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UNEP Mission

3.1 MISSION OBJECTIVES

Since UNEP's first depleted uranium (DU) mission to Kosovo in November 2000, a great deal
of experience has been gathered concerning the behaviour of DU in the natural environment.
A variety of international studies covering such behaviour, as well as medical aspects and risks,
have been published in key documents on DU: National Research Center for Environment and
Health (GSF) Germany, January 2001; World Health Organisation (WHO) Geneva, April 2001;
The Royal Society UK, May 2001 and 2002; Italian Ministry of Defence Italy, May 2001; Scien-
tific and Technological Options Assessment Series (STOA) 100 EN 05-2001, May 2001; Swed-
ish Defence Research Agency (FOI) Sweden, August 2001.

What made this mission distinctive from the two previous missions was that a significantly
longer period of time - seven years - had elapsed between the end of the conflict in Bosnia
and Herzegovina (BiH) and the DU assessment. During this time, it could be expected that
environmental contamination from DU had probably altered in both quantity and quality
owing to natural processes.

The objectives of the present mission can be summarized as follows:

The most important objective was to examine the possible risks from any remaining DU
contamination of ground, water, air and biota, as well as from solid pieces of DU (i.e. intact
or fragmented penetrators) still in the environment, and on that basis recommend any justi-
fied countermeasures. The measurements of biota focused, as in the eatlier UNEP DU
studies, on bio-indicators such as lichens, bark, mushrooms and mosses in order to study
their use as 'fingerprints' of earlier DU dispersion in ai.

A second objective involved comparing the measurement results with those published by various
experts/expert groups (see above), as well as in UNEP's previous assessment reports, and thereby
improve UNEP's earlier conclusions with these data. Of particular interest was the long-term
behaviour of DU in the natural environment and the conclusions that might be drawn on the
corresponding long-term risks of DU. These conclusions would also be applicable to other places
with similar environmental properties and where DU has likewise been used.

Thirdly, UNEP wanted to gain an overview on the storage of radioactive waste and sources,
as well as radioactive waste management within the country in general. This task was under-
taken by the IAEA representative of the UNEP team and is reported in Appendix M "Storage
of radioactive waste and depleted uranium residues in Bosnia and Herzegovina'.

An important final objective was to obtain an indication of the current level of any existing
health databases, both in general and specifically with respect to any population which was
expected or rumoured to have been exposed to DU at the time of conflict (i.e. DU dust
during an attack). This assighment was undertaken by the medical sub-team comprised of
health experts from the WHO and the US Army Center for Health Promotion and Preven-
tive Medicine and is reported in Appendix L 'WHO Assessment of the information on cancer in
Bosnia and Herzegovina'.
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Key questions facing the UNEP mission were:

What are the present levels of DU contamination in the area, over seven years after the
firing of DU ammunition?

What are the corresponding radiological and chemical risks, both now and in the future?
Is there any need for remedial measures or restrictions?

If so, which measutes are reasonable and realistic?

The UNEP team
received a
briefing at each
site prior to
starting their
investigations

The operational objectives and scope of the mission were aimed to answer these questions
while bearing in mind: 1) the conclusions and recommendations of the October 1999 UNEP
DU Desk Assessment; 1i) the results and recommendations of the two previous UNEP DU
missions; iii) the possible constraints on the mission; and iv) the need to conduct the mission
in a scientifically sound manner in order to achieve results of high quality. These conditions
and prerequisites are developed further in Appendix B 'Prerequisites and Limitations'.

Specifically, the operational objectives and scope of the mission were:

to confirm the presence or absence of DU at selected/confirmed locations;

to determine the distribution of solid pieces of DU (penetrators, fragments, jackets) in
the environment and other localized (concentrated) points of contamination (called 'con-
tamination points' or 'hotspots') at the investigated sites;

to determine how widespread any potential contamination of soil, water, biota etc. is at
the investigated sites;

to determine the possible presence of DU dust in air caused by re-suspension of DU
from the ground,

to determine the corrosion status of penetrators;

to determine the depth distribution of DU corrosion products beyond a penetrator by
studying soil cores;

to determine the precise isotopic composition of penetrators/fragments;

to assess the corresponding risks from DU;

to judge the necessity of establishing precautionary measures;

to gain experience with regard to the possibilities and limitations that need to be taken
into account when planning and executing DU missions in the future;

to draw conclusions and recommend possible follow-up activities; and

to inform concerned parties.

Of additional interest, UNEP also sought to determine possible (non-radioactive) heavy metal
(e.g. lead) concentrations in selected water and soil samples.
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A total of 11 sites known to be attacked in 1994-1995 by A-10 planes using 30 mm DU
ammunition was published by NATO (see Appendix P). Five of these sites were available
with the exact coordinates and were subject to UNEP's field investigation, whereas the exact
positions of the other sites remain undisclosed. The other sites chosen for investigation
during the field mission were done on the basis of the NATO document C-M(2001)43, in
combination with local information and rumours about sites, as well as a UNEP fact-finding
Pre-Mission (see section 3.3 below).

Since 1999, significant efforts have been undertaken in the Balkans region by international
expert teams with NATO support in order to localize and measure contamination from DU
on the ground. The outcome of NATO's efforts is published on their website (www.nato.int/
du/docu/d010523b.pdf; Tables in Annex 2 to NATO UNCLASSIFIED document
C-M(2001)43). Those teams covered a range of sites that stood under SFOR troop jurisdic-
tion. Dose rate measurements were conducted and, in some cases, different environmental
samples such as soil and water were taken. These were analysed in detail mainly by gamma
spectrometric measurements and other chemical parameters. The teams essentially detected
no risk from DU at the sites. Some of the previously examined sites were also subject to the
UNEDP assessment presented here.

NATO had previously been involved in limited clean-up activity at an unspecified time to
remove loose DU contamination (i.e. penetrators and jackets) from the ground surface at one
of the sites visited during the UNEP mission - the former Hadzici Tank Repair Facility. The
penetrators and jackets were removed and placed within a box, which was photographed by
the press and published wotldwide prior to being removed from the area (see www.nato.int/
sfor/indexinf/105/s105p03a/t0101243a. htm).

3.2 COMPOSITION OF THE TEAM

The UNEP DU mission to Bosnia and Herzegovina was undertaken by an 18-member team,
most of whom were involved in the two earlier UNEP DU assessments. Experts came from
UNEDP, the International Atomic Energy Agency (IAEA), the Swedish Radiation Protection
Authority (SSI), the United States Army Center for Health Promotion and Preventive Medi-
cine (USACHPPM), the Nuclear Safety Institute of the Russian Academy of Sciences, the
Greek Atomic Energy Commission, WHO, the University of Bristol (UK), and two national
laboratories: the Swiss Spiez Laboratory and the Italian Environmental Protection Agency
and Technical Services (APAT). The WHO health expert did not visit any of the sites, but
was involved with meeting government health officials and local hospital representatives.
Due to the heavy mine and unexploded ordnance situation, a security expert, formetly of the
Finnish Institute of International Affairs, advised the team throughout the mission.

The UNEP team ready to embark on a day in the field
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The remaining team members comprised UNEP's PCAU Chairman, the DU Assessment
Project Coordinator, the Report Writer and a Project Assistant.

The composition of the team was mainly determined by the need for diverse technical expe-
rience and competence in order to ensure a suitably qualified, scientific and wide-ranging
examination of the DU issue. It was also necessary to have members with appropriate posi-
tions of seniority for conducting negotiations with the military and administrative authorities
during the mission.

For that purpose the team included the following functions and expertise:

Team leader / project coordinator

Scientific leader

Technical leader

Safety and security expert

Experts in the fields of:

— Health and environmental effects of depleted uranium
— Radiation protection

— Equipment use and maintenance
— Surveying and field measurements
— Sampling (air, biota, water and soil)
— Laboratory work

— Military advice

— Mapping

— Logistics

— Reporting

— Public relations.

In practice, one person was often able to cover several tasks and areas of expertise so that two
or more experts dealt with a number of subjects.

Beta radiation measurements during the pre-mission helped identify contamination spots

Post-Conflict Environmental Assessment



3.3 SELECTION OF SITES

A fact-finding pre-mission, held on 5-14 September 2002, looked at 18 sites based on infor-
mation provided by local authorities, NATO, and research. This included information pub-
lished on the NATO website indicating positions targeted by DU munitions, together with
dates of firing and the numbers of rounds used. The final choice of which sites - targeted or
rumoured - were to be investigated was made solely and independently by UNEP. Eleven
sites from the pre-mission were retained for investigation during the full DU assessment.
They were selected on the basis of preliminary indications of DU munitions use and infor-
mation provided by local authorities, as well as rumoured bombing sites. Shortly before the
October mission, NATO provided UNEP with two additional site coordinates for confirmed
DU attacks. These sites were added for investigation and assessment, for a total of five
NATO confirmed sites to be investigated.

With additional information acquired from local authorities throughout the course of the October
mission, two further sites were included for investigation. These sites involved ammunition de-
struction and could have been contaminated by DU if the ammunition had been inadvertently
destroyed in such areas. UNEP also asked the authorities whether any vehicles hit by DU could be
investigated, but none could be located. Within each study area, a more detailed selection of
specific sites suitable for investigation was made  sitn, based mainly on instructions from military
experts and UNEP's security advisor concerning i) the presence of mines and unexploded ord-
nance, and ii) estimates of the probable direction of attack.

The criteria for selecting sites were as follows:

The approximate number of DU rounds fired was known.

Indications of a DU attack were identified during the pre-mission.

Information and rumoured information were supplied by local authorities.

The sites taken together were representative of a range of environmental conditions and properties.
The locations taken together were representative of the region's varied ethnic composition.
The areas to be examined were considered safe from mines and unexploded ordnance.
The areas were close to residential areas and needed to be investigated for humanitarian reasons.

3.4 FIELDWORK, SAMPLING AND LABORATORY ANALYSIS

The mission used five complementary technical methods in conducting its investigations:

Field measurements of beta radiation (total beta);

Field measurements of gamma radiation (total gamma);

Field sampling of soil, water and vegetation (bio-indicators), with subsequent laboratory analysis;
Field air sampling by special air filter samplers, with subsequent laboratory analysis; and
Field analysis of higher radioactive background levels (gamma spectrometric measure-
ments, e.g. from lightning rods, cesium-137 fallout from the 1986 Chernobyl accident,
natural radiation).

The surveys of radiation in the environment were made using beta and gamma instruments held
close to the ground, usually employing the 'line-up' survey technique. This technique involved
team members walking several abreast at fixed distances from each other, and sometimes along
parallel transect lines (see Appendix C for a full description). As a complement to these formal
searches, individual survey measurements were made. Although carried out in a more random way
than the line-up surveys, likely search areas were selected by observing the assumed direction of
attack and looking for signs of ammunition impacts. These individual surveys were often very
effective. The results of field measurements of radioactivity are given as 'counts per second' (cps)
ot microsieverts pet hour - abbreviated as uSv/h.
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Each measurement taken was governed by
uncertainties that had to be estimated. Be-
sides the usual statistical uncertainties, there
are possible systematic errors in the field
measurements caused by absorption of the
radiation, and in laboratory work by varying
analytical techniques used.

Analyses of solil, soil cores, water, biological
and air samples were carried out at both the
Spiez and APAT laboratories.

Starting a 'line-up survey' at Pjelugovici

Following the Kosovo and Serbia and
Montenegro missions, a quality control ex-
ercise for selected IAEA certified reference
materials was conducted. Both Spiez and
APAT laboratories passed that quality con-
trol test. The reference materials IAEA-326
(soil), IAEA-336 (lichen), IAEA-140TM (sea
weed) and IAEA-381 (sea water) were ana-
lysed, with the results reported in Appendix
C '"Methodology and Quality Control'. The
analysis of penetrators was performed solely
at Spiez Laboratory.

The results of laboratory samples (of soil
and biota) are given either in terms of weight,
i.e. milligrams of uranium isotope (U-238
etc.) per kilogram of sample (abbreviated as
'mg U/kg sample), with DU expressed as a
percentage of total uranium concentration,
or in terms of activity in becquerels per kilo-

gram, Bq/kg.

o

For water samples, results are given as
Field instruments effectively detected increased micrograms per litre (ug/T). or microbecquerels

gamma radiation per kilogram (uBq/kg) and for air in uBq/m”.
Specific components of the measurement and sampling campaign included:

® field measurements using beta instruments (sometimes in combination with gamma in-
struments to identify strong hidden contamination or hidden penetrators) held close to
the ground to search for possible widespread DU contamination and contamination points;

® field measurements using a gamma instrument held close to the ground to find DU pen-
etrators and jackets/casings lying on or close to the surface;

® ficld measurements using a gamma spectrometric instrument placed close to objects of
interest;

® sampling of soil from around and beneath penetrators and contamination points, in order
to study the migration of DU in soil;

® sampling of soil from the wider environment to search for possible widespread DU con-
tamination (complement to the field measurements);
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® sampling of water from both streams and reservoirs (tap water) to search for possible DU
contamination of water supplies;

® sampling of biota (e.g. lichen, bark, mushrooms and moss) in order to check for the
possible presence of DU as evidence of earlier or ongoing contamination;

® sampling of air at several locations within most sites.

The number of samples taken at each site, the number of penetrators and jackets found, and
the approximate number of DU rounds fired against the respective site are given in Table 3.1.

~ | Retrieving a
, penetrator
imbedded in
cobblestone at

Hadzici

The results of all the laboratory analyses are given in detail in Appendices D, E, F, G and H. The
geographical (UTM) coordinates of each sampling position can be found in Chapter 7, together
with corresponding maps. The analytical methods used are fully described in Appendix C.

3.5 IAEA: STORAGE OF RADIOACTIVE WASTE AND DEPLETED
URANIUM RESIDUES IN BOSNIA AND HERZEGOVINA

One of the tasks assigned to the UNEP team for this mission was to conduct an investigation
of the regulatory and technical infrastructure the country has in place concerning the storage
of radioactive waste and, in particular, DU residues. As part of this task, the IAEA repre-
sentative, accompanied by a UNEP team member, carried out a series of meetings with
national authorities and visited the interim low-level radioactive waste storage facility of the
Federation of Bosnia and Herzegovina (FBiH). Appendix M describes the outcome of this
investigation.

3.6 WHO ASSESSMENT OF THE INFORMATION ON CANCER IN
BOSNIA AND HERZEGOVINA

The WHO developed an assessment on the information on cancer due to DU exposure, as
well as cancer rates in general, in BiH. A health consultant to UNEP, coming from the
US Army Center for Health Promotion and Preventive Medicine (USACHPPM), accompa-
nied the WHO in the visits and meetings. Visits were made to the cities of Sarajevo (in both
the FBiH and Republika Srpska (RS)), and Banja Luka. See Appendix L for the report.
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Table 3.1 Summary of samples collected and on-site findings in

Bosnia and Herzegovina*

Hadzici Tank
Repair 9 4 7 12 - 1 Yes 240 1500
Lukavica 4 1 5 4 - - No No Unknown
Hadzici Barracks 2 2 1 3 - - No No Unknown
Hadzici
Ammunition - - 2 2 - - Yes 6 1500
Storage
76mm Selp-prop
AT Gun (Rosca) Unable to access - - 860
Pjelugovici (T55) | - - 2 2 - ; No %égﬁj“;ef;%’ 120
Han Pijesak 6 (+3 soil| 4 (+2 48 (+1 caused
Barracks 6 2 4 cores) |scratch) 8 Yes by cesium-137) 2400
Han Pijesak
Ammunition - - - - - - No No Unknown
Storage
Pale Koran 6 (caused by
Barracks . 1 ) 2 ) ) No cesium-137) Unknown
Vogosca
Ammunition 2 2 4 5 1 - No No Unknown
Production
Ustikolina
Barracks - 2 1 3 - - No No Unknown
Foca (Srbinje)
Bridge 1 1 1 2 - - No No Unknown
Kalinovik Water
Reservoir - 1 - 1 - - No No Unknown
Kalinovik
Ammunition - 1 1 2 - - No No -
Destruction Site
Bjelasnica
Plateau -] o2 1 2 - - No No -
Ammunition
Destruction Site
* Additional smear samples were taken by the Russian expert as part of a special study on surface contamination.
Results are discussed in Appendix J.

Storage boxes for samples collected during the mission
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Overall Findings

4.1 OVERVIEW

The following sites were investigated during the mission to Bosnia and Herzegovina (BiH):
the former Hadzici Tank Repair Facility, Lukavica, Hadzici Army Barracks, the former Hadzici
Ammunition Storage Depot, a hill at Pjelugovici (site of a T55 tank), the Han Pijesak Artil-
lery Storage and Barracks, the Han Pijesak Storage Area, Pale's Koran Barracks, Vogosca's
former Ammunition Production Facility, a barracks site in Ustikolina, a bridge in the town of
Foca (Stbinje), a water reservoir site in Kalinovik, the Kalinovik Ammunition Destruction
Site, and the Bjelasnica Plateau Ammunition Destruction Site. The sites were chosen for
investigation based on information which was provided stating that depleted uranium had
probably been used or that certain areas could have a potential risk of DU contamination due
to other activities.

DU was found at three of these sites; the former Tank Repair Facility and former Ammuni-
tion Storage Depot in Hadzici, and Han Pijesak Artillery Storage and Barracks. Clear and
unambiguous findings of penetrators or contamination points on the ground and soil was
found at each of these sites, as well as water contamination at one site, air contamination at
two sites, and in botanical samples taken at three sites. No DU was found at any of the other
sites, which may be due to some or all of the following reasons:

* There is no presence of DU in the area (the most likely scenario).

* DU contamination has been covered by soil, grass and other growth in the time that has
passed since the military conflict and is therefore no longer detectable by direct field
measurements. However, subsequent laboratory analyses of soil and botanical samples
would have revealed such hidden activity.

* DU penetrators have penetrated so deeply into the ground that they are undetectable by
both direct field measurements and laboratory analyses.

*  One hundred per cent of the area was not searched due to the risk of mines. Where only
a minor part of the total area was inaccessible, conclusions could be made by extrapola-
tion; however, no clear conclusions could be drawn where a major part of the area was
inaccessible.

e Samples were somehow taken only in uncontaminated parts of an area. However, by
taking samples from several locations within a site, the risk of missing something is sig-
nificantly reduced.

* The area was searched prior to the mission and DU penetrators removed and contamina-
tion cleaned up.

As sophisticated equipment was used both in the field and laboratory, it was concluded that
there was no DU contamination at investigated sites when nothing was detected.

The overall findings for the 14 sites investigated are summarized below. No findings for the
Rosca site (76 mm AT Self-Prop Gun) are included as investigations were not possible due to
the heavy presence of mines. The corresponding Conclusions and Recommendations are pre-
sented in Chapters 5 and 6, respectively. The assessments of risk mentioned below are dis-
cussed in more detail in Appendix A.
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4.2 FINDINGS

(a) Localized contamination of surface soil

If alarge number of penetrators hit hard surfaces and partly aecrosolise on impact, there is a risk
of inhaling airborne DU dust if people are nearby during an attack. As the aerosols disperse
and fall out, resulting contamination of the ground surface may be localized or widespread,
depending on the properties of the aerosols and the prevailing meteorological conditions.

The same conditions occur
during destruction by blast-
ing of ammunition contain-
ing DU, although under con-
trolled conditions the risk of
inhalation and contamination
of the surrounding area can
be minimized. Importantly,
no indications of DU were
measured at such sites
(Kalinovik and Bjelasnica Pla-
tean Ammunition Destruc-
tion sites), neither in water or
soils samples, nor during ra-
diometric surveys.

No DU was present in the soil samples collected from Foca (Srbinje)

Using portable beta and

gamma radiation detectors,
UNEP could not find any detectable and significant widespread contamination of the ground
surface, soil, or biota-environment except at localized points of concentrated contamination,
referred to as 'contamination points' (see (b) below). These were close to penetrators lying on
the ground, penetrator impact sites or penetrator holes. The level of DU detected decreased
rapidly with distance from contamination points and was no longer detectable by field meas-
urements beyond a distance of 1 m.

However, through laboratory analyses of soil samples, ground contamination could in some
cases be detected around contamination points at distances less than 200 m from the nearest
identified contamination point, defined in this report as localized ground contamination. Of
the 14 sites investigated, only three had DU in soil that was detectable using sampling and
laboratory analyses. Importantly, as not all soil samples at these three sites showed contami-
nation, this indicates more localized - as opposed to widespread - contamination of the sites.
Undetectable DU contamination of the soil means that possible DU contamination was so
small that it could not be differentiated from natural uranium present in the soil. All the soil
samples were taken by and analysed at Spiez Laboratory in Switzerland.

Assessment of risk

Contamination of the ground surface and upper layer (0-5 cm) of the ground was very low.
Therefore, the corresponding radiological and chemical risks are insignificant.

(b) Contamination points
Localized points of ground contamination occurred at the site of penetrator impact or
close to a penetrator that had remained on the surface and been subject to corrosion.
DU concentration can be very high at these points, but the contamination was quite
localized (normally within a radius of 0.1 m) with widely variable concentrations:
0.01-100 g DU/kg of soil.
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One of many corroded penetrator fragments collected from the Hadzici Tank Repair Facility

Remarkably, close to 300 contamination points were found during the mission, most of these

at the Tank Reparr site in Hadzici. These findings are intriguing from three points of view:

1) A great deal of precipitation has fallen over the intervening eight-year period and yet this
has dissolved and removed perhaps only a minor part of the DU;

ii) Contamination has not been dispersed by wind;

i) Although certain contaminated areas have been used by various vehicles, the apparent
mechanical agitation has not helped the contamination to disappear.

These observations of slow dispersion in soil and resistance to mechanical agitation lead to
the conclusion that ground and soil contamination may be permanent in nature.

It is possible that more contamination points exist away from the searched areas. Due to the
risk of mines and unexploded ordnance, surveys of some sites were quite limited.

Assessment of risk

One risk is related to the possibility of some contaminated soil becoming airborne, through
wind action or movement by people or animals, and being inhaled. Another risk is related to
the possibility that DU from the contamination points eventually contaminates groundwater
through drainage. However, in both these cases, the amount of DU at the contamination
points was too low to cause any radiological and chemical problems either now or in the
future. The corresponding risks are insignificant.

The only risk of any significance would be from the possibility that someone came into direct physi-
cal contact with the contamination points and thereby contaminated their hands or directly ingested
contaminated sand/soil. However, even if several grams of soil are ingested, the resulting exposure
is insignificant with regard to the radiation from ingested uranium (less than 10 uSv). On the other
hand, such exposure might be significant from the standpoint of heavy metal toxicity.

Depleted Uranium in Bosnia and Herzegovina - .
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(c) Dispersion in ground

There are scientifically valid reasons to believe that the chemical and physical properties of DU
make it more liable to dispersion in soil than is the case for natural uranium. The issue of DU
dispersion into the ground is of particular relevance in judging the risk of future groundwater
contamination and, ultimately, drinking water supplies (see Appendix E for further details).

The depth of contaminated
soil caused by dispersion of
DU below contamination
points or a penetrator was
carefully studied. The major
part of soil contamination was
found in the upper 0-10 cm
and the concentration then fell
by 1-2 orders of magnitude for
each 10 cm further below.
These results were similar to
the ones from the UNEP DU
mission to Kosovo in 2000,
however, the depth of detect-
able dispersion had increased
from 10 to 40 cm during the
five additional years of disper-
sion as compared to the
Kosovo findings. Importantly,
the major part of measured
activity (~98 per cent) remained in the upper 10 cm. This vertical distribution results from disso-
lution and dispersion of DU from the initial superficial contamination (or from the penetrator
lying on the surface). When comparing results with Kosovo, it should be noted that soil conditions
at the investigated sites might be different from these in Kosovo.

Soil profiles collected from Han Pijesak revealed limited
dispersion of DU into the ground

(d) Penetrators

As outlined in Chapter 2.3, and discussed in more detail in Appendix H "Analysis of DU Penetrators,
Fragments and Jackets, the fate of a DU penetrator after firing is governed by a wide range of vatiable
factors (e.g type of target, resistance of surface substrate, etc). Consequently, there are several
possible explanations of why penetrators were found at some sites but not at others.

Altogether at the three sites
where DU was discovered,
some ten penetrators, two
jackets and several dozen
fragments were found. The
presence of a further 100
penetrators hidden in the
ground were indicated by
measurements. In most
cases, the penetrators were
located either on the ground
surface, or superficially cov-
ered by leaves and grass.
Those that were covered by
less than 10 cm of soil were
heavily corroded and, given
a similar continued rate of An intact penetrator still in its jacket
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corrosion, would disappear as solid objects from the environment within 25-35 years after
impact into the ground. The penetrators that were lying on the ground surface were only
mildly corroded. What occurs in the case of penetrators hidden deep in the ground has not
yet been studied by UNEP and is an important unanswered scientific question.

Most penetrators that were found on the surface or just below were picked up, but some of
them were left 7z situ, as mentioned in Chapter 7 'Site-specific findings'. These sites therefore
have to be searched and possible penetrators and contaminated soil dealt with.
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A penetrator cleaned from soil and DU corrosion products shows structural damage

As described above, the soil underneath and around penetrators on the ground surface was
contaminated by DU. This finding is closely related to the corrosion of penetrators, which
also illustrates one possible pathway for internal exposure. If a person not wearing protective
gloves touches a corroded penetrator, hands may become contaminated, leading to a risk of
DU ingestion.

Due to the lack of widespread contamination, there are good reasons to believe that most of the
DU rounds that were fired at the sites investigated did not fragment, but instead entered the
ground more or less intact. In this way, they are a source of uranium that might influence the
uranium concentration in drinking water in the future. Exceptionally, the amount of additional
uranium in the affected areas might be 10-100 times naturally occurring levels. However, the
additional amount would normally only represent a doubling of natural uranium levels.

Penetrators were also analysed with regard to their plutonium content (Pu-239/240), ura-
nium-236 (U-236) and neptunium (Np-237) (see Appendix H). The isotopic composition
and radiochemical analysis confirmed the overall picture for penetrators and fragments that
emerged from the UNEP DU missions to Kosovo, and Serbia and Montenegro. The deple-
tion level in all samples measured was constant (i.e. 0.200£0.001% U-235 by weight). In
addition, the level of U-2306 in penetrators was confirmed to be 0.0028 per cent by weight.
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The radiochemical analyses also confirmed the very low presence of plutonium and neptu-
nium in the penetrators. For plutonium, activity concentrations were 0.0050-0.0878 Bq/g
penetrator, which corresponds to 2.2E-12 to 38.2E-12 g Pu/g penetrator. For neptunium,
the concentration was very low at less than 0.004 to 0.0162 Bq/g

The presence of these radioactive elements in the DU indicates that at least some of the
depleted uranium came from reprocessed material from spent nuclear fuel or from contami-
nation of equipment during the reprocessing of spent nuclear fuel. The amount of pluto-
nium, neptunium and U-236 found did not have any significant impact on the overall radioac-
tivity of penetrators or corresponding health risk.

Assessment of risk

People may pick up penetrators lying on the ground. Several grams of corroded uranium
could easily be removed from the penetrators through mechanical contact. This would con-
stitute a potential risk of being internally contaminated through ingestion. Even if only a
small part of the available DU were to pass into the body, the resulting radiation dose, al-
though relatively high, would still be less than 1 mSv. In terms of health standards relating to
chemical toxicity, the possible intake is not small with respect to annual tolerable intakes.

Another risk of exposure from a heavily corroded penetrator is by inhalation. Care has to be
taken in handling a penetrator to avoid corroded DU becoming airborne. With conservative
assumptions, inhalation might lead to significant doses (more than 1 mSv).

A third risk of exposure is by external beta radiation to the skin where a penetrator is placed
close to the body, such as in a pocket. Continuous exposure of the skin for several weeks can
lead to local radiation doses (in excess of radiation safety guidelines), even though skin burns
from radiation may not occur. The resulting gamma radiation exposure will be insignificant
and, at most, of the same order of magnitude as natural radiation.

Penetrators on the surface, and particularly those in the ground, may dissolve in time and
slowly contaminate groundwater and drinking water (see Appendix E). As discussed in point
(g) below, drinking water has natural uranium content. Normal natural uranium concentra-
tion and annual intake by water in the areas visited is low, 10°-10° mg U/L water and
0.01-1 mg uranium/year respectively, leading to radiation doses of less than 1 pSv/year.

The increase of uranium from hidden penetrators at the sites could - very locally - be 10-100
times the natural uranium content in the first metre below the surface. If that resulted in a
corresponding increase of uranium concentration in water, the radiation dose would still be
less than 1 mSv per year, but the uranium concentration could exceed WHO health standards
for drinking water. However, many uncertainties exist and therefore some future analysis of
uranium in drinking water close to the affected sites will be needed.

Penetrators currently hidden in the ground may be dug up during future construction work. Should
this occur, there would be corresponding risks of external exposure from beta radiation and the
risk of internal exposure by contamination of hands and by inhalation, as described above.

There are no risks of any significantly increased uptake of DU in plants either now or in the future
as a consequence of penetrators remaining in the environment (compare with point (b) above).

The measured concentration of plutonium in DU was 87.8 Bq/kg DU at the most. This has
to be compared with the activity of U-238 in DU, which is 12 400 000 Bq/kg DU, i.e. about
150 000 times higher. The radiation dose per Bq of Pu is much higher than per Bq of DU,
particularly with regard to doses caused by inhalation. By combining the relative activity and
the dose factor, it is concluded that the Pu contained in the studied penetrators is about 1 000
times less hazardous than the DU itself.
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Analysis of uranium-236 in the penetrators showed a concentration of 0.0028 per cent of the
total uranium. The content of U-236 in the penetrators is so small that the radiotoxicity is
unchanged when compared to DU without U-236.

(e) Jackets/Casings

A jacket is the part of the projectile that holds the penetrator. It stops upon impact against a
hard surface, while the penetrator enters the target. Only two jackets were found, this small
number being another indication that most of the penetrators missed hard targets and
penetrated the ground with the jacket attached.

Assessment of risk

The potential risks from jackets are much lower than those from penetrators because they are
made of aluminium and are only slightly contaminated with DU.

(f) Military vehicles hit by DU
Although many vehicles were
probably hit by DU during the
conflict, none could be investi-
gated by UNEP. It was reported
that the vehicles had been re-
moved from the sites, but no in-
formation could be provided on
where they may now be stored, or
how they were disposed of.
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Assessment of risk

If any DU-hit vehicles are identified, .
evenif the risk of contamination may Tanks and APCs are the usual targets when using

be small, some precautions should be depleted uranium munitions

taken to avoid any unnecessary risk

before entering a vehicle. Some decontamination of the interior of the vehicle might be needed
before being considered safe. A qualified expert, taking due regard for appropriate safety regulations,
should carry out the decontamination work.

(g) Contamination of water
Nineteen water samples
from 11 investigated sites
were taken for laboratory
analyses. All the water
measurements are sum-
e marized in Appendix E.
B - The uranium concentra-
3 ' tion was found to vary
from 0.02-2.7 ug/L water
(i.e. within the normal
range of uranium concen-
tration in drinking water).
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Tap water from a local source near the Bjelasnica plateau
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Unlike the two previous assessments, DU contamination of groundwater was found at one
of the sites (Hadzici Tank Repair Facility). The concentration was low and insignificant from a
radiological and chemical-toxicological point of view, but was indicative of possible future
water contamination over time. This finding justifies the need for continued checking of
possible DU contamination of drinking water in the future.

Assessment of risk
On the basis of these findings, there are no significant risks from DU in water at present.

(h) Contamination of air

Air samples were taken at six sites. With the excep-
tion of the Foca (Srbinje) bridge site, sampling was
done at two or more locations within the fenced ar-
eas, and was chosen based on wind direction or ei-
ther inside or in proximity to any contaminated build-
ings. The concentration of uranium in air varied from
0.011 10° mg/m’ (0.14 uBg/m’) to 3.6 10° mg/m’
(43 uBg/m’) (see Appendix G, Table G.6). All but
two of the samples showed concentrations within the
normal range of uranium in air. All results from air
samples are summarized in Appendix G.

Two sites showed clear indications of DU in the air.
Of the two samples with higher than 'normal' ura-
nium concentration, one was collected at the former
Hadzic Tank Repair Facility and the other at the Han
Prjesake Artillery Storage and Barracks. These samples
contained over 90 per cent DU, which was caused by
wind resuspension of DU dust on the ground.

Modern air samplers were run for several ~ Where significant dust and particles are present in
hours at most sites the air from nearby ground surfaces, and DU dust

is present on these local surfaces, it is likely that
DU will be found in air under certain wind conditions or human activities that raise the dust

into the air. In these circumstances, air samplers provide a good measure of potential inhala-
tion risk and DU should be detectable.

DU in air can also depend on resuspension caused by human activities such as moving around,
digging, driving vehicles, etc. Only one air sample was taken during ongoing human activities
at both sites, which could have impacted the results.

Assessment of risk

The natural concentration of uranium in air normally causes very low doses from the ura-
nium isotopes alone, in the order of 0.1-1 uSv/year. This was also the case at all sites meas-
ured, including the two sites with measurable DU concentration in air.

(i) Contamination of botanical material

Samples of botanical material such as moss, bark and lichen were taken at 11 sites in order to
search for possible DU uptake and to identify any previous or ongoing airborne contamina-
tion. As illustrated in UNEP's previous DU assessments, moss, bark and lichen are sensitive
indicators of past airborne contamination for DU dust or particles generated at the time of
attack or by later resuspension.
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The presence of DU in lichen, bark and moss
samples indicates the earlier presence of DU
inairin three of the 11 sites (the former Hadzzc
Tank Repair Facility and Ammmnition Storage De-
pot,and Han Pjjesak Artillery Storage and Barracks).
This indicates that at least some of the pen-
etrators at these sites hit hard targets and sur-
faces, partly aerosolised into dust, and dispersed
into the air.

(j) Box of loose DU ordnance

One of UNEP's tasks was to investigate the
history and location of the box containing
DU penetrators, fragments and jackets/cas-
ings originally located at the former Hadzic
Tank Repair Facility (see Chapter 7.1). De-
spite numerous enquiries, additional infor-
mation concerning the location of the box
was unavailable both from SFOR and local
workers and authorities. Based on informa-
tion later provided by NATO, it was con-
firmed that the box containing DU collected
material was transferred in Spring 2001 to
US national facilities outside Bosnia and
Herzegovina for disposal.

Lichen samples from trees and other surfaces
helped reveal the earlier presence of DU at
certain sites
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(k) International Atomic Energy Agency (IAEA)

The low-level radioactive waste repository of
the Federation of Bosnia and Herzegovina
(FBiH) provides an adequate facility for the safe
storage of radioactive waste, including depleted
uranium residues. Work on the construction
of a treatment and conditioning facility for the
radioactive waste has started. The treatment fa-
cility will improve the capability of the Centre
; for Radiation Protection to deal with radioac-
Jackets and penetrators recovered by SFOR ~ tive waste. Unfortunately no repository for low-
at Hadzici (source: NATO) level radioactive waste is operational in
Republika Srpska, although progress has been
made towards identifying a possible location
where the repository could be built.

There were a significant number of radioactive sources, such as industrial sources, lightning
rods and smoke detectors, in use on the territory of BiH before the war. Many of these
sources have become obsolete or were lost or damaged during the war and have yet to be
recovered. The risks from potential exposure to them are significantly higher than those
from exposure to DU residues. Consideration should be given to the storage and eventual
disposal of these sources and in particular to those lost or damaged during the war.

(1) World Health Organisation (WHO)

Information on cancers, cancer rates and trends is incomplete in both the FBiH and the
Republika Srpska. Claims of increases in many types of cancers were made by physicians
based on clinical observations but were not substantiated by information on cancer rates,
which relate the number of cases to the population these cases come from. Therefore, no
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A crater created by
ammunition blasting at
the Bjelasnica Plateau

conclusions can be made on whether there is any change in cancer frequency. However, this
situation is improving. In particular, the cancer registries aimed at establishing complete
ascertainment of cancers and to avoid double counting have been set up in parts of the FBiH
and in the Republika Srpska.

(m) Heavy Metal contamination

During the mission, heavy metal contamination of topsoil was found at both a former Am-
munition production site (I/9gosca), and two Ammunition destruction sites. Contamination
through such activities at those types of sites is a known occurrence elsewhere in the world.
However, for certain heavy metals (such as lead, copper, nickel, etc) the intervention levels for
soil contamination were already reached. This is reason for some concern.
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OpsSti nalazi

4.1 PREGLED

Tokom misije u Bosni i Hercegovini, istrazene su sledece lokacije: nekadasnji objekat za
popravku tenkova u HadZi¢ima, Lukavica, kasarna u HadZi¢ima, nekadasnje skladiste
municije u HadZi¢ima, brdo kod Pjelugovica (mesto tenka T55), kasarna u Han Pijesku,
skladiste u Han Pijesku, kasarna Koran na Palama, nekadasnji objekat za proizvodnju
municije u Vogoséi, lokacija kasarne u Ustikolini, most u gradu Foca, lokacija rezervoara
vode u Kalinoviku, lokacija za unistenje municije u Kalinoviku, lokacija za unistenje
municije na platou na Bjelasnici. Ove lokacije izabrane su za istrazivanje na osnovu
dobijenih informacija o tome da je tu verovatno koriSéen osiromaseni uranijumili da mozda
postoji opasnost od kontaminacije osiromaSenim uranijumom zbog drugih aktivnosti.

Osiromaseni uranijum pronadjen je na tri gore navedene lokacije: na lokaciji nekadasnjeg
objekta za popravku tenkova i nekadasnjeg skladista municije u HadZi¢ima, kasarne i
skladista artiljerijskog naoruzanja u Han Pijesku. Na tim lokacijama pronadjeni su jasni i
nedvosmisleni nalaziradioaktivnih zrnaili tacaka kontaminacije na tluiu zemlji; najednoj
od ovih lokacija utvrdjena je i kontaminacija vode, na dve kontaminacija vazduha, a na tri
kontaminacija u uzorcima flore. OsiromaSeni uranijum nije pronadjen na ostalim
lokacijama, Sto moZe proisticati iz pojedinih ili svih dole navedenih razloga:

» Nema prisustva osiromaSenog uranijuma u toj oblasti (najverovatniji scenario)

* Tlo kontaminirano osiromaSenim uranijumom je od vremena vojnog sukoba prekrila
zemlja, trava i drugo rastinje i zato se viSe ne moze otkriti neposrednim merenjem na
terenu. Medjutim, takva skrivena aktivnost bi u tom slucaju bila otkrivena u uzorcima
zemljista i biljaka koje su kasnije podvrgnute laboratorijskoj analizi.

» Radioaktivna zrna sa osiromasenim uranijumom su toliko duboko prodrla u zemlju da
ihjenemoguce detektovatibilo neposrednim terenskim merenjem, bilo laboratorijskim
analizama.

* Zbog opasnosti od mina, nije pretrazeno 100% svake lokacije. Ako samo mali deo
sveukupnog prostora nije dostupan, zakljucci se mogu izvoditi ekstrapolacijom.
Ukoliko je obrnuto slucaj, ne mogu se izvesti nikakvi jasni zakljucci.

» Uzorci su uzimani samo u nekontaminiranim delovima neke lokacije. Medjutim,
uzimanjem uzoraka sa nekoliko mesta na jednoj lokaciji, znacajno smanjuje rizik da
je nesto propusteno.

» Lokacija je pregledana pre misije i zrna sa osiromasenim uranijumom i kontaminacija
su uklonjena.

Medjutim, s obzirom da je koriSéena sofisticirana oprema kako na terenu, tako i u
laboratorijama, zakljuceno je da na istrazenim lokacijama na kojima nije detektovana
kontaminacija osiromasenim uranijumom takve kontaminacije nema.

Sledi kratak pregled opstih nalaza sa cetrnaest istrazenih lokacija. Nalaza za petnaestu
lokaciju (samohodni top76 mm AT) nema jer nije bilo mogucée istraziti tu lokaciju zbog
prisustva velikog broja mina. Odgovarajuéi Zakljucci i Preporuke izloZeni su u Poglavljima
516. Dole navedene procene rizika detaljnije su obrazloZene u Aneksu A.
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4.2 NALAZI

(a) Lokalizovana kontaminacija
povrsinskog sloja zemljista

Ukoliko veliki broj radioaktivnih zrna udari
u tvrde povrsine i delimi¢no se rasprsi u
Cestice u vidu aerosola u trenutku udara,
postoji opasnost da ljudi koji se nalaze blizu
mesta udara tokom napada udahnu prasinu
osiromaSenog uranijuma koju prenosi
vazduh. Posto se aerosoli rasprSujuipadaju,
rezultiraju¢a kontaminacija povrsinskog tla
moze biti lokalizovana ili rasprostranjena,
u zavisnosti od osobina aerosola i
preovladjujuéih meteoroloskih uslova.

Isti uslovi postoje prilikom aktivnosti unistavanja municije koja sadrzi osiromaseni
uranijum, iako se opasnost od udisanja i kontaminacije okoline moze svesti na najmanju
mogucu meru pod kontrolisanim uslovima. Vazno je da na takvim lokacijama (lokacije na
kojima je unistavana municija u Kalinoviku i na platou na Bjelasnici) nisu utvrdjeni nikakvi
pokazatelji osiromaSenog uranijuma, kako u analiziranim uzorcima vode ili zemlje, tako
ni tokom radiometrijskih merenja.

KoriSéenjem portabl detektora beta i gama zracenja, ekipa UNEP nije detektovala bilo
kakvu i znacajnu rasprostranjenu kontaminaciju povrsine tla, zemlje ili flore, osim na
lokalizovanim mestima koncentrisane kontaminacije koje se nazivaju “tackama
kontaminacije” (videti niZe, pod (b)). Te tacke su bile blizu radioaktivnih zrna koja su se
nalazile na tlu, blizu mesta udara zrna ili rupa koje su napravila zrna. Nivo detektovanog
osiromasenog uranijuma brzo je opadao sa razdaljinom od tacaka kontaminacije i nije se
viSe mogao detektovati terenskim merenjem na razdaljini vecoj od jednog metra.

Medjutim, laboratorijske analize i uzorci tla su u nekim slucajevima otkrili tragove
kontaminacije zemljista na razdaljini manjoj od 200 metara od najbliZe identifikovane
tacke kontaminacije. U ovom izvestaju se to definiSe kao lokalizovana kontaminacija
zemljista. Od 14 istraZenih lokacija, samo na 3 je detektovano prisustvo osiromasenog
uranijuma u zemljistu i to putem uzorkovanja i laboratorijskih analiza. Vazan pokazatelj
da je kontaminacija na te tri lokacije lokalizovana, a ne rasprostranjena, proizilazi iz toga
$to nisu svi uzorci tla na te tri lokacije pokazali kontaminaciju. Odsustvo detektovanja
zagadjenja tla osiromasenim uranijumom znaci da je moguca kontaminacija osiromasenim
uranijumom tako mala da se nije mogla utvrditi razlika izmedju osiromasenog i prirodnog
uranijuma koji je prisutan u zemljistu. Sve uzorke zemljista su uzele i analizirale Spiez
laboratorije u Svajcarskoj.

Procena rizika

Kontaminacija povrsine tla i gornjeg sloja (0-5 cm) zemlje je veoma niska. Dakle,
odgovarajuci radioloski i hemijski rizik je beznacajan.

(b) Tacke kontaminacije

Lokalizovane tacke kontaminacije povrSine tla pojavljuju se na mestima udara
radioaktivnog zrnaili blizo zrna kojije ostao na povrsiniibio izloZen koroziji. Koncentracija
osiromasenog uranijuma moze biti veoma visoka na tim tackama, ali je kontaminacija
prili¢no lokalizovana (obi¢no u radijusu od 0,1 m) a koncentracija veoma varira, od
0,01 do 100 gr osiromasenog uranijuma po kilogramu zemlje.
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Zanimljivo, tokom misije je pronadjeno skoro 300 tacaka kontaminacije, veéina na lokaciji
objekta za popravku tenkova u HadZi¢ima. Ovi nalazi su interesantni sa tri stanovista:

i) Mnogo padavina je palo tokom razdoblja od osam godina ali su one izgleda rastvorile i
odnele samo mali deo osiromasenog uranijuma.

ii) Kontaminacija nije raspr$ena putem vetra.

iii) Tako su razlicita vozila prelazila preko odredjenih kontaminiranih delova, ocigledno
mehanicko delovanje nije doprinelo nestanku kontaminacije.

A

Ova zapazanja sporog prodora u zemljiiotpora mehanickom delovanju navode na zaklju¢ak
da je kontaminacija povrsine tla i zemlje mozda po svojoj prirodi postojana.

Moguce je da postoji jos tacaka kontaminacije izvan istrazenih lokacija. Zbog opasnosti
od mina i neeksplodirane municije, istrazivanje nekih lokacija bilo je prili¢no ograniceno.

Procena rizika
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Jedan od rizika vezan je za moguénost da se zagadjena zemlja vazduhom prenosi vetrom,
kretanjem ljudi ili Zivotinja ili da se u vidu prasine udiSe. Druga opasnost vezana je za
mogucénost da osiromaseni uranijum na tackama kontaminacije pre ili kasnije otekne i
kontaminira podzemne vode. Medjutim, u oba ova slucaja, koli¢ina osiromasenog uranijuma
na tackama kontaminacije je isuviSe mala da bi prouzrokovala bilo kakve radioloske ili
hemijske probleme u sadasnjosti ili buduénosti. Odgovarajuéi rizici su beznacajni.

Jedina opasnost od znacaja proistekla bi od moguénosti da neko dodje u neposredan fizicki
kontakt sa tackama kontaminacijeitako kontaminira rukeili direktno proguta kontaminirani
pesak/zemlju. Medjutim, ¢akiako se proguta nekoliko grama zemlje, rezultirajuca izlozenost
je neznatna u smislu ozracenja progutanim uranijumom (manje od 10 pSv). S druge strane,
takva izloZenost moze biti znacajna sa stanovista toksicnosti teskih metala.

. _ m |
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(c) Disperzija u zemlji

Postoje naucno valjani razlozi za verovanje da je zbog svojih hemijskih i fizickih osobina
osiromaseni uranijum podloZzniji disperziji u zemljistu nego prirodni uranijum. Pitanje
disperzije osiromasenog uranijuma u tlu je od posebne vaznosti pri proceni rizika buduée
kontaminacije podzemnih voda i, konacno, zaliha vode za pice (videti Aneks E za detalje).

Pazljivo je proucavana dubina zagadjenja zemljista izazvanog disperzijom osiromasenog
uranijuma ispod tacaka kontaminacije ili radioaktivnih zrna. Najveéi deo kontaminacije
tla pronadjen je u gornjih 0-10 cm, a koncentracija je zatim opadala po 1-2 reda veli¢ine
svakih 10 cm. Ovirezultati su slicni onima do kojih je dosla misija UNEP koja je proucavala
prisustvo osiromasenog uranijuma na Kosovu 2000.g; medjutim, dubina disperzije, koju
je mogucée registrovati, povecana je sa 10 cm na 40 cm tokom 5 dodatnih godina ove
disperzije u poredjenju sa nalazima sa Kosova. Vazno je sto je veliki deo izmerene aktivnosti
(798%) ostao u gornjih 10 cm. Ova vertikalna distribucija rezultat je rastvaranjaidisperzije
osiromasenog uranijuma od pocetne povrsinske kontaminacije (ili od radioaktivnog zrna
koje lezi na povrsini). Pri poredjenju rezultata sa onima sa Kosova, treba napomenuti da
je moguce da se uslovi zemljista na istrazenim lokacijama razlikuju od onih na Kosovu.

(d) Radioaktivna zrna

Kao sto je izlozeno u Poglavlju 2.3 a detaljnije razmatrano u Aneksu H “Analiza
radioaktivnih zrna sa osiromasenim uranijumom, fragmenata i kosuljice zrna”, sudbina
zrna sa osiromasenim uranijumom posle ispaljivanja zavisi od velikog broja promenjivih
faktora (napr: vrste mete, otpora materijala u koji udaraitd). Zato postoji nekoliko moguéih
objasnjenja zasto su na nekim lokacijama pronadjena radioaktivna zrna, a na nekima ne.

Sveukupno je pronadjeno oko 10 radioaktivnih zrna, dve kosSuljice, i nekoliko desetina
fragmenata na tri lokacije gde je detektovan osiromaseni uranijum. Merenja su pokazala
da je jos 100 zrna prisutno skriveno u zemlji. U veéini slucajeva, zrna su se nalazila ili na
povrsini tla ili su bila neznatno prekrivena lis¢em i travom. Radioaktivna zrna koja su bila
pokrivena sa manje od 10 cm zemlje bila su veoma korodirana i, pod uslovom da se slican
tempo korozije nastavi, mozda e nestati iz Zivotne sredine kao ¢vrsti predmeti za nekih
25-35 godina od prodora u zemlju. Radioaktivna zrna koja su lezala na povrsini zemlje
bilo su samo blago korodirana. UNEP jo$S nije proucavao Sta se deSava u slucaju
radioaktivnih zrna skrivenih duboko u zemlji i ovo je jedno vazno naucno pitanje na koje
nije odgovoreno.

Veéina radioaktivnih zrna koja su pronadjena na povrsini tla ili odmah ispod povrsinskog
sloja zemljista su uklonjena, ali neka su ostala u prvobitnom polozaju, kao sto je receno u
Poglavlju 7 “Nalazi na pojedinacnim lokacijama”. Zato ove lokacije treba istraZiti i resiti
problem eventualnih radioaktivnih zrna i kontaminiranog zemljista.

Kao sto je gore opisano, tlo ispod i oko radioaktivnih zrna je na povrSinskom sloju bilo
kontaminirano osiromasenim uranijumom. Ovaj nalaz je blisko povezan sa korozijom
radioaktivnih zrna, sto takodje ilustruje jedan od moguéih nacina unutrasnje izlozenosti.
Ukoliko osoba, koja ne nosi zastitne rukavice, dotakne korodirano radioaktivno zrno, moze
doéi do kontaminacije ruku, sto dovodi do rizika gutanja osiromasenog uranijuma.

S obzirom da kontaminacija nije rasprostranjena, postoje valjani razlozi za verovanje da
se veliki deo zrna sa osiromasenim uranijumom koja su ispaljena na istraZzene lokacije
nisu raskomadala, veé¢ su se viSe-manje neostecena zabila u zemlju. Na taj nacin, ona
predstavljaju izvor uranijuma koji ubuduce moze uticati na koncentraciju uranijuma u
vodi za pice. Izuzetno, koli¢ina dodatnog uranijuma u pogodjenim lokacijama moze biti i
10-100 puta visa od prirodnog fona. Medjutim, ta dodatna koli¢ina obi¢no predstavlja
samo udvostrucavanje nivoa aktivnosti prirodnog uranijuma.
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Takodje su analizirana radioaktivna zrna u odnosu na sastav plutonijuma (Pu 239/240),
uranijuma-236 (U-236) i neptunijuma (Np-237) (Videti Aneks H). Analiza sastava izotopa
iradiohemijska analiza potvrdili su opstu sliku o radioaktivnim zrnima i fragmentima koja
je dobijena tokom misija UNEP procene osiromasenog uranijuma na Kosovu i Srbiji i Crnoj
Gori. Nivo osiromasenja u svim izmerenim uzorcima bio je konstantan (tj 0,200 + 0,001%
U-235 po tezini). Takodje, potvrdjeno je da nivo U-236 u radioaktivnim zrnima 0,0028%
po tezini.

Radiohemijske analize su takodje potvrdile veoma nisko prisustvo plutonijuma i
neptunijuma u radioaktivnim zrnima. Za plutonijum, koncentracije aktivnosti bile su od
0,0050 do 0,0878 Bq/g po radioaktivnom zrnu, $to odgovara od 2,2E-12 do 38,2E-12 g
Pu/gradioaktivnog zrna. Koncentracija u slucaju neptunijuma bila je veoma niska, manje
od 0,004 do 0,0162 Bq po gramu.

Prisustvo ovih radioaktivnih elemenata u osiromasenom uranijumu ukazuje na to da je bar
nesto osiromasenog uranijuma poteklo od prerade materijala od iskoriSéenog nuklearnog goriva
ili kontaminacije opreme tokom prerade iskoriséenog nuklearnog goriva. Koli¢ina pronadjenog
plutonijuma, neptunijuma, i U-236 nije imala nikakav znacajan uticaj na sveukupnu
radioaktivnost radioaktivnih zrna, niti predstavljala odgovarajucu opasnost po zdravlje.

Procena rizika

DesSava se da ljudi podignu radioaktivna zrna sa povrsine tla. Mehanic¢kim kontaktom je lako
sa radioaktivnog zrna skinuti nekoliko grama korodiranog uranijuma. Ovo bi moglo
predstavljati potencijalni rizik od unutrasnje kontaminacije gutanjem. Ukoliko bi ¢ak i mali
deo dostupnog osiromasenog uranijuma usao u telo, rezultirajuéa doza radijacije, iako
relativno visoka, i dalje bi bila ispod 1 mSv. U smislu zdravstvenih standarda vezanih za
hemijsku toksi¢nost, potencijalni unos nije mali u odnosu na godisnji unos koji se tolerise.

Udisanje aerosola osiromasenog uranijuma takodje prestavlja rizik od izloZenosti veoma
korodiranom radioaktivnom zrnu. Ljudi moraju pazljivo da rukuju sa takvim radioaktivnim
zrnom kako bi izbegli prenos korodiranog osiromasenog uranijuma vazduhom.
Pesimisti¢na pretpostavka je da se takvo udisanje mozZe odraziti znacajnim dozama
ozracivanja (vise od 1 mSv).

Tre¢u opasnost od izloZenosti prestavlja spoljno ozracavanje koze beta radijacijom do koje
moze doéi ukoliko neka osoba stavi radioaktivno zrno blizo tela, naprimer, u dzep.
Kontinurana izloZenost koze tokom nekoliko nedelja moze dovesti do lokalnih doza
zracenja (koje premasuju doze navedene u preporukama vezanim za radiolosku sigurnost)
iako radijacija ne mora izazvati opekotine na kozi. Rezultirajuca izloZenost gama zracenju
bi¢e beznacajna i, u najgorem slucaju, istog reda veli¢ine kao i prirodno zracenje.

Radioaktivna zrna na povrsini tla, a pogotovo ona u zemlji, mogu se vremenom rastvoriti
ipolako kontaminirati podzemne vode ivodu za pice (videti Aneks E). Kao $to se napominje
nize u tacki (g), voda za piée sadrzi prirodni uranijum. Normalna koncentracija prirodnog
uranijumaigodisnji unos vodom u poseéenim lokacijama su niski, 10° - 10 mg uranijuma
po litru vode ili 0,01-1 mg uranijuma godisnje, Sto se ogleda u dozama zracenja koje ne
prelaze 1 pSv godisnje.

Povecanje uranijuma iz skrivenih radioaktivnih zrna na lokacijama bi moglo biti - veoma
lokalno - 10 do 100 puta veée od sadrzaja prirodnog uranijuma na prvom metru dubine
ispod povrsine tla. Ukoliko bi to rezultiralo odgovarajuéim poveéanjem koncentracije
uranijuma uvodi, dozaradijacije biidalje bila manja od 1 mSv godisnje, ali bi koncentracija
uranijuma bila veéa od zdravstvenih standarda koje je Svetska zdravstvena organizacija
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propisala za vodu za pi¢e. Medjutim, tu i dalje postoje mnoge nesigurnostiizato bi trebalo
u buduénosti izvr$iti analizu uranijuma u vodi za pice blizu pogodjenih lokacija.

Moguce je da tokom gradjevinskih radova u buduénosti budu iskopana radioaktivna zrna
koja su trenutno skrivena u zemlji. Ukoliko se ovo dogodi, postojali bi odgovarajudi rizici
od spoljne izloZenosti beta zracenju i opasnost od unutrasnje izloZenosti kontaminacijom
ruku i udisanjem, kao sto je gore opisano.

Ne postoji opasnost da ée sada ili ubuduée apsorpcija osiromasenog uranijuma od strane
biljaka biti znacajno poveéana zbog toga sto se radioaktivna zrna i dalje nalaze u Zivotnoj
sredini (porediti sa gornjom tackom (b)).

Izmerena koncentracija plutonijuma u osiromasenom uranijumu nije premasivala 87,8
Bq po kilogramu osiromasenog uranijuma. To se mora porediti sa aktivnoséu U-238 u
osiromasenom uranijumu, koja iznosi 12.400.000 Bq po kilogramu osiromasenog
uranijuma, tj. visa je od plutonijumove oko 150.000 puta. Doza radijacije plutonijuma po
jedinici zracenja Bekerelu mnogo je visa od doze zracenja osiromasenog uranijuma po
Bekerelu, pogotovu kada su u pitanju doze izazvane udisanjem. Kombinovanjem relativne
aktivnosti i faktora doze, zakljucuje se da je plutonijum pronadjen u proucavanim
radioaktivnim zrnima oko 1.000 puta manje Stetan nego sam osiromaseni uranijum.

Analiza Uranijuma 236 u radioaktivnim zrnima pokazala je koncentraciju od 0,0028%
ukupnog uranijuma. Sadrzaj U-236 u radioaktivnim zrnima je toliko mali da je
radiotoksi¢nost nepromenjena u poredjenju sa osiromasenim uranijumom bez U-236.

(e) Kosuljice/caure

Kosuljica je deo projektila u kojem se nalazi radioaktivno zrno. Ona se zaustavlja pri udaru
o tvrdu povrsinu dok radioaktivno zrno ulazi u metu. Pronadjene su samo dve koSuljice.
Mali broj pronadjenih koSuljica predstavlja dodatni pokazatelj da veéina radioaktivnih
zrna nije pogodila tvrde mete i da je prodrla u zemlju zajedno sa koSuljicom.

Procena rizika

Potencijalnirizici od kosuljicamnogo su nizi od rizika od radioaktivnih zrna zato $to se koSuljice
proizvode od aluminijuma i samo su neznatno kontaminirane osiromasenim uranijumom.

() Vojna vozila pogodjena osiromasenim E=Y8%

uranijumom A=
Tako jeverovatno veliki broj vozila pogodjen
osiromasenim uranijumom tokom sukoba,
tim UNEP nije mogao da istrazi nijedno
vozilo. Receno je da su vozila uklonjena sa
lokacija, ali niko nije mogao da pruzi
informacije o tome gde se sada ta vozila
cuvaju ili ta se sa njima dogodilo.

Procena rizika

Ukoliko se identifikuje ijedno vozilo

pogodjeno osiromasenim uranijumom, ¢akiako jerizik kontaminacije mali, treba preduzeti
neke mere predostroznosti pre ulaska u vozilo kako bi se izbegao nepotreban rizik. Mozda
¢e biti potrebno izvrsiti neku dekontaminaciju unutrasnjostivozila pre no sto se ono moze
smatrati bezbednim. Dekontaminaciju treba da vrsi kvalifikovani struénjak, koji ée uzimati
u obzir odgovarajuéa pravila sigurnosti.
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(g9) Kontaminacija vode

Uzeto je 19 uzoraka vode sa 11 istrazenih
lokacija radi laboratorijske analize. Sva
merenjavode ukratko suizlozena u Aneksu
E. Koncentracija uranijuma je varirala od
0,02 do 2,7 ug po litru vode (tj. u okviru
normalnog opsega koncentracije
uranijuma u vodi za pice).

A

Za razliku od prethodne dve misije, na
jednoj lokaciji (u objektu za popravku
tenkova u Hadzié¢ima) utvrdjena je
kontaminacija podzemnih voda
osiromaSenim uranijumom. Koncentracija je bila niska i beznacajna s radioloskog i
hemijsko-toksikoloskog stanovistva, ali indikativna s obzirom na kontaminaciju vode
do koje vremenom moZe doéi. Ovaj nalaz opravdava kontinuiranu proveru moguce
kontaminacije vode za pice osiromasenim uranijumom u buduénosti.

IZV1VN 11SdO

Procena rizika
Na osnovu sadasnjih nalaza, sada ne postoji znacajna opasnost od osiromasenog uranijuma u vodi.

(h) Kontaminacija vazduha

Uzorci vazduha uzeti su na Sest lokacija. S izuzetkom lokacije mosta u Foci, uzorci zu
uzimanina dveili viSe tacaka unutar ogradjenih lokacija, a te tacke su odabrane na osnovu
pravcavetra, ili unutarili blizo kontaminiranih zgrada. Koncentracija uranijuma u vazduhu
varirala je 0od 0,011 10 mg/m? (0,14 uBq po m?) do 3,6 10° mg/m? (43 uBq po m?) (videti
Aneks G, Tabelu G.6 ). S izuzetkom dva uzorka, svi ostali uzorci pokazali su koncentraciju
unormalnom opsegu uranijuma uvazduhu. Svirezultati analize uzoraka vazduha prikazani
su ukratko u Aneksu G.

Dve lokacije su pokazale jasne indikacije prisustva osiromasenog uranijuma u vazduhu.
Jedan od uzoraka saviSom od “normalne” koncentracije uranijuma uzet je kod nekadasnjeg
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objekta za popravku tenkova u HadZi¢ima, a drugi je uzet kod kasarne u Han Pijesku. Ovi
uzorci su sadrzali preko 90% osiromasenog uranijuma, a uzrok tome je sto je vetar sa zemlje
ponovo podigao prasinu sa osiromasenim uranijumom.

Ukoliko se uvazduhu nalazi znacajna koli¢ina prasine i ¢estica sa obliznjih povrsinatla (napr:
lokacije) a praSina osiromasenog uranijuma je prisutna na ovim lokalnim povrSinama,
verovatno je da ée uvazduhu biti pronadjen osiromaseni uranijum pod dejstvom odredjenih
vetrova ili judskih aktivnosti koji podizu prasinu u vazduh. U tom smislu instrumenti
predstavljaju dobro sredstvo za merenje potencijalnog rizika od udisanja aerosola
osiromasenog uranijuma i njima bi bilo mogucée detektovati osiromaseni uranijum.

Prisustvo osiromasenog uranijuma u vazduhu takodje zavisi od njegovog ponovnog
podizanja u vazduh izazvanog ljudskim aktivnostima, kao $to je kretanje, kopanje, voznja
vozilaitd. Na obe lokacije je uzet samo po jedan uzorak vazduha tokom ljudskih aktivnosti
koje su mogle da uticu na rezultate.

Procena rizika

Prirodna koncentracija uranijuma u vazduha obi¢no izaziva veoma niske doze. Samo od izotopa
uranijuma ona je reda veli¢ine 0,1-1 pSv godisnje. Ovo je slucaj i kod svih izmerenih lokacija,
ukljucujudii dve lokacije sa merljivom koncentracijom osiromasenog uranijuma u vazduhu.

(i) Kontaminacija materijala flore

Uzorci materijala flore, kao sto je mahovina, kora drveta i liSajevi, uzeti su sa 11 lokacija
kako bi se istrazila moguénost apsorpcije osiromasenog uranijuma i identifikovala ranija
ili sadasnja kontaminacija putem vazduha. Kao sto je ilustrovano u prethodnim procenama
osiromasenog uranijuma od strane UNEP-a, mahovina, kora drveta i liSajevi predstavljaju
osetljive indikatore ranije kontaminacije prasinom ili Cesticama osiromasenog uranijuma
putem vazduha, a koje su nastale tokom napada ili kasnijim ponovnim podizanjem te
prasine ili Cestica u vazduh.

Prisustvo osiromasenog uranijuma u uzorcima liajeva, kore drveta i mahovine ukazalo je
na ranije prisustvo osiromasenog uranijuma u vazduhu na 3 od 11 lokacija (objekat za
popravku tenkova i stovariste municije u HadZi¢ima i kasarna u Han Pijesku). To ukazuje
da su bar neka radioaktivna zrna na tim lokacijama udarili tvrde mete i povrSine, delom se
rasprsili i pretvorili u prasinu i razneli se u vazduhu.

(i) Kutija sakupljene municije osiromasenim uranijumom

Jedan od zadataka UNEP je bio da istraziistorijat i lokaciju kutije sa zrnima sa osiromaSenim
uranijumom, fragmentima, kosSuljicama i caurama koja se prvobitno nalazila u objektu za
popravku tenkova u Hadzi¢ima (videti 7.1). Bez obzira na mnogobrojna raspitivanja, dodatne
informacije u vezi sa mestom gde se kutija nalazi nisu mogli da pruze ni SFOR, ni lokalni
radnici, ni vlasti. Na osnovu informacija koje je kasnije pruzio NATO, potvrdjeno je da je
kutija sa sakupljenim materijalom sa osiromasenim uranijumom u prolece 2001.g. prebacena
u nacionalni objekat SAD izvan Bosne i Hercegovine radi odlaganja.

(i) Medjunarodna agencija za atomsku energiju (IAEA)

Odlagaliste radioaktivnog otpada niskog nivoa Federacije predstavlja adekvatan objekat
za bezbedno skladistenje radioaktivnog otpada na teritoriji Federacije, ukljucujuci ostatke
osiromasenog uranijuma. Rad na izgradnji objekta za obradu i skladistenje radioaktivnog
otpada je otpoceo. Taj objekat ée poboljsati sposobnost Centra za zastitu od zracenja da
odlaze i cuva radioaktivni otpad. Nazalost, u Republici Srpskoj nijedno odlagaliste
radioaktivnog otpada niskog nivoa ne radi, mada je ucinjen napredak u pronalazenju
moguce lokacije na kojoj bi se takvo odlagaliste izgradilo.
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Pre rata je na teritoriji BiH kori§éen znacajan broj radioaktivnih izvora, kao $to su
industrijskiizvori, gromobraniijavljaci poZara. Mnogi od tih izvora su zastareli, izgubljeni
ili osteceni tokom rata i tek treba da budu pronadjeni. Rizici od potencijalne izlozenosti
ovim izvorima su znacajno ve€i od rizika od izloZenosti ostacima osiromasenog uranijuma.
Treba dati prioritet skladistenju i kasnijem odlaganju ovih izvora a pogotovo pronalazenju
ibezbednom skladistenju ili odlaganju izvora koji su izgubljeni ili osteéeni tokom rata.

A

(k) Svetska zdravstvena organizacija (WHO)

Informacije o raku, stopama oboljevanja od raka i trendovima nepotpuni su i u Federaciji
i u Republici Srpskoj. Tvrdnje o veéoj ucestalosti mnogih vrsta raka izneli su lekari na
osnovu klinickih zapaZzanja, ali njihove tvrdnje nisu potkrepljene informacijama o stopama
oboljevanja od raka, koje dovode u vezu broj slucajeva i stanovnistva gde se ti slucajevi
pojavljuju. Dakle, nikakvi zakljucci se ne mogu izvesti o tome da li postoji promena u
ucestalosti raka. Medjutim, situacija se poboljSava. Konkretno, u delovima Federacije
Bosne i Hercegovine i Republike Srpske uvedene su evidencije oboljevanja od raka koje
imaju za cilj utvrdjivanje svih slucajeva oboljenja od raka i izbegavanje dvostrukog
evidentiranja.
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(1) Kontaminacija teSkim metalima

Tokom misije je pronadjena kontaminacija teskim metalima povrSine tla kako na lokaciji
nekadasnjeg objekta za proizvodnju municije, tako i na dve lokacije na kojoj se unistava
municija. Poznato je da se i u drugim delovima sveta na takvim lokacijama pojavljuje
zagadjenje prouzrokovano pomenutim aktivnostima. Medjutim, ve¢ su dostignuti nivoi
zagadjenja tla nekim teskim metalima (kao $to su olovo, bakar, nikl) koji zahtevaju
intervenciju. Ovo je donekle zabrinjavajuce.

o . ol |
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Cconclusions

5.1 INTRODUCTORY NOTES

(a) The conclusions and observations in this section refer to the 15 sites that were visited and
investigated during the UNEP mission to Bosnia and Herzegovina (BiH) from
12-24 October 2002.

(b) A 'significant' radiological risk is defined in this report to be where the expected radiation
dose would be more than 1 mSv per year. A 'significant’ toxicological risk means that the
expected concentration or intake would exceed WHO health standards (WHO 1998A,
1998B). 'Insignificant' radiological risks are those where the corresponding dose is less
than 1 mSv. 'Insignificant’ toxicological risks correspond to intakes below WHO health
standards (see Appendix A).

(c) Although corresponding radiological and toxicological risks in most cases are insignifi-
cant, UNEP calls for precautionary clean-up steps at certain sites as it is deemed unneces-
sary for any local populations to be exposed when simple, inexpensive measures can be
taken to either remove or ameliorate the DU contamination.

(d) In comparison with the two previous UNEP missions, many different conditions applied to
the work conducted in BiH. Yet, the results from each mission remain broadly compatible.
One essential difference was that seven years had elapsed since the military conflict. This
had led to further corrosion of DU penetrators lying in the ground, more growth covering
impact points, and to increased possibilities of DU contamination in water.

5.2 CONCLUSIONS

Based on the findings discussed in Chapter 4 (and on a site-specific basis in Chapter 7), the
overall conclusions of the UNEP mission are as follows:

1) Investigated sites:

a) The UNEP team visited 15 sites of which one of the NATO-confirmed sites was
inaccessible due to the presence of mines (76 #m AT Self-Prop Gun). Three of the 14
sites investigated clearly showed DU contamination, confirming the earlier use of DU
ordnance (i.e. in Hadzici both the former Tank Repair Facility and Ammunition Storage
Depot, and Han Pijesak Artillery Storage and Barracks). These sites corresponded to
confirmed NATO coordinates. Importantly, there are six NATO coordinates in the
vicinity of Sarajevo which are still missing. These sites could therefore not be
investigated.

b) No DU contamination was found on the other 11 sites investigated. Based on the
information collected in the field and subsequent laboratory work, it is highly unlikely
that DU would have been used at these sites. Even if there had been a full clean-up of
the sites following the attacks, analytical methods would have detected traces of DU
in the soil, water and/or biota samples.

2) Localized ground contamination:
None of the sites showed signs of widespread contamination of the ground surface as
nothing was detected by portable beta and gamma radiation detectors. At most, localized
ground contamination was detected around contamination points at distances below
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200 m, but often much closer, as confirmed by the much more sensitive laboratory analy-
ses of soil samples. This also indicates that most DU rounds probably never fragmented
but penetrated into the ground. When penetrators enter ground that is more or less soft,
significantly less DU dust results. The corresponding radiological and toxicological risks
from such low-level contamination are insignificant. These observations are consistent
with the findings from UNEP's two previous assessments.

3) Contamination points:

a) Over seven years had elapsed since the military conflict and UNEP's assessment
mission. In 2000-2001, other international expert teams had searched many of the
sites investigated by UNEP for penetrators and contamination points. Despite this,
many penetrators and contamination points were still found and identified by UNEP.
Ground surface DU contamination that is detectable by portable beta and gamma
radiation detectors was typically limited to areas within 1-2 m of penetrators and
localized points of contamination caused by penetrator impacts. Almost 300
contamination points were identified during the mission, but most of them were only
slightly contaminated. Each was marked for the authorities to address.

b) Based on results of air filter measurements, contamination points may be formed by
resuspension of DU particles in the air. However, no significant risk is expected to
arise from these points through inhalation by local populations or possible
contamination of water or plants.

¢) The only risk of any potential significance would be through touching a contamination
point, thereby contaminating the body (with a risk of subsequent transfer to the mouth),
or directly ingesting contaminated soil. However, with reasonable assumptions on
intake of soil, the corresponding radiological risk would be insignificant, while from a
toxicological point of view the possible intake might be somewhat higher than applicable
health standards or guidelines.

4) Penetrators and fragments:

a) During the mission three penetrators were collected for detailed analysis. There were
also indications from field measurements of a large number hidden in the ground
(contamination points). At the former Hadzzci Tank Repair Facility, an unknown number
of penetrators had been collected by both locals and SFOR troops. Given that several
thousand DU rounds were reportedly fired against the target sites investigated, the
number found is still low. Itis concluded that there could be four possible explanations:

* the majority of the penetrators are buried deep in the ground;

* they are spread over larger, inaccessible areas within mine fields;

* they have been removed during random site clean-up or during mine clearing
activities;

* they have been removed in circumstances beyond the control of the authorities
(for instance by local people)

The most probable and most widely applicable explanation is the first one, but the
other three scenarios might also have occurred.

b) Penetrator corrosion: Corrosion occurs relatively quickly when the penetrator remains
in the ground and is surrounded by soil. A penetrator can be completely corroded to
emitting corrosion products (e.g. uranium oxides and carbonates) in the 25-35 years
following impact. These corrosion products may in turn dissolve and disperse in
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water. However, the rate of corrosion depends on the composition of the soil. If the
penetrator is lying on the ground surface the corrosion rate is significantly lower.

Penetrator contact: The corroded uranium is loosely attached and easily removable.
Consequently, if such a penetrator is picked up, it could easily contaminate anyone handling
it. Even if the probable resulting intake into the body is small, the radiological and
toxicological risks should not be ignored. If a penetrator is placed near the body, such as
in a pocket, there will be external beta radiation to the skin. After some weeks of continuous
exposure, this could lead to localized radiation doses above safety standards. Even so, it
is unlikely that there would be any adverse health effects from such exposure.

Accidental penetrator recovery: Buried penetrators and jackets may be accidentally
brought to the surface in the future through digging as part of soil removal or
construction works. The corresponding risks would then be the same as for penetrators
and jackets currently lying on the surface.

Penetrator composition: The transuranic elements plutonium-239/240 and
neptunium-237, as well as the uranium isotope U-2306, were found to be present in the
depleted uranium of those penetrators analysed. However, the concentrations were
very low, in the published range of the open military literature, and did not have any
significant impact on their overall radioactivity or health risk. The composition is
consistent with penetrators found in earlier assessments.

5) Soil contamination:

The contamination of subsurface soil above and below penetrators was studied. The
penetrators lay in undisturbed, grass covered ground at a depth of 3-8 cm below the soil
surface. Soil contamination around the penetrator was 45 g of DU per kg of soil. Within
10 cm below the penetrator the DU concentration decreased by two orders of magnitude,
and within the next 30 cm by a further three orders of magnitude. From these observa-
tions it is concluded that the mobility of corroded DU in the present soil composition is
low due to the fact that it is retarded by sorption and coprecipitation with minerals.
Groundwater contamination is unlikely due to the low mobility of DU corrosion products.

Water contamination:

a)

b

DU could be clearly identified in one of the drinking water samples. A second drinking
water sample from a well showed traces of DU contamination, which were detectable
only through the use of mass spectrometric measurements. The concentrations are
very low and the corresponding radiation doses are insignificant for any health risk.
This is also the case with respect to toxicity of uranium as a heavy metal. However,
because the mechanism that governs the contamination of water in a given environment
is not known in detail, it is concluded that water sampling and measurements should
continue for several years.

As concluded above, it is probable that the majority of penetrators are hidden in the
ground. They may constitute a risk of future groundwater and drinking water contamination
where they lie close to water sources, as is the case for those samples indicating contamination
(i.e. the wells were most likely lying in the line of attack). Although DU mobility is low, if
a penetrator is located in the immediate vicinity of a water source, contamination may
occur. Heavy firing of DU in an area could increase the potential source of uranium
contamination of groundwater by a factor of 10 to 100, compared to the case of a single
penetrator. While the radiation doses will be low; the resulting uranium concentration may
exceed WHO health standards or guidelines for drinking water.
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7) Bio-indicator contamination:
The presence of DU was found in lichen samples at the three sites mentioned above.
This is an indication that some penetrators hit targets and hard surfaces, partly split into
dust and dispersed into the air. This also illustrates that analysis of lichen samples is a
useful method in monitoring the quality of the environment.

8) Vegetable samples:
Two vegetable samples (cabbage) were taken in the vicinity of the former Hadzzici Tank
Repair Facility. Results from these two samples are insufficient to allow for any scientific
conclusion. There are no reasons to expect any DU in food due to the low dispersion rate
in the ground and low uptake factor in food.

9) Air contamination:

o)

b)

DU contamination of air was found at two sites where DU use had been confirmed.
This can be due to resuspension of DU particles by wind or human activities from
contamination points, corroded penetrators or fragments lying on the surface. The
concentrations were very low and resulting radiation doses were minor and insignificant.
At distances over 100 m from contaminated areas, no DU could be detected in the ait.
This may be due to limits on instrumentation detection.

DU contamination of air and some surfaces was found inside two buildings at the two
sites mentioned above. This can be due to resuspension of DU particles by wind or
human activities from contamination points, corroded penetrators or fragments laying
on the surface inside, as well as any DU dust contained within the building since the
time of attack. Although the low levels measured result in doses which are minor and
insignificant, UNEP considers exposure to such a source unnecessary. Therefore,
precautionary clean-up steps for areas of contamination are recommended.

10) Awareness raising:
Throughout the mission, UNEP observed that workers and civilians with access to these
sites, as well as military and mine clearing personnel, were unaware of or misunderstood
the risks and issues with respect to DU ammunition in general.

11) Methodology:
The techniques, equipment and methodologies used worked very well during the mission
and the experience from earlier missions contributed to the successful evaluations.

12) Radiation protection and radiation safety:

)

b)

The radiation safety infrastructure in BiH has only recently been established. In the Federation
of Bosnia and Herzegovina (FBiH), the new Law on Radiation Protection and Radiation
Safety establishing the basis for the new regulatory system was approved by Patliament in
1999. In the Republika Srpska (RS), legislation complying with the IAEA's international
standards for protection against ionizing radiation was adopted in 2001. The efforts made in
establishing an institutional radiation protection framework in BiH since the end of the
conflict are commendable, considering the limited resources available and the encouraging
results achieved, although more work is necessary to improve radiation protection.

In addition to two independent legal frameworks for radiation protection, two separate
regulatory authorities and radiation protection organizations have been created in the
FBiH and RS. This results in a duplication of services and activities which is particularly
inappropriate in view of the shortage of resources available. The lack of cooperation
between the two radiation protection organizations negatively affects the establishment
and implementation of an efficient radiation safety regime in BiH.
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¢) The low-level radioactive waste repository of the FBiH provides an adequate facility
for the safe storage of radioactive waste in the territory, including depleted uranium
residues. Work on the construction of a treatment and conditioning facility for the
radioactive waste has started, although no significant progress has been made in the
last year. The treatment facility will improve the capability for the Centre for Radiation
Protection to deal with radioactive waste. Unfortunately, no repository for low-level
radioactive waste is operational in Republika Srpska, although progress has been made
towards identifying a possible location where the repository could be built.

d) There were a significant number of radioactive sources, such as industrial sources,
lightning rods and smoke detectors, in use throughout BiH before the war. Records
for these are no longer available. Many of these sources have become obsolete or
were lost or damaged during the war and have yet to be recovered. The risks from
potential exposure to them are significantly higher than those from exposure to DU
residues. Consideration should be given to the storage and eventual disposal of these
sources and in particular to those which were lost or damaged during the war.

e) While normal environmental monitoring is not a high priority for BiH, where there
are no significant sources of radioactive discharges from facilities, it is of concern that
no activities are carried out to ensure the protection of members of the public in areas
accessible to them and where radiation and/or risks from contamination may exist.
This concerns particularly those areas where damaged or abandoned and uncontrolled
sources may exist as a result of the disruption caused by the war.

13) Health concerns:

Due to the lack of a proper cancer registry and reporting system, claims of an increase in
the rates of adverse health effects stemming from DU cannot be substantiated. It is
encouraging that the BiH authorities are in the process of implementing a registry and
reporting system to detect and report cancers within the country. This should allow the
verification of concerns about changes in the frequency of cancers. The scientific data
on uranium and DU health effects developed over the last half century, and the extremely
low exposure identified in this UNEP mission, indicates that it is highly unlikely that DU
could be associated with any of these reported health effects.

14) DU box:
One of UNEP's tasks was to investigate the history and location of the box containing
DU penetrators, fragments and jackets/casings originally located at the former Hadzici
Tank Repair Facility (see Chapter 7.1). Based on a NATO fax dated 3 December 2002, the
box containing DU material was transferred in spring 2001 to US national facilities out-
side Bosnia and Herzegovina for disposal.

15) Heavy metals:
At three of the sites investigated, high surface contamination of heavy metals was meas-
ured (Vogosca's Ammunition Production Facility, and ammunition destruction sites at Ka/inovik
and the Byelasnica Platean). Such contamination could represent a potential future health
risk. As the intervention values for certain elements in soil have already been reached,
further investigation is required to propetly assess the situation.
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ZaKljucci
5.1 UVODNE NAPOMENE

(a) Zakljucci i zapazanja u ovom odeljku odnose se na 15 lokacija koje su posecene i
istrazene tokom misije UNEP u Bosni i Hercegovini (BiH) 12-24. oktobra 2002.g.

(b) “Znacajan” radioloski rizik je u ovom izvestaju definisan u slucajevima kada je
ocekivana doza zracenja visa od 1 mSv godi$nje. “Znacajan” toksikoloski rizik znaci
da ocekivana koncentracija ili unos premasuje zdravstvene standarde WHO (WHO,

poziva na mere predostroznosti ¢iséenja odredjenih lokacija jer smatra nepotrebnim
da lokalno stanovnistvo igde bude izloZeno takvim rizicima ako se mogu preduzeti
jednostavne ijeftine mere kako bi se uklonila ili sanirala kontaminacija osiromasenim
uranijumom.

(d) U poredjenju sa prethodne dve misije UNEP, tokom ove misije u BiH na rad misije su
uticali mnogi razli¢iti uslovi. Medjutim, rezultati svih misija su u sustini medjusobno
saglasni. Jedina sustinska razlika je u tome sto je proslo sedam godina od vojnog
sukoba. Rezultat toga je dalja korozija radioaktivnih zrna s osiromasenim uranijumom
koja leze u zemljistu, ve¢e moguénosti kontaminacije vode osiromasenim uranijumom
1viSe rastinja koje je u medjuvremenu prekrilo tacke udara.

52 ZAKLJUCCI

Na osnovu nalaza iznetih u Poglavlju 4 (i iznetih po lokacijama u Poglavlju 7), slede opsti
zakljuéci misije UNEP:

1) IstraZene lokacije:

a) Tim UNEP je posetio 15 lokacija od kojih jedna lokacija, za koju je NATO potvrdio da
je gadjao osiromasenim uranijumom, nije bila dostupna zbog prisustva mina
(samohodni top 76 mm AT). Na tri od istrazenih 14 lokacija jasno je izmerena
kontaminacija osiromasenim uranijumom, ¢ime je potvrdjena ranija upotreba
municije sa osiromasenim uranijumom (npr. u nekadasnjem objektu za popravku
tenkova i skladistu municije u HadZi¢ima, kao i u kasarni u Han Pijesku). Ove
lokacije su se poklopile sa potvrdjenim koordinatama NATO. Vazno je to da i dalje
nedostaju koordinate NATO za Sest lokacija u blizini Sarajeva. Zato nije bilo moguce
istraziti i te lokacije.

b) Na ostalih istrazenih 11 lokacija nije pronadjena bilo kakva kontaminacija
osiromasenim uranijumom. Na osnovu informacija sakupljenih na terenu i kasnijeg
laboratorijskog rada, postoji veoma mala verovatnoca da je osiromaseni uranijum
koriséen na tim lokacijama. Cak i da su te lokacije bile potpuno oéiséene posle
napada, tragovi osiromasenog uranijuma bili bi detektovani analitickim metodama
u uzorcima zemljista, vode i/ili flore.

2) Lokalizovana kontaminacija zemljista:
Ni na jednoj lokaciji nije bilo znakova rasprostranjene kontaminacije povrsinskog sloja
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zemljista posto portabl detektori beta i gama zracenja nisu nista detektovali. Najvise Sto
je detektovano je zagadjenje lokalizovanog zemljista oko ta¢aka kontaminacije na
razdaljini manjoj od 200 m, ali cesto mnogo bliZe, kao $to su potvrdile mnogo osetljivije
laboratorijske analize uzoraka tla. Ovo takodje ukazuje na to da se verovatno veéina zrna
sa osiromasenim uranijumom nikada nije rasparcala, ve¢ da se zabila u zemlju. Kada
radioaktivno zrno prodre u zemlju koja je manje viSe mekana, pojavi se znatno manje

.....

kontaminacije niskog nivoa su beznacajni. Ova zapaZanja su u skladu sa nalazima
prethodne dve misije UNEP-a.

3) Tacke kontaminacije:

a) Vise od 7 godina proslo je od vojnog sukoba i posete misije UNEP. Tokom 2000. i
2001.g. drugi medjunarodni strucni timovi su istrazivali mnoge lokacije koje su
istraziliistruénjaci UNEP u potrazi za radioaktivnim zrnimaitackama kontaminacije.
Medjutim, moguce je da jo§ mnogo radioaktivnih zrna i tacaka kontaminacije bude
pronadjeno iidentifikovano. Zagadjenje osiromasenim uranijumom povrsine tla koje
se moZe detektovati portabl detektorima beta i gama zracenja tipicno je ograni¢eno
na radijus od 1-2 metra od radioaktivnih zrna i lokalizovanih tac¢aka kontaminacije
prouzrokovanih udarima radioaktivnih zrna. Tokom misije je identifikovano skoro
300 tacaka kontaminacije ali ve¢ina je bila samo neznatno kontaminirana. Sve tacke
su obeleZene kako bi vlasti mogle da ih saniraju.

b) Na osnovu rezultata merenja filtera za vazduh, tacke kontaminacije bi mogle
predstavljati jedan od izvora ponovnog podizanja Cestica osiromasenog uranijuma
uvazduh. Uvezisa ovim tackama kontaminacije, ne o¢ekuje se postojanje znacajne
opasnosti da ¢e lokalno stanovnistvo udisati takav vazduh ili od moguce
kontaminacije vode ili biljaka.

c) Jedinirizik od moguceg znacaja bio bi kada bi neko dotakao tacku kontaminacije,
¢ime bi kontaminirao svoje telo (irizikovao kasniji prenos do ustiju) ili neposredno
progutao zagadjenu zemlju. Medjutim, uzimajuéi u obzir razumne pretpostavke o
unosu zemlje, odgovarajucéi radioloski rizik bio bi beznacajan, dok bi sa
toksikoloskog stanovista mogué unos bio nesto visi od postojecih granica
navedenih u zdravstvenim standardima ili preporukama.

4) Radioaktivna zrna i fragmenti:

a) Tri radioaktivna zrna su sakupljena tokom misije radi detaljne analize. Takodje su
terenska merenja ukazala na to da je veliki broj radioaktivnih zrna skriveno u zemlji
(tacke kontaminacije). Na lokaciji nekadasnjeg objekta za popravku tenkova u
Hadzi¢ima, lokalno stanovnistvo i vojnici SFOR su sakupili nepoznat broj
radioaktivnih zrna. S obzirom da je navodno viSe hiljada metaka sa osiromaSenim
uranijumom ispaljeno na istrazene lokacije koje su bile mete, broj pronadjenih
radioaktivnih zrna jeidalje mali. Zakljucuje se da postoje Cetiri moguca objasnjenja:
» Veéina radioaktivnih zrna se nalazi duboko ukopana u zemlji;

» Radioaktivna zrna su rasuta po velikoj, nedostupnoj teritoriji, u minskim
poljima;

» Uklonjena su tokom nasumicnog ¢iséenja lokacija ili tokom aktivnosti
uklanjanja mina;

» Uklonjena su u okolnostima izvan kontrole vlasti (npr. od strane lokalnog
stanovnistva).

Najverovatnije i najpodesnije objasnjenje je prvo, a takodje je moguce da su se i
ostala tri scenarija odigrala.
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5)

6)
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b) Korozija radioaktivnih zrna: Korozija se odvija relativno brzo kada radioaktivno
zrno ostane u tlu, okruzeno zemljom. Radioaktivno zrno moze potpuno da korodira
u proizvode korozije (npr. uranijumske okside i karbonate) u roku od 25-35 godina
po udaru. Ovi proizvodi korozije, pak, mogu da se rastvore i raznesu u vodi.
Medjutim, brzina korozije zavisi od sastava zemljista. Ukoliko radioaktivno zrno
leZi na povrsini tla, brzina korozije je znatno sporija.

c) Dodirivanje radioaktivnog zrna: Korodirani uranijum nije ¢vrsto vezan i lako se
odvaja. Dakle, osoba koja podigne takvo radioaktivno zrno bilako mogla da bude
kontaminirana. Cakiako je verovatni unos u telo koji sledi mali, ne treba zanemariti
radioloske i toksikoloske rizike. Ako se radioaktivno zrno stavi blizu tela, npr. u
dzep, uslediée spoljasnje ozracavanje koze beta zracima. Nekoliko nedelja
kontinuirane izloZenosti moze dovesti do lokalizovanog ozrac¢avanja dozama
zrafenja koje premasuju sigurnosne standarde. Cak i u tim sluéajevima, nije
verovatno da bi takva izloZenost rezultovala bilo kakvim stetnim posledicama po
zdravlje.

d) Slucajno pronalaZenje radioaktivnih zrna: Ukopana radioaktivna zrna i njihove
kosuljice mogu biti slu¢ajno izneti na povrsinu kopanjem s ciljem uklanjanja zemlje
ili pri gradjevinskim radovima. Odgovarajuéi rizici bi tada bili isti kao u slucaju
radioaktivnog zrna i koSuljice koji trenutno leZe na povrsini tla.

e) Sastav radioaktivnog zrna: U analiziranim radioaktivnim zrnima pronadjeno je
prisustvo transuranijumskih elemenata, plutonijuma 239/2401neptunijuma-237,
kao i izotopa uranijuma U-236 u osiromaSenom uranijumu. Medjutim,
koncentracija tih elemenata bila je veoma niska, u okviru granica navedenih u
vojnoj literaturi dostupnoj javnosti, i nije imala ikakav znacajan uticaj na njihovu
opstu radioaktivnost ili bila opasna po zdravlje. Sastavje u skladu sa radioaktivnim
zrnima pronadjenim tokom prethodnih misija.

Kontaminacija zemljista:

Ispitivana je kontaminacija potpovrSinskog zemljista iznad i ispod radioaktivnih zrna.
Radioaktivna zrna su lezala u nedirnutoj zemlji prekrivenoj travom, na dubini od
3-8 cm ispod povrsine tla. Kontaminacija zemljista oko radioaktivnog zrna iznosila je
45 g osiromaSenog uranijuma po kilogramu zemlje. Na dubini do 10 cm ispod
radioaktivnog zrna, koncentracija osiromasenog uranijuma se smanjivala za 2 reda, a
na dubini od sledeéih 30 cm za dodatna 3 reda velicine. Na osnovu ovih zapazanja
zakljucuje se da je mobilnost korodiranog osiromasenog uranijuma u trenutnom
sastavu zemljista niska zbog €injenice da je usporena sorpcijom i koprecipitacijom sa
mineralima. Kontaminacija podzemnih voda nije verovatna zbog male mobilnosti
proizvoda korozije osiromaSenog uranijuma.

Kontaminacija vode:

a) OsiromaSeni uranijum bio je jasno identifikovan u jednom od uzoraka vode za pice.
Drugi uzorak vode za pi¢e iz bunara pokazao je tragove kontaminacije osiromasenim
uranijumom, koje je bilo moguce detektovati samo upotrebom masenih
spektrometrijskih merenja. Koncentracije su veoma niske i odgovarajuce doze
radijacije beznacajne i ne predstavljaju ikakvu opasnost po zdravlje. To je takodje 1
slucaj u vezi sa toksicnoscéu uranijuma kao teskog metala. Medjutim, s obzirom da
nisu poznati detalji mehanizma kojim se voda kontaminira, zakljucuje se da treba
nastaviti sa uzorkovanjem i merenjem vode tokom sledecih nekoliko godina.




7)

b) Kao sto je gore zakljuceno, verovatno je ve¢ina radioaktivnih zrna skrivena u zemlji.
Ovaradioaktivna zrna bimogla predstavljati opasnost od kontaminacije podzemnih
voda i vode za pi¢e u buduénosti posto se neki od ovih izvora vode nalaze blizo
linije napada. Ovo vazi u slu¢aju uzoraka koji ukazuju na kontaminaciju. Iako je
mobilnost osiromasenog uranijuma niska, do kontaminacije moze do¢i ako se
radioaktivno zrno nalazi u neposrednoj blizini izvora vode. Ispaljivanje velikog
broja zrna sa osiromasenim uranijumom u nekoj oblasti moglo bi da poveca
potencijalni izvor kontaminacije uranijumom podzemnih voda za faktor od 10 do
100, u poredjenju sa kontaminacijom koju proizvodi jedno radioaktivno zrno. Mada
¢e doze zracenja biti niske, rezultirajuc¢a koncentracija uranijuma moZze da premasi
zdravstvene standarde WHO ili preporuke vezane za vodu za pice.

Kontaminacija bioindikatora:

Prisustvo osiromasenog uranijuma pronadjeno je u uzorcima liSajeva na 3 gore navedene
lokacije. To je pokazatelj da su neka radioaktivna zrna pogodila mete i tvrde povrSine,
delom se pretvorila u prasinu koja se rasprostrla po vazduhu. Ovo takodje ilustruje da
analiza uzorka liSajeva predstavlja koristan metod monitoringa kvaliteta Zivotne sredine.

Uzorci povréa:

Dva uzorka povréa (kupusa) uzeta su u blizini nekadasnjeg objekta za popravku
tenkova u HadZi¢ima. Rezultati analize ova dva uzorka nisu dovoljna za izvodjenje
ikakvog naucnog zakljucka. Nema razloga za ocekivanje osiromasenog uranijuma u
hrani zbog male brzine Sirenja u zemljistu i niskog faktora apsorpcije u hrani.

Kontaminacija vazduha:

a) Kontaminacija vazduha osiromasenim uranijumom pronadjena je na dve lokacije
gde je potvrdjena upotreba osiromasenog uranijuma. Razlog tome moze biti
ponovno podizanje u vazduh Cestica osiromasenog uranijuma vetrom ili ljudskim
aktivnostima sa tacaka kontaminacije, korodiranih radioaktivnih zrna ili
fragmenata koji leZe na povrS$ini tla. Koncentracije su bile veoma niske i
rezultirajuce doze zracenja male i beznacajne. OsiromasSeni uranijum nije
detektovan u vazduhu na razdaljinama veé¢im od 100 m od kontaminiranih oblasti.
Razlog tome mogu biti ogranic¢enja instrumenata za detekciju.

b) Kontaminacija vazduha i nekih povr§ina osiromaSenim uranijumom utvrdjena je
unutar dve zgrade na dve gore navedene lokacije. Razlog tome moze biti ponovna
suspenzija Cestica osiromasenog uranijuma vetrom ili ljudskim aktivnostima od
tacaka kontaminacije, korodiranih radioaktivnih zrna ili delova koji leZze na
povrsini tla u zgradama, kao i prasine osiromasenog uranijuma koja se zadrzala u
zgradi jo$ od vremena napada. Iako niski izmereni nivoi rezultiraju u dozama koje
sumaleibeznacajne, UNEP smatra daje izlaganje takvom izvoru nepotrebno. Dakle,

vev o

preporucuju se mere predostroznosti ¢iS¢enja kontaminiranih delova.

10) Podizanje svesti:

Tokom cele misije, tim UNEP je primetio da radnici i civili koji imaju pristup ovim
lokacijama, kao i vojno osoblje i osoblje koje radi na uklanjanju mina, nisu svesni ili
pogresno shvataju rizike i, uopste, pitanja vezana za municiju sa osiromasenim
uranijumom.

11) Metodologija:

Koris¢ene tehnike, oprema i metodologije veoma su dobro funkcionisale tokom misije
a iskustvo steceno tokom prethodnih misija je doprinelo uspe$nim procenama.
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12) Zastita od zracenja i radijaciona sigurnost:

a) Tek nedavno je u BiH uspostavljena infrastruktura sigurnosti od zracenja. U
Federaciji BiH, Parlament je 1999.g. odobrio novi Zakon o zastiti od zracenja i
radijacionoj sigurnosti, koji je postavio osnovu za novi requlatorni sistem. U
Republici Srpskoj je 2001. usvojena legislatura u skladu sa medjunarodnim
standardima IAEA u vezi sa zastitom od jonizujuéeg zracenja. Napori ucinjeni radi
uspostavljanja institucionalnog okvira za zastitu od zracenja u BiH od kraja
konflikta zavredjuju pohvale, imajuéi u vidu ogranicena sredstva na raspolaganju
i ohrabrujuée rezultate koji su postignuti, mada je neophodno jos rada kako bi se
poboljsala zastita od zracenja.

b) Pored dva nezavisna pravna okvira za zastitu od zracenja, u Federaciji i Republici
Srpskoj su osnovana dva odvojena regulatorna tela i organizacije za zastitu od
zracenja. Ovo rezultira u dupliranju sluzbi i aktivnosti to je narocito nepodesno s
obzirom na nedostatak raspolozZivih sredstava. Nedostatak saradnje izmedju dve
organizacije koje se bave zastitom od zracenja negativno utice na uspostavljanje i
sprovodjenje efikasnog rezima radijacione sigurnosti u Bosni i Hercegovini.

c) Odlagaliste za radioaktivni otpad niskog nivoa u Federaciji BiH predstavlja adekvatan
objekat za bezbedno skladistenje radioaktivnog otpada na toj teritoriji, ukljucujuéi i
ostatke osiromasenog uranijuma. Rad na izgradnji objekta za obradu i skladistenje
radioaktivnog otpada je zapocet, ali u poslednjih godinu dana nije nacinjen znacajan
pomak. Ovaj objekat e poboljsati sposobnost Centra za zastitu od zracenja da skladisti
radioaktivni otpad. NaZalost, u Republici Srpskoj ne funkcionise nikakvo odlagaliste
zaradioaktivni otpad niskog nivoa iako je uc¢injen napredak ka pronalazenju moguce
lokacije gde bi se takvo odlagaliste moglo da izgradi.

d) U BiH je pre rata kori$¢en znatan broj radioaktivnih izvora, kao $to su industrijski
izvori, gromobrani i javljaci pozara. Evidencija o njima vise nije dostupna. Mnogi
od tih izvora su zastareli, ili su izgubljeni ili oSteceni tokom rata i jo§ nisu
pronadjeni. Opasnost od potencijalne izloZenosti ovim izvorima je znatno veca od
izloZenosti ostacima osiromaSenog uranijuma. Treba razmotriti skladistenje i
kasnije odlaganje ovih izvora, a pogotovo pronalaZenje i bezbedno skladistenje ili
odlaganje takvih izvora koji su izgubljeni ili osteceni tokom rata.

e) Mada uobicajena kontrola Zivotne sredine nije jedno od najvaznijih prioriteta za
BiH tamo gde nema znacajnih izvora radioaktivnosti iz objekata zabrinjavajuce je
Sto se nikakve aktivnosti ne sprovode kako bi se obezbedila zastita stanovnistva u
oblastima kojima ono ima pristupa, a gde postoji radijacija i/ili opasnost od
kontaminacije. Ovo se pogotovo odnosi na one oblasti u kojima se nalaze osteceni
ili napusteni i nekontrolisani izvori, $to je posledica ratnih sukoba.

13) Pitanja vezana za zdravlje:

Zbog nedostatka pravilno vodjene evidencije oboljenja od raka i sistema izvestavanja,
tvrdnje o povecanju stope negativnih efekata po zdravlje prouzrokovanih osiromasenim
uranijumom ne mogu biti potkrepljeni. Ohrabruje Sto su vlasti BiH zapocele
sprovodjenje sistema registrovanja slucajeva i sistema izvestavanja kako bi otkrile i
izvestile o oboljenjima od raka u zemlji. To bitrebalo da omoguéi utvrdjivanje istinitosti
tvrdnji uvezi sa promenama ucestalosti oboljevanja od raka. Naucni podaci o uranijumu
1 efektima osiromasenog uranijuma po zdravlje do kojih se doslo tokom poslednjih
pedeset godina i veoma mala izloZenost utvrdjena tokom ove misije UNEP ukazuje da
postoji veoma mala verovatnocéa da osiromaseni uranijum moze na bilo koji nacin biti
povezan sa ovim prijavljenim posledicama po ljudsko zdravlje.
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14)Kutija sa osiromasenim uranijumom:
Jedan od zadataka UNEP bio je da istrazi istorijat i lokaciju kutije sa zrnima sa
osiromasSenim uranijumom, fragmentima, kosuljicama i caurama, koja se prvobitno
nalazila u nekadasnjem objektu za popravku tenkova u Hadzi¢ima (videti Poglavlje
7.1). Na osnovu faksa NATO datiranog 3. decembar 2002. god, kutija sa sakupljenim
materijalom sa osiromasenim uranijumom preneta je u proleée 2001. god. u nacionalni
objekat SAD, izvan Bosne i Hercegovine radi odlaganja.

15) Teski metali:
NatriistraZene lokacije izmerena je visoka kontaminacija povrSine tla teskim metalima
(objekat za proizvodnju municije u Vogos¢i, lokacije za unistenje municije u Kalinoviku
ina platou na Bjelasnici). Takva kontaminacija bi u buduénosti mogla da bude opasna
po zdravlje. Posto su veé dostignute vrednosti za odredjene elemente u zemljistu koje
zahtevaju intervenciju, potrebno je izvrsiti dodatno istrazivanje kako bi se situacija
pravilno procenila.
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Recommendations

1. Measure contamination and detect possible DU.
At all sites in BiH where DU was used, the appropriate authorities should undertake
investigations using field measurement equipment suitable for (1) making complementary
searches for possible local ground contamination of significance, and (ii) detecting the
presence of penetrators, jackets/casings and contamination points on the ground surface.
At the same time, the feasibility of any necessary clean-up and decontamination measures
should be assessed.

2. Decontaminate contamination points.
All contamination points, including those marked by UNEP and those which may be
found in the future, both indoors and outdoors, should be cleaned from loose DU and
covered with asphalt, concrete or clean soil depending on the ground surface. The sites
should be properly documented for possible future activities.

3. Handle and dispose of DU material properly.
If any penetrators, fragments or jackets are found in the future, the following steps are recommended:
* The location of all found penetrators should be properly documented;
* Any such material should be collected by authorized personnel;
*  Once collected, they should be safely stored as decided by responsible authorities;
* Proper disposal methods should be developed.

4. Keep records on the DU sites.
There are reasons to believe that many penetrators remain buried deep in the ground at
DU-affected sites. It is recommended to the BiH authorities that adequate documenta-
tion be kept on each site to inform local populations of the presence of DU at these sites,
thereby minimizing any risks in the future, for example from any rebuilding activities that
occur at the sites. This documentation should include specific site information concern-
ing DU.

5. Appropriate planning prior to any soil disturbance.

Planning for any future soil disturbance or removal of vegetation should consider the risk
of DU dispersion in air and inhalation of DU dust. In addition, the potential for subse-
quent contamination of land from corroded penetrators should be taken into account.
Buried penetrators brought up to the surface and any newly discovered contamination
points should be cleaned and/or removed and disposed of safely, as determined by the
relevant competent authorities. As a result, appropriate contingency plans should be
developed prior to ground-breaking activities when working at sites where DU weapons
have been used.

6. Clean the contaminated buildings.
To reduce the risk of resuspension of DU dust inside contaminated buildings, either
vacuum-cleaning techniques, with high-quality filters that help contain any DU parti-
cles collected, or wet cleaning methods should be used in cleaning the interior of such
buildings.

7. Test the drinking water yearly.
Where the presence of DU at a site was confirmed by penetrators, soil or water contamination,
sampling and measurements on water at or from the site should be made annually if that water
is used for drinking purposes. The same applies to any areas which may source their water or
be located in the direction of groundwater flow from a contaminated area.

Depleted Uranium in Bosnia and Herzegovina




10.

11.

12.

13.

14.

15.

16.

17.

Avoid contaminated water.
If tests show that there is DU contamination in the water, for precautionary reasons,
other water sources should be used to supply drinking water.

Do not transport DU to ammunition destruction sites.

The destruction of ammunition by explosives should not include any DU ammunition or
DU-contaminated material, otherwise secondary contamination may occur in the form
of DU fragments or dust.

Implement the site-specific recommendations.
The site-specific recommendations contained in Chapter 7 of this report should be im-
plemented without delay at the discretion of the relevant and competent authorities.

Release the missing DU coordinates.

DU decontamination and protection of the civilian population can only be done when
the precise coordinates of a DU-attack are known. The longer time elapses since the time
of the attack, the more difficult it is to implement countermeasures, including decontami-
nation. As six NATO DU-attack coordinates in the vicinity of Sarajevo are still missing,
these should be disclosed to the BiH authorities without delay.

More scientific work needed.

Further scientific work should be carried out to reduce the scientific uncertainties related
to the assessment of the environmental impact of DU. This particularly concerns corro-
sion of DU, dispersion in the ground, uptake by groundwater or drinking water,
resuspension and dispersion in air, and possible sources of DU in vegetation.

Inform the civilian population and military and mine-clearing personnel.

The responsible authorities should consider awareness-raising activities for the local popu-
lation in general and both military and mine clearance personnel in particular. A flyer or
leaflet, such as that already existing for mine safety, could be produced and distributed.
This should include information about DU in general, associated risks, handling and stor-
age, and contact information for relevant authorities.

Train experts for DU decontamination.

The responsible authorities should develop a training course for designated personnel to
act as authorized persons in the field of DU mitigation. Such a course would ideally
include clean-up measures.

Investigate all health claims.

The relevant health authorities should continue the development of a cancer reporting
system and registry and investigate claims of health effects from exposure to depleted
uranium in order to determine if any increased incidences of health issues exist.

Develop descriptive and analytical epidemiological studies.

All claims regarding health deterioration allegedly caused by exposure to DU should be

addressed by the relevant health authorities. This can be facilitated by:

* developing descriptive epidemiological studies to respond to questions of changes in
frequency and distribution of cancers in the population.

* developing analytical epidemiological studies to investigate the potential contribution
of risk factors including environmental risks and DU exposure, as well as other risk
factors, to specific types of cancer

Develop health cooperation between the Federation of BiH and Republika Srpska.
The relevant authorities within the FBiH and Republika Srpska should cooperate further
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18.

19.

20.

21.

22.

23.

24.
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to facilitate the development of the activities between medical researchers, population
offices and cancer registries, as exchange of information is likely to be necessary to achieve
the above goals. Furthermore, studies of rare cancers generally could benefit from case
studies in the FBiH and the Republika Srpska.

Strengthen the radiation safety authorities.

The radiation safety infrastructure for the whole of BiH needs to be strengthened. The
support provided by the IAEA, through the programme of the Technical Co-operation
Department, should help to ensure that this is achieved.

Improve radiation safety cooperation between FBiH and Republika Srpska.

The existence of two distinct separate infrastructures and lack of cooperation between
the two radiation protection organizations in the FBiH and Republika Srpska are causes
of concern. A closer collaboration between the two organizations responsible for radia-
tion safety would be welcome, as it would be beneficial to the establishment and imple-
mentation of an efficient radiation safety regime in the whole of BiH. Efforts should be
made at the international level to foster this collaboration.

Build facilities for radioactive waste treatment and storing.

The FBiH and Republika Srpska authorities should be encouraged in their efforts to build
new — or complete ongoing — radioactive waste treatment and storage facilities. Support
for these activities could be provided by the IAEA through its Technical Co-operation
programme.

Mitigation of all radioactive waste.

Storage of depleted uranium residues in BiH should be dealt with within the wider con-
text of the safe disposal of radioactive waste in the country. The authorities of the FBiH
and the Republika Srpska should also record, safely store and eventually dispose of the
large number of obsolete radioactive sources, such as industrial sources, lightning rods
and smoke detectors present on the territory of BiH, and in particular those which were
damaged during the war. The risks from potential exposure to these sources are signifi-
cantly higher than those from exposure to depleted uranium residues.

Monitor the targeted sites for radioactivity.

Monitoring of radiation and radioactive contamination in areas affected by the war should
be addressed by the authorities in BiH, with particular attention, in view of the risk of
potential exposures, to the different sources mentioned above, including depleted ura-
nium.

Use proper measures to avoid heavy metal contamination.

Sites where soil contamination by heavy metals was measured, the following recommenda-

tions could apply:

* TFurther chemical analyses, including of soil, rainwater runoff and groundwater, should be
undertaken in order to gain a more complete picture of heavy metal contamination;

* 'The sites should be properly documented;

* Safety measures should be considered, such as fencing off ammunition destruction sites,
in order to prevent civilian access;

*  Grazing of farm animals should be prevented on these sites.

Investigate other regions where DU has been used.

Scientific work should also be conducted in other post-conflict areas where DU has been used. To
fully understand how DU behaves in the natural environment, areas with climatic conditions and soil
composition other than those which occur in the Balkans region should also be investigated. UNEP,
TAEA and WHO should continue to address this issue jointly.
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Preporuke

1.

Izmeriti kontaminaciju i detektovati mogucéi osiromaseni uranijum

Na svim lokacijama u BiH gde je koriS¢en osiromaseni uranijum, nadlezne vlasti trebalo
bi da preduzmu istraZivanje koriste¢i opremu za terensko merenje koja je adekvatna
za (a) komplementarne potrage za mogucom znatnom lokalnom kontaminacijom
zemljista, i (b) detektovanje prisustva radioaktivnih zrna, kosSuljica, Caura i tacaka
kontaminacije povrSinskog sloja zemljista. Istovremeno trebalo biprocenitiizvodljivost
svih neophodnih mera za ¢iS¢enje i dekontaminaciju.

Dekontaminirati tacke kontaminacije

Sve tacke kontaminacije, ukljuc¢ujuéi one koje je obelezio tim UNEP i one koje ¢e
eventualno biti pronadjene u buduénosti, kako u unutrasnjosti zgrada tako i napolju,
treba da budu ociscene od rasutog osiromasenog uranijuma i pokrivene asfaltom,
betonom ili ¢istom zemljom u zavisnosti od povrSine tla. Ova mesta trebalo bi da budu
pravilno evidentirana zbog eventualnih buduéih aktivnosti.

Pravilno rukovati i odlagati materijal sa osiromasenim uranijumom
Ukoliko u buduénosti budu pronadjeni nova radioaktivna zrna, fragmentiili kosuljice,
preporucuju se sledeci koraci:

e Lokacije svih pronadjenih radioaktivnih zrna treba da bude pravilno
dokumentovane;

e Sav takav materijal treba da sakupi ovlaséeno osoblje;

* Posto je sakupljen, taj materijal treba da bude bezbedno uskladisten, u skladu sa
odlukom nadleznih lokalnih vlasti;

* Treba razviti pravilne metode odlaganja takvog materijala.

Voditi evidenciju o lokacijama na kojima se nalazi osiromaseni uranijum
Postoje razlozi za verovanje da su mnoga radioaktivna zrna ostala duboko ukopana u
zemlji na lokacijama gadjanim osiromaSenim uranijumom. Preporucuje se da vlasti
BiH vode adekvatnu dokumentaciju o svakoj takvoj lokaciji kako bi lokalno
stanovnistvo bilo informisano o prisustvu osiromasenog uranijuma na tim lokacijama,
¢ime se minimizuju rizici u buduénosti, npr. tokom gradjevinskih radova na tim
lokacijama. Ta dokumentacija bi trebalo da sadrZi informacije o osiromasenom
uranijumu na toj konkretnoj lokaciji.

Pripremiti odgovarajuce planove pre pomeranja zemljista

Planiranje svakog pomeranja zemljista ili uklanjanja vegetacije u buduénosti treba da
uzima u obzir rizik rasprostiranja osiromasenog uranijuma u vazduhuiudisanja prasine
osiromasenog uranijuma. Takodje, treba uzimati u obzir moguénost kasnijeg zagadjenja
zemljista korodiranim radioaktivnim zrnima. Ukopana radioaktivna zrna koja su izneta
na povrsinu i sve novopronadjene tacke kontaminacije treba da budu bezbedno
ociSéene, uklonjene i odloZene u skladu sa odlukom odgovarajuéih nadleznih vlasti.
Zato treba razvijati adekvatne alternativne planove pre otpocinjanja aktivnosti
pomeranja zemljista prilikom rada na lokacijama gde je koriSéeno naoruzanje sa
osiromasenim uranijumom.

Ocistiti kontaminirane zgrade

Kako bi se smanjila opasnost od ponovnog podizanja prasine s osiromasenim
uranijumom u kontaminiranim zgradama, za ¢is¢enje unutrasnjosti takvih zgrada treba
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koristiti ili tehnologiju usisivaca sa visokokvalitetnim filterima koji zadrzavaju sve
Cestice osiromasSenog uranijuma ili metode vlaznog ¢iséenja.

Godisnje testirati vodu za pice

Na lokacijama gde je potvrdjena upotreba osiromasSenog uranijuma prisustvom
radioaktivnih zrna, kontaminacije vode ili zemljista od strane misije UNEP, jednom
godisnje treba vrsiti uzorkovanje i merenje vode na toj lokaciji ili vode koja dotice od
nje ukoliko je ta voda namenjena za pice. Ovo se preporucuje i u slucaju svih oblasti
Ciji se izvor vode nalazi u kontaminiranoj oblasti, ili koje se nalaze u pravcu toka
podzemnih voda koje dolaze iz kontaminiranih oblasti.

Izbegavati kontaminiranu vodu
Ukoliko testovi pokazu da je voda zagadjena osiromaSenim uranijumom, iz
predostroznosti treba koristiti druge izvore vode za pice.

Ne odnositi osiromaseni uranijum na mesta gde se unistava municija

Prilikom unistavanja municije eksplozijom, u njoj ne treba da se nalazi bilo kakva
municija sa osiromaSenim uranijumom ili materijal kontaminiran osiromasenim
uranijumom, jer moZe do¢i do sekundarne kontaminacije u obliku Cestica ili prasine
sa osiromasenim uranijumom.

10. Sprovoditi preporuke za konkretne lokacije

11.

Preporuke za konkretne lokacije koje se nalaze u Poglavlju 7 ovog izvestaja treba da
budu sprovedene bez odlaganja po odluci odgovarajucih nadleznih vlasti.

Objaviti koordinate tacaka u kojima je upotrebljen osiromaseni uranijum koje
nedostaju

Proces dekontaminacije prostora od osiromaSenog uranijuma i zastita civilnog
stanovnistva mogu biti sprovedeni samo ako su poznate koordinate napada oruzjem
sa osiroma$enim uranijumom. Sto vise vremena prodje od vremena napada, to je teze
sprovoditi protivmere, ukljucujuéi dekontaminaciju. Posto i dalje nedostaju koordinate
NATO za 6 lokacija koje su napadnute osiromasSenim uranijumom, vlasti BiH treba da
budu upoznate sa ovim koordinatama bez odlaganja.

12. Sprovesti dodatni nauéni rad

13.

14.
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Dodatni naucnirad trebalo bi da bude sproveden kako bi se smanjile nau¢ne nejasnoce
vezane za procenu uticaja osiromasenog uranijuma na zivotnu sredinu. Ovo se pogotovo
odnosi na koroziju osiromasenog uranijuma, Sirenje u zemlji, apsorpciju u podzemnim
vodama ili vodi za pice i ponovno podizanje u vazduh i rasprostiranje njime, kao i na
moguce izvore osiromasenog uranijuma u vegetaciji.

Informisati civilno stanovnistvo, vojno osoblje i osoblje koje se bavi uklanjanjem mina
Nadlezne vlasti trebalo bi da razmotre aktivnosti za podizanje svesti lokalnog
stanovnistva uopste, a pogotovo vojnog osoblja i osoblja koja vrsi uklanjanje mina.
Mogao bi da se pripremi i razdeli letak ili pamflet kao $to je onaj postojeéi u vezi sa
sigurno$¢u od mina. U njemu bi se nalazile opste informacije o osiromaSenom
uranijumu, rizici koje on donosi, nacin rukovanja i skladistenja, i informacije o nacinu
kontaktiranja nadleznih vlasti.

Obuciti strucnjake za dekontaminaciju od osiromasenog uranijuma

Nadlezne vlasti treba da razviju kurs obuke za odabrano osoblje, koje bi bilo ovlaséeno
za ublaZavanje posledica osiromasenog uranijuma. Takav kurs bi u idealnom slucaju
ukljucivao i mere Ciscenja.




15. Istraziti sve tvrdnje o posledicama osiromasenog uranijuma po zdravlje
Nadlezne zdravstvene vlasti treba da nastave sa razvojem sistema izvestavanja i
evidentiranja oboljevanja od raka i i da istrazuju sve tvrdnje vezane za posledice
izloZenosti osiromasSenom uranijumu po zdravlje kako bi ustanovile da li postoji
povecanje ucestalosti zdravstvenih problema.

16. Razviti opisne i analiticke epidemioloske studije
Odgovarajuce zdravstvene vlasti treba da prouce sve tvrdnje vezane za pogorsanje
zdravlja koje je navodno prouzrokovano izloZenoséu osiromasenom uranijumu. To se
moze olaksati:

» Razvojem opisnih epidemioloskih studija kako bi se odgovorilo na pitanja promena
u ucestalosti i geografske rasprostranjenosti oboljevanja stanovnistva od raka.

» Razvojem analitickih epidemioloskih studija kako bi se istraZio potencijalni
doprinos faktora rizika, ukljucujuéi rizik po Zivotnu sredinu, i i doprinos
izlozenosti osiromaSenom uranijumu, kao i drugih faktora rizika, pojavi
odredjenih vrsta raka.

17. Razviti saradnju u oblasti zdravstva izmedju Federacije BiH i Republike Srpske
Odgovarajuce vlasti u Federaciji i Republici Srpskoj trebalo bi da dodatno saradjuju
kako bi olaksale razvoj gore navedenih aktivnosti izmedju medicinskih istrazivaca,
statistickih sluzbiiregistratoralica obolelih od raka, posto ¢e verovatno biti neophodna
razmena informacija, kako bi se postigli gore navedeni ciljevi. Stavise, studije retkih
oblika oboljenja raka ¢e mozda zahtevati proucavanje slucajeva u Federaciji BiH i
Republici Srpskoj da bi bile u stanju da pronadje odgovor na pitanje studije.

18. Konsolidovati vlasti koje se bave radijacionom sigurnoséu
Potrebno je ojacati infrastrukturu radijacione sigurnostiu celoj BiH. Podrska koju pruza
TAEA kroz program Odeljenja za tehnicku saradnju trebalo bi da obezbedi jacanje
nacionalne infrastrukture radijacione sigurnosti.

19. Poboljsati saradnju Federacije BiH i Republike Srpske u oblasti radijacione
sigurnosti
Postojanje dve zasebne, odvojene infrastrukture i nedostatak saradnje izmedju dve
organizacije za zastitu od zracenja u Federacijii Republici Srpskoj izazivaju zabrinutost.
Bliza saradnja izmedju dve organizacije zaduZzene za zastitu od zracenja bila bi
dobrodosla, jer bi doprinela uspostavljanju i sprovodjenju efikasnog rezima zastite od
zracenja u celoj Bosni i Hercegovini. Treba uloziti napore na medjunarodnom nivou
kako bi se ova saradnja podsticala.

20. Izgraditi objekte za obradu i skladistenje radioaktivnog otpada
Treba podsticati vlasti Federacije BiH i Republike Srpske u naporima da izgrade nove
ili dovrSe postojece objekte za obradu i skladistenje radioaktivnog otpada. Podrsku
ovim aktivnostima mogla bi da pruzi IAEA preko svog programa za tehnicku saradnju.

21. Sanirati sav radioaktivni otpad

Skladistenje ostataka osiromaSenog uranijuma u BiH treba vrSiti u Sirem kontekstu
bezbednog odlaganja radioaktivnog otpada u drzavi. Vlasti Federacije i Republike
Srpske takodje treba da vode evidenciju, bezbedno skladiste i u neko doba da odloze
veliki broj zastarelih izvora radioaktivnosti, kao sto su industrijski izvori, gromobrani,
1javljaci pozara prisutni na teritoriji BiH, pogotovo onih koji su osteéeni tokom rata.
Opasnost od potencijalne izloZenosti ovim radioaktivnim izvorima je znatno veéa od
rizika izlaganja ostacima osiromasenog uranijuma.
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22. Vrsiti monitoring pogodjenih lokacija radi uocavanja radioaktivnosti
Vlasti BiH s posebnom paznjom treba da vrSe monitoring radijacione i radioaktivne
kontaminacije u oblastima pogodjenim ratom s obzirom na opasnost od moguceg
izlaganja raznim gore opisanim radioaktivnim izvorima, ukljuc¢ujuéi osiromaseni
uranijum.

23. Primenyjivati pravilne metode kako bi se izbegla kontaminacija teskim metalima
Sledece preporuke odnose se na lokacije gde je izmereno zagadjenje zemljista teSkim
metalima:

* Preduzeti dodatne hemijske analize, ukljucujuéi analize zemlje, izlivene kiSnice
1 podzemnih voda, kako bi se dobila potpunija slika kontaminacije teskim
metalima na takvim lokacijama.

» Voditi pravilnu dokumentaciju o tim lokacijama.

* Razmotriti sigurnosne mere, kao sto je ogradjivanje lokacija na kojima se unistava
municija, kako bi se sprecio pristup civila tim lokacijama.

o Spreciti napasanje domacih zivotinja na tim lokacijama.
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24. Istraziti ostale regije u kojima je koriséen osiromaseni uranijum
Naucni rad takodje treba da bude sproveden u drugim post-konfliktnim oblastima u
kojima je kori$éen osiromaseni uranijum. Kako bi se u potpunosti razumelo ponasanje
osiromasSenog uranijuma u zivotnoj sredini, trebalo bi istraZiti i oblasti u kojima se
klimatski uslovi i sastav zemljista razlikuju od onih na Balkanu. UNEP, IAEA i WHO
trebalo bi da nastave da se zajedno bave ovim pitanjem.
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Site-specific findings

cal (biota), air, penetrators, special studies and heavy metals can be found respectively

in Appendices D, E, F, G, H, I, ] and K. Complete investigation and sampling tech-
niques are discussed in Appendix C 'Methodology and Quality Control'. Lichen samples (identi-
fied in this chapter by an asterix) were subdivided into single-species sub-samples. All sub-
samples have the same number as the original samples but with an additional letter. The same
applies to all lichen samples taken during the mission at various sites.

D etailed results of the sample findings mentioned in this chapter for soil, water, botani-

7.1 HADZICI TANK REPAIR FACILITY, 14-15 OCTOBER 2002

#9, #14, #15
34T BP 74100 / 56950

Two large hard-surface yards where a large number of tanks and
vehicles were located at the time of attack, as well as the large
buildings near the central yard where tank repair activities took
place.

5 and 9 September 1995
1500

Large, fenced area with mine warnings around the perimeter.
The site has limited access privileges to those working within the
local businesses that are presently located within the complex
(lumber, storage, car repair, etc.).

325 m x 850 m

Hadzici municipality currently has a mostly Muslim population of
about 20 660 inhabitants. Detached and multi-family houses and
flats surround the targeted site. A few hundred people live in the
immediate vicinity.

The former Hadzici Tank Repair Facility is approximately 1 km
from the centre of Hadzici town. It was once a large operating
facility with a number of buildings of various sizes, most of which
were partly destroyed at the time of attack.

Site description and general information

The former Hadzic Tank Repair Facility is situated in an east-west oriented valley. The site is
fenced and has limited access privileges, but the area outside of the fence has unlimited public
access. Inside the facility area are numerous small and large workshops, storage barns and
buildings. Most of these were bombed during the war, and some totally destroyed, with only
concrete pads now left. Many of the remaining buildings are still partly destroyed. Repairs are
ongoing and several of the bombed buildings are now used as workshops or storage areas.

The western part of the facility was the main target for A-10 attacks with DU ammunition.
Penetrators hit tanks and vehicles which were parked in the open yards, and also hit a number
of the workshops and buildings.

A large portion of the facility contains hard surfaces such as asphalt, concrete or basalt cob-
blestones. These surfaces aid rainwater to discharge into a small canalized stream that runs
through the facility. Although surface rainwater runoff is probably discharged into the stream,
this is unlikely to be the case for the area's groundwater. Although the drainage direction for
groundwater is uncertain, it is probably from the sides of the valley towards the stream.
Thus, any potential contamination of stream water by DU would have occurred after the
attack and may still be continuing.
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An overview of the Hadzici Tank Repair Facility from a neighbouring home

The ground consists of clayey soil. There is no exposed rock in the area and the soil layer is
believed to be several metres thick. The whole area surrounding the facility was mined during the
conflict to prevent access. The mines and unexploded ammunition are only partly cleared.

During the pre-mission, repeated references were made both by SFOR and locals on the site
about the existence of a box containing loose DU ammunition, including penetrators, frag-
ments and jackets/casings. The box was studied in detail by a German SFOR troop who had
visited the site previously, and it had since been removed from the site. In January 2001,
pictures of that very box were published worldwide by the press in articles related to the issue
of DU in the Balkans. The history of this box was difficult to follow, especially with regard
to its current location. It is discussed in further detail at the end of this chapter.

Field investigation

Due to mines and the risk of unexploded ordnance, all investigations were restricted to hard
surface areas. Exceptions included small grassy areas and buildings that the BiH Mine Action
Center declared safe. Within the fenced site, most of the surface area and two buildings were
searched by on-line survey (this method is described in Appendix C). Random surveys were
done over some of the grassy areas and within a few additional buildings. No search for DU
contamination was performed outside the fenced perimeter. Special attention was given to the
cobblestone lot and the large concrete yard where tanks were positioned during the attack.

One penetrator was collected for detailed analysis. There were also indications from field
measurements of alarge number of penetrators hidden in the ground (contamination points).
Importantly, some may have spread over larger, inaccessible areas within the minefields or
have been collected at an eatlier date.

Samples taken included:

® 1 penetrator ® 7 bio-indicators (3 lichen*,

® 10 surface soil samples to a depth of 5 cm 2 moss, 2 bark/lichen*)

® 2 surface/grab samples ® 2 vegetable samples (cabbage)
® 4 water samples (1 well, 2 stream, 1 tap) ® 9 air filter samples.
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69 contamination points were found in the site’s central cobblestone yard

m General contamination

In spite of the large number of DU rounds used, there was no detectable widespread surface
contamination, either with field measurements or with soil sample measurements. Localized
surface contamination was identified in two areas. However, there were a large number of
contamination points and penetrators on or hidden beneath the surface.
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B Measurements of radiation

Conditions for detecting contamination, penetrators and fragments were favourable. During
investigations with both on-line and random surveys, the total gamma and beta radiation was
continuously measured by the SRAT and Inspector instruments (for methodology informa-
tion, see Appendix C). The background gamma radiation on hard surface areas was 0.02-
0.04 uSv/h and on soil 0.03-0.05 pSv/h. Beta radiation background was 0-1 cps. This repre-
sents very low gamma and beta radiation.

Enhanced gamma radiation was encountered at two locations, with radiation levels at
0.05-0.15 uSv/h. The radiation was emitted from two lightning rods on the roofs of build-
ings, one of which appeared to be damaged. These rods were equipped with radioactive
sources used for the ionization of surrounding air in order to attract lightning.

Special studies of possible contamination of DU by measurements of gamma and beta radia-
tion on metal, concrete and wood surfaces were carried out at 34 locations (see Appendix J).

B Penetrators, jackets and localized points of contamination

During the investigation the team found 233 points with increased radiation caused either by
contamination from DU dust formed at the time of impact, fragments or whole penetrators
on, close to or under the ground surface. Increased radiation (B3+Y or just Y ) was located to
contamination points, usually not larger than 10-50 cm in diameter. Radiation levels were
usually in the range of ten times normal background, but could also be found as high as
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100 times normal background. All contamination
points located were marked by a circle of red paint.
Widespread contamination was not encountered.

Sixty-nine contamination points were found in the cob-
blestone yard near the large workshops in the western
part of the facility. A further 160 points were located
on the concrete field lot in the northwest corner (see
map). Three contamination points were also found
inside a workshop building, and only one contamina-
tion point was found in soil. No contamination points
were found in the eastern part of the facility.

To a large extent, the penetrators that hit the con-
crete and cobblestone areas are still lying on or just
below the hard surfaces, making it favourable to find 2 e
them. Certainly, many of the penetrators that were =7~ 0w
fired also hit soft ground and remain in the soil, both 160 contamination points were found on
inside and outside the fenced area. It is expected  this large concrete surface in the site’s
that many penetrators and fragments could be found ~ northwest corner

in the soil, although in many cases penetrators will

have entered so deeply into the ground as to be

undetectable even by gamma sensitive instruments used during the mission. However, few
measurements were possible there, and no measurements were made on the railway track that
leads into the centre of the concrete yard.

Prior to leaving the area, UNEP collected penetrators and fragments lying openly on the ground as
they represented a potential health risk were they to be picked up by people working on the site.
Contaminated soil, as well as full penetrators and fragments that were buried in the ground, were
left to be removed by authorized personnel during later decontamination activities.

m Soil

DU in surface soil was only found close to impact points. Local DU dispersion could be
measured at a distance up to a few metres from penetrator impact points. Beyond a distance
of 50-100 m, no indications of widespread DU contamination could be found.

In order to define the topsoil concentration of local DU contamination and the approximate magni-
tude of the contaminated surface, 12 surface soil samples were collected from different locations
both within and outside the fenced area. Sampling sites were selected just outside of the immediate
vicinity (1-2 m) of visible impact points in order
to more accurately measure any local contami-
nation. Six samples were taken inside the fenced
area where many impact points were identified.
A further six samples were taken outside the
fenced area, where no indications of penetra-
tors or impact points could be found.

Inside the facility, only one topsoil sample
(NUC-2002-024-008) had measurable local
DU contamination of 0.2 mg/kg of soil.
This value is equivalent to only about 10 per

o _ cent of the average natural uranium concen-
Samples were taken both inside and outside the  tration in soil. The sample was collected on

fenced facility area a grass surface at a distance of about 5-10 m
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to the nearest confirmed penetrator impact point, situated on the edge of a hard surface
(concrete, asphalt).

At the edge of the large cobblestone yard near the centre of the facility, two sand samples
(NUC-2002-024-011 and NUC-2002-024-012) were collected where rainwater runoff had de-
posited a 3 cm layer of sand and dust. In this yard, and within a distance of about 50 m, many
penetrator impact points were identified. DU concentration in these two samples was 11 and
30 mg/kg, equivalent to roughly ten times the natural uranium concentration in soil. These
samples certainly included some material and residues collected directly from the penetrator
shot holes as they are known to contain much higher levels of local DU contamination.

No indication of DU contamination exceeding the detection limit could be found in any of
the samples taken outside the fenced area. Natural uranium concentration in these samples
was in the range of 2.8-4.7 mg/kg of soil, which is in the normal range of natural uranium
concentration in soil. The measured isotopic composition of the uranium was indicative of
natural uranium.

B Water samples

Four water samples were collected (APAT-BHWO1 to -BHWO04). The first was taken from a
concrete drainage well close to the bank of the small stream that crosses the site. The second
was collected directly from the stream. A third was a well-water sample taken near the office
buildings. This water is used for cooking purposes once it has been boiled. The last sample
was taken from a concrete drainage well on the eastern side of the facility. This water is also
used for drinking and cooking.

The *'U/**U and **U/**U ratios show DU contamination in one of the well-water samples
(BHWO03). Mass spectrometric data also indicated contamination in the other well-water sample
(BHWO1). It should be noted that although the measured uranium values in all samples collected
at this site are higher than other water samples collected in Bosnia and Herzegovina, the corre-
sponding radiation doses are lower than 0.1 uSv per year and are therefore insignificant.
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H Botanical samples

Four lichen and two moss samples were taken
inside the fenced area. The first lichen sam-
ple (APAT-BHO1a) was collected together
with tree bark (probably Acer sp.) due to the
very small size of the lichen. Moss was also
taken on the same tree (APAT-BHO1D).

The second moss sample (APAT-BHO04)
was taken on the soil and showed the pres-
ence of DU particles; this confirms the
earlier presence of DU in the air. Several ' .

penetrators, one jacket and a large number ~ Collecting a bark and lichen sample in Hadzici

of fragments were also found in this area.

However, as the sample lay on soil and it is difficult to clean all soil from such samples, it
is likely that there was a contribution of soil particles to the activity found in the sample.

The remaining lichen samples (APAT-BHO02a,b,c APAT-BH03a, APAT-BHO05) were col-
lected around the site. The presence of DU in all but sample APAT-BH02a indicates the
earlier presence of DU in the air, which means that at least some of the penetrators hit
hard surfaces, split into dust and dispersed into the air. It is also an indication of possi-
ble resuspension of DU from ground contamination.
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Botanical samples (APAT-BHO06a, APAT-BHO6b and APAT-BHO07) were collected from a
private garden outside the site. No presence of DU could be detected. In addition, two
vegetable samples (V-UBS1, V-UBS2) were collected for uranium isotopic determination.
However, results from these two cabbage samples were insufficient to allow for any scientific
conclusion (see Appendix F). There are no reasons to expect any DU to occur in food due to
the low dispersion rate in the ground and the low uptake factor in food.

m Air samples

Four air samples were taken during the first day and five during the second day. The first day’s
samples were taken at random in order to estimate the average uranium concentration within
the entire facility's premises (see map). During the second day, two air samplers were placed
inside buildings close to the large cobblestone yard with many contamination points in order
to ascertain any possible risk to employees currently working on the site. The three remaining
samples were taken from other areas selected in order to get a complete picture of the site.

DU in air was detected in five of the samples, including inside a building in which contamination
points were identified, in another building where no DU contamination was found with field
instruments, and on the cobblestone area where numerous contamination points and penetrators
were found. This was a new finding as it was the first time that contamination of air had been
found in the natural environment. It is necessary, however, to question whether the UNEP per-
sonnel were responsible for placing any of the DU contaminated dust in the air by digging for
penetrators or through resuspension of contaminated dust on the ground. As digging activities on
the second day began only after the air samplers were shut off, the positive result from within the
buildings supports the latter explanation. Further, it is important to note that any DU resuspension
would occur normally through the ongoing daily activities at the site (i.e. resuspension would be
caused in circumstances other than field investigations).

Samples that were taken more than 100 m away from attacked areas did not show any DU, nor
did the filter sample taken on the first day on the cobblestone area.

The uranium concentrations were in the range of 10-50 picograms per m” in all but two of the air
samples, which represents very low-level contamination of the air, and of the same order of
magnitude as the natural uranium background in air. Only in two air samples was the uranium
measured at a level of 0.4-1.0 nanograms per m’, which is in the upper natural background range.
The air resuspension factors for this site wete found in the range of (0.12-2.1) 10” m™.

m Box of DU penetrators

Neither SFOR, the workers on the site, or local authorities could provide information on the
location of the DU box. The workers on site mentioned that it had been removed by SFOR
in 2001. Further information is provided in section 7.16 below.

B Residual risks

The Tank Repair Facility was one of the most heavily attacked areas in the region, with 1 500
rounds corresponding to roughly 450 kg of uranium. Of the 1 500 reported rounds, about
15 per cent were identified during the mission based on the number of contamination points
identified. The areas searched no longer have penetrators on the surface and all identified
contamination points are marked with a circle of red paint. This should reduce the risk that
someone might unintentionally pick up a penetrator or touch a marked contamination point
and be contaminated by uranium. The risk of uranium intake and the corresponding radia-
tion dose (less than one mSv), as well as heavy-metal toxic effects, are small due to the rela-
tively low concentration of uranium (about 30 mg of uranium - mainly DU - per kg of soil),
unless the penetrator is heavily corroded. Further, potential direct intake from contaminated
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hands is small; it can be higher for children
than for adults, but in this instance the area
is fenced and is not accessible to children.

It should be mentioned that due to mines and
unexploded ordnance, not all areas or build-
ings of the site were surveyed. Away from the
searched area in unpaved parts there may still
be many penetrators hidden in the ground.
Some may also be on the surface, such that
once the area is cleared of mines, penetrators
could be picked up by someone and contami-
nate their hands. In this case, and with con-
servative assumptions on intake (1 g DU),
which also assumes bad hygiene, there is a pos-
sibility of contracting radiation doses of the order of 1 mSv (= natural background), exceeding
limits protecting against heavy metal effects. If a penetrator or fragment were placed in a pocket
and kept close to the body for several weeks, there is a possibility of absorbing a radiation dose to
the skin higher than the accepted level of radiation for workers in one year (greater than 500 mSv).

The radioactive source from lightning rods is
another important issue to address

Contamination of soil was found only at and close to the contamination points and therefore
there are no foreseen future risks of widespread ground contamination.

With respect to water contamination, the rate of penetrator corrosion can be relatively high de-
pending on the chemical qualities of the surrounding soil. Complete corrosive disintegration can
occur in 25-35 years. However, the solubility and — thereby — susceptibility to contamination of
groundwater and subsequent drinking water is even more uncertain. In one of the wells there was
a clear indication of DU contamination, and a weak indication in one of the concrete drainage
wells (see Appendix E). The concentration in both was very low and insignificant from a radio-
logical and chemical-toxicological point of view. This can obviously change with time, and possi-
ble future DU contamination of well-water will depend on the dissolution rate and solubility of
DU and the well-water uptake area. There are so many uncertain factors governing the possible
contamination of water that it is impossible to predict future contamination levels. Enough is
known, however, that even after eight years there are still no problems with DU in drinking water
from the radiological and chemical risk standpoint.

7
—]
It
7
o
m
O
.
O
1L
2
O
2
G)
7

Contamination of the superficial ground layer can also cause contamination of the air. Although
DU contamination of the air could be detected in some cases, the concentrations were very low
and insignificant from the point of view of radiological and heavy-metal chemical risk. Neverthe-
less, the observations are interesting with respect to studies on the relation of ground to air con-
tamination. The measurements and samples
taken were unfortunately not numerous
enough to make systematic studies on the pos-
sible reasons for air contamination. For in-
stance, air contamination could depend on ac-
tivities that were ongoing simultaneously, or
DU contamination indoors (on floors and
walls) could also cause air contamination. Ir-
respective of the reason, the observation that
air contamination can still be detected seven
years after the attack occurred is important in
the overall understanding of the short- and

S long-term environmental consequences of
Empty shells and UXO were found at the site using DU in military conflicts.
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Need for mitigation - Recommendations

Site investigations revealed low-level DU results based on the measurements achieved. They
represent no real risk to individuals at the site. However, as the team was not able to explore
the whole site, and as a precautionary measure, the following conclusions and recommenda-
tions are proposed:

1. All penetrators and fragments that still might lie on the surface of unmined areas should
be removed, with due consideration of all safety aspects in handling and storage.

2. All marked contamination points should be cleaned of loose contamination and contami-
nated soil.

3. Holes on hard surfaces of still hidden penetrators and non-decontaminated surfaces should be
covered by new asphalt or concrete. In grassy areas these should be covered by clean soil.

4. All buildings should be searched for loose contamination, such as penetrators, fragments
and DU dust (within reasonable limits of 10 g/m?). Authorized personnel should remove
any such detected contamination and these residues should be handed over to the rel-
evant authorities for proper storage.

5. Water contamination levels on the site were found to be below stated WHO limits. How-
ever, given all the uncertainties concerning DU in the ground and possible increased
contamination of drinking water in the future, it is recommended that consideration be
given by the authorities to reconstructing the water pipeline which was damaged during
the war in order to avoid any unnecessary future risks. Nevertheless, any present and
future drinking water that might originate from the site area should be checked for possi-
ble DU contamination by sampling and measurement once a year.

6. As some buildings are currently in use and additional buildings may be put to future use,
it is recommended that authorized personnel propetly clean those buildings. Based on
current data, such cleaning could be completed through well-filtered vacuum cleaning or
wet washing methods.

7. As the UNEP sampling was limited to hard surfaces, it can be expected that a large number
of penetrators remain undetected in grassy areas. Throughout future mine clearance
activities, all safety aspects should be considered in the handling and storage of penetra-
tors and fragments. In addition, the area should be searched for penetrators and contami-
nation points and measures taken accordingly.

8. Another radiological issue on the site is the radioactive source from the lightning rods.
Although it is difficult to estimate the risk associated with the rods, the potential exposure
from these sources could be higher than that from DU. The rods should therefore be
removed and handed to the relevant authorities for proper storage.

9. Information should be provided to military, civilian and mine clearance personnel, as well

as other concerned personnel, on the presence of DU, corresponding risks and how to
deal with newly found penetrators.

Post-Conflict Environmental Assessment




7.2 LUKAVICA, 16 OCTOBER 2002

None
www.nato.int/du/docu/d010523b.pdf;
NATO Unclassified (C-M (2001)43)

34T BP 8850 / 55800
Metal workshop and barracks
Unknown

Open area, converted into residences, shops and market place.
Very active.

600 m x 500 m

The community of Lukavica (population 13 000) is a suburban
area of Sarajevo belonging to the Republika Srpska. The
population surrounding the immediate site can be estimated to
be approximately 1 000-1 500.

Extensive rebuilding of residences and businesses is now
ongoing. Some animals graze on the available grassy surfaces.

Site description and general information

The investigated area lies within [ukavica town, a suburb of Sarajevo. During the war, this
area was attacked as it housed a military compound. The targets were army barracks, storage
areas and workshops, which were heavily hit and partly destroyed. During the fact-finding
pre-mission, the Republika Srpska authorities mentioned that the area may have been at-
tacked using DU munitions.

Today, the workshops and several of the barracks have been rebuilt and are now used as
workshops, storage areas and shops. The metal workshop is active and employs a small
number of people. Between a shop area and the former barracks is a market place selling
food and other items for locals living nearby. There are no mines in the area and it has been
cleared of unexploded ordnance.
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Field investigation

Both on-line and random survey techniques were used on all streets, open places, the market
area, within certain destroyed buildings and on grassy areas. The ground surface within and
around a large, rebuilt mechanical workshop in the eastern part of the area was also thor-
oughly investigated.

Samples taken included:

® 4 surface soil samples to a depth of 5 cm
1 water sample (tap)

6 bio-indicators (2 lichen*, 3 moss, one bark)
4 air filter samples.

The SE part of the area has been redeveloped, whereas the NW remains in disarray
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Findings
B General contamination

No contamination was detected by the field measurements, which means that any contamination
on the surface was less than 10 per cent of the Reference Leve/ (ot less than 1 ¢ DU/m?” assuming
superficial deposition on the ground but nevertheless 90 per cent absorption). There was also no
indication of contamination in soil, water or air samples.

B Measurements of radiation

The gamma background was low, 0.03-0.10 uSv/h, which was favourable for detecting radia-
tion from possible DU. Increased gamma radiation was measured outside one of the work-
shop buildings and was shown to be caused by radioactive sources used for gamma radiogra-
phy (see below).

Special studies of possible DU contamination of surfaces were done by taking measurements
of gamma and beta radiation on metal, concrete and wood surfaces carried out at 23 loca-
tions (see Appendix ]). In all of these locations beta radiation did not exceed 0.2 cps.

B Penetrators, jackets and localized points of contamination

No penetrators, jackets or contamination points were found.
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m Soil

Four surface soil samples were taken from
different parts inside and around the area.
Since no indications of penetrator impact
points were found, the samples were taken
from different places randomly distributed
over the whole surface of the site.

No soil contamination was found. The ura-
nium concentration in the samples was in the
range of 2.1-3.0 mg/kg of soil. These values
are in the normal range of natural uranium con-
centration in soil. The measured isotopic com-
position of the uranium was indicative of natu-
ral uranium.

A bus repair service and a number of other shops
are currently operating in this area of Lukavica

B Water samples
A public tap water sample was taken from the fuel station. No DU contamination was found.
B Botanical samples

Lichen and moss samples were taken inside the urbanized area. The selection of the sampling
points was made on the basis of information received on the main targets during the bombing,
The results indicate that there is no presence of DU at this site.

B Air samples

Four air samples taken in open areas near residences and public spaces found no presence of
DU. Uranium concentration in air was within normal ranges. However, special studies on
resuspension revealed, on 5-10 occasions, uranium concentrations higher than at the other
sites where no DU contamination was found. It was concluded that the magnitude of the
corresponding resuspension factor was in the range of (3.5-7.1) 107 m™.
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B Radiography sources

A measurement taken outside a metal workshop detected a radioactive source emitting gamma
radiation inside the workshop. With the assistance of the factory owner, the source was located
within a locked shed in the main building and proved to be from radiography equipment used in
the examination of metal constructions. It could not be established whether the source was
propetly licensed or whether any appropriate radiation protection procedures were in place at the
site, and should thus be inspected by responsible authorities.

B Residual risks

There are no additional risks caused by DU in the investigated area.
Need for mitigation - Recommendations

No evidence or indication was found that DU had been used on this site, and neither is there any reason to
believe DU was used in the area. Therefore, no specific recommendations relevant to DU are necessary.

However, the presence of the radiographic source in the metal workshop premises is of some
concern for employees as the potential risk from exposure is significant. The radiation protection
authorities of the Republika Srpska should investigate whether the source is propetly registered
and licensed, and whether the necessary measures are being taken to ensure the facility is being
operated in accordance with the radiation safety legislation.

Depleted Uranium in Bosnia and Herzegovina o .




7.3 HADZICI BARRACKS, 17 OCTOBER 2002

None
www.nato.int/du/docu/d010523b.pdf;
NATO Unclassified (C-M (2001) 43)

34T BP 75300 / 54700
The area was most likely not targeted by A-10 planes.
Unknown.

The area is a secured, active military site with no civilian access.
200 m x 300 m

The barracks immediately adjoin the town of Hadzici and are
situated alongside a residential area. The population is 20 660.

UNEP was informed that the barracks were not heavily attacked
(by air). The military authorities do not think DU would have
been used here. The site normally holds about 100 soldiers, but
is occasionally used for military training with up to 400 soldiers.

Site description and general information

The investigated area is a secured military barracks located on the outskirts of the town of
Hadzici, lying at the base of a forested hill. During the war, some of the barracks were
attacked, but according to the soldiers now present, the site was not attacked by air. The
barracks area leads to the entrance to an ammunition storage depot (see site 7.4) which was
quite large at the time of the conflict.

The area has been rebuilt and is used by a small number of soldiers. There are barracks, offices,
kitchen and storage facilities, and an area for sports activities. The perimeters of the site are still
mined, particularly the forested areas. A stream runs along the western edge of the site.

The central portion of the Hadzici Barracks which is in active use
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Field investigation

The site was fully investigated using the on-line survey method on all hard surfaces and
between most buildings. Random surveys were completed between any remaining buildings
and on the sports field. Only normal background radiation was detected. No mapping was
done at the time of the investigation due to time constraints. The site map is an approxima-
tion based on NATO maps and UNEP personnel recollections and photographs.

Samples taken included:

® 3 surface soil samples to a depth of 5 cm
® 2 water samples (1 tap, 1 stream)

® 1 bio-indicator (lichen*)
°

2 air filter samples.
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Findings
B General contamination

No contamination was detected by the field measurements, which means that any contamina-
tion on the surface was less than 10 per cent of the Reference Level (ot less than 1 ¢ DU/m?
assuming superficial deposition on the ground but nevertheless 90 per cent absorption). There
was also no indication of contamination in soil, water or air samples.

B Measurements of radiation

The gamma background was low, 0.03-0.10 uSv/h, which was favourable for detecting radia-
tion from possible DU. Special studies of possible contamination of DU were carried out by
taking measurements of gamma and beta radiation on metal, concrete and wood surfaces at
two locations. In all of these locations the beta radiation did not exceed 0.3 cps.

B Penetrators, jackets and localized points of contamination
No penetrators, jackets or contamination points were found.
m Soil

Three surface soil samples were taken from
different locations inside the fenced area of
the Hadzici Barracks. Because there were no
indications of penetrator impacts, the samples
were taken randomly over the whole surface
of the site. No soil contamination was found.

The uranium concentration of the sutface soil
samples was in the range of 2.6-3.1 mg/kg of
soil. These values are in the normal range of
natural uranium concentration in soil. The

measured isotopic composition of the ura- A stream water sample was taken from the
nium was indicative of natural uranium. western edge of the site

B Water samples

Two water samples were taken, one from a stream and one from tap water. The uranium
concentrations were low and there was no indication of DU.

B Botanical samples
One lichen sample was taken inside the area. No contamination was found.
B Air samples

Two air samples were taken near the military barracks, and indicated uranium concentration
within normal ranges. No DU contamination of the air was found. The air resuspension
factors for this site were found in the range of (5.1-6.7) 10" m™.

B Residual risks
There are no additional risks caused by DU in the area investigated.
Need for mitigation - Recommendations

No evidence or indication was found that DU had been used on this site, and there is no
reason to believe DU was used in the area. Therefore, no specific recommendations relevant
to DU are necessary.
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7.4 HADZICI AMMUNITION STORAGE DEPOT, 17 OCTOBER 2002

#16, #17, #18, #19
34TB BP 76600 / 53480

The ammunition storage bunkers containing a large amount of
varied live ammunition. Possibly anti-aircraft guns.

11 September 1994

1500

Fenced, limited access even to military personnel.
1000 m x 1000 m

The town of Hadzici (population 20 660) lies 1-2 kilometres
down the hill from this site. The military barracks 1.5 km from
the ammunition depot hold approximately 100 soldiers.

Dangerous site and heavily destroyed area. This area will be out
of bounds for some time due to the heavy presence of mines and
unexploded ordnance.

Site description and general information

The Hadzici Amnmnition Storage Depot is a restricted site situated in a forested area about 1.5 km
southeast of Hadzici Barracks. While the barracks have military access only, access to this site is
further restricted due to the state of destruction and large spread of unexploded ordnance. Mines
were used to protect the depot and are still present in large numbers within the forested area.
Within the depot are many former bunkers and storage barns for ammunition and military equip-
ment. Most were destroyed by precision bombing during which live ammunition was spread
widely around the area. After the war, the area was closed and is now mostly overgrown by trees
and bushes. It is not yet possible to walk beyond hard surface areas.

The DU targets are unknown, but may have been anti-aircraft guns. DU penetrators were
found at a road crossing near a bunker in the eastern part of the site.

7
—]
It
7
O
m
O
.
O
1L
2
O
2
G)
7

Penetrator impact points were found at this overgrown road crossing through on-line surveying
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The topography of the area is rugged. The bedrock, where it was exposed along the road,
consists of quartzite and chert and the soil cover is relatively thin. There are no occupied
homes inside the area, but some farmhouses are situated relatively close to it. Cattle tracks
indicate that the site is used for grazing.

76 000 76 600

Grid: UTM 34T BP

Field investigation

The site was investigated by on-line survey on the roads along the path shown in the map.
Due to the heavy mine and unexploded ordnance situation, the team kept strictly to the roads.
Contamination points were marked and recorded.

Samples taken included:

® 2 surface soil samples to a depth of 5 cm
® 2 bio-indicators (lichen*, bark)
® No water samples

® No air filter samples.

Findings
B General contamination

General widespread surface contamination in the area could not be detected by gamma and
beta measurements even though the area had been heavily attacked by DU munitions. Soil
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and botanical samples confirmed this finding. However, the heavily mined areas limited the
search to the roads and therefore no sampling or measurements were possible outside the
roads in order to confirm this assumption.

B Measurements of radiation

Gamma radiation was low, 0.04-0.08 uSv/h. Special studies of possible contamination of DU by
measurements of gamma and beta radiation on metal, concrete and wood surfaces were carried
out at 12 locations (see Appendix J). Inall of these locations beta radiation did not exceed 0.5 cps.

B Penetrators, jackets and localized points of contamination

One penetrator was found on the surface, as well as 1 jacket (both were covered in soil and left at
the site). Five penetrators were located by gamma measurements lying under the asphalt surface
of the road. Increased radiation (3+Y or just y) was located to contamination points, usually not
larger than 10-50 cm in diameter. All points found were marked by a circle of red paint. No
contamination points other than those related to penetrators/jackets were found. Widespread
contamination was not encountered.

m Soil

Two surface soil samples were taken on grassy
surfaces near a crossroad where a number of
impact points on the asphalt were identified.
Due to the mine situation, samples could only
be collected along the edge of the road. The
sampling sites were chosen outside the imme-
diate vicinity (1-2 m) of visible impact points.
In both soil samples collected, DU contami-
nation could be detected.
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In one case, at a distance of 5-10 m to the
nearest confirmed impact point, DU con-
tamination of 3.7 mg/kg of soil could be
measured (sample NUC-2002-027-004).
The other sample was taken at a distance of
50-100 m from the nearest impact point and
showed DU presence of 0.1 mg/kg of soil
(sample NUC-2002-027-005). The higher
value is equivalent to about the average con-
centration of natural uranium in soil. Storage bunkers were completely destroyed

B Botanical samples

Due to the heavy mine situation, only one bark
and one lichen sample on two different trees
wete collected. The 234U/238U ratio gave in-
dications of DU in these samples (APAT-
BH14a, -BH14ba and -BH14bb).

B Residual risks

There are likely to be penetrators and con-
tamination points beside and beyond the
roads. However, the risks from DU are very
UXO has been strewn across the site limited as the site is closed to the public and

Depleted Uranium in Bosnia and Herzegovina o .




most areas where DU remains in the soil are impossible to approach because of the risk of
mines and unexploded ordnance.

Need for mitigation - Recommendations

Due to the limited access and mine situation, at present there is no need for any mitigation
other than to pick up any penetrators that are still lying on the road. Those that have been
detected but are below the ground surface could be left there permanently. Due to the large
amount of DU ammunition used to attack this site, there are reasons to believe that there are
many penetrators and contamination points by the side of the road. Consequently, the fol-
lowing recommendations are given:

1. All penetrators that still might lie on the surface of unmined areas should be removed,
with due consideration of all safety aspects in handling and storage.

2. As the team was limited to hard surfaces, it can be expected that a large number of
penetrators remain undetected in the grassy areas. In any future mine clearing activities,
all safety aspects should be considered in the handling and storage of penetrators and
fragments.

3. Inaddition, it is recommended that when the area is cleared of unexploded ordnance and
mines, the area should be searched for penetrators and contamination points, and meas-
ures taken accordingly.

4. Information should be provided to military, civilian and mine clearance personnel, as well
as other concerned personnel, on the presence of DU, corresponding risks and how to
deal with newly found penetrators.

7.5 ROSCA, 76 MM AT SELF-PROP GUN, 17 OCTOBER 2002

#1

34T BP 86819 / 46649
76 mm AT Self-Prop Gun
5 August 1994

860

The targeted area is located on the top of a small mountain but
was not accessible.

Unknown

There is no town or population in the immediate vicinity.

UNEP was unable to access the site due to the presence of anti-
tank mines. No surveying or samples were possible.

Need for mitigation - Recommendations
This site, confirmed by NATO, was inaccessible due to the presence of anti-tank mines. It is
recommended that once the mines have been cleared the site should be fully investigated for

any DU contamination.

1. Any loose contamination, such as penetrators and fragments, should be picked up by
authorized personnel.

2. Mine clearance and military personnel should be propetly informed of the risks associ-
ated with DU.

Post-Conflict Environmental Assessment



7.6 PJELUGOVICI - T55 TANK, 17 OCTOBER 2002

#2

34T BP 81850/ 61770

T55 Tank that was used for shelling Sarajevo

22 September 1994

120

Small hill with view onto Sarajevo. Residential, open access.
200 m x 200 m

There are four homes in the immediate vicinity of the hill

The site is located on top of a hill in a civilian area. Foundations
of houses that existed before the war were found, as well as an
old bunker that has been filled in and is overgrown. A local
civilian indicated to UNEP where the tank had been located at
the time of the attack.

Site description and general information

This hilltop site is in a civilian area with a good view of Sarajevo and is used to grow apples and for
animal grazing, The entire hill is covered with topsoil and there are some old trees and newly
planted fruit trees. The concrete foundations of three houses destroyed during the war are also
evident. On the edge of the hill is an old bunker which has been filled in and is now overgrown.
A bit further on from the former tank position is a farmhouse which is currently occupied. A
small village is situated about 200 m from the site at the base of the hill.

Field investigation

The site was investigated by on-line survey and random survey. Studies of possible DU con-
tamination were carried out at seven locations through measurements of gamma and beta
radiation on metal, concrete and wood surfaces.
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The T55 Tank hilltop site. Sarajevo can be seen in the distance
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Samples taken included:

2 surface soil samples to a depth of 5 cm
No water samples

2 bio-indicator (both lichen®)

No air filter samples.

Findings
B General contamination

No general contamination in terms of localized surface contamination could be detected. As
many years have elapsed since the military conflict and the area is currently used for planting,
the soil may have been farmed, fertilized and turned over several times. As a result, possible
DU contamination could have been diluted and dispersed in so much soil that it was no
longer discernible by the field instruments used. However, even the more sensitive soil and
biota sampling and measurements did not indicate any contamination. It is therefore con-
cluded that there is no localized or widespread contamination of any significance.

B Measurements of radiation

The gamma background was 0.10-0.12 uSv/h, and -background was 0-1 cps. Conditions for
detecting DU were favourable. At all locations the beta radiation did not exceed 0.5 cps.

B Penetrators, jackets and localized points of contamination

No penetrators or jackets were found. Since DU ammunition was used in the area, there are
reasons to speculate that some may already have been taken away and some penetrators could
be hidden deep in the ground and are not detectable by field measurements. These should
not cause any concern as long as any future digging is not too deep.
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B Cesium contamination

No DU contamination points were found. However, at two opposite corners of a concrete
foundation of a former house, an enhanced gamma radiation level was detected. The gamma
radiation over these respective spots were 0.15 pSv/h and 0.25 uSv/h. Measurements by a
portable gamma ray spectrometer revealed that the increased radiation was caused by
cesium-137. During the 1986 Chernobyl accident, cesium-137 was dispersed over the whole of
Europe, including BiH, causing fallout on the ground, lakes and other surfaces, including the
roof of the former household. Over the years, the roof would have been repeatedly washed by
rainwater and the cesium-137 would have been transported down through the drainpipes. The
outlets of these drainpipes were located above the radioactive spots detected.

m Soil samples

Two surface soil samples were taken from the area around the former position of a T55 tank.
One was taken near the tank at the time of attack, the other about 50 m northeast of the tank
near the ruins of a small house. As no indications of penetrator impacts were detectable on
the surface, samples were taken from different places distributed over the surface of the site.
No contamination of the soil was found.

The uranium concentration of the surface soil samples was in the range of 1.5-1.8 mg/kg of
soil. These values are in the normal range of natural uranium concentration in soil. The
measured isotopic composition of the uranium was indicative of natural uranium.

B Botanical samples

Two lichen samples were taken: one from apple trees near the point where the tank would
have been located at the time of the attack, and the other from an old tree 50 m northwest of
the tank position. No indications of DU contamination could be found.
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B Residual risks

There is no risk of DU contamination from either contamination points or penetrators on
the ground. However, hidden penetrators deeper in the soil might be dug up unintentionally
in the future and cause a risk of exposure. It is also possible that hidden penetrators could
cause some DU contamination of drinking water supplies in the future. However, based on
previous experience and the fact that the total amount of DU that was used in the area was
relatively small, the risk of significant drinking water contamination is small.

Need for mitigation - Recommendations

No evidence or indication was found that DU munitions had been used on this site. Because
nothing was found there is no immediate need for mitigation. However, as there are probably
penetrators hidden in the ground that could be dug up in the future and cause some minor
contamination, the following recommendations are given:

1. The people living in the area should be properly informed about DU and its risks. All
penetrators found in future should be given to the appropriate authorities.

2. Because people are living below the area investigated, it is recommended that, in line with the

precautionary principle and as part of scientific research, samples of drinking water should be
taken once per year and measured for DU if the drinking water is sourced from the hill.
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7.7 HAN PIJESAK ARTILLERY STORAGE AND BARRACKS,
18-19 OCTOBER 2002

#10, #11, #12, #13

34T CP 35600 / 84400

Tanks, vehicles, artillery and potentially an anti-aircraft gun
7 September 1995

2400

Large site, military barracks. Also artillery and
vehicle storage site.

900 m x 250 m

The site is approximately 1.5 km north from the town of Han
Pijesak (population 5 500). Approximately 50 soldiers remain on
the site on a regular basis. A full battalion of 250-400 soldiers
come to the site during training periods.

The site is a short distance from the town and has secured
military access only. The site was heavily attacked and many
vehicles were hit. These have all been removed. The site is
surrounded by forest in an east-west oriented valley.

Site description and general information

The Han Pijesak Artillery Storage and Barracks consists of several barracks, storage barns, ga-
rages, parking lots for army vehicles, and training grounds. During the war, the site was
heavily attacked and several of the buildings in the western part of the site were destroyed or
partly destroyed. The buildings in the eastern part survived. The destroyed buildings have
been repaired or replaced by new buildings. Some of the new wooden buildings are used as
storage facilities and garages for artillery and army vehicles.

The barracks and storage area are situated in a shallow east-west oriented valley. The north-
ern area borders a steep slope and a small stream runs through the site and disappears into a
sinkhole. The bedrock of the area consists of limestone. The bottom of the valley is in
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the central part of the investigated area and is rather damp and wet. The road surfaces are
paved by asphalt and concrete. There are no mines in the area and it has been cleared of
unexploded ordnance, permitting full access to the site.

No information was available on whether any DU-related material had been collected or
removed by SFOR or the local troops.

Field investigation

The site was thoroughly investigated over a two-day period. The whole site was searched by
on-line survey, including hard and grassy surfaces, a small part of the forested area at the
western edge of the site, adjoining fields, behind all buildings, and over the hill where an anti-
aircraft gun was probably positioned at the time of attack. Random surveying was done
between vehicles and within certain buildings. One of the barracks now occupied by soldiers
w