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ABSTRACT

This article analyzes environmental security in the sphere of sea navigation, safety of navigation 
and tourism on the Adriatic Sea, bearing in mind that keeping marine environment healthy is one 
of fundamental factors of today’s national and international security. Likewise, secure underwater 
environment strengthens public security from hazards deriving from seafloor caused by human 
negligence and environmental degradation – by disposing and submerging dangerous goods in 
particular. The article focuses on the underwater environment mapping by using bathymetric charts 
where “dangerous underwater objects” would be recorded. Furthermore, it concentrates on the latest 
underwater technology (Autonomous Underwater Vehicles) able to detect and digitally record the 
object’s position, georeferencing it in coordinates. At the same time, the article aims at raising the 
awareness of marine environment protection and conservation, as well as the realization of the UN 
Environment Program.

1 Introduction

Making sea free of dangerous objects is determined by 
new technologies of detection, identification, neutraliza-
tion and demining of dangerous objects dumped, piled up 
or left behind following warfare and other activities on the 
Adriatic Sea. Due to years of impact of external environ-
ment, sedimentation and overgrowing these dangerous 
objects are hard to detect and recognize and it is difficult 
to make conclusions about their stability or disintegration 
upon which the measures to be taken depend. Wrong ap-
proach and demining measures can furthermore contami-
nate and pollute the location. Such state of affairs is present 
not only in the Adriatic Sea but in the Mediterranean and 
other seas as well. In order for the activities to be under-
taken with quality, effectively and economically a necessary 
precondition is to master latest technologies and equip-
ment which would map and georeferenced underwater 
situation of the location in the GIS system – the aim is to 
create marine cadastre and maritime demesne cadastre 
serving investors in making investment studies and start-
ing economy activities and tourism. Furthermore, detection 
and location screening is necessary in order to set appropri-
ate measures and procedures for humanitarian demining 
and location clearance from objects dangerous to humans 
and environment, after which the measures would be car-
ried out, and certificates and guarantees issued. The dem-

ining of the underwater environment, especially of the seas 
and rivers where vessel traffic is underway, accompanied 
with economic and tourism activities, plays important role 
in global security and international relations. This results in 
new security dimensions (social, economy, energy, ecology 
etc.), while the environmental security concept (marine in-
cluded) becomes the element of national security and inter-
national relations.

2 Maritime environment

Marine environment degradation and non-demining, 
that is, non-removal of dangerous objects from seas and 
oceans poses threat to human health, resources avail-
ability and normal functioning of ecosystems. The UN 
Environment Program (United Nations Environment 
Program – UNEP (DEPI)/MED WG. 334/Inf. 9 22 May 
2009) reveals the level of pollution of the Adriatic Sea. 
The following images show munitions dumpsites in the 
Adriatic Sea, Figure 1 and 2.

The Figure 2 shows in more detail the dumpsites in the 
Strait of Otranto of the Adriatic Sea.

Ocean currents can contribute to the increase of con-
centration of explosive components and heavy metals in 
the environment. A typical situation at a brownfield loca-
tion contaminated with dumped munitions and mine and 
explosive ordnance is presented in the Figure 3. Marine 
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environment affects dumped ordnance resulting in sea-
water contamination due to the dissolving of ordnance 
and heavy metals corroding in sea-water.

In world seas, thus in the Adriatic as well, there are a 
number of munitions and mine and explosive dumpsites. 
Military disposal sites are locations designated by the 
military authorities for marine waste disposal, while as 
the objects could be regarded various waste with military 
purpose or that was used for military purposes disposed 
on the seafloor. Military dumpsites can be categorized in 
three groups: ordnance, chemical weapons and radioactive 

Figure 1 Munitions dumpsites in the Adriatic Sea

Source: UNEP 

Figure 2 Munitions dumpsites in the Adriatic Sea

Source: UNEP

Figure 3 Sea-water contamination (dumped munitions)

Source: Valković V., AC&T
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Figure 4 Chemical weapons dumped locations

Source: Valković V., AC&T

waste dumpsites. All three categories classify under haz-
ardous waste. Research have shown that majority of ma-
terial used for the making of the aforementioned objects 
can be extremely toxic to marine organisms. This group 
of dangerous locations includes weapons testing sites. 
Dangerous disposed object, chemical weapons in particu-
lar, carries the following risk for human health: the impact 
on health due to direct physical contact, impact on marine 
organisms and environment in immediate vicinity of the 
dumpsite, consuming contaminated marine organisms, 
and explosions that can occur spontaneously or during the 
relocation. In favor of need to build sustainable capabili-
ties of detecting, identifying and humanitarian demining 
of dangerous objects speaks the fact that the Adriatic Sea 
is home to locations contaminated with chemical weapons 
and ordnance. After the World War II the Allies dumped 
into the sea the majority of weapons, both their and cap-
tured. Some of key locations are illustrated in the Figure 4.

Key locations are: in the North Sea – The Phillip Heiniken 
cargo ship sunk with 2,000 tons of chemical weapons and 
2,500 tons of unidentified chemical munitions dumped into 
the sea in 1948; Norway/Denmark – the Americans and 
the British dumped 170,000 tons of German nerve gas and 
other chemical weapons in sinking 33 ships in the strait 
that separates Norway and Denmark resulting in 150 fish-
ermen being killed in Denmark; Italy and France – an esti-
mated 300,000 tons of chemical warfare agents (CWA) was 
dumped into the seas surrounding Europe. 

The most polluted locations contaminated with 
chemical weapons and ordnance in European seas are: 
Beaufort’s Dyke (the sea trench between Northern 
Ireland and Scotland) – more than 1 million tons of mu-
nitions and about 14,500 tons of chemical munitions was 
dumped. The U.S. Liberty Ship SS John Harvey carrying 
2,000 M47A1 mustard gas bombs, each of which held 30-
35 kg of sulfur mustard and unknown quantity of “high 
explosives”, was at the port of Bari during German bomb-
ing of the city on 2 December 1943. In the evening that 
day the ship was destroyed and sunk in a huge explosion 
at the port of Bari killing all the crew. The explosion of 
sulfur mustard caused a total of 630 military victims hos-
pitalized and over 1,000 civilians being killed. Soon, fol-
lowing the end of World War II, the Americans dumped 
the unknown quantity of various chemical weapons, as 
described in their report “Off the Island of Ischia, near 
Bari”. The dumps were done over the following periods: 
12 Sep–5 Nov 1945; 1 Dec–15 Dec 1945 and 1 Apr–23 
Apr 1946. In the period from 1946 to 1997 the research-
ers and doctors of the Bari University1 detected over 230 
cases of exposure to sulfur mustard in the Adriatic Sea, 
largely among fishermen. The area marked red in the 
Figure 5 shows the location where the unknown quantity 
of chemical weapons was dumped. 

1 Dr Sivo and Dr Lobuono, University of Bari continue with the work 
and publishing their research results
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Today, two GIS databases of WWII shipwrecks are opera-
tional: Pacific Regional Environmental Programme (SPREP) 
and Atlantic – Mediterranean – Indian Ocean (AMIO).

 – Pacific Regional Environmental Programme (SPREP) 
was realized as a data compilation project of all vessels 
sunken during World War II in the Asia/Pacific region. 
The GIS database contains data on: ship type, tonnage 
and location of more than 3,800 vessels (including 330 
tankers and oilers) lost in World War II.

 – Atlantic – Mediterranean – Indian Ocean (AMIO) is still 
in its initial development and details data and location 
of over 3,950 vessels over 1,000 tons, of which 529 are 
oil tankers.
Current estimates indicate over 300,000 tons of chemi-

cal warfare agents in the waters around Europe. Most of the 
material was used for ammunition production, including 
chemical agents and explosives. Not only do they endanger 
human life, but are extremely toxic to marine organisms.

3 Underwater environment mapping and the 
latest underwater technology 

Starting point for making a bathymetric chart of under-
water environment is the area selection. In the selected 
area the analysis of the information content of maritime Figure 5 Location where the unknown quantity of chemical weapons 

was dumped

Source: Valković V., AC&T

Figure 6 Mapping of dangerous objects in underwater environment 

Source: Pavić I., Doctoral Thesis, PF Rijeka

1. Navigation map
2. Bathymetric map
3. Underwater environment map level 1
4. Underwater environment map level 2
5. Relief area (view from above)
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Figure 8 Designated area of exploration

Source: Vukić Z., FER

Figure 9 Exploration results

Source: Vukić Z., FER

navigation and bathymetric charts is performed. Once the 
analysis confirms the existence of unknown objects on 
the seafloor, the data collection is undertaken and if the 
object’s condition analysis confirms its hazardous status 
the process of mapping dangerous objects of underwater 
environment begins. The results of such process are un-
derwater environment bathymetric charts describing the 
objects and the level of hazard as shown in Figure 6.

New underwater technology utilized for underwater 
mapping is the Underwater Autonomous Vehicle (AUV). 
The Figure 7 shows REMUS type AUV structure.

The AUV autonomously explores a designated area at 
the speed of 3 to 4 knots hovering 3 to 20 meters above 
the seafloor. The designated area is shown in the Figure 8 
and the exploration results in Figure 9.

Figure 7 REMUS type AUV

Source: Manufacturer’s Catalogue
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Spots marked in the exploration area, which is ex-
plored on horizontal and vertical axis, present potential 
locations where “unknown objects” are situated. This is 
followed by an additional analysis shown in the Figure 10 
and the identification of the unknown object.

In this concrete example it is about a metal object on 
the seafloor – possibly a dumped naval mine or a contain-
er with unknown contents. Mapping-wise, it is necessary 
to emphasize that the AUV recorded the precise geograph-
ical position of the unknown object. A new example of un-
derwater AUV exploration is shown in the Figure 11 with 
the exploration area (in brown) and detection area – a na-
val mine identified, in other words. Coordinates and depth 
recorded are registered on digital charts – that is, a marine 
cadaster.

Apart from the detection and identification purposes 
of munitions, mine and explosive ordnance, naval mines, 
torpedoes, grenades, air-dropped bombs and similar ord-
nance, the AUVs can be utilized for other purposes shown 
in the following images – non-explosive objects mapping 
on the seafloor (Figure 12).

The Figure 13 shows the mark on the seafloor left after 
the sinking and extraction of the SMS Viribus Unitis which 
after the sabotage action (limpet mining) sunk in Pula, the 
military port at that time.

Metal Object
Position: 43N31.740 16E24.338
Source file: REMUS073.MST
Map position: 8

Figure 10 Identification of unknown object

Source: Vukić Z., FER

Figure 11 Underwater mine detection and identification

Source: Vukić Z., FER



25D. Matika et al. / Scientific Journal of Maritime Research 30 (2016) 19-27

Figure 12 Non-explosive objects on the seafloor

Source: Vukić Z., FER

Figure 13 Mapping the underwater shipwreck mark after the sinking 
and extraction

Source: Vukić Z., FER

Tree Pipeline

 

Apart from the mentioned data, new technologies in-
stalled in the AUVs can collect data on depths (bathymetry, 
in blue), temperatures (in red), chlorophyll (in green) and 
salinity (in grey). That data can be digitally charted. The 
area that the mentioned data was collected from, being at 
the same time the area that the AUV explored, is shown in 
the Figure 14.

As a NATO member Croatia took on certain commit-
ments regarding the protection of collective security. In 
that respect, in the environmental security field, NATO 
lays emphasis on the remediation of contaminated mili-

tary locations. Remediation is the process of taking meas-
ures for pollution stopping and further degradation of 
living environment up to the level of secure utilization of 
locations – including the reconstruction of area, its revital-
ization and recultivation. As part of this activity, the navies 
of NATO member countries carry out seafloor clearance 
and demining actions at the munitions and mine and ex-
plosive ordnance dumping sites, as well of their own ports 
and bases. In that respect, the remediation of contaminat-
ed areas from explosives, munitions and mine and explo-
sive ordnance involves the following activities: cataloging, 
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Figure 14 Collected data on depths (bathymetry, in blue), temperatures (in red), chlorophyll (in green) and salinity (in grey) in the AUV mission area

Source: Vukić Z., FER

describing and documenting suspected residual locations 
to be used in civil sector, previously utilized by the armed 
forces, and detecting the underwater environment condi-
tion of those sites with regard to ordnance dumped into 
the sea or left behind; mapping, preferably digitally, the 
underwater conditions of the site and assessing the risk; 
starting detecting and detailed screening of suspected 
underwater areas; taking demining measures eliminating 
hazard to humans and environment; issuing a certificate 
and guarantee confirming that the underwater area is 
cleared and hazard-free for human health and life.

4 Conclusion 

Generally, the environmental security as a term ap-
peared for the first time at the end of the last century, fol-
lowing the end of the Cold War, when the idea of security 
underwent its redefinition leading to a comprehensive ap-
proach in dealing with the upcoming security challenges. 
In order for the secure environment concept in the field 
of sea navigation, security of navigation and tourism to 
be viable, the so-called passive approach is not sufficient 
– the approach based on pollution assessment and envi-
ronmental management only after a line of irreversible 
damage for the local environment takes place. Instead, a 
proactive approach oriented towards sustainable develop-
ment principles and requiring action prior to damage to 
marine environment occurs is needed. All together, the de-
tecting, mapping and humanitarian demining of underwa-
ter (marine) environment of the munitions and mine and 

explosive ordnance left behind or dumped, corroding and 
disintegrating on the seafloor and releasing substances 
dangerous and toxic to marine environment contribute to 
global security as well – preserving marine environment 
healthy is one of key elements of the present national and 
international security.

The challenge that not only Croatia stands before, but 
many other EU countries as well, is how to fix the marine 
environment degradation made in the 19th and 20th cen-
tury, caused by deliberate or non-deliberate human ac-
tion. Such measures, besides the detecting, mapping and 
humanitarian demining, include keeping marine environ-
ment healthy, being a component in securing clean and 
non-polluted waters. Preserving drinking water sources 
and marine waters is a security question par excellence for 
Croatia.

Furthermore, such approach is connected to the sus-
tainable development principle, making the investment in 
the detecting, mapping dangerous objects and humanitar-
ian underwater (marine) demining, an investment in fu-
ture development of the Republic of Croatia. 
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