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1.1 Background 

This document includes the HELCOM SUBMERGED Assessment draft chapter on warfare materials as 
included in the outcome of HELCOM SUBMERGED 3-2015 meeting. 

 

1.2 Action requested 

The Meeting is invited to: 

― comment the chapter in advance of the Meeting; 
― consider and use the draft as basis for further drafting. 
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DRAFT CHAPTER ON WARFARE MATERIALS OF HELCOM SUBMERGED ASSESSMENT (AS OF HELCOM SUBMERGED 3-

2015 OUTCOME ANNEX 3) 

2 Warfare materials in the Baltic Sea 
Draft Chapter - (wording of individual section headings subject to future refinement) 

The horrors of war remain on the mind of today's society almost solely via media-composed presentations 

in the form of films, photographs and written documents. Nevertheless, the legacy of past wars is ever-

present in the world of today, in Germany as well as in many other countries of the world.  

When an aerial bomb accidentally explodes after lying dormant underground for decades, injuring and 

killing people, or when white phosphorus from an incendiary bomb is washed onto a German beach, 

burning the skin of people seeking amber, the wars of the past claim additional victims. The tragedy of such 

events is obvious and can be traced back to remnants from the world wars. Interactions of 'disposed' 

munitions with the environment are less obvious, primarily affecting the seas, inland waters and the soil. 

Our knowledge of the scale of munitions-related contamination and its impact on the ecosystem is still 

incomplete. This is where the outcome report sets out and provides the basis for a systematic approach for 

dealing with munitions in the Baltic Sea. 

2.1 Introduction 

2.1.1 Munitions in the Baltic Sea 

Annex 2 Outcome of SUBMERGED 2-2015 

 Definition of conventional and chemical munitions (infobox on special terminology: warfare 
materials, UXO, chemical weapons [CWC], status of white phosphorus) 

 Scope of contamination (relation of amounts: conventional vs. chemical munitions) 

 Short overview of types of munitions and/or containers (bombs, grenades, sea mines, torpedoes, 
etc.; max. double page infobox) 

Secretariat: 

Marine waters around the Baltic Sea contain munitions. Among others, fishermen, divers, offshore wind 

farm constructors and beachgoers may face serious risks by working on the seabed or collecting objects in 

the surf. Every year people get hurt severely after having collected warfare material unintentionally. 

Current technology to detect underwater munitions is depending on the metal coating of the objects such 

as bombs, sea mines and artillery shells. With time, corrosion takes away more and more of the metal and 

consequently eliminates the chance to find and remediate these point sources of contamination, especially 

considering that some munitions have been introduced more than 100 years ago. 

Initially driven by institutes and organizations (GO as well as NGO) in the most affected areas, relevant 

measures were undertaken to support the knowledge base with regard to sea-dumped munitions and their 

effects on human populations and marine eco-systems. Without cross-border co-ordination, duplications 

will take place in the near future and obvious synergies will most likely not be realized. 

As results of local, regional and national or international scientific research, knowledge is growing and 

multiple recommendations are published that are both directly and indirectly relevant to sea-dumped 

munitions and their effects upon humans and marine ecosystems. That would open up the possibility for 

decision makers to ensure that they are able to deal with all aspects of sea-dumped munitions in a more 

systematic and coordinated manner, ranging from identification and monitoring to eventual elimination of 

threats. 

Introduction: 
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 Former battlefield 

 Former dumping ground 

 Today new demands for usages: trafficking, fishery, aqua farming, (blue growth), offshore wind 

farms, pipelines, recreation, etc. 

 

Poland, Dr Jacek Bełdowski, Institute of Oceanology, Polish Academy of Sciences: 

Warfare material in the Baltic Sea can be divided into two major categories – conventional munitions, 

including dumped military material (DMM), unexploded ordnance (UXO) and mines, as well as chemical 

munitions, that have been dumped after Second World War. The estimated number of mines laid in the 

Baltic Sea varies between 100,000 and 150,000. Of these 35,000 to 50,000 mines were swept and have 

been accounted for. It is estimated that 35,000 mines may remain in the Gulf of Finland. The most common 

mines deployed are contact mines. There are three types, these being moored, bottom and drifting contact 

mines. Moored contact mines are connected to a release system deployed on the seabed and are designed 

to float at or near the surface. Mines that are still attached to the anchor have failed to release or filled 

with water on deployment. 

The outcome of World War II was negotiated in Potsdam in 1945 by the Leader of The Soviet Union Joseph 

Stalin, President of the United States Harry Truman and Prime Minister of the United Kingdom Winston 

Churchill. Even though there were numerous disagreements, the three leaders agreed on the disarmament 

and demilitarisation of Germany. The Potsdam agreement states that "The complete disarmament and 

demilitarization of Germany and the elimination or control of all German industry that could be used for 

military production"  and that "All arms, ammunition and implements of war and all specialized facilities for 

their production shall be held at the disposal of the Allies or destroyed. The maintenance and production of 

all aircraft and all arms, ammunition and implements of war shall be prevented. 

With Germany divided into four zones (American, British, French and Soviet), the Allied parties were 

responsible for taking care of any chemical weapons (CW) , chemical warfare agents (CWA) and production 

facilities within their area of oversight, either by including them in their own arsenals or destroying them by 

any means suitable. This was primarily done by submerging them in oceans and seas. 

Germany produced large stockpiles of CWA between 1935 and 1945 and development continued 

afterwards. 

The CWA produced in largest volume was mustard gas (in different varities), accounting for around 40% of 

the total produced CWA. The majority of munitions produced were aircraft bombs (250 kg) and artillery 

shells (105 mm and 150 mm). Artillery shells are estimated to contain around 10% active CWA and an 

aircraft bomb around 60%. Additionally, German forces captured large amounts of chemical munitions 

from France, Poland, the Soviet Union and other occupied countries. At the end of the war, and up until 

1948, a total of 296,103 tonnes of chemical munitions and CWA were found on German territory. 

Dumping was primarily done, with munitions being thrown overboard. During the first dumping operations, 

objects still packed in wooden crates were thrown overboard causing some of them to drift around before 

finally sinking. 

It is stated that on occasions crates washed ashore on the Swedish coast. At the Bornholm site dumping 

was done in an area with a three nautical mile radius, initially with drifting or sailing vessels dispersing the 

dumped munitions. Buoys were later dropped marking the dumping sites to improve the accuracy but the 

ships conducting the dumping operations had only the necessary navigation equipment, making the exact 

dumping location uncertain in many cases. Furthermore, there are indications of munitions thrown 

overboard while en route to and from the designated dumping sites and that the routes taken differed 

from the designated routes in order to further decrease the time spent at sea. Official data suggest that 

Commented [KDT1]: Oha... ein Potpourri-Text von Jacek... 
wie soll man das ertragen? Und was will er sagen? So ganz 
allgemein sind doch viele Aussagen gar nicht tragbar und 
erwecken den falschen Eindruck. Und dann mischt er ganz 
allgemeine Sachverhalte mit Detail- und 
Hintergrundinformationen... unmöglich. 
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approximately 40,000 tonnes of munitions, containing approximately 15,000 tonnes of CWA were dumped 

in the Baltic Sea, the majority in the Bornholm Basin. 

Types and amounts of dumped chemical munitions in the Baltic Sea vary by location. The Bornholm Basin, 

containing the largest part, holds over 90% of the chemical munitions dumped in the Baltic Sea. The 

majority of chemical warfare munitions dumped are aircraft bombs followed by encasements and 

containers. A typical aircraft bomb is the K.C. 250 (Kampfstoff Cylindrisch), 160 cm long, weighting 250 kg 

and containing approximately 100 kg of CWA, mainly mustard gas. More than half of the chemical 

munitions dumped (in tonnes) were aircraft bombs containing mustard gas. Due to its chemical properties 

mustard gas is an agent that can remain stable on the seabed for decades after its metal encasings have 

corroded. The three different official dumping sites contain different types of CWA: the area of Little Belt 

contains approximately 5,000 tonnes of munitions (an estimated 750 tonnes of warfare agent) consisting 

primarily of Tabun, a nerve gas, while the Bornholm Basin and Gotland Deep primarily consist of mustard 

gas. 

Munitions in the polish exclusive economic zone (PEEZ) originate from drifting wooden crates or munitions 

dumped enroute during Bornholm and Gotland Dumping operations, as well as from postwar dumping 

performed most probably by German Democratic Republic (GDR). 

Germany: 

When the problem of pollution by munitions is discussed, a distinction between conventional and chemical 

munitions is generally made, based on the type of payload contained. Although all types of munitions 

contain chemicals, fundamental differences in the effects and deployment purposes associated with each 

type exists. 

While conventional munitions contain explosives or incendiary agents (e.g. white phosphorus) and their 

effect is characterized accordingly by detonation or burning, chemical munitions are distinguished by a 

payload of chemical warfare agent. Their purpose is not the physical destruction of infrastructure, but 

rather directly or indirectly, a temporary or permanent incapacitation of humans due to the respective 

toxic effects of the compounds used. In addition, the psychological component associated with the type of 

external injuries and the delay before their appearance (e.g. blisters on the skin) needs to be stressed. In 

contrast to the substances contained in conventional munitions, the hazards posed by chemical warfare 

agents for people and the environment appear obvious. Hence this kind of munitions has received special 

attention in the past. However, with respect to the relevant amounts, conventional munitions in particular 

require closer consideration. 

Information about the amounts of sea-dumped munitions is inconsistent. It is estimated that amounts of 

the order of XXXXXX metric tons were dumped in marine waters of the Baltic Sea. Later on, considerable 

amounts were retrieved from the sea and destroyed. While the volumes recovered by fishermen prior to 

1952 cannot be quantified, disposal companies carried out the salvage and scrapping in the following years 

up to 1958 of an estimated XXXXXX metric tons of previously dumped munitions.  

 

Although inconsistent is the data about the amount of war material deployed (launched in purpose, fired to 

destroy) during both world wars. It is estimated that roughly 200.000 mines were laid in the Baltic in both 

periods, many of them still in place. 

Overall it can be assumed that as much as x,x00,000 ts of conventional munitions are still present in the 

waters of the Baltic Sea and that around 300,000 t of these alone are located in German marine waters. 

 

Member state Metric tons (app.) 
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Denmark  

Estonia  

Finland  

Germany app. 300.000 

Latvia  

Lithuania  

Poland  

Russian Federation  

Sweden  

 

Although the available data on the total amount of dumped chemical munitions contains some gaps, but it 

still provides a much more extensive and detailed picture than currently possible for conventional 

munitions. According to currently available information the HELCOM Report Chemical Munitions dumped in 

the Baltic Sea pointed out, that around 40,000 t of chemical munitions have been dumped in the Baltic Sea 

(Bornholm Basin, Gotland Basin, Little Belt, Flensburg Fjord; Bay of Gdansk?). Of these total amounts 

around 5,000 t lie to the south of the Little Belt between Germany and Denmark, in direct geographic 

proximity to the German Exclusive Economic Zone (EEZ). Besides these known dumpsites, it is also assumed 

that stray single items of munitions lie scattered along the former transport routes from the German 

loading port of Wolgast to the designated dumpsites in the Bornholm Basin, scuttled en route item-by-

item. Vague information about additional dumping activities could not be verified to date.  

To depict the situation, there is a strong need for a map delineating areas known to be polluted with at 

least a few tons per square kilometre. To clearly depict the situation, a map needs to encompass the whole 

dynamic range of areas known to be polluted with only a few tonnes up to those with thousands of tons of 

munitions, while also containing those for which a contamination is currently solely based on a reasonable 

suspicion (see map). Simplification is necessary for this generalized overview map, but detailed 

supplemental information for the individual areas in the HELCOM convention area is provided in an annex 

to the outcome report. 

2.1.2 Former reports 

Annex 2 Outcome of SUBMERGED 2-2015 

 Regarding managerial activities and investigations, i.a.: 

o CHEMU, MUNI (short description) 

 Differences to this report (widened scope): conventional munitions => to be found throughout the 

Baltic with many known hotspots and designated former dumping grounds, introductions 

stemming from numerous activities, also en route dumping and mine-laying operations 

2.1.3 National activities 

Overview: 

Member state National Program Science Monitoring Management 

Denmark     

Estonia     

Finland     

Germany Yes Yes No (MSFD) Yes (MSFD) 

Latvia     

Lithuania     

Poland     

Russian Federation     

Sweden     
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2.1.3.1 Denmark 

2.1.3.2 Estonia 

 

2.1.3.3 Finland 

 

2.1.3.4 Germany 

Update: Annex 2 Outcome of SUBMERGED 2-2015 

 Cross administrative working group (BLANO Expertenkreis Munition im Meer), i.a. responsible for 

preparing annual update reports on developments and progress in the field 

 National point of contact: The Maritime Safety and Security Centre serves as German national 

point of contact. 

 Archive systems (MukaSH & KIS) 

 RoBEMM1 (01.10.2015-30.09.2018)  

 UDEMM2 (01.03.2016-28.02.2019) 

 MUNITECT (2015 ff.) 

 

2.1.3.5 Latvia 

 

2.1.3.6 Lithuania 

 

2.1.3.7 Poland 

 

2.1.3.8 Russian Federation 

Register of EMERCOM? 

2.1.3.9 Sweden 

 

https://www.kustbevakningen.se/hallbar-havsmiljo/miljoraddning/andra-skadliga-amnen/oexploderad-

ammunition-till-sjoss/riskomraden/  

2.1.4 International activities 

Annex 2 Outcome of SUBMERGED 2-2015 

Managerial activities and investigations, i.a.: 

 International Mine Action Standard 9.60: 

o UNMAS – United Nations Mine Action Service – 

http://www.un.org/en/peacekeeping/issues/mineaction.shtml 

                                                           
1 http://www.munitionsraeumung-meer.de/nationale-forschung/robemm/  
2 http://www.munitionsraeumung-meer.de/nationale-forschung/udemm/  

https://www.kustbevakningen.se/hallbar-havsmiljo/miljoraddning/andra-skadliga-amnen/oexploderad-ammunition-till-sjoss/riskomraden/
https://www.kustbevakningen.se/hallbar-havsmiljo/miljoraddning/andra-skadliga-amnen/oexploderad-ammunition-till-sjoss/riskomraden/
http://www.un.org/en/peacekeeping/issues/mineaction.shtml
http://www.munitionsraeumung-meer.de/nationale-forschung/robemm/
http://www.munitionsraeumung-meer.de/nationale-forschung/udemm/
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o IMAS – International Mine Action Standard – 

http://www.mineactionstandards.org/about/draft-imas or 

http://www.mineactionstandards.org/fileadmin/MAS/documents/imas-international-

standards/english/series-

09/IMAS_09.60_Underwater_Survey_and_Clearance_of_Explosive_Ordnance__EO_.pdf 

o See also: http://www.gichd.org/mine-action-topics/sd-asm-and-eod/underwater-eod/ 

 Joint Programming Initiative Healthy and Productive Seas and Oceans (JPI Oceans): 

o http://www.jpi-oceans.eu/news-events/news/jpi-oceans-workshop-munition-sea 

 description of CHEMSEA & most important results (single page infobox) 

 description of MODUM & preliminary results (single page infobox) 

(results of CHEMSEA and MODUM will be described in more detail in the subsequent chapters) 

Other Examples:  

 OPCW 

 http://www.nonproliferation.org/chemical-weapon-munitions-dumped-at-sea/  

 OSPAR: http://www.ospar.org/work-areas/eiha/munitions  

 http://www.denix.osd.mil/uxo/index.cfm 

 IDUM : www.underwatermunitions.org 

 … 

2.2 Geographic distribution 

2.2.1 Limits and quality of information 
Annex 2 Outcome of SUBMERGED 2-2015 

 Description of how the presented data was collated 

 especially: ‘Disclaimer’ regarding incomplete data basis and uncertainties associated with 

currently available historic information 

 

 

http://www.mineactionstandards.org/about/draft-imas
http://www.mineactionstandards.org/fileadmin/MAS/documents/imas-international-standards/english/series-09/IMAS_09.60_Underwater_Survey_and_Clearance_of_Explosive_Ordnance__EO_.pdf
http://www.mineactionstandards.org/fileadmin/MAS/documents/imas-international-standards/english/series-09/IMAS_09.60_Underwater_Survey_and_Clearance_of_Explosive_Ordnance__EO_.pdf
http://www.mineactionstandards.org/fileadmin/MAS/documents/imas-international-standards/english/series-09/IMAS_09.60_Underwater_Survey_and_Clearance_of_Explosive_Ordnance__EO_.pdf
http://www.jpi-oceans.eu/news-events/news/jpi-oceans-workshop-munition-sea
http://chemsea.eu/
http://water.iopan.gda.pl/projects/MODUM/
http://www.nonproliferation.org/chemical-weapon-munitions-dumped-at-sea/
http://www.ospar.org/work-areas/eiha/munitions
http://www.denix.osd.mil/uxo/index.cfm
http://www.underwatermunitions.org/
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2.3 Introduction of munitions into the Baltic Sea 
Annex 2 Outcome of SUBMERGED 2-2015 

 General description of different pathways of introduction: military activities (exercise, battles), 

dumping activities (officially designated and unofficial), accidents (emergency dumping, aircrafts, 

ships) etc. 

 Resulting in: Scattered munitions vs. munitions contained in wrecks (both aircrafts and ships) 

 Short description of the Baltic Sea’s geography having influenced distribution of munitions 

introduction (see map below) 

Poland: 

The outcome of World War II was negotiated in Potsdam in 1945 by the Leader of The Soviet Union Joseph 

Stalin, President of the United States Harry Truman and Prime Minister of the United Kingdom Winston 

Churchill. Even though there were numerous disagreements, the three leaders agreed on the disarmament 

and demilitarisation of Germany. The Potsdam agreement states that "The complete disarmament and 

demilitarization of Germany and the elimination or control of all German industry that could be used for 

military production"  and that "All arms, ammunition and implements of war and all specialized facilities for 

their production shall be held at the disposal of the Allies or destroyed. The maintenance and production of 

all aircraft and all arms, ammunition and implements of war shall be prevented. 

With Germany divided into four zones (American, British, French and Soviet), the Allied parties were 

responsible for taking care of any chemical weapons (CW) , chemical warfare agents (CWA) and production 

facilities within their area of oversight, either by including them in their own arsenals or destroying them by 

any means suitable. This was primarily done by submerging them in oceans and seas. 

Germany: 

The Baltic Sea has been a fiercely contested area, seeing extensive fighting especially during WW 1 and WW 

2. Due to the strategic importance of the Baltic, countless war operations of various kinds took place. These 

operations ranged from sea battles carried out between war ships, submarine torpedo attacks, air raids and 

complex mine laying operations to testing of marine weapons carried out at special sites as well as regular 

shooting exercises at live shooting areas. All these war activities resulted in an introduction of munitions 

into the marine environment. 

After the end of WW 2 an additional entry of munitions into the Baltic took place: Dumping. 

Dumping of munitions has been carried out for different reasons. Towards the end of the war munitions 

were dumped to remove dangerous munitions from areas subject to imminent attacks, to prevent 

munitions from being seized by attacking troops and to demilitarize before surrender. In the immediate 

postwar period, dumping at sea was chosen by the Allied Forces against Germany to allow for the swift 

demilitarization and removal of dangerous war materials from German territory. The dumping activities 

that took place during the last stages of war and the post-war period were conducted under pressure of 

time, either imposed by the attacking forces or by agreed deadlines. Dumping activities in later years can 

be seen as a choice of method that is a cheaper and safer compared to land-based disassembly and 

decontamination procedures. 

 [Graphic] 
 

In WW I the Russian Navy closed the Finn Bay with a system of minefields and artillery, cold “mine-artillery-

positions”, beginning on the western side of Finngulf, with the forward position followed by Moonsund 

position, Irbenstrait-position, Main-position, Flank-position (Helsingfors), Reserve-position and the 

Kronstadt-position, a lot of mines were laid and secured by shore artillery and some flotillas of ships, from 

guard ship to cruiser. 

Commented [MiM 32]: Conclude to main results: 
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The German Navy laid in the same area mines by submarines and surface ships 

In 1917 the German Army and Navy started the invasion of the Baltic Island in Operation “ALBION”, Both 

sides, Germany and Russia, fought with battleships, destroyers, minesweepers and other units, include 

aircrafts against each other and a lot of ammunition came in the fighting area in the sea. 

In WWII we saw the similar situation: The German Navy closed and secured the south entrance from Great 

Belt with minefields and 992 moored mines. South of these fields, the Royal Air Force established three 

areas, cold “gardens” and dropped a total of 3,896 airborne ground mines. The opponents laid in this rather 

small area a total of 4,888 mines. 

After WW II, the Allied Forces established in the Western Baltic Sea 5 areas for munition dumping at sea. 

One of them was the Kolberger Heide, a shallow water in front of the entrance to Kiel Fjord.  

Nearly 50 000 metric tons of all kinds of ammunition were dumped in this area. The ammunition came from 

all parts of northern Germany from the British zone. Today, we know that the complete ammunition from 

the Mine-store of Kiel Jägersberg and Trappenkamp and from the Torpedo storage Kiel, Schilksee and the 

Artillery storage Kiel Friedrichsort. More as 35 000 tons remain in this area up to today. 

 

 

2.3.1 Relocation 

Annex 2 Outcome of SUBMERGED 2-2015 

Commented [MiM 35]: Move to another chapter  
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Post-introduction processes affecting distribution of underwater munitions (and constituents) 

Already during the dumping activities, warfare materials were potentially scattered in the vicinity of the 

designated dumping areas and well away from them on the transport routes due to the practice of en route 

dumping.  

Since most dumping activities in the Baltic Sea have been carried out by the item-by-item disposal, 

sometimes even en route to the designated dumping areas various types of munitions can be found. 

Consequently, warfare materials have been scattered in high density within or in the vicinity of the 

designated dumping areas - and in low density also outside of them. In addition, natural processes like 

currents and human activities, such as fishing with bottom trawls, contribute to the ongoing redistribution 

of both chemical warfare material objects and contaminated sediments in the marine environment. 

Chemical warfare material objects are point sources of contamination. It is certain that with time, these 

objects will be broken down due to mechanical and chemical processes to become diffuse sources of local 

contamination, which will then be further distributed. Spreading may occur in solution or as particles 

bound to sediment particles fractions or in biota and may be accompanied by abiotic or bio-mediated 

chemical transformations of the released compounds. Thus, the disintegration of containers results in 

additional uncertainty with regard to the environmental fate of the formerly contained pollution load, 

taking into account that this is determined by the type of released compounds and the prevailing ambient 

conditions. As a result of further dissolving, dilution and the reaction of decomposition (dissipation), the 

possibility of the occurrence of high concentrations of munitions constituents in the seawater seems likely.  

Anthropogenic-driven relocation and spreading due to natural processes differ in magnitude and type of 

force. In general, activities capable of moving large objects like bombs or lumps of Sulphur mustard will also 

be sufficient to achieve the spreading of contaminants in solution, as particles or bound to sediment 

particles. However, some activities affect larger objects more than particles and vice versa. For instance, 

when bottom trawls are drawn over an area of contaminated seafloor, contaminated sediments may be re-

suspended and the contamination may only spread locally; however, munitions caught in a net may travel a 

long distance before being released. 

2.3.2 Areas of concern 

Annex 2 Outcome of SUBMERGED 2-2015 

 Maps & profiles for special areas of interest (historic context), i.a.: 

o thematic map on chemical munitions 

o but also maps and descriptions showing overlap of conventional and chemical munitions 

distribution and historical context 

 full list of areas will likely be suitable for placing in the annex 

Poland: 

The areas of concern in the Baltic Sea are primarily the official dumpsites east of Bornholm and southeast 

of Gotland. In addition, there  is the Little Belt area as well as transport routes from Wolgast Harbour, were 

vast amounts of chemical munitions were located. Finally, there are unofficial sites of concern in the 

Gdansk Deep and the Slupsk Furrow. At the time it was considered a cheap method of disposal and it was 

believed that the vast amounts of water would neutralize the CWA. In contrast to the dumping operations 

in Skagerrak and Little Belt, where complete ships were sunk, primarily containers and munitions 

containing CWA were dumped in the Baltic Sea. 

 

2.4 Environmental issues 
Annex 2 Outcome of SUBMERGED 2-2015 
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 (applicable hazards should be described in this chapter => description of likelihood and resulting risk will 

be addressed under ‘risk assessment’) 

 

2.4.1 Hazards of intact munitions  

Annex 2 Outcome of SUBMERGED 2-2015 

To keep in mind that munitions are inherently dangerous, i.a.: detonation: Shockwave, shrapnel, etc. 

 

2.4.2 Deterioration of munitions casings and constituents (general description) 

Annex 2 Outcome of SUBMERGED 2-2015 

 Corrosion 

 Ageing of munitions constituents, e.g.: 

o increased instability of aged explosive formulations 

o formation of Sulphur mustard lumps 

 Transformation & degradation 

Poland: 

CWA have been dumped already filled into diverse types of munitions, as well as in storage bulk containers 

such as barrels and drums. These containers differ with regard to wall thickness (e.g. thin-walled aircraft 

bombs and thick-walled artillery shells), type and quality of metal(s) used (e.g. resulting in contact corrosion 

where different metals are used) and other substances contained, resulting in different susceptibility to 

corrosion and therefore speed of decay and start of content release. In contrast to storage bulk containers, 

munitions contain different types of explosives. Unlike in conventional munitions, the main effect filling of 

chemical munitions is neither explosive nor incendiary mixture but a CWA (mixture). However, in order for 

a munition to have the effect intended by its users , the CWA payload has to be released from its metallic 

container when a certain event happens (e.g. countdown of a set time, shock of impact), for which 

chemicals with the ability to detonate (explosives) are used. The event of release is usually determined by 

the type of fuse employed in a munition. Fuses usually contain sensitive primary explosives (e.g. mercury(II) 

fulminate, lead(II) azide) which are used to set off a more stable and handling-safe secondary explosive 

(e.g. 2,4,6-Trinitrotoluene = TNT), sometimes via additional booster charges (e.g. containing the sensitive 

explosive picric acid or its salts). These chain reactions result in bursting of the container and release of the 

CWA payload contained. While munitions disposed of in organized demilitarization campaigns will likely 

have been dumped without fuses attached, the remaining explosive content still qualifies them as as UXO. 

Speed of corrosion and subsequent start of release of all chemical contents is strongly dependent on the 

local environment a given chemical warfare material container rests. In general, the presence of oxygen 

and engulfing currents will promote corrosion of a container, while burial in sediment and a low oxygen 

environment will preserve its original state. Even if the outer hull is still pristine, the chemical contents of a 

bulk container or, even more likely due to its more complex composition, of a munition may have changed 

with time. 

To assess the threat to the marine environment, Makles and Śliwakowski (Makles and Śliwakowski, 1997) 

developed a model, from which it results that, depending on the type of ammunitions (containers), 

mustard gas will be escaping in the following way:  

- barrels: start 23 years after dumping, complete loss of containment after 60 years;  

- bombs: start 46 years after dumping, complete loss of containment after 120 years;  

- artillery shells: start 69 years after dumping, complete loss of containment after 265 years.  Commented [MiM 39]: Common understanding? 
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2.4.3 Spreading of munitions constituents 

Annex 2 Outcome of SUBMERGED 2-2015 

  (also recalling relocation as a process promoting subsequent large-scale spreading) 

 General considerations on leaking & spreading (compound-specific considerations to be 

addressed in the subsequent section), i.a.: 

o Dissolved compounds vs. particles/lumps 

HELCOM-MUNI: 

Natural processes potentially causing the relocation and spreading of munitions and chemical warfare 

agents can be separated into those occurring on a permanent basis, frequently or only occasionally: 

• Permanent – low force – diffusion from sources (e.g., resulting in the contami-nation of 

adjacent sediments, pore water and water in the immediate vicinity of the leaking chemical 

munitions). 

• Frequently – low to medium force – horizontal currents of ordinary magnitude; disturbance 

by biota (bio-turbation); and vertical transportation with gas generated by bio-degradation 

in the sediment and pore water from deeper layers, squeezed out due to the increasing 

weight of settling particles. 

• Occasionally – stronger force – extraordinary events like the inflow of cold, salty and 

oxygenated water from the North Sea into deep basins of the Baltic Sea; strong currents 

caused by storm surges and ice (in more shallow or coastal waters). 

The potential impact of these processes also depends on many local factors such as water depth; the depth 

of buried objects or point sources in the sediment; the composition of the upper layer of the seabed; and 

the temperature of the water. 

2.4.3.1 Permanent effects 

Chemical warfare materials may be completely or partially buried in the sediment or they can be lying on 

the surface of the seafloor. Once the integrity of an encasement is breached, the contents of any object will 

spread due to the processes of advection and diffusion within the sediments and the water in the 

immediate vicinity of the point source. As described in Chapter XXXX, some chemical warfare agent 

associated compounds, when released into the environment, undergo a quick chemical transformation and 

detoxification; while other compounds might persist in the environment for long periods due to various 

factors (e.g., stability towards hydrolysis by the formation of self-contained lumps). While advection is 

related to the movement of ambient media in duration and velocity, molecular diffusion follows any 

relative difference of concentration, which is a very slow process. It needs to be noted, however, that 

muddy sediments dominate the former dumping areas in the Baltic Sea and their permeability is so small 

that the process of dispersion caused by advection currents – either induced by density or resulting from 

the pressure gradient – can be disregarded. 

2.4.3.2 Frequent hydrodynamic effects and bio-turbation 

The water of the Baltic Sea is circulated, most notably forced by wind, but also by differences in water 

temperature and/or salinity and oxygenation levels which drives the movement of water. Strong forces 

may only occur in shallow waters and near to the shore. For instance, the maximum speed of currents in 

the Bornholm Basin has been measured at 20 cm/s at five meters above the seabed and up to 40 cm/s at 

forty meters over the seafloor (Garnaga & Stankevičius 2005, Missiaen et al. 2010). In addition to horizontal 

movements, the water also undergoes vertical mixing. 

Findings made after the CHEMU Report (Paka & Spiridonov 2002) show that other noteworthy near-bottom 

turbulences occur in deeper waters as well. Two effects that might lead to the expulsion of contaminants 
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from the seabed into the water column, and which could then be relocated by horizontal currents, have 

been described: 

• Settling sediments - the increasing weight of the growing and settling of the topmost 

sediment layer results in the expulsion of water from deeper sediment layers that might 

carry (micro)particles/contaminants. 

• Rising gas - generated by anaerobe biological degradation fermentation gases can form 

small bubbles rising upwards and causing micro-turbulences on the way, resulting in 

particles/contaminants being dragged along and ejected from the seabed. 

Diverse species of biota inhabit the seabed or visit it regularly to feed on benthic organisms. When animals 

dig burrows into the seafloor or scour the sediment for prey, the layers of particles are mixed and released 

into the near-bottom water. Contaminated sediments will also most likely respond to these disturbances of 

the seafloor or accompanying near-bottom water movements. If the exposure to toxic chemicals is minor, 

the benthic organisms will not suffer from acute toxic effects; upon prolonged exposure, however, chronic 

effects are possible. 

2.4.3.3 Surf-zone effects 

To date, the limits of an object’s size, form and weight up to which relocation by cur-rents and waves is 

possible are not known. Recurring reports about artillery shells, parts of torpedoes or the engines of WWII 

cruise missiles (V1) found in the surf zone of beaches suggest that there is a natural process of 

transportation, but one which is not completely understood as yet. It is well understood that the force of 

waves rolling towards the shoreline increases with decreasing water depth. As a result, it can be concluded 

that objects will be relocated by waves either due to their low density in relation to seawater and / or if 

they are located in shallow water. 

Munitions constituents can also be washed ashore. Incidents are recorded nearly every year of small pieces 

of the incendiary agent white phosphorus being found in the surf zones of the German island of Usedom 

and the Latvian beach south of Liepāja. Reports from other locations are rare. In the cases of Usedom and 

Liepāja, the toxic substance originates from the payload of incendiary bombs that were re-leased into the 

sea close to shallow water (cf. Chapter 3.2.5). As the encasements of incendiary munitions are rather thin, 

it is likely that some would have ruptured on impact; for those that did not, by today they are probably in 

an advanced state of corrosion and may even have broken up into pieces. In some munitions, solid white 

phosphorus was used while in others the incendiary substance was mixed with rubber-like sticky additives. 

The original substance which broke up into pieces upon impact or by waves has by now, most likely, been 

relocated naturally. 

2.4.3.4 Anthropogenic activities 

Taking into consideration the surf zone effect, the common conclusion is that the horizontal relocation of 

large and heavy warfare materials is caused by anthropogenic activities. The force required to move 

containers or heavy munitions (e.g. large artillery shells or chemical bombs weighing up to 200 kg) over 

noteworthy distances cannot be applied by natural processes. Only trawled fishing nets, dredgers or other 

large machinery moving along the seabed (e.g., for laying pipes or power lines) are recognized as being able 

to relocate large objects over significant distances along the Baltic deep basin seafloor. The relocation of 

warfare materials may occur unintentionally, most likely involving objects resting outside the dumpsites 

marked on navigational charts and possibly without the crew even being aware of it. 

In this context, the former practice of en route dumping is of special interest since these chemical warfare 

materials pose a considerable risk - one that is very difficult to assess due to the unknown locations outside 

the assigned dumping areas and because they were disposed of and scattered item-by-item. While the 

likelihood of trawling one of these objects is low, any such incident might have severe consequences due to 

the unexpected event and improper preparation. 
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2.4.4 Hazards of munitions constituents 

Annex 2 Outcome of SUBMERGED 2-2015 

• Focus on conventional munitions: explosives and white phosphorus 

• Concise description of CWA (refer to MUNI report for more comprehensive information) 

 

2.5 Risk assessment 
Annex 2 Outcome of SUBMERGED 2-2015 

 (making use of incident descriptions throughout to explain the basis for likelihood estimation) 

HELCOM-MUNI: 

As discussed in Chapter XXX, chemical warfare agents like Sulphur mustard, Tabun and arsenic-containing 

substances were designed to trigger severe biological effects at very small doses. All of them are extremely 

toxic to humans. In many cases, the degradation products also show some degree of toxicity, while some 

compounds have the potential to be biomagnified. 

This section mainly addresses potential exposures for the main users of the sea. 

The threats of chemical munitions can be triggered in many ways: the munitions might function as intended 

and release the toxic contents by detonation after being improperly handled. A more likely scenario is 

direct or indirect contact (e.g. via vapors) to leaked liquid or solid chemical warfare agents that has become 

attached to an object (e.g. fish) or contaminated the sediment. In principle, the introduction of chemical 

warfare agents and their degradation products into the marine food web can result in contaminated 

seafood products for human consumption and thus pose a risk to seafood consumers, however, only one 

such case has been documented in the Baltic Sea region (cf. chapter 4.3.8). While hazardous chemicals like 

white phosphorus have been found on beaches, no cases of chemical warfare agents washed ashore have 

been reported since the HELCOM reporting system was established in 1994. 

2.5.1 With regard to humans 

Annex 2 Outcome of SUBMERGED 2-2015 

Divided according to different user groups (see MUNI report), i.a.: fishermen, construction workers, beach 

visitors 

2.5.1.1 Fishermen 

According to reported incidents, fishermen have been the main groups affected by munitions (both 

conventional and chemical) since dumping activities were concluded in the immediate post-WWII period 

(cf. Annex 7.2). The risk of coming into contact with the dangerous materials was seen to be highest when 

fishing inside or near to the former dumping areas. For this reason, these sites are marked on the official 

sea charts together with additional information on where fishing activities, anchoring and extracting seabed 

materials is not advisable. However, due to the former practice of en route dumping and the ensuing 

relocation of sea-dumped materials, there is also a risk when fishing is carried out outside the marked 

dumpsites. 

2.5.1.2 Crew on-board if collision triggers detonation 

Conventional munitions like moored sea mines are able to float and might collide. Objects on seabed may 

be clinched between ship’s hull and sediment, due to landing operations, stranding or running aground. 

This might triggers the fuse or the impact of large quantity of kinetic energy initiates the explosive payload 

to detonate, terminating in the intended purpose of warfare material. 
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2.5.1.3 Offshore construction and maintenance workers 

The rapid growth of the offshore industry is accompanied by changes in human behaviour and thus raises 

many new issues related to munitions (both conventional and chemical) dumped at sea. The documented 

experiences of the Nord Stream pipeline laying project between 2005 and 2011 could be a model for future 

project plans (Nord Stream AG 2010-2011). It substantiated the claim that chemical munitions are a threat 

to developments in areas outside the limits of ‘foul grounds’ and munitions dumpsites marked on 

navigational charts. 

The use of the seabed for offshore activities such as resource extraction and construction is rapidly 

developing and increases the likelihood of encounters with dumped munitions. Offshore construction sites 

are a good example: where piles are rammed into the seabed there is a possibility to encounter munitions 

buried deep in the sediment. Available technologies to detect objects in terrestrial soil are insufficient, as 

are most of the present solutions for underwater detection. 

The increased drilling of boreholes for geological surveys also increases the threat 

of coming into contact with toxic substances, which might occur if a chemical warfare object is punctured in 

the process or if examined sediment core samples include sediment which has been contaminated with 

chemical warfare agent mixtures. 

The increasing amount of activity on the seafloor also increases the risk of coming into contact with 

conventional and chemical) munitions. Many temporary or permanent facilities will be deployed on the 

seafloor in the near future (e.g., Remotely Operated underwater Vehicles (ROV), maintenance stations, 

offshore wind farms, sea cables and pipelines). Operations on or in the sediment layer may damage the en-

casements of the munitions that have not yet lost their integrity. Moreover, all of these installations are at 

direct risk from relocated military objects. Apart from the possible direct contact with hazardous objects, 

the operating personnel are also indirectly at risk from coming into contact with contaminated equipment 

such as tools, ROVs, diving suites and related gear. 

2.5.1.4 Sub-surface entrepreneurs and workers 

Commercial, navy and emergency response sub-surface entrepreneurs and mem-bers of service crews 

related to underwater operations are seen to be exposed to an elevated probability of coming into contact 

with chemical and conventional munitions in the vicinity of dumpsites or scattered munitions, be it directly 

and indirectly, intentionally or unintentionally. Poor underwater visibility, the large variety in shapes of 

chemical warfare material containers and the degree of their corrosion and colonization by biota pose a 

challenge to even recognizing the potential danger. It should be stressed that some warfare agents will 

even penetrate the material of highly sophisticated gloves and diving suits and some substances (e.g., 

thickened Sulphur mustard mixtures), may stick firmly to the surface of objects they come into contact 

with. 

The planning and preparation processes for sub-surface operations in suspected areas should include the 

implementation of standard operation procedures (SOP) for the unlikely event of an accidental 

contamination of workers or equipment. All personnel should be considered responsible for correctly 

carrying out such standard operation procedures. In the event of an encounter, the relevant national 

authorities must be informed and should thoroughly investigate and formally agree before the operation 

can be continued. 

2.5.1.5 Harbour staff and workers 

Investigations in local archives have confirmed that at almost all harbour facilities used for trafficking of 

(chemical) warfare materials, accidents with these hazardous goods have occurred (e.g., Flensburg, 

Wolgast). For the port of Flensburg, two accidents are recorded in relation to the turnover of warfare 

material in the immediate post-war period in 1945 (18 September, 1 October), as well as single recent 

incidents have been recorded in Denmark. While unloading rail cars with chemical munitions on behalf of 
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the British Military Administration in Germany, workers were contaminated with sulphur mustard oozing 

from artillery shells damaged by fire or from barrels leaking due to unknown reason. The contaminated 

objects were sent off for emergency sea-dumping with immediate priority (cf. Chapter XXX). 

It must also be assumed that the soil is contaminated in parts of the port which were formerly used for 

trafficking of (chemical) warfare materials. 

As described for other sub-surface operations under Chapter XXX, information on the potential remains of 

former trafficking of (chemical) warfare material needs to be made available and taken into consideration 

by project managers or contractors to allow for responsible planning of future harbour developments. 

Since harbour basins often contain metallic objects of all kinds, and in high density, it can be difficult to 

identify potentially dangerous single objects. If historical information suggests that both, chemical and 

conventional warfare material has been trafficked in the area, then any activities in the basin should be 

undertaken with the utmost care. 

Apart from objects that have been lying in harbours for decades, there is also risk of recently relocated 

materials being brought into the harbour by fishermen, possibly even without recognizing the hazards 

posed by some inconspicuous object in their nets. One such dangerous relocation case occurred on 4 April 

2001 when the crew of a trawler outside the coast of Blekinge (Sweden) found a bomb containing Sulphur 

mustard in their fishing net and transported it to the harbour of Nogersund. The bomb was placed on the 

jetty and had to be dealt with immediately by the authorities. Another such dangerous relocation case 

occurred on XXXXXX in Eckernförde (Germany) when a crew of a trawler caught a Mine with his fishing net 

and transported it to the harbour as well.   

2.5.1.6 Rescue and emergency services 

Since all Contracting Parties to HELCOM provide services in the event of contamination with chemical, 

biological, radioactive or nuclear (CBRN) hazards on land, in principle all necessary scientific knowledge, 

technical equipment and trained personal should also be available in case of an incident offshore. However, 

many deficiencies 

have been identified in the emergency services’ abilities to adequately respond to encounters with 

chemical warfare materials at offshore construction sites. For this reason, the CHEMSEA project (cf. 

Chapter 2.3.2.2.2) has decided to draft recommendations for a state-of-the-art response system based on 

shared examples of best practice. The results will be taken into account in the future work of HELCOM. 

2.5.1.7 Recreational divers 

Wrecks in general - also those from WWII - are of special interest to recreational divers. Most chemical 

munitions were dumped in the Baltic Sea at depths exceeding 80 m, mostly by item-by-item disposal and 

are located well away from the coastline and therefore are not easily accessible to recreational divers. The 

wrecks of the barges sunken in the area south of the Little Belt have been relocated and the mate-rials 

recovered in the late 1950s (cf. Chapter 3.2.1). Of special concern, however, are the scattered single objects 

stemming from item-by-item disposal en route from the loading harbours to the formerly designated 

dumping areas (Flensburg ↔ south of Little Belt; Wolgast ↔ Gotland Deep; Wolgast ↔ Bornholm Deep) 

and in the area south of the Little Belt. Since these objects are not associated with a landmark of interest 

like a wreck, it is unlikely that these scattered chemical warfare materials will be found unintentionally in 

these shallower waters. However, novel, highly sophisticated and affordable equipment enables even non-

professional divers to conduct ever deeper dives, which increases the likelihood of divers or their 

equipment coming into contact with chemical warfare materials. Therefore, easily accessible public 

information of the dangers associated with sea-dumped warfare materials (both chemical and 

conventional) should also be targeted to raise the awareness of this special risk group. 
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2.5.1.8 Beach visitors 

Today, the likelihood of beach goers coming into direct contact with chemical warfare materials (not 

including the incendiary agent white phosphorus) is negligible. However, even though the number of 

encounters is very low, the consequences of such an encounter are disproportionately high due to the 

severe consequences for the affect individual (Figure 44). This requires that responsible authorities take 

appropriate action to prevent similar incidents from occurring in the future. 

In July 1955, 102 children from a holiday camp were injured while playing with a barrel they found on a 

beach at Darłówko, Poland (south-east of Bornholm, roughly half-way between Wolgast and Gdynia). The 

partly corroded barrel was leaking its brown-black contents of liquid Sulphur mustard and at least four 

children suffered severe injuries, especially irreversible eye damage. The beach was closed down 

immediately after the incident and decontaminated during the following seven days using three tonnes of 

chlorinated lime. After three months, the beach could be re-opened after laboratory tests confirmed that 

no toxic material remained (Szarejko & Namieśnik 2009). 

The high likelihood of confusing the incendiary agent white phosphorus with the collectible amber and its 

high occurrence at some sites (e.g., beaches of Usedom and off Liepāja) has been described in Chapter 

3.2.5, Chapter 4.2.1.4 and Annex 7.1. It is seen as the special responsibility of local authorities governing 

the area of known hot spots to raise public awareness by clear and precise information for both beach 

goers and amber collectors. It should be clearly advised that before storage, amber should be collected in 

fire-proof metal containers and allowed to dry and heat up to 30°C when any white phosphorus mistakenly 

collected will ignite. If white phosphorus is found, the area must be cordoned off and the authorities 

contacted. Further information for collectors who have been in immediate contact with white phosphorus 

should be included in the emergency operation procedures. Medical personnel in the wider area of concern 

also need to be aware of the special toxic dangers posed by white phosphorus and not just the obvious, 

severe burn injuries. 

There seemed although a growing risk of encountering conventional munitions or arts of it on beaches. 

Beach maintenance employees and life guards should receive training and public awareness increased 

through clear warning signs. The implementation of munitions related topics within the voluntary eco-label 

“Blue Flag” (www.blueflag.org) might introduce a top-down strategy for further improvements in how to 

deal with the legacy of war in present times.  

Another way to raise the attention of beach visitors is the hand out of “awareness brochures”. This has 

taken place for example at the beach area of Heidkate (Germany) in 2015 after several findings of 

explosives. Children had collected the explosive compounds and played with.   

2.5.1.9 Seafood consumers 

As pointed out in Chapter 4.3.1, the highest likelihood of getting into direct contact with chemical warfare 

materials in the Baltic Sea is through commercial fishing. Consequently, there is also a risk for any fish 

netted with the warfare materials to be contaminated (e.g., with small lumps of potentially sticky sulphur 

mustard, Figure 45). When this occurs, the authorities must be alerted, the fishing gear decontaminated 

and the whole catch destroyed. As mentioned in Chapter 3.3, some constituents of chemical warfare 

materials have the potential to bio magnify within the food web. This has been assessed to potentially 

affect commercially valuable and primarily sediment-active top-predators such as Baltic cod. This species is 

also of particular concern since the Bornholm dumpsite is located in one of its main breeding areas and 

offers rich fishing grounds (Niiranen et al. 2008). 

No parent chemical warfare agent-associated compounds have been detected in Baltic Sea fish. Based on 

models results, Sanderson et al. (2009) assessed the maximum recommended monthly amount of fish 

servings3 stemming from the primary dumpsites/no-fishing zones in the Bornholm dumpsite to be zero to 

one. This assessment was based on extreme worst-case assumptions, taking into account the load of 
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arsenic-containing chemical warfare agents dumped in the area, but not specifically addressing all potential 

transformation or break-down products. Their study concluded that there was a need for further empirical 

research, especially regarding the speciation of arsenicals in fish and their carcinogenesis as well as the 

effects of human exposure to sulphur mustard via seafood. 

Studies aiming specifically at the Geno toxicological effects of chemical warfare agents are still on-going 

within the CHEMSEA project (cf. Chapter 2.3.2.2.2 and Torre et al. 2013). The possibility of sulphur mustard 

poisoning occurring via seafood consumption is supported by newspaper reports stemming from the late 

1940s (June 1948, April 1949). It was reported that some Danish and German seafood consumers had 

become ill after eating fish caught in the area of the Bornholm dumpsite – cod roe later assessed by 

medical staff was found to contain Sulphur mustard (HELCOM 2011a). However, the exposure occurred due 

to mechanical mixture of warfare compounds with fish roe that was consumed. Bottom-dwelling fish 

chronically exposed to chemical warfare agents due to their on habitat association in vivo in a dumpsite in 

the Mediterranean Sea off Bari, Italy, have been shown to carry obvious signs of biomarker responses; 

however, no chemical warfare agents were found in the fish flesh and thus any skin diseases, parasite 

infestation and general low health could be connected to overall environmental stress factors. Further 

research in this field was recommended by the authors (Torre et al. 2013). While no specific analysis for the 

presence of warfare material constituents is conducted, it is unlikely that seafood showing such signs would 

go unnoticed in the sorting stage and reach the customer. 

2.5.2 Hazards and threats with regard to the marine environment 

Annex 2 Outcome of SUBMERGED 2-2015 

 (also taking the introduction of energy [detonation] into consideration) 

HELCOM-MUNI, #4.4 – page 82 : 

As discussed in Chapter 3.3, the hazards posed by the constituents of chemical warfare materials to the 

marine environment have many facets. In addition to the obviously detrimental effects of direct contact 

with active chemical warfare agents, all pathways of associated chemical compounds into and within the 

marine food web as well as the multiple biological symptoms related to acute and long-term exposure to 

toxic substances need to be considered. Heavy metals, arsenical compounds, explosives, persistent 

chlorinated compounds and other artificial compounds (xenobiotics) are of special concern and require 

consideration. 

Most of the areas formerly used for dumping warfare materials are rather deep basins that act as sediment 

traps, are dark and most of the time cold and poorly oxygenated (cf. Chapter 4.2.1.3). Taking this into 

account, the logical conclusion is that biological activity in the designated dumping areas might be low and 

therefore the intake of toxic substances into the marine food web is not significant. 

However, increasing scientific knowledge on the natural processes in the deep water zone of the Baltic Sea 

contradicts from this assumption. Moreover, the findings of Feistel et al. (2004) on the inflow of warm 

water into Baltic Sea during the summer 2003 and the long-term influence it had on the Baltic deep basins 

(cf. Chapter 4.2.1.3) raises more questions on possible biological activities in the vicinities of dumped 

chemical munitions (Sanderson et al. 2009). 

2.5.2.1 Chronic effects 

Fish, marine mammals and sea birds may come into direct contact with the chemical warfare materials 

themselves (e.g., leaking munitions or lumps of chemical warfare agent) or via contaminated food. Such 

direct contact with active chemical warfare agents will likely result in chronic toxic effects which manifest 

as behavioural changes and superficial injuries (e.g., skin blisters and lesions from contact with sulphur 

mustard). The development of blisters on the skin or mucous membranes of fish and marine birds and 

mammals are seen as the most obvious effects of contamination with blistering agents. However, the 

occurrence of skin blisters is rather common and the cause may also by other than exposure to chemical 
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warfare agents, such as an infected injury or reaction to other hazardous substances. Tests to determine 

the toxic effects on fish have shown that mustard gas concentrations of 10 ppm have a lethal effect in eels 

but not in flounders (NATO/CCMS, 1995).  

While similar studies for the Baltic Sea are still on-going (e.g., within the CHEMSEA project, cf. Chapter 

2.3.2.2.2), research into the exposure of benthic fish species permanently inhabiting a dumpsite in the 

Mediterranean Sea off Bari, and sometimes even within the chemical munitions themselves, highlight the 

difficulties associated with conducting habitat-scale analyses or ecosystem assessments. Even though the 

observed state of illness – mainly skin lesions and blisters – suggest that it might be attributed to the 

blistering agents present at the site, from a scientific  perspective the authors could only attribute those 

observations to be ‘reasonably’ ascribable to compounds leaking from the corroded munitions (Torre et al. 

2013, cf. Chapter 4.3.8). 

Russian studies on the toxicity of low concentrations of mustard gas (0.33 mg/L and 0.0033 mg/L) 

presumed to be present in bottom water over dumped munitions, showed toxic effects in zooplankton 

(Daphnia Magna) but no acute toxicity to gastropods and fish. Similar concentrations found over Adamsite 

and chloroacetophenone munitions produced no acute toxicity in the above-mentioned organisms (Gorlov 

et al. 1993). Other studies on the subject have also been carried out based on measured or modelled 

effect-concentrations (Sanderson et al. 2007), showing that environmental risks towards the fish 

community in the Bornholm Basin from dumped chemical warfare materials cannot be ruled out by 

decreased solubility of chemical warfare agents. 

A severe injury and subsequent infection may cause the death of a wild animal. Determining whether an 

infected injury is related to exposure to an active chemical warfare agent is difficult at best, and identifying 

the actual cause of death of a decomposing body found on a beach is even harder. As post mortem 

examinations of marine animals typically point to more than one possible cause of death, statistics on 

cause of death tend to be unspecific. 

2.5.2.2 Long-term effects 

Like humans, larger and long-lived forms of marine life suffer from chronic diseases like cancer or genetic 

defects after having been in exposed to low doses of toxins over a long period. The impacts of long-term 

effects are often gradual and may remain hidden inside a population. They are difficult to diagnose and 

correlate to a single cause-and-effect relationship. While the influence of chemical warfare agents cannot 

be completely excluded, natural and other anthropogenic pressures must also be considered. However, a 

definite and unequivocal identification of a single impact is often difficult to obtain. 

Preliminary results obtained from the studies carried out within the CHEMSEA project (Lehtonen et al. 

2013), showed lower fitness, an elevated prevalence of bacterial skin ulcers and gill parasites (Loma sp.), a 

higher degree of head kidney pathology and a higher degree of genotoxic effects in fish caught in the 

dumpsite area compared to the control areas. Moreover, comparatively low lysosomal membrane stability, 

possibly attributed to arsenic stress, was found both in fish and in the blue mussel caging study in the ‘hot 

spot’ area of the Bornholm deep compared to the reference area. Compounds stemming from chemical 

warfare agents have been detected in sediment and pore water samples in the wider area of the Bornholm 

dumpsite (cf. Chapter 3.3, Missiaen et al. 2010, Sanderson et al. 2010, Nord Stream AG 2011c). 

Conservative model-based assessments on the environmental risks to fish from the sea-dumped chemical 

warfare materials in the Bornholm Basin dumpsite conclude that primarily sediment-active species (e.g., 

sole) and omnivorous fish (e.g., cod) would potentially be at risk, whereas primarily pelagic species (e.g., 

Salmonidae) would be at a lower risk, assuming an extreme worst case scenario. Clark-type warfare agents, 

especially triphenylarsine as a constituent of arsine oil (technical-grade Clark I), were identified along with 

Adamsite and Sulphur mustard as compounds of special concern (cf. Annex 7.1) (Sanderson et al. 2008). 

Based on various sources, Sanderson et al. (2008) derived Toxic Units which represent the 
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combined risk toxicity of chemical warfare agent compounds to the fish present in the primary and 

secondary dumpsites in the Bornholm Deep. The risk to the fish community under the more realistic 

Scenario B is marginal (TU< 0.2) in a 4-metre thick layer and 58 km down current (Figure 46) (Sanderson et 

al. 2008, and references therein). These figures, however, represent modelled concentrations and may be 

underestimated in individual cases. 

Preliminary studies aiming at an environmental risk assessment for the western part of the Lithuanian EEZ, 

which overlaps with the dumpsite in the Gotland Basin, found that the studied parameters - arsenic 

contamination, arsenic-tolerant bacteria and zooplankton - did not produce well-defined responses 

concerning potential risks. More specifically, the need for the determination of individual chemical warfare 

agent signature compounds at dumpsites was identified as a prerequisite for the evaluation of potential 

environmental risks (Garnaga & Stankevičius 2005). 

A different environmental marker for the presence of sea-dumped warfare materials was found by 

researchers detecting and isolating bacterial strains tolerant to the hydrolysis products of Sulphur mustard 

(Medvedeva et al. 2009). The isolated strains were cultivated in the laboratory and were shown to be 

capable of biodegrading thiodiglycol-type compounds stemming from abiotic hydrolysis of Sulphur 

mustard, even at low temperatures (5 °C). Bacteria with these capabilities were found to occur to an 

unusual degree in the centre of the designated dumping area off Bornholm and in the dumpsite of the 

Gotland Basin. These bacteria represented up to 85% of all heterotrophic bacteria found in samples of 

near-bottom water less than 1 m above the seabed taken at these sites (up to 85% at the Bornholm site; up 

to 20% at the Gotland site). While these bacteria usually only comprised 0.5% of all bacteria counted in the 

samples, it needs to be noted that the occurrence at a reference site outside the known dumpsites was 

determined to be 3% of all heterotrophs. In samples with a higher percentage of these tolerant bacteria, a 

diminished diversity of bacterial species was also found. The enriched  

presence of the specialized bacteria was attributed to the occurrence of Sulphur mustard-type warfare 

materials known to have been dumped in the areas under investigation. The authors of the study 

concluded that the results suggest the potential for the self-purification of contaminated water and 

sediments by natural populations of microorganisms (Medvedeva et al. 2009). The fact, that none of these 

specialized bacteria were found in water samples taken above 1 m over the seabed, underlines the limited 

stability of Sulphur mustard when it is dissolved in seawater. It needs to be noted, however, that these 

findings do not diminish the hazards posed by persisting solidified Sulphur mustard-type materials formed 

by aging processes or stemming from special tactical mixtures. It is unclear to which extent microbial 

degradation can assist in breaking down and detoxifying the chemically self-contained lumps of Sulphur 

mustard encased in a protective layer of polymerized material and consisting of undiluted and most likely 

also active agent (cf. Annex 7.1). 

While no major impacts on the marine environment of the Baltic Sea as a whole are currently discernible, 

there is also no clear picture on the potential and future long-term effects of sea-dumped warfare 

materials. The legacy from the past is still resting on the bottom of the sea and is inextricably linked to the 

fish of today, and it may be that its effects will only be discernible on the consumer of tomorrow. 

 

2.5.3 With regard to maritime infrastructure 

Annex 2 Outcome of SUBMERGED 2-2015 

i.a. cables, pipelines, offshore wind farms 

shortly address risks to humans and the environment ensuing from this 
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2.6 Risk management 
• Science: DAIMON 

• … 

2.6.1 Introduction 

HELCOM-MUNI, #4.1 – page 66 

 

See also annex 7.4: Factors for hazard and risk assessments, page 125, 126 

2.6.2 Risk Management for Unexploded Ordinance (UXO) in the marine Environment 

• Dalhousie Journal of Interdisciplinary Management “Risk Management For Unexploded 

Ordinance (UXO) in The Marine Environment”, volume 8 – Fall 2012: 

https://ojs.library.dal.ca/djim/article/view/2012vol8HowardAkerReid/3137) 

Abstract: After World Wars I and II large amounts of explosive ordnance remained undetonated. Already 

deployed ordnance was left uncollected and excess supplies were disposed of, sometimes recklessly. The 

result is that much of this unexploded ordnance (UXO) still exists in the environment, much of it throughout 

the world’s oceans, where it continuously presents a risk of serious harm to people and the environment. 

The purpose of this paper is to present a marine UXO risk assessment that could aid managers working in 

marine industries in mitigating the risks presented by marine UXOs. Using existing marine UXO literature, a 

list of 21 plausible UXO risk events was generated and then categorized into risk levels of low, medium, 

high, and very high using a novel risk matrix approach. The common pathways that determine interactions 

between people and marine UXOs were identified and the efficiancy of a series of risk mitigation strategies 

were examined within the context of the identified risks. 

Commented [MiM 316]: Review with regard to 
conventional munitions; priorities and effect of self-
detonition and ”disposal” blast operations 

https://ojs.library.dal.ca/djim/article/view/2012vol8HowardAkerReid/3137
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2.6.2.1 UXO pathway diagram 

 

Source: Page 13 of https://ojs.library.dal.ca/djim/article/view/2012vol8HowardAkerReid  

2.6.3 Monitoring 

Monitoring is a well-established function of the Helsinki Convention. Coordinated monitoring of physical, 

chemical and biological variables of the open sea of the Baltic Sea has been carried out since 1979. 

HELCOM monitoring is closely linked to environmental assessments and periodical assessment reports have 

been published since the 1980s. Since the 2000s the occasional production of reports evolved to regular 

publications of Baltic Sea thematic and holistic assessments. This development was supported by the first 

version of the HELCOM Monitoring and Assessment Strategy in 2005. 

The Baltic Sea Action Plan (BSAP), adopted in 2007, further emphasizes the need to monitor and assess the 

change in the marine environment and the progress towards the visions, goals and objectives of the BSAP.3 

2.6.3.1 General introduction 

The current HELCOM work on monitoring and assessment is based on a Strategy that was adopted by the 

HELCOM Ministerial Meeting in 2013. The Strategy is a common plan to monitor and assess the health of 

the Baltic Sea in a coordinated and cost-efficient way between all HELCOM Contracting Parties. The overall 

objectives of the HELCOM Monitoring and Assessment Strategy are to: 

 lay out a system which enables showing how visions, goals and objectives set for the Baltic Sea 

marine environment are being met; 

 provide a system that enables linking the quality of the environment to its management; 

 facilitate the implementation of the ecosystem approach covering the whole Baltic Sea, including 

coastal and open waters; 

 enable the provision of data and information that links pressures on land, from the atmosphere, in 

coastal areas and at sea to their impacts on the marine environment; 

                                                           
3 http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/introduction/  

https://ojs.library.dal.ca/djim/article/view/2012vol8HowardAkerReid
http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-manual/introduction/
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 describe the system for coordination of monitoring activities for Baltic Sea specific issues of 

concern; 

 set out the structure and time frame for the production of region-specific assessments such as 

comprehensive thematic and holistic assessments and more concise and more timely indicator 

reports and other assessment products; 

 create a system which enables raising also general public awareness of the Baltic Sea and HELCOM 

actions. 

 design a system for producing targeted assessment products for region-specific management 

purposes by also making use of data and information produced by Contracting Parties for other 

fora 

The general principles of the Strategy that relate to coordinated monitoring have been translated into 

concrete specifications and requirements through the HELCOM Monitoring Manual.4 

2.6.3.2 Marine Strategy Framework Directive, Article 11 

The aim of the European Union's ambitious Marine Strategy Framework Directive is to protect more 

effectively the marine environment across Europe. The Marine Directive was adopted on 17 June 2008, 

after several years of preparation and extensive consultation of all the relevant actors and the public, and 

came into force on 15 June 2008. It was due to be transposed into national legislation by 15 July 2010. 

The Commission also produced in 2010 a set of detailed criteria and indicators to help Member States 

implement the Marine Directive. The Marine Directive aims to achieve Good Environmental Status (GES) of 

the EU's marine waters by 2020 and to protect the resource base upon which marine-related economic and 

social activities depend. It is the first EU legislative instrument related to the protection of marine 

biodiversity, as it contains the explicit regulatory objective that "biodiversity is maintained by 2020", as the 

cornerstone for achieving GES5 which means that the different uses made of the marine resources are 

conducted at a sustainable level, ensuring their continuity for future generations.  

 Ecosystems, including their hydro-morphological (i.e. the structure and evolution of the water 

resources), physical and chemical conditions, are fully functioning and resilient to human-induced 

environmental change; 

 The decline of biodiversity caused by human activities is prevented and biodiversity is protected; 

 Human activities introducing substances and energy into the marine environment do not cause 

pollution effects. Noise from human activities is compatible with the marine environment and its 

ecosystems. 

To help Member States interpret what GES means in practice, the Directive sets out, in Annex I, eleven 

qualitative descriptors which describe what the environment will look like when GES has been achieved. 

 Descriptor 1. Biodiversity is maintained 

 Descriptor 2. Non-indigenous species do not adversely alter the ecosystem 

 Descriptor 3. The population of commercial fish species is healthy 

 Descriptor 4. Elements of food webs ensure long-term abundance and reproduction 

 Descriptor 5. Eutrophication is minimised 

 Descriptor 6. The sea floor integrity ensures functioning of the ecosystem 

 Descriptor 7. Permanent alteration of hydrographical conditions does not adversely affect the 

ecosystem 

 Descriptor 8. Concentrations of contaminants give no effects 

                                                           
4 http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-and-assessment-strategy/  
5 http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategy-framework-
directive/index_en.htm  

http://www.helcom.fi/action-areas/monitoring-and-assessment/monitoring-and-assessment-strategy/
http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategy-framework-directive/index_en.htm
http://ec.europa.eu/environment/marine/eu-coast-and-marine-policy/marine-strategy-framework-directive/index_en.htm
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 Descriptor 9. Contaminants in seafood are below safe levels 

 Descriptor 10. Marine litter does not cause harm 

 Descriptor 11. Introduction of energy (including underwater noise) does not adversely affect the 

ecosystem6 

To measure the development of the environmental status the Member States shall establish and 

implement coordinated monitoring programmes for the ongoing assessment of the environmental status of 

their marine waters on the basis of the descriptors listed above (Article 11 MSFD)7. Consequences of 

warfare material seating in the Baltic Sea or disposal (blast) operations might be indicated by figures 

related to Descriptor 8 and 11, but there is no direct representation for it in the MSFD monitoring program. 

According to the current definition underwater munitions are not aggregated within figures about marine 

litter (Descriptor 10). 

2.6.4 Monitoring of sea dumped munition 

So far, there is no special system, to assess and monitor sea dumped munitions or related environmental 

consequences established. To understand the need and to judge on areas of priority some 

recommendations to establish a comprehensive monitoring are introduced in Chapter 2.8.3 

 

 

2.7 Remediation/salvage measures 

2.7.1 Principal considerations 

Annex 2 Outcome of SUBMERGED 2-2015 

 (also discussing mitigation measures, e.g. with regard to marine mammals) 

 

HELCOM@work: Group on the Implementation of the Ecosystem Approach (GEAR) 

The Gear group will work towards region-wide co-operation on all elements of national marine strategies. 

The group will build on national activities based on both legal framework and HELCOM's work, such as 

HELCOM's coordinated monitoring programmes, core indicators with good environmental status 

boundaries, thematic and integrated assessment reports including assessment of pressures on the marine 

environment, as well as commonly agreed measures, with the view to facilitate adaptive management and 

strive for improved state of the Baltic Sea. 

2.7.1.1 Russian Federation 

 

2.7.1.2 European Union (Marine Strategy Framework Directive, Article 13) 

To achieve a GES in their respective marine waters, the Member States will undertake certain measures in 

order to achieve or maintain good environmental status. Thus measure lowering the number of munition 

objects, either conventional or chemical, can be seen as a contribution to the overall aim of MSFD, but not 

without watching carefully for collateral damage, like exposing sea mammals, birds and fish to very high 

peaks of energy (pressure & noise) by underwater blast operations or introducing contaminants from the 

sediment into the water column by inconsiderate recovery of munition items from the sea bed. To achieve 

transparency with regard to these secondary effects, some Member States have decided to introduce 

remediation activities in marine waters into their program of measures. 

                                                           
6 http://ec.europa.eu/environment/marine/good-environmental-status/index_en.htm  
7 http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008L0056&from=EN  

http://ec.europa.eu/environment/marine/good-environmental-status/index_en.htm
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32008L0056&from=EN
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EU Member state Report according to Art. 13 MSFD 

Denmark  

Estonia  

Finland  

Germany Page 45: UZ2-04 

Latvia  

Lithuania  

Poland  

Sweden  

 

2.7.2 Techniques 

Annex 2 Outcome of SUBMERGED 2-2015 

i.a. action by divers, ROV and other recovery systems 

 

2.7.3 Lessons learned 

Annex 2 Outcome of SUBMERGED 2-2015 

 (From past measures) 

 

2.8 Conclusions and recommendations 

2.8.1 General 

Consider this report as a step in an on-going process and to establish a working process for periodical 

updates after significant new information becomes available. 

Update sea charts to reflect the extensions of areas contaminated with munitions and ensure that no 

information is lost on nautical charts when the transition to Electronic Nautical Charts is made. 

2.8.2 Historical and technical research 

Provide the required resources for analysing existing archival information about the locations as well as the 

types and amounts of dumped warfare materials. 

Archives of the former allied forces, who supervised a large part of the dumping operations, need to be 

incorporated into this effort as much as possible. 

Investigate in detail any presence of potential warfare material objects below the sea surface, discovered in 

the course of targeted studies or by chance. 

Assess whether a systematic location survey for submerged warfare materials should be carried out in 

territorial waters and, as appropriate, which prioritisation and methods should be used. 

2.8.3 Inspection and monitoring of environmental impacts 

Develop appropriate methods for assessing and monitoring submerged munitions-contaminated areas, 

since necessity demands an improvement of the current status of knowledge regarding the environmental 

impacts of submerged warfare materials. Focus on the study and evaluation of the hazard potential of the 

nearshore areas as well as the most heavily munitions-contaminated areas. 

Carry out additional investigations to support assessments of the overall situation, which so far have been 

based on isolated finds. Furthermore, investigations on the susceptibility of different types of munitions to 

http://www.meeresschutz.info/berichte-art13.html?file=tl_files/meeresschutz/berichte/art13msrl/massnahmen/MSRL_Art13_Massnahmenprogramm_Anl_1_Massnahmenkennblaetter.pdf
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corrosion should be carried out to provide robust information about the corrosion-dependent release of 

warfare material-type compounds into water and sediments. 

Decide on the need for further action based on the inspection and evaluation of munitions-contaminated 

areas (vide supra), taking into account ecological, economic and technical aspects. The overriding question 

for every assessment is whether an immediate danger exists that needs to be averted. Further options can 

be considered on the basis of the recommendations, all the way up to a remediation. 

2.8.3.1 Ideas / suggestions 

 Raster data on density of (notified) munition items  

o Conventional 

o Chemical 

o Mixed 

on sea floor e.g. per  

o (1 nautical mile² [square]) 

o 5 nautical mile² [square] or  

o 10 nautical mile² [square]. 

 Implementation of related impacts with regard to Monitoring programme / Programme Topic 

o Seabed Habitat / Seabed Habitat physical characteristics (“ordinance reef”) [D1,4,6] 

o Contaminants / concentration in water/sediment/biota [D8] 

o (Biological effects of typical chemical compounds of warfare material) [D8] 

o Energy / Underwater noise  Registry of impulsive sounds [D11] 

2.8.4 Handling of hazardous situations 

Review and, if necessary, develop guidance documents and rules of conduct for particularly dangerous 

activities involving direct or indirect contact with the sea floor, and assure the public availability of the 

relevant information. 

Expand the range of options available for warfare material disposal (explosive ordnance disposal) 

continuously with new, alternative procedures that integrate up-to-date technological developments. 

2.8.5 Channels for reporting and documentation 

Advance the development of reporting channels and reporting systems in the Baltic Sea area: Create a 

central registration office to which all incidents occurring in the Baltic Sea are reported for documentation. 

In order to simplify this process, existing systems should be taken into consideration as a basis, e.g., those 

established in Germany. 

2.9 ANNEX to the Chapter on Warfare materials 
1. Details about munitions contaminated areas, e.g.  

a. Map from Sweden (page 9) 

b. Map from Estonia (website, SUBMEGRED 2-2015) 

c. Document “3-1 German input to the Chapter on Warfare materials” (SUBMERGED 4-2016) 

d. ... 

2. ? Mine operations in the Baltic Sea 

3. ? Science on underwater munitions 


