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After the World War II, acting under the terms of the Potsdam 
Agreement, the anti-Nazi coalition commenced destroying chemical 
and conventional munitions by dumping it in the seas (including in 
the Baltic Sea). As a result of these activities, tens of thousands of 
tons of ammunition were brought to the Baltic. The international 
project CHEMSEA has shown that dumped chemical munitions pose 
a threat to the environmental safety of the Baltic Sea, and that the 
need to collect and destroy munitions should be taken into account. 

The article describes the assumptions of a pilot system to identify 
chemical munitions in the Baltic Sea (including selected areas of the 
Polish Maritime Areas), assess its technical condition and the poten-
tial for its recovery. In addition, existing technical solutions (allowing 
for the use of the best available techniques – BAT) provide the op-
portunity to collect and neutralize sunken chemical munitions. 
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1. Introduction 

After the World War II, chemical weapons stocks worldwide were estimated at more 
than 500,000 tons [Robinson 1971]. Only about 300,000 tons of chemical munitions 
[Szarejko and Namiesnik 2009] containing over 100,000 tons of poisonous chemicals, 
including 25,000 tons of mustard gas and 20,000 tons of tabun [Makles and Sliwakow-
ski 1997], remained in Germany alone, which at that time was the world leader in re-
search and production of BST. Apart from Germany, intensive research programs, as 
well as the production of chemical weapons during the interwar period and during the 
war, were conducted by Italy, Japan, the United States of America, Great Britain and 
France. At the end of the war, about 170,000 tons of poisonous agents remained only 
in the United Kingdom and the United States. Significant amounts of BST, at least tens 
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of thousands of tons, remained in the Soviet Union. It is estimated that at the end of 
the Second World War, about 60 states could hold chemical weapons [Konopski 2009]. 

After the end of the Second World War, the United States, France, Great Britain and 
the Soviet Union confiscated chemical munitions from Germany, and pursuant to the 
Potsdam Agreement concluded in August 1945, they took responsibility for its destruc-
tion. At the same time, the process of the seized weapon utilization began. Dumping 
was considered the best, cheapest and fastest method of destruction. Initially, the 
states decided to destroy the post-war or obsolete chemical weapons and dumping 
areas were designated far from the mainland. Firstly, 4-km deep places were selected 
[Tumilowicz 2013]. However, before the destruction of the weapon began, the cost of 
the operation had very quick verified these plans. Eventually, chemical weapons were 
sunk near land, very often at low depths, and sometimes even in rivers and lakes to 
make the destruction process as cheap as possible [Walker 2012]. Chemical munitions 
were often dumped alongside conventional weapons, making these zones even more 
dangerous. It is estimated that this way of getting rid of post-war chemical weapons 
was chosen by as many as 40 states – their holders [Carton and Jagusiewicz 2011]. 

However, chemical weapons produced before and during the World War II were not 
the only things sunk in the seas and oceans. The United States, Britain, France, Japan 
and Russia used dumping as a primary way to utilize unused or outdated chemical 
weapons until the early 1970s. The USA alone sank about 350,000 pieces of extra mu-
nitions in the seas and oceans by the 1970s [Smart 1997]. The consequence of these 
actions is that more than a million tons of chemical ammunition produced during the 
World Wars I and II, as well as in the post-war period, is now located in the bottom of 
the oceans. As of today, 127 locations of chemical munitions are documented in detail, 
where the USA alone carried out drops 74 times. Unfortunately, this list is not closed. 
It is assumed there are over 300 chemical munitions dumping zones [James Martin 
Center… 2016]. Chemical weapons have been sunk in the Atlantic, the Pacific and the 
Indian Ocean, off the coast of northern and eastern Canada and the United States, in 
the Gulf of Mexico, off the coast of Australia, New Zealand, India, the Philippines, Ja-
pan, Great Britain, Iceland, the Caribbean, the Black, the Red, the Mediterranean, the 
North and the Baltic Seas. At present these dump sites represent a significant threat to 
both marine organisms inhabiting the areas and users of seas, and the countries on 
waters of which the drowning was carried out have a huge problem to solve. Initially it 
was thought that the poisons being gradually released into the environment would de-
compose into non-toxic products, hence not posing a serious threat. For this reason, it 
was often decided to leave the weapons where they had been sunk, hoping for a grad-
ual disappearance of the problem. Unfortunately, studies have shown that certain 
BSTs do not decompose in the aquatic environment as soon as they are thought to, so 
that the risk has not diminished. In addition, research has evidenced genetic altera-
tions in reef-dwelling organisms, the basis of which are likely to be toxic warfare 
agents. In addition, chemical analyzes of bottom sediments and pore waters in the 
dumping areas show increased arsenic content, which in turn is a threat to marine or-
ganisms and when accumulated in fish it also threatens significantly their consumers 
[Beldowski et al. 2016]. These facts have prompted many countries, including the 
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United States, Japan, Belgium and Italy, to take action aimed at clearing their waters of 
chemical ammunition. Technological advancement has made the methods used today 
so safe for the environment and humans that they are no longer an obstacle that had 
been formed several years before by the risk of causing greater contaminations during 
extraction operations than those that can potentially occur when ammunition is left at 
the bottom. 

The paper presents Poland's position on the problem of chemical weapons buried in 
the Polish maritime areas and describes the assumptions for a pilot system for locating 
the chemical munitions dumped in the Baltic Sea, assessing its technical condition and 
possibilities of its recovery and destruction. 

2. Chemical munitions dumped in the Baltic Sea 

About 300,000 tones of chemical munitions found in Germany were gathered at the 
port of Wolgast on the Baltic Sea near Peenemünde. Under the decisions of the Pots-
dam Agreement, the anti-Nazi coalition (the USA, France, Great Britain and the Soviet 
Union) began developing a plan for their destruction. In order to address generally ac-
cepted principles at the time, the dumping was considered the best method of de-
stroying the weapons. Initially, German remnants of the war were planned to carry by 
special means of transport and sink in one of the oceans, at a depth of at least 4 km 
[Tumilowicz 2013]. This place was supposed to be the Faroe Islands on the Atlantic 
Ocean. However, the operation was not realized, mainly due to the lack of adequate 
vessels for the transport of dangerous substances and the high cost of this operation. 
Ultimately, the lethal measures were decided to be dumped in the North Sea and the 
Baltic Sea. Not all the weapons were sunk, and the then-great powers used a large por-
tion of them for their own purposes. Sinking operations were conducted in the Baltic 
mainly by the Soviet Army placing confiscated chemical weapons in a part of the Baltic 
Proper, and the United Kingdom sinking some of the confiscated chemical weapons in 
the Skagerrak region. It should be noted that just before the end of the war, the Ger-
mans destroyed part of their chemical weapons through sinking it in Little Belt [Knob-
loch et al. 2013]. 

Various dumping techniques were used: small amounts of ammunition were dumped, 
from single pieces of ammunition, drums and canisters to huge amounts of bombs, 
rockets, even entire ships loaded with chemical ammunition, toxic warfare agents and 
conventional ammunition. In the Baltic Sea, the post-war weapons dumping operation 
was carried out until 1947 [Fabisiak et al. 2012]. It is estimated that 360,000-385,000 
tons of German ammunition were sunk at that time, of which over 40,000 tons were 
chemical munitions containing about 13,000 tons of BST. Chemical weapons were 
dropped in the south-eastern part of the Gotland Deep (about 2000 tons), in the east-
ern part of the Bornholm Vault (about 32,000 tons) and in the Little Belt (about 5000 
tons) [Fabisiak et al. 2012]. In addition, the declassified documentation showed that 
chemical weapons were sunk to the east (about 8000 tons) and southwest (about 
15,000 tons) of Bornholm. However, no quantity or type of chemical munitions and 
BST has been verified up to date [Kasperek, 1999]. Recent research has shown that BST 
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is also found in the Gdansk Deep, previously considered an unofficial dumping site 
[CHEMSEA… 2014; Beldowski et al. 2016]. It should be noted, however, that the GDR 
and the USSR armed forces sank the useless (outdated), withdrawn from the use of 
chemical weapons long after 1947. In the case of the GDR, declassified documents in-
dicate that from 1959 to 1965 in the regions east and south of Bornholm Island ap-
proximately 60 tons and 120 tons of chemical ammunition, mainly bombs, missiles and 
barrels containing sulfur mustard, phosgene, adamsite and CLARK I and II [Knobloch et 
al. 2013] respectively, were dumped. Figure 1 shows the locations of chemical weap-
ons in the Baltic Sea. 

 

Fig. 1. Chemical munitions dumping areas in the Baltic Sea 
Source: [Beldowski 2012]. 

There are five regions in Poland with a total area of about 440 km2 where the risk of 
encountering chemical weapons exists. These include the areas of: Bornholm, i.e. the 
border area with the Danish Exclusive Economic Zone (220 km2), Dziwnow where artil-
lery shells with mustard and lewisite were dumped at the depths of 10-12 m, 
Kolobrzeg (at the depth of about 65 m), Darlowo (at the depth of about 90 m) and Hel 
(at the depth of about 105 m). It is estimated that there can be as many as 60 such 
places, and the amount of chemical munitions drowned there is estimated at 10,000-
12,000 pieces [Beldowski et al. 2013]. These estimates, however, are not supported by 
research and are only conclusions based on the analysis of the facts of the past events. 
Table 1 depicts the marine areas in Poland where the risk of extraction of toxic warfare 
agents occurs. The above-mentioned Gdansk Deep constitutes the largest “Polish” 
chemical weapons dumping site, where 60 tons of ammunition containing mustard gas 
have been sunk [Knobloch et al. 2013]. 
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Table 1. Areas near the Polish coast, 
where the risk of extraction of toxic warfare agents exists 

Region Depth [m] Type of munitions 

Dziwnow 10-12 artillery shells with mustard gas and arsenic compounds 

Kolobrzeg 65 
bombs, artillery ammunition, mines, containers, containers 
with mustard gas and arsenic compounds 

Darlowo 90 mustard gas bombs 

Hel up to 117 
bombs, artillery ammunition, mines, containers, containers 
with mustard gas and arsenic compounds 

Source: A. Styczynski, based on materials of the Chief of the NBC Defense 
of the Polish Navy Command, 2004. 

As it turns out, neither did the dumping of chemical munitions solve the problem of no 
longer useful weapons, nor was it a safe method of disposal. At present, the intensive 
use of the sea and the exploitation of its bottom have caused more and more people, 
especially when working underwater, to encounter ammunition filled with lethal poi-
sons. Dumped weapons have become a problem again. More and more frequently 
chemical munitions or poisons released into the environment are pulled out together 
with fishing. The increase in the numbers of burns or poisoning from those agents is 
recorded among maritime professionals. It often happens that ammunition is also 
washed out onto beaches, causing their contamination and thus endangering tourists 
and residents of coastal areas. The problem of dumped munitions returned not only to 
the countries that had been destroying it, but also to the coastal countries in waters of 
which the weapons had been sunk. In the Polish maritime areas, the reported cases of 
pulling or washing chemical munitions or BST, mainly mustard gas, out on the beach 
dates back to 1950. Studies show that to date 30 incidents involving chemical muni-
tions or toxic warfare agents have occurred, of which 7 on the beaches. The last case 
happened on January 9, 1997, 20 miles north of Wladyslawowo. The consequence of 
this incident were serious burns of at least 4 people [Fabisiak 2014]. 

3. Chemical munitions in the Baltic in the light of the Helsinki Convention 

Signing of the “Convention on the Prevention of Marine Pollution by Dumping of 
Wastes and Other Matter” in 1972 was the world's first step towards the cessation of 
polluting the marine environment, among others by the lethal components of chemical 
weapons. As from the entry of the Convention into force, i.e. since 1975, the storage of 
chemical weapons at the bottom of the seas and oceans has been strictly forbidden. 

The issue of chemical weapons dumped in the Baltic Sea has been investigated by the 
Baltic Marine Environment Protection Commission (HELCOM), which coordinates the 
work provided for in the 1992 Convention on the Protection of the Marine Environ-
ment of the Baltic Sea. In order to address the problem of chemical munitions left in 
the Baltic Sea, in 1993 the Helsinki Commission set up a special working group on the 
dumped chemical munitions, under the name HELCOM CHEM. The group included rep-
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resentatives of all signatory States to the Helsinki Convention and experts from the 
United Kingdom, the United States of America and Norway. The group's responsibili-
ties included gathering and compiling data on dumped munitions, assessing the degree 
of threat to the marine environment and human health, and identifying the need and 
direction of future research on this issue. In 1994, the Group presented a report that 
contained information on the type and quantity of dumped chemical munitions, dump-
ing areas, properties of toxic warfare agents and munitions status, potential hazards, 
as well as the results of previous investigations in the dumping area. 

In 1995, the final report elaborated by the HELCOM CHEMU group contained a number 
of recommendations from two years of work on issues related to dumped chemical 
munitions. The most important ones were: searching for chemical munitions dumping 
sites, conducting research on chemical processes which toxic warfare agents are sub-
ject to in the marine environment and ecological consequences of these processes, 
developing instructions for fishermen in case of pulling out BSTs, developing guidelines 
for relevant institutions/authorities responsible for liquidation of effects of pulled out 
chemical munitions and conducting investigation on the corrosion status of dumped 
chemical munitions. In the course of the work of the group, it was also determined 
that combat measures did not pose significant risks to the environment and therefore 
any recovery and land-based destruction should not apply to them. Notwithstanding 
the in-depth work the group has put into creating the final report, it should be pointed 
out that its conclusions are based primarily on archival data, theoretical studies of poi-
sons behavior in the marine environment, as well as research, extraction and disposal 
technologies used in the eighties. After the dissolution of the HELCOM CHEMU group 
in 1995, cases related to dumped chemical weapons were included in the work of the 
Environmental Protection Committee and the Committee for Combating Spill. The 
group entrusted Denmark with the function of the Lead Party in this regard and re-
sponsibility for collecting information about the research undertaken by States Parties 
on the Baltic Sea dumped chemical munitions and the collection of data on cases of 
pulling out toxic warfare agents together with fishing by fishermen. 

In 2010, at the HELCOM meeting in Moscow, the decision was made to set up another 
expert group, similar to HELCOM CHEMU, on dumped chemical weapons, this time un-
der the name HELCOM MUNI. The main objective of this group was to evaluate the 
current findings and recommendations contained in the HELCOM CHEMU report. This 
decision was based on the conviction that the HELCOM forum is an excellent platform 
for Baltic States to cooperate in evaluating threats from chemical weapons to the Bal-
tic ecosystem. The report of the HELCOM MUNI was unanimously adopted on Novem-
ber 3, 2013 at the ministerial meeting of the Parties to the Helsinki Convention in Co-
penhagen. The analysis of new facts and scientific findings allowed for considering the 
current view that chemical munitions should be left at the bottom no longer unequivo-
cal, although the report did not address the issue of recovering and destroying chemi-
cal weapons. 
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4. Mobile, maritime system for searching, 
assessment of technical condition and destruction of dumped chemical munitions 

In Poland, for many years, the problem of chemical weapons dumped in the Baltic was 
a taboo issue that was not discussed in the public forum. The incidents of pulling out 
chemical munitions by fishermen, washing out poisons on the beach or even poisoning 
or burns were unable to stop the collusion of silence and mobilize the then govern-
ment to act to assess the threat posed by sunk deadly chemicals. The breakthrough in 
this matter was, first and foremost, the media broadcast of the burns of fishermen 
from Wladyslawowo in January 1997, and the commencement of work on the con-
struction of Nord Stream, which was intended to pass through areas where chemical 
weapons were dumped. These events encouraged research conducted by numerous 
scientific research centers in Poland: the Naval Academy, the Marine Institute, the Ma-
rine Fisheries Institute and the Military University of Technology to assess and esti-
mate the scale of threat posed by the poisons stored at the bottom of the Baltic Sea. 
One of the recommendations of the investigations conducted was the development of 
research programs aimed at creating a system for responding to cases of exposure to 
contact with chemical weapons and, in the longer term, developing methods that 
could be used to remove chemical weapons from the bottom of the Polish maritime 
areas. Ultimately, mainly for financial reasons, it was limited to scientific studies on 
estimating the risks and monitoring the effects of BST release into the sea. Over time, 
however, an increasing number of scientists, representatives of maritime administra-
tions, pro-ecological organizations and politicians have been inclined to work to clean 
our waters from these dangerous weapons. 

Commencing work to clean the Baltic Sea from chemical sinks is supported by the fact 
that the area is being more and more economically exploited year by year. The scope 
of extracting works has been extended, new gas pipelines and power lines are being 
laid and new wind farms are planned to build. All this is an intervention in the seabed 
and at the same time poses the risk of disturbing chemical munitions, and consequent-
ly the possibility of violent release of poisons leading to serious environmental pollu-
tion exists. According to the regulations, any underwater works that encounter chemi-
cal munitions must be stopped until the hazard is removed. Inevitably, sooner or later, 
it will prove necessary to create a system that in such situations will enable collecting 
and destroying the found chemical weapons. 

In the 1990s, a number of companies offered recovery of sunken chemical munitions, 
but such an operation involved very high costs (about $ 8 billion) [Witkiewicz 1998] 
and the need to destroy poisons on land. There are also proponents of the view that 
these munitions ought to be isolated from the surrounding water. It is considered pos-
sible to cover chemical munitions dumping sites with a layer of concrete or polymer. In 
the case of wrecks filled with ammunition, it is proposed to replace the water con-
tained therein with a solution of the substance, which after polymerization would 
make the filled hull become a monolith. This would prevent the destructive impact of 
water on metal parts of the munitions and prevent the escape of poisonous substanc-
es into the water. Similarly, as in the case of munitions extraction, this solution would 
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not be technically easy, but on the contrary, costly, without offering complete assur-
ance of its effectiveness. Having the above arguments taken into consideration, it is 
comprehensible why the view that dumped chemical munitions should be left intact in 
the sea is prevailing. At this point, the issue must therefore be raised whether it is ap-
propriate to collect all the chemical weapons buried in the Baltic Sea or whether to de-
velop an effective system to destroy them in areas where they pose a threat to fishing, 
beaches, new seabed investments and other commercially significant exploitation 
works. 

In 2015, the Polish Naval Academy (AMW) in Gdynia proposed the creation of a mo-
bile, offshore marine vessel, based on a vessel withdrawn from combat operations, 
equipped with a system for the safe disposal of chemical munitions. Such a vessel 
would also serve as an analytical laboratory, a monitoring and rescue unit, and, most 
importantly, there would be a system for chemical weapons safe destruction installed. 
Effective and above all safe methods of destroying chemical ammunition exist today. 
One of the most widely used systems in the world is one called DAVINCH used by Ja-
pan to destroy chemical weapons dumped at its coast. The installation consists of              
a high-pressure chamber in which the vacuum detonation of collected projectiles is 
performed, followed by burning them under the conditions of the so-called cold plas-
ma. German companies also specialize in the safe disposal of chemical weapons in the 
North Sea. 

The vessel proposed by AMW would be equipped with the best available technology, 
among which the necessary equipment would include: 

- A vessel whose characteristics and equipment will allow for conducting re-
search at high sea states, a minimum of 5. The best solution seems to be the 
take-over of a ship hull (minesweeper) withdrawn from the Navy and its refur-
bishment so that it meets the requirements of a research vessel (equipped 
with bow thrusters for dynamic positioning of the vessel, which is essential for 
precise positioning of the vessel over objects, without the use of an anchor, as 
well as laboratory cabins, equipment stores, human and equipment decontam-
ination systems, docking stations for underwater vehicles, a gantry, etc.). An-
other option is to build a new research unit, however, this variant will be much 
more expensive than the previous one. 

- A group of submersible vehicles of both autonomous AUVs and remote con-
trolled ROVs, which would be equipped with appropriate dippers for sediment, 
water, parts of munitions, precision manipulators, and hydro-acoustic devices 
to accurately locate hazardous objects, identify them and assess their tech-
nical condition. 

- The installation for destroying chemical munitions directly at sea. One of the 
most widely used systems in the world is the afore-mentioned DAVINCH sys-
tem [Committee on Review… 2006]. The installation consists of a high-
pressure chamber in which the vacuum detonation of collected projectiles is 
performed, followed by the destruction of the received products using the 
plasma technology. There are also German technologies specialized in the safe 
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destruction of sunken chemical weapons. Also in Poland, technologies for de-
stroying chemical munitions have been developed. 

- A decompression chamber for divers. 
- A towed barge (without propulsion) – necessary to install DAVINCH and a de-

compression chamber on it. 
- Equipment for hydro acoustic testing (sonars, magnetometers, para-metric 

depth finder, multi-beam depth finder). 
- A laboratory and measuring equipment for the identification of chemical muni-

tions. 
- Satellite vessel positioning system (EGNOS-WAAS) and underwater vessel posi-

tioning (USBL). 
- Special containers for lifting munitions. 
- Computer hardware + satellite communication. 

Provided that the hull will be obtained from the Military Property Agency free of 
charge, the cost of building such a unit would amount to approximately EUR 120 mil-
lion. Its construction would take 3 years, followed by 3 years of cleaning up Polish mar-
itime areas (as technology demonstrator). After that period, the research vessel would 
be used to “recover” chemical munitions from other areas of the Baltic Sea. 

It does not seem feasible to clean up the Baltic Sea from all the chemical munitions. 
Nonetheless, the extraction and destruction of 5000 pieces of munitions (the chamber 
has the capacity for such an amount of destruction processes) should give measurable, 
qualitative results. 

Finally, a question should be raised how to achieve funds for such a costly investment. 
The best solution seems to be the creation at the EC level of a special contracted de-
sign sponsored by the European Commission (for example from the Infrastructure and 
Environment Funds) and the Environment Ministries from the Baltic Sea States. 

Conclusion 

Neither did the dumping of chemical munitions solve the problem, nor was it a safe 
disposal method. Many poisons, despite being decomposed, continue to pose a threat, 
because their decomposition products contain arsenic, which lying in the bottom sed-
iments gradually permeates into the organism, thus cumulating in them. Hydrolysis 
products of some toxic warfare agents are still toxic and, due to the low water solubili-
ty, a significant proportion of dumped chemical warfare remains to be toxic for many 
years, and when left in marine sediments, they cumulate in marine organisms. Increas-
ingly intensive use of the seas and exploitation of the seabed caused that people more 
and more often encounter munitions filled with combat poisons. Dumped weapons 
have become a problem again, not only to the states that had destroyed them, but al-
so to other coastal countries that had weapons dumped in their waters. Chemical war-
fare is an important issue for marine users, as well as for the marine environment. 
Bearing this in mind, states that have been affected by this problem are taking steps to 
eliminate this threat. Technological development has made it safer to recover chemical 



The concept of mobile, maritime system for location, assessment of technical condition…  

28 

ammunition and continues to improve the methods of their destruction to make these 
operations safe for humans and the environment. 

The arsenals of dumped chemical weapons have gained recognition. According to ex-
perts the problem should not be presented in catastrophic terms, although in fact it 
contains many dangers. However, knowledge of this issue and awareness of threats 
greatly improves safety of sea users. The complete removal of deadly substances re-
quires many years of work, but today, scientists are already preparing special rules for 
dealing with accidental pulling out chemical munitions, sudden poison leaks, or inci-
dents of disturbing marine sediments contaminated with BST. Poland is strongly com-
mitted to activities aimed at initiating the purification of the Polish maritime areas of 
poisons left there. So far these activities have become visible in the political as well as 
scientific and research spheres. This effort has already resulted in the expansion of co-
operation on international fora. Perhaps it is time to begin the process of purifying the 
Baltic Sea from the chemical weapons dumped in it. 
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