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8.1 HARMFUL ALGAE

L. Edler' (Convener), K. Kononen, H. Kuosa

8.1 .1 General
overview

Among the approximately 5,000 species of
marine phytoplankton, 75 to 150 may be
harmful. They may be harmful by contaminat-
ing marine organisms used for human con-
sumption, resulting in human poisoning. They
may kill marine organisms, such as wild and
cultured fish, as well as birds and land-based
wild and domestic animals. They develop such
a high biomass that the recreationa value of
coastlines is jeopardized, and are as aerosols
along the coast which may threaten human
health. They may aso be harmful without pro-
ducing toxic substances, by the clogging of
fish gills, and develop into such quantities that
oxygen depletion, resulting in bottom animal
and fish mortality, is caused during their
decomposition.

The threats from harmful algae can thus be
summarized as

* human hedth problems,

* poisoning of land-based wild and domestic
birds and animals,

* poisoning and mortality of marine organ-
isms.

* ecosystem damage,

* threats to the biodiversity of the sea, and

* economic |0sses.

Blooms of phytoplankton are common in the
sea on aworld-wide basis. In recent years,
harmful algal blooms or events have become
an increasing problem in coastal waters around
the world. It is generaly agreed that the
increased frequency of blooms and harmful
events, as well as increased spatid distribution
of phytoplankton blooms and indigenous
species al over the world isred [19,626,627].
At many places, this increase has been linked
to the increase of the anthropogenic impact on
coastal waters.

The Intergovernmental Oceanographic
Commission is presently attempting to evalu-
' ate the economic impact of the harmful algal
" events on a world-wide basis. This, however,
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Table 8.1.1 Toxic plankton events
reported from the Baltic Sea Area
[338]

(SBP - Southern Baltic Proper)

'see ANNEX 11.3 for addresses of authors

is extremely difficult, as many intoxications
are never reported. Moreover, much of the
impact of harmful algae is difficult to estimate
in economic terms. For instance, human intox-
ication due to toxic algae is considerable. It is
roughly estimated that there are 50,000-
150,000 cases of human poisoning every year.

Over the last few decades, harmful agal
events have extended into areas where toxic or
harmful phytoplankton species, or events,
were never previously observed. Such spread-
ing has been documented both on a trans-
oceanic and regional scale. The spreading of
species may arise in severa different ways,
e.g., hatural spreading with currents, shipping
of living mariculture products as fish and
shellfish, and the transfer of aien phytoplank-
ton in the ballast water of ships. Independent
of the mechanism of species transfer, this
problem is aso increasing in the Baltic Sea.

In the Baltic Sea, problems of harmful agae
also occur. In fact, considerable phytoplankton
blooms during summer are a characteristic fea-
ture of the Baltic Sea. In the Baltic Sea, there
are about 30 different species of phytoplank-
ton which have proved to be harmful in the
Baltic Sea and elsewhere. Among these, the
blue-green algae are most common, forming
spectacular blooms nearly every summer.
These blooms may result in mortality of
domestic animals, mainly cattle, dogs and
ducks, through the drinking of water. Very
large blue-green algal blooms have been
reported from the Baltic Sea since the middle
of the last century. Satellite imagery shows
that areas up to 60,000 km? of the Baltic Sea
may be covered by blue-green aga blooms
during the summer [325].

Toxic events and poisoning caused by blue-
green agae in the Baltic Sea have been report-
ed since the beginning of the 1960s (Table
8.1.1, [152,313,337]). In addition to ducks,
cattle and dogs dying from intoxication, there
are aso reports that people swimming in the
sea during blue-green blooms have suffered
from stomach complaints, headaches, eczema
and inflammation of the eyes. In some years,
there has also &en prohibition of swimming
along certain shores where blue-green algae
have accumulated [420].

Small phytoplanktonic flagellates, e.g..
Ptymnesium parvum, have caused fish kills in
coastal areas of the Baltic Sea, such as the
Stockholm Archipelago [30,711), along the
Finnish coast [342], at the island of Riigen and
in Danish waters [314,526]. There are indica-
tions, that some of these blooms were caused
by exceptional nutrient conditions. In 1988, an
extremely large aga bloom hit the Kattegat,
Skagerrak and Sound, covering an area of
75,000 km?2  The small flagelate
Chrysochromulina polylepis, which was
responsible for the bloom produced atoxin
which killed or affected all sorts of marine
organisms, ranging from other phytoplankton
and zooplankton to seaweeds, mussels and
wild and cultured fish. There was also some
indication that the Chrysochromulina bloom
had a direct or indirect negative effect on the
survival of eider ducklings. The economic
impact due to the bloom was considerable,
especialy for the fish-farming industry.

There are indications that a mass mortality of
sea birds in the Gulf of Finland in 1992 may
have been caused by agal toxins, although so
far no definite link has been established. A spe-
cial group of phytoplankton, the dinoflagel-
lates, contains many toxic species. Severa of
them occur regularly in the Baltic Sea, espe-
cidly in the Kattegat. Some of the toxins pro-
duced by these dinoflagellates have been
found in the Baltic Proper, but toxic effects
have not been reported. In the Kattegat and
Skagerrak, however, mussels accumulate the

Year Location Species Affected animals Reference
190033 Watemeversdorf (SBP) Prymnesium parvum fish [250)
1963 Riigen (SBP) Nodulana spumigena ~400 ducks 313

1970 Darf} (SBP) Prymnesium parvum fish 314
1975 Fehrmam (Belt Sea) Prymnesium parvum figh 2501
1975 Danish coast Nodulana spumigena 30 dogs sick, 20 died [420]
1962 Swedish coast Nodularia spumigena 9 dogs (152,414,430
1983 Genan coast Nodularia spumigena 16 young cattie {338
1984 Finnish coast Nodulana spumigena 1 dog, 3 puppies (538)
1988 Skagenak Kattegal, Sound  Chrysachromuting pofylepls  large-scale effects {338
1990 small coastal inlet, Finland Prymnesium parvum fish {419)
1990 Rigen (S8P) Prymnesium saftans fish [330]
1991 shallow coastal lake Prymnesium parvum sea birds (256

1992 Eastern Gulf of Finland [326]




toxins almost every year, causing economic
loss following the harvest ban. Other dinofla-
gellates in the Kattegat occasionaly form
blooms with such a high biomass, that oxygen
deficiency develops, when they sink to the
deep water and consume oxygen during their
decomposition. Since the beginning of the
1980s, oxygen deficiency in the Kattegat dur-
ing the early autumn is a recurrent phenome-
non which is spreading over larger aress.

8.1.2 Species
distribution

Species distribution in 1993 - In the unattend-
ed monitoring system [409], 22 potentially
toxic phytoplankton species were found. The
material, covering 1993, shows the spatia and
tempora distribution of the species. In 1993,
Aphanizomenon flos-aquae was present in all
sea areas during the growth season. Other

blue-green algal species were more concen-
trated in the late summer and autumn. Many
potentialy toxic dinoflagellates were encoun-
tered in most areas of the Baltic Sea, and
Chrysochromulina species were almost con-
stantly present in al areas. The material clear-
ly indicated differences in the distribution pat-
terns.

The analysis of the distribution of harmful
species material was based on information in
the HELCOM database and on data gathered
from national sources. The results are present-
ed as species-distribution maps (Fig. 8.1.1).

Diatoms and other chrysophytes - A number
of potentialy harmful diatoms were found in
the Kattegat, Belt Sea and Arkona Basin (Fig.
8.1.1). Only Chaetoceros dunicus has been
reported from the whole Baltic Sea. For some
reason, Chaetoceros borealis was mainly
reported from samples taken between 1979
and 1985. Since then it has been identified as
C. dunicusand thus the earlier reports may be
false. For the Gulf of Finland, the misidentifi-
cation of C. dunicus as C. decipiens is also
possible as the digtribution pattern of C. decip-
iens appears to be rather unique, i.e., with
plenty of reports just from the Kattegat and the
Gulf of Finland, and no reports from other
aress of the Baltic Sea. Pseudonitzschia-pun-
gens has been a permanent part of the phyto-
plankton community in the Kattegat, Belt Sea
and Arkona Basin. Possibly becauseits identi-
fication started only in 1990, P. pseudodeli-
catissima was reported only from 1986 to
1993.

Two potentialy toxic small flagellated chryso-
phytes have been reported, Chrysochromulina
polylepis and Prymnesium parvum. C.
polylepis had a widely distributed bloom in
1988. However, it is not likely that the present
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Protocentrum minimum

Scrippsiella trochoidea

Dinophysis acuta

Pseudonitzschia pseudodelicatiss

. . . m

material can give afull picture of the distribu-
tion of these two species, as their positive
identification requires electron microscopy. A
toxic strain of the sihco-flagellate Dicryocha
speculum caused fish kills in Danish waters in
the 1980s. This species has been present in the
area during the last ten years.

Dinoflagellates - Dinoflagellates are a group
of phytoplankton with potential harmful
effects on Baltic Sea ecosystems. Several gen-
era of dinoflagellates consist of toxic species.
Two widely distributed genera can be found
over most of the Baltic Sea. These are
Dinophysis and Prorocentrum. From the three
Dinophysis species, D. acuminata may be
found over the whole Baltic Sea and D.

Figuré Contiﬁdeé —~—> .

Fig. 8.1.1 Species-relatedoccurrence
of harmful algal blooms in the Baltic
Sea

norvegica from all other areas except the
Bothnian Bay. D. acuta is lacking from the
Gulf of Bothnia. The distribution patterns of
D. acuminata and D. norvegica showed no
changes, but D. acuta has changed its distrib-
ution by expanding into the Baltic Proper and
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the Gulf of Finland during 1986-93. However,
this should be subjected to a more detailed
analysis as such a drastic change could also be
due to problems in the taxonomy of the genus.
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Aphanizomenon flos -aquae

Anabaena lemmermannii

Prorocentrum balticum has been a common
species throughout the monitoring period, but
it seemsthat P. minimum was more common in
the Central Baltic Proper in 1986-93.

Another group of potentially harmful dinofla-
gellates includes marine species found more
frequently from the Kattegat during 1986-93.
These species include Alexandrium spp.,
Gyrodinium aureolum and Scrippsiella fro-
choidea.

Blue-green algae - Blue-green algal blooms
are a common part of the Baltic Sea ecosys-
tem. Although the heaviest blooms are not
common in the Bothnian Bay, bloom-forming
species can be found throughout the Baltic
Sea. The species Anabaena lemmermannii,

Aphanizomenon jlos-aquae and Nodularia
spumigena have a wide distribution (Fig.
8.1.1). Anabaena lemmermannii seems to
occur over most of the Baltic Sea. However,
no clear changes in the distribution of blue-
green agae can be observed. Another compo-
nent of the Baltic Sea blue-green algal com-
munity are species favouring fresh- or diluted
brackish-water environments. These species
include Coelosphaerium Kuetzingianum,
Microcystis aeruginosa and Planktothrix
agardhii. In the assessed material, these three
species showed the same distribution pattern.
They were reported from the whole Baltic Sea
except the Gulf of Bothnia. Two other species,
Anabaena cylindrica and Anabaena spiroides,
were more frequently encountered during the
period 1986-93. However, the materia lacks

information on coastal waters, in which they
are commonly found.

8.1.3 Summary

The assessment has shown that potentially
harmful algae are present in al parts of the
Baltic Sea. Thus concern on their distribution
and the monitoring of their abundanceis high-
ly justified. Most of the potentially harmful
species appear to be found mainly in the
Kattegat, Belt Sea and Arkona Basin, but clear
cases of distribution northwards have been
documented.

The nature of the material restricts detailed
analysis of certain species. However, some
recommendations are possible;

. The identification of some species requires
special techniques. If the distribution of small
flagellates, e.g., Chrysochromulinapolylepis
and Prymnesium parvum, is to be monitored,
their identification must be based on electron
microscopic analysis. Also the species analysis
of many dinoflagellates requires special tech-
niques. A quality-controlled system should
therefore be established for the analysis of taxa
requiring special techniques.

« Some species have been reported to the data-
base only for a certain period, e.g., from 1979
to 1985, and not later. This may be due to
changes in the identification and/or taxonomy.
However, when these changes occur, the exist-
ing database should be criticaly evauated and
corrected. A critical evaluation should aso be
made if ataxon is divided into two separate
taxa, or if two or more are joined to one taxon.
« All records of potentially harmful species
should be reported annually to an expert group
which should confirm the records.

8.2 SANITARY
CONDITIONS
IN COASTAL
WATERS

The hygienic quality of the beachesis of great
importance for general recreational purposes,
tourism and other uses. There are national as
well as international standards and recommen-
dations for control of the bacteriological qua-
ity of water. Among internationa guidelines
can be mentioned those of the European
Community (EC). One of the first directives
within the EC in the environmental field was
adopted in December 1975 (76/160/EEC).

The systems used for the determination of the




sanitary conditions, e.g., for bathing and
swimming, are generaly based on examina-
tions of bacteria, such as coliforms, strepto-
cocci, salmonella and enteroviruses in the
waters. This control is often combined with
analyses of physical and chemical parameters,
in addition to visua inspections. The faeca
coliforms, often being the key parameter in the
assessments, have a limited survival in marine
waters. This directs the problems to near-shore
areas and especially to the mixing zone
between fresh water and sea water.

All countries reporting on sanitary conditions
have pointed out that the conditions at some
beaches are particularly dependent on meteo-
rologica conditions, mainly the directions of
wind or, eg., a temporary cleaning of the
beach during a storm. In these cases, the peri-
od for prohibition of a beach is dependent on
the frequency of regular controls or initiatives
taken by local authorities. Within a wide arch-
ipelago, where the isolation and temporary
stagnation of water exchange is frequent, the
beaches are especialy sensitive.

The various control routines, the application of
standards and the categorisation of conditions
differ between the countries. It is therefore
necessary, to present and comment data on an
individual national basis. The text presented
here is compiled by Eeva-Liisa Poutunen,
Environment Secretary of HELCOM, on the
basis of information provided by the countries.

Denmark

The classification of water quality for bathing
mainly follows the EC directive, with the
exception of the number of faecal coliforms,
1,000 per 100 cm?, which is half the value
accepted by EC. This limit must not be
exceeded for more than 5 % of the bathing sea-
son.

For 1995, the data were presented together
with a detailed bathing-water map. The situa
tion in Denmark as a whole, including the
western and inland waters, showed improved
conditions compared to 1994. In 1995, there
were 1,301 (1994: 1,288) monitoring stations,
of which 1,225 (1994: 1,232) met the water
quality requirements. Based on the results
obtained at 22 (1994: 23) monitoring stations,
the number of banned sites was 20 (1994: 21),
but there were 52 (1994: 33) sites with doubt-
ful bathing water quality.

A calculation of figures relating to the
Convention Areafor 1995 gives a coastline of
approximately 6,000 km, of which about 4,000
km are suitable for bathing. Taken together,
the sites, where bathing is prohibited, cover a
coastline of 10 km in length.

The data presented in Table 8.2.1 show that 22

monitoring stations have prohibited bathing,
which corresponds to 20 banned sites, while
the number of sites with doubtful bathing
water quality is 52, including a total of 54
monitoring stations with doubtful quality.

Table 8.2.1 National reports on total
number of beaches controlled mainly
during 1995, and decisions taken for
bans on bathing

Country Total number Doubtful Bathing

controlled  quality prohobited
Denmark « 990 3 19
Estonia R 2 4
Finland 100 ! 0
Germany 36 1 0
Laivia 3% 9 0
Lithuania 20 1 4
Poland 82 15 4
Sweden 500 0 1

* - monitoring stations (Denmark without the western
and inland waters)
** - Schieswig/Holstein

Estonia

Health protection authorities control the sani-
tary conditions at 100 bathing places, includ-
ing 24 larger beaches. Although, bathing con-
ditions have been improved during the last
years, improvement has been faster at the
beaches of lakes and rivers than at the marine
beaches. The Coli-index has been in a range of
10,000-70,000, with a pathogenic microflora
being absent in most of the cases. Conditions
at the former most polluted area, the Pérmu
Bight, have been improved.

In July 1995, Chloreae inaba and Chloreae
ogava were found on the northern coast at the
Aa beach. After identification of the non-path-
ogenic character of the vibrions, the beach was
re-opened. The Heiberg vibrio pathogens were
only detected in occasional cases at the Aa
beach and the Pamu beach, but rather fre-
quently at the beaches of the western coast of
the Estonian mainland.

The Paralepa beach in Haapsalu Bight and the
Stroomi beach (not listed for bathing) were
closed during the summer of 1995. All the
other beaches were opened for bathing.

Finland

The nationa classification of the Finnish
beaches is based on the number of thermotol-
erant coliform bacteria and faeca streptococci
per 100 cm®. Values below 100 indicate good
conditions, |00-1,000 moderate, while those
exceeding 1,000 indicate poor quality.
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The first national review concerning the
hygienic quality of bathing waters in 1995 was
recently published. 73 % of al beaches were in
excellent condition according to the Finnish
standards and only 1 % were poor. One hun-
dred individual coastal beaches are included in
the EU Bathing Water Directive reporting sys-
tem. The quality criteria were met by 80 of
them, while only one did not fulfil the obliga-
tory requirements (although the poor quality of
this beach was just temporary).

A short compilation of the hygienic status of
50 beaches of the five largest coasta cities was
done in 1993. In generd, the hygienic quality
of water was good on most study occasions,
and occasionally poor quality occurred in
inlets with poor water exchange. During the
last 4-5 years (from 1992), bans have been
imposed on only two beaches in these towns
(once because of the breakdown of a pumping
station). The water protection measures con-
ducted are reflected in the hygienic status of
bathing water. For example, a third of beaches
of Helsinki were repeatedly classified as poor
in the 1960s. Since then, in the 1970s and
1980s, only afew similar occasions have been
reported, and during recent years, more than
half of the beaches are classified as good in
Helsinki.

Germany

Almost 200 bathing sites along the 340 km of
coastline of Mecklenburg-Vorpommem and 21
sites on the banks of Bodden areas have been
investigated by government laboratories in
Greifswald and Rostock, once a fortnight dur-
ing the bathing season (15 May to 10
September) in 1990-95. Since 1990, investiga
tions and assessments have been based on the
EC guideline from 8 December 1975 for the
quality of bathing water. The guideline states,
how bathing waters are to be judged in accor-
dance with hygienic criteria. Total colifonn
bacteria and faecal coliform bacteria, faculta-
tively Streptococcusfuecalisand, where justi-
fied, saimonella and intestinal viruses, are reg-
ularly investigated (cf. Table 8.2.2).

From a sanitary standpoint, chemical investi-
gations are of secondary importance. They are
carried out specifically only when a ‘tendency
towards eutrophication of bathing waters
exists.

The site of each sample was visited and an
appraisal made of its standard hygiene with the
following result:

a) Bathing sites found to be very suitable for
bathing, i.e., no contamination was found:
1993 - 113, 1995 - 133;

b) Bathing sites found to be suitable for
bathing, i.e., dlight contamination was occa
sionaly found: 1993 - 20, 1995 - 3;

¢) Bathing sites found still suitable for bathing,
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Table 8.2.2 Results of studies on the
sanitary conditions at about 200
beaches at the shores of Mecklenburg-
Vorpommern (Germany), 1993 and
1995

i.e., contamination was found:

1993 -11, 1995- 3.

Storms and strong accumulations of algae
deposited on the beach impeded the collection
of samples and occasionally influence the
results in a negative way. No bathing sites
were closed.

The tendency for the microbial contamination
to decrease could possibly be explained by the
installation of, or improvements in waste-
water treatment plants (Greifswald, Stralsund,
Bergen, Kiihlungsborn, Wismar, island Podl).

Twenty one bathing sites on the banks of the
‘boddens’ (Dar8 Bodden Chain, Achterwasser
/Usedom) have permanently atransparency <1
m, caused by eutrophication.

Latvia

The water quality at beaches is monitored
from May to September. Bathing is not pro-
hibited if the lactose-positive coliform bacteria
(LPCB) content does not exceed 5,000 cells
per liter, E. coli <1,000, staphylococci <100,
coliphages <100, and no pathogenic microflo-
ra are found.

Beaches of good quality exist in the north-
western part of the Gulf of Riga. Most pollut-
ed beaches were from the mouth of the river
Daugava to the Estonian border, and bathing in
this territory is prohibited. The water quality of
Liepgja City beaches occasionally does not
meet the requirements, and bathing was pro-
hibited for several weeks.

A tendency for microbial contamination to
decrease is also observed at Jiirmala beaches.
This could be explained by the recent opera-
tion of the Riga water treatment installations,
as well as by a decrease in the number of visi-
tors to the area. Bathing in Jiirmala was pro-
hibited only in some cases in year 1993.

Lithuania

According to the 1988 requirement, the Coli-
index was 500 per 100 cm®. After 1992, this
standard was changed to 100-500. The hygien-
ic service permits beach activities (e.g.,
bathing) when the Coli-index does not exceed
2,500/100 cm® and there is an absence of
pathogens.

Parameter Number Samples Samples >Guide vake Samples
of studies <Guide value <imperative value >imperative value
| 1993 1995 193 1995 1993 19% 1983 1995
Total coliform baclesia 162 1,604 1457 1458 182 126 1 2
! 1,363 (90.0%) (93%) (7.8%} (1%) (12%)
Faecal coliform bacteria 1,625 1604 (83.9 %) 1456 28 148 24 16
{90.8%) (146 %) (92%) {15%) {1%)
Faecal streptococci 3 150 13 148 10 2
Gulide values: total coliform bacteria per 100 cm*  _|mperative values: total coliform bacteria per 100
<500; faecal coliform bacteria per 100 em® <100; cm?® <10,000; faecal coliform bacteria per 100
Streptococcus faacalis per 100 cm? <100; cm? <2,000

During 1992-93, beaches in the vicinity of
Klaipeda were periodically closed. In 1994,
this happened only on two occasions, but in
1995, there were no closures. The sanitary
conditions are affected by discharges from the
town and by the direction of the wind.
Maximum mean values for the season,
10,000/100 cm®, were reported from beaches
at Melnrage during 1991. Viathe Klaipeda
Strait, the mixture of river water and waste
products closely follows the coastline, moving
mainly northwards. The best water quality for
bathing is reported from the Neringa beaches
which are located along the coast south of
Klaipeda, facing the Baltic Proper.

Poland

The faeca coliform index is used as the key
parameter of bacterial pollution level. Waters
are classified into four quality groups, accord-
ing to the value of thisindex, with the number
of faecal coliform bacteria per 100 cm®
increasing in alogarithmic scale, i.e., water
class

+ [ -5100,

« « - 100-1,000,

« I -1,000-10,000, and

. 1V ->10,000.

In compliance with legal regulations, only the
water quality groups I and /I are alowed to be
used for bathing and water sports.

The frequency of collecting water samples, the
length of the research period and the method
of determining bathing usability are regulated
by the Ministry of Health and Social Care.
According to them, the examination of beach-
€s needs to be continued for a period of 9
months (March-November), and only at those
sites, where at least 70 % of the results comply
with the criteria for the water quality groups /
and 11, are alowed to be used for bathing.

On the basis of the examination results and the
above mentioned method for estimating sani-

tary conditions of sea water, all controlled |

bathing beaches are classified as either

) very clean (if al results comply with the cri-
teria for groups I and 1),

b) clean (if at least 70 % of the results comply
with the criteriafor groups | and /1),

¢) uncertain (in case of minimal excess of the

item b) requirements),

d) polluted (if more than 10 % of the results
comply with the citeria for group 1V, but i f
there have been al so results complying with
the quality groups | and 1), or

€) serioudly polluted (if more than 10 % corn

ply with the citeria for group 1V, and then:
have not been results complying with the cri

teria for groups f and 1i).

Irrespective of the level of faecal colifortn bac

teria pollution, the finding of the Salmorellq
sp. classifies the bathing beach as polluted of
serioudly polluted.

At the mgjority of stations, the highest level of
pollution was observed in 1992, and the low
est one in 1995. Increasing numbers of clear
bathing beaches were noted in the Slupsk,
Gdansk and Elblag voyvodships. It is worth
stressing, that the increase at Elblag voyvod
ship was particularly high, i.e., from 35 % tc,
71 %. Positive changes noted since 1995 ares
the results of efforts made by local authorities
to decrease the pollution load discharged into
the sea. The scale of the improvement record.
ed in 1995 is compared with the results of the
four-year research cycle (1992-95) and pre-
sented in Figure 8.2.1.

Generdly, the sanitary state of the water at the
Polish coastal zone in 1992-95 may be
described as ‘satisfactory’ based on the fact
that 72 % of al bathing beaches were ‘very
clean’ and ‘clean’, 16 % ‘uncertain’, 9 % ‘pol-
luted’, and only about 3 % ‘seriously pollut-
ed'. The sanitary state of the bathing beaches,
situated near the open seais considerably bet-
ter than those situated in Gdansk Bight. This is
shown below in percentage of the total number
of bathing beaches for each category.

veryclean  uncertain  poluted: seriously
and clean poluted
open sea M " 2 0

Gdansk Bight Y] 2 7 10

A permanent improvement of the sanitary state
of the Polish bathing beaches has been record-
ed for the last three years.




Sweden

A summary of the bacteriological quality of
the Swedish bathing areas has been done for
1993-95, and bathing maps for each county
were produced. During that period, the EC
directive was not followed and no chemical
analyses were done. The frequency of sam-
pling varies considerably, from once a week to
once a year. The recommendation is, that the
samples should be taken twice a month during
the bathing season.

The limits for classification of Swedish beach-
es are given in numbers per 100 cm?:

Around 500 beaches are controlled along the
Swedish coast. Generally, the water quality is
very good, but there are a few places with
higher amount of faecal bacteria, especially
along the most southern part of Sweden. This
happens occasionally, and often in connection
with heavy rain. During the period 1993-95,

30 beaches have had doubtful quality during
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8.3 DUMPING
OF CHEMICAL
MUNITION

oneormoreyears. Only one beachlsclassﬂed\ 8 3 ‘"ntroductlon

as not suitable for bathing.

Sutatle  Sutablewih  Unsuitable Fig. 8.2.1 Sanitary conditions of
reservations coastal waters along the Polish shore
: of the Baltic Sea, and of the Gdansk
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The various problems to the environment, aris-
ing from dumping of chemical munitions in
the Baltic Sea Area many years before the
Helsinki Convention was signed, have been
dealt with at several meetingsin the frame-
work of the Convention. In 1992, the Helsinki
Commission decided to convene a specia

" working group to deal with problems related to

dumped chemical munitions, taking into
account that, in the beginning of the 1990s,
intensive rumors circulated in the press and
elsewhere about new dump areas for chemical
munitions in the Helsinki Convention Area,
and that >300,000 t of chemical munitions had
been dumped in the Convention Area.

Information on the chemical munitions
dumped in the Baltic Sea was compiled by the
specia working group (ad hoc Working Group
on Dumped Chemica Munition, HELCOM
CHEMU), under the leadership of Denmark,
on the basis of nationa reports provided to the
Helsinki Commission by al the Contracting
Parties and observers, including from United
Kingdom, United States of America and
Norway, as by end of 1993. The ‘Report on
Chemica Munitions Dumped in the Baltic
Sea’ was submitted for approval by the
Commission in 1994 [239].The report does not
contain information on munitions dumped
after World War |, neither does it contain infor-
mation on dumping of conventional ammuni-
tion. Information on dumpings up to 1947 is
included in the report (except for the dumping
of 200 t by the former GDR in the 1950s).

The mandate of the working group was pro-
longed by the Commission in 1994, with a
request, to follow and implement the substan-
tial recommendations provided in the report.
All the Baltic Sea States were requested to
provide the Commission by 1995 with infor-
mation and official documentation concerning
chemical munitions dumped after 1947.

Following the decision by the Commission,
Denmark, Estonia, Finland, Germany, Latvia,
Lithuania, Poland and Sweden subsequently
reported that there were no dumping activities
of chemical munitions by their respective
countries after 1947. Information on the
dumping activities by the former GDR after
1947 was dready included in the report to the
Commission [239]. Russia confirmed that the
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| Russian national report submitted to

- HELCOM contained all available information
on dumping activities by the former USSR
[230].

The 16th meeting of the Commission endorsed
the final report of the working group [242} and
agreed on severad proposals for further actions,
which mainly dealt with studies and investiga-
tions of the chemical processes of warfare
agents and ecological effects of such process-
es. Furthermore, the Commission confirmed
that, according to existing knowledge, dis-
solved warfare agents are not a wide-spread
risk to the marine environment.

8.3.2 Types,
qguantities and
properties of
dumped munition

Chemical warfare agents are chemical com-
pounds which through chemical or biochemi-
cal reactions interfere with the physiological
functions of the human organism in such a
way, that the combat capability of soldiersis
impaired or that death is caused. Chemical
warfare agents are gaseous, liquid or solid sub-
stances for anti-personnel use, they are mostly
contained in shells and bombs. They are
released in the air or sprayed.

Chemical weapons were used in World War |
and caused the deaths of around 100,000 men
and disabled about 1.2 105 Although large
amounts of chemica warfare agents were pro-
duced and developed during World War 11
(around 65,000 t of warfare agents in
Germany), they were never used in Europe.
Mustard gas was the most widely produced,
accounting for around 39 % of total produc-
tion. In Table 8.3.1, the quantities of chemical
warfare agents produced in Germany are
shown.

Based on their effects, the chemical warfare
agents can be classified into

. tear gases (lachrymators): chloroacetophe-
none (CAP),

. nose and throat irritants. Clark |, Clark Il,
Adamsite,

« lung irritants. phosgene, diphosgene,

. blister gases (vesicants): sulphur mustard,
nitrogen mustard, Lewisite,

« nerve gases. tabun, and

. additives, such as monochlorobenzene, are
made to the warfare agents in order to change
their physico-chemical properties.

Furthermore, the dumped chemical munitions
might also contain certain amounts of explo-
sives. Leaching of persistent and bioaccumula-
ble substances (N-compounds) from this mate-

rial might occur. It is worth noting, that most
specified quantities of the dumped chemical
warfare materials referred to in this chapter are
gross weights based on the weight specifica-
tions for the material when it was dumped.

Around 34,000 t of chemical munitions, con-
taining about 12,000 t of chemical warfare
agents, were dumped east of Bomholm and
near Gotland in 1947 and 1948, on orders of
the Soviet Military Administration in
Germany (SMAD) [230]. In Tables 8.3.2 to
8.3.4 are given the types of chemical muni-
tions and the amounts of chemical warfare
agents that were dumped.

Earlier, it was estimated that between 36,000 ¢
and 50,000 t of munitions have been dumped
east of Bomholm and south-east of Gotland
(south-west of Liepaja). These munitions con-
tained chemical warfare agents of the types
blister-, vomiting-, tear agents and phosgene.
Based on the information currently available,
the estimate of the quantity of chemical muni-
tions dumped east of Bomholm and south-east
of Gotland can be reduced to around 34,000 t.
However, due to the new information {230}
and the high proportion of aircraft bombs, the
average chemical agent content was higher
than the 15 % hitherto assumed. In earlier esti-
mates, the quantities of chemical agents have

Warfare agent Quentity Structure Melting Boiling Vapour Deneit Aqueous
t} point point pressutre Ig cm”™ solubllity
r°cl rcl [mmHg] {g dm™
20 °C
Chioroaceto- 7.100 o 54-56 244 13x10'3 1.32 1
phenone {2- a
Chioro-1-
phenyl-
ethanone)
Clark | 1,500 a 36-44 307-333 16x10* 1.422 2
{Diphenyl As,
arsine ©/ @
chloride)
Clark I 100 N 30-35 290-346 47x10°® 1.45 2
{Diphenyl )
arsine ©/M\©
cyanide)
Adamsite 3,900 a 195 410 2x10°"3 1.65 2x1 03
{10-Chloro-5- As
hydrophen- (:[ @
arsazine(10)) d
Arsinic oil* 7.500
Phosgene 5,900 o Cl -129 7.6 1,178 3.4 9
(carbon
dichloride Cl
oxide)
Mustard gas 25,000 [[ ~ 8~ 14 228 0.72 1.27 0.8
(2,2'-Dichloro-
diathyl-sulfide)
Nitrogen 2,000 a 4 236 11x103 1.24 0.16
mustard N~
(2,2",2"- o~ a
Trichloro
triethylamine)
Tabun 12,000 e © -50 246 0.07 1.07 120
{P-Cyano-N,N- LV IPN
dimethyt HC i CHCH,
phosphonamid
acid ethyl
ester)
Lewisite Production -18 190 0.35 1.89 0.5
{dichlor-(2- small, but GV/\ASCI
chlorvinyl)- unknown Cl
arsane)
Table 8.3.1 Important chemical war- _ _ _ _
. ‘Mixture of arsenic-containing compounds with the
fare agents produced mGermany main ingredients being Pffificus (phenyldichloroar-
between 1935 and 1945 {229] sine), Clark I, arsenic trichloride and triphenyl-arsine
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been calculated to be about 6,000 t based on a  Types of chemi-
5% level of chemicals in the munitions. cal munitions Mustrd gas  Ascont.  Adamste  CAP Others Total
Table 8.3.5 gives an overview of quantities of . and quantities '
chemical munitions and warfare agents : of warfare :‘r’;{:" e 5;'23: B e 2 8578
dumped in the Helsinki Convention Area. | agents dumpeq High_g;b:;emg L % :8321;
_ ~in the Helsinki Mines % 15
About 200-300 t of chemical munitions | Convention Encasements &7 221 753 8 1141
residues, discovered after 1952 in the former  Area under Smoke grenades . ! 7
GDR, were dumped east of Bomholm {229].  control of the Containers 1,04 , 1,04
In addition, it should be mentioned that wit- former Soviet Drums 20 2
nesses reported that four ships containing  Union -in -
around 15,000 t of chemical munitions were  [230] Tota L @ 12,1
dumped south-west of Rgnne (Bomholm) in
1946. Witnesses also reported that, in 1956. Table 8.3.2 Total amounts
four decommissioned East German coastal
patrol vessels were loaded with chemical
munitions (around 50 t) and were sunk south- Mustard gas  Ascont  Adamsite  CAP Others Total
west of Renne, and unconfirmed reports claim
that about 8,000 t of chemical munitions were Aircraft. boms 512 78 S 4 6a2
dumped east of Bomholm in addition to those } Artery shells 23 5 3 ‘25‘73
mentioned in Table 8.3.4 [229]. None of these e s 2 j
dumpings have been confirmed by other Encasements 7 8 & . 6 o
Sources. Smokegrenades 6 . 6
Containers 80 . - 80
In 1960, the tabun shells, which were sunk at Drums 2 : 2
the southern entrance to the Little Belt, were
raised, leaving aresidue of about 5,000 t of Totd 608 176 4 “ 6 =
ﬂmgs]eﬁltjgltg;rtlzl (Ego?;gi ac?rdf:qr?:j\i/ﬁg%azll Table 8.3.3 Southeast of Gotland (southwest of Liepaja)
chemical munitions or parts thereof have been
registered in the specific area. Only phosgene
and tabun munitions were dumped, and these‘ Mustardgas  Ascont  Adamsite  cap Others Total
substances are rapidly degraded in sea water. |
In addition, mostly thin-walled bombs, whose | Aicrat bombs 590 %6 501 e 789
casings rust fairly quickly, were dumped at this Astilery shells 671 61 36 768
location [229]. Hig\explosive bombs 314 . 34
Mings 42 . 4
Encasements 8 2 693 - 14 1,050
Smokegrenades . 65 . 65
Containers 94 . . 924
Drums 18 . 18
CMs  WAS WA type
t ] Total 7027 2033 1428 515 74 1om
Bomhoim Basin ~~ -32000  ~11,000 mustard gas, viscous Table 8.3.4 East of Bomholm
{East ol Bomholm) mustard gas, Clark |
Clark II, Adamsite, i
E:zrtf:m;;e ' Dumping outside the Helsinki Convention chemical munitions and these were subse- |
niogen mustard, tabun; | Area- - In 1964, 462 tabun shells were recov-  quently sunk. Records show, that one ship was
ered from Wolgast harbour (former GDR), set  sunk in the Norwegian Sea and 26 named and
East of Bomholm 8000 nolnformation in concrete blocks and dumped in the  6-8 unnamed vessels were sunk in the
(nv) Norwegian Sea [229). From 1945 to 1948, on | Skagerrak, together with an estimated 130,000
o the orders of the British and American occupa- | t of chemical munitions and conventional
é{fa SWof 15000 o iformition tion forces, confiscated German merchant | ammunition, at a position 25 nautical miles
mhoim (nv) . . . . .
ships were loaded with large quantities of | south-east of Arendal in the Norwegian Trench
Gotiand Basin -2000  -1000 mustard gas, Adamsite. [228,229,232,241].
(SW of Liepaja) chloroacetophenone
In addition, the wrecks of eight rather small
Litte Bet -5000 750" tabun, phosgene naval vessels and a medium-large cargo vessel
X were sunk at a depth of 200 m at a position
xa:?;mm (23,??3 [Ef,fetrazdy;a:nv) Table 8.3.5 Quantities of chemical west _of Mz‘isesl_(iir lighthouse in_the Skagerrak,
{outside the Helsinki munitions (CMs) and types and quan- i.e., just outside the Convention Area. The
Convention Arez) tities of chemical warfare agents quantity here has been estimated by Swedish
— (WAs) dumped in the Helsinki authorities to be approximately 20,000 t of
* (estimaled at 15%) Convention Area [228-230], and at chemical munitions containing mustard gas.
B oty not verfied Maseskdr (west of Sweden) in the However, the presence of other types of chem-
southern part of Skagerrak [231] ical warfare agents, including nerve gas, can-
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not be ruled out [237]. It has been confirmed
by United Kingdom [232,2411, that ships with
chemical munitions were sunk in this area.
However, no information about quantities and
types of chemical munitions has been
obtained.

Furthermore, another two vessels with chemi-
cal munitions were sunk at a position close to
the parallel of the Skew in the Skagerrak, close
to the border of the Helsinki Convention Area.
These are probably the ships, which were sunk
on the orders of the French occupation author-
ities, and 1,500 t of chemical munitions were
dumped in connection with this operation
[229).

In summary, it can be stated that with relative
certainty around 40,000 t of chemica muni-
tions have been dumped in the Helsinki
Convention Area. It is estimated, that the
chemical munitions contained no more than
13,000t of chemical warfare agents. Thisfig-
ure does not take into account the dilution and
degradation which have subsequently taken
place. No information on types of hitherto
unknown chemical munitions or warfare
agents has been revealed.

8.3.3 Dumping
areas

Dumping areas in the Helsinki Convention
Areawere identified at locations south-east of
Gotland (south-west of Liepgja), east of
Bomholm and south of the Little Belt (Fig.
8.3.1). In the Little Belt, the water depth is
around 30 m, and the sea bed is covered with
mud up to 8 m thick. The rates of sedimenta
tion here are I-2 mm yr'. Accordingly, a
thickness of up to 10 cm may be reached after
50 years. Therefore, the munitions can be
expected to have sunk into the soft and muddy
sediments. The surface current mainly flows
north-west and south-east at a speed of 0.3-0.5
ms.

Dumping east of Bomholm in the Bomholm
Basin was primarily inside a circular area with
aradius of 3 nautical miles. However, it must
be assumed that the chemical munitions were
spread over a considerably larger area during
dumping. Severa factors indicate this, e.g., the
positions where fishermen have caught muni-
tions in their nets and the circumstances of the
dumpings [228-230].

The dumping operations south-east of Gotland
took place in the Gotland Basin within several
positions as specified in [239]. The water
depth in the dumping area is between 70 m and
120 m. In genera, the hydrographic conditions
are similar to those in the Bomholm Basin,
with very stable stratification of the water

Dumping
areas

masses and only a slight bottom current.

8.3.4 Dumping
methods

During transport to the dumping area east of
Bomholm, munitions were sometimes thrown
overboard while the ships were en route.
Therefore, warfare agents are assumed to be
spread over a considerable area aong the
transport routes. Furthermore, the actual
dumping of munitions may have taken place
while the vessels were either drifting or under-
way. The first dumping operations took place
while the munitions were still packed in wood-
en boxes, which sometimes were observed to
drift around before sinking to the bottom of the
sea It is stated, that in some cases the boxes
were washed ashore on Bomholm and on the
Swedish coast.

Buoys marking the dumping positions were
laid out relatively late, i.e., after the dumping
had been completed. At that time the dumping
vessels were only equipped with strictly nec-
essary navigation equipment, therefore in
many cases the exact dumping positions are
uncertain.

The chemical warfare agents in the eastern
part of the Helsinki Convention Area were
mainly dumped in the form of munitions or
contained in containers. Thisisin contrast to
the method used in the Skagerrak and southern
Little Belt, where complete ships were sunk.
The very nature of this latter dumping opera-
tion has apparently prevented munitions being
dumped outside the area where the ships were

Transport routes (official)
----- Transport routes (short-cut)

Fig. 8.3.1 Dumping sites for chemi-
cal munitions in the Baltic Sea

sunk. The fact that the warfare agents were
inside a ship hull has also prevented further
spreading.

8.3.5 Present
conditions of the
dumped chemical
munition

The chemica warfare agents in the Helsinki
Convention Area were mainly dumped in
munitions, mostly in bombs and shells. In
addition, warfare agents that had not been
loaded into bombs were dumped in containers.

The munitions pose a threat only when the
warfare agent inside is released. This can
occur suddenly in an explosion, e.g., caused by
mechanical stress during a recovery operation,
or slowly as the walls of the shells corrode. In
the case of the handling of warfare munitions,
that had been dumped in the Helsinki
Convention Area, such an explosion has never
occurred as far asis known.

The condition of the munitions varies since it
depends on a number of factors. These factors
include the original wall thickness, the materi-
al of which the body of the munitions and the
igniter is made, i.e., iron or duminium alloys,
and the nature of the dumping area such as
solid ground, where munitions lie exposed to
the water or mud, where munitions lying
buried in the sediment are cut off from an oxy-

gen supply.



In autumn 1971 and spring 1972, the West
German Army raised 28 bombs and 15 shells,
which contained phosgene and tabun, from the

agents varies from good (tabun) to very poor
(Adamsite, viscous mustard gas). However, it
should be noted, that poor solubility retards

southern Little Belt. The recovered munitions the process of degradation.

had sunk about 50 cm into the mud. An exam-

ination revealed, that most had been corroded The behaviour of warfare agents in the marine
and no longer contained warfare agents. No ' environment is additionaly influenced by the

traces of warfare agents were found in the sed-
iment and water samples taken in the immedi-
ate vicinity [229].

physical properties of the agents. For instance,
a warfare agent in viscous or highly viscous

form, or in lump form, can be caught in nets.
This cannot happen to substances in liquid or

In 1989, the research institute of the powder form. This is one reason why most

Norwegian Ministry of Defence (Forsvarets
Forskningsinstitutt) undertook an extensive
investigation of the ships loaded with muni-
tions that had been sunk in the Skagerrak.
Most of the bombs found in the wrecks or
nearby had not yet completely rusted through,

accidents with warfare agents so far have
involved viscous mustard gas. Because of the
admixture of thickeners, viscous mustard gas
is the only warfare agent occuring in large
lumps that are mechanically relatively stable.
Other warfare agents are also resistant to sea

but some were found in this condition {167]. water, e.g., Clark and Adamsite.

Off Bomholm, according to the Danish author-

ities, greatly corroded munitions and lumps of All warfare agents react with sea water, but

viscous mustard gas were mainly found.

In conclusion, due to the large number of para-
meters, theoretical considerations or calcula
tions cannot be used to comment on the condi-
tion of the munitions in a particular dumping
area. Investigations so far have found either
intact munitions and completely corroded cas-
ings, which do not contain warfare agents.

8.3.6 Behaviour in
the environment

An overview of the most important physico-
chemical properties, influencing the behaviour
of warfare agentsin the environment, is given
in{239]. The behaviour of chemical sub-
stances in the marine environment depends
both on the chemical and physico-chemical
properties of the substances and on environ-
mental factors, such as temperature, salinity
and the pH value of the water. Asthe pH value
of seawater is rather constant around 8, salin-
ity and temperature are the main environmen-
tal parameters that influence chemical reac-
tions here. The solubility of the compounds
and the speed of chemical reactions both
increase with a rise in temperature. With an
increase in temperature of 10 °C, the speed of
reactions generaly doubles. Water tempera-
tures in the Baltic Sea vary between 0 and 20
°C, i.e., reactions occur 4 times faster at 20 °C
than at 0 “ C. However, in the water above the
seabed in the Baltic Sea, the temperature vari-
ation is much less, typically between 2 and 12
°C.

Dissolution of the chemical warfare agents
into the sea is considered as the crucid first
step in the degradation of the compounds.
Besides a rise in temperature, the process of
dissolution is increased by current movement.
The solubility of the various chemical warfare

reaction rates can vary enormously depending

on the chemical structure of the different

agents. Through hydrolysis, new compounds
are formed which have diftétent properties
from those of the original warfare agents. Such
reaction products are usualy no longer toxic
or are less toxic and generally dissolve better
in water. Investigations on the behaviour of
warfare agents under Baltic Sea conditions
exist only for a few substances. For this rea-
son, their behaviour can often only be
described qualitatively, as details of the rates at
which the processes occur are not available.

Almost all warfare agents are broken down at
varying rates into less toxic, water-soluble
substances. Some compounds, however, show
an extremely low solubility and slow degrad-
ability (viscous mustard gas, Clark | and II,
and Adamsite). These, however, cannot occur
in higher concentrations in the water, therefore
awide-scale threat to the marine environment
from dissolved chemical warfare agents can be
ruled out. However, elevated levels of sparing-
ly soluble Clark, Adamsite or mustard gas in
viscous form might occur in the sediment in
the immediate vicinity of dumped munitions.

Relocation by currents and threat to the coast
- Two ways of relocation of dumped chemical
munitions have been considered by the work-
ing group [239], i.e., relocation by hydro-
graphic conditions and relocation by fishing
activities. The possibility, that chemical muni-
tions or lumps of viscous mustard gas can be
washed ashore, is extremely unlikely. Almost
all of the dumped chemical warfare agents
have a density >1. The only exception is tabun
with a density close to 1. Near-bottom currents
in the dumping areas are too weak to move the
heavy munitions, which are mostly covered by
mud, or to force them into upper layers of
water. Likewise, lumps of viscous mustard
gas, which have adensity of about 1.3-1.5¢g
cm?, will not be shifted far by the currents.

SPECIAL PROBLEMS

Except for the few cases referred to in[239],
there have not been any confirmed reports of
bombs or bomb remains being washed ashore
on Danish, Swedish, Polish or German territo-
ries, since the dumped warfare objects were
settled on the seabed. Again, except in a few
cases, rumours about mustard gas finds on
beaches did not stand up to later investigation.

The conclusion, that warfare agent residues
from the dumping areas in the central part of
the Baltic Sea cannot be washed ashore by cur-
rents, is supported by the fact that the seabed
currents in the area are rather weak and main-
ly easterly. Material released from the seabed
will thus move into the Baltic Sea. In addition,
the dumped material needs to be moved
upwards from a depth of up to 100 min order
to be washed ashore.

A relocation by hydrographic conditions is
unlikely. Therefore, athreat to coastal areas of
the Helsinki Convention Area from residues of
warfare agents or chemical munitions washed
ashore is unlikely.

8.3.7 Threats

Based on present knowledge, a widespread
risk to the marine environment from dissolved
warfare agents can be ruled out. Elevated lev-
els of sparingly soluble Clark, Adamsite or
viscous mustard gas may, however, occur in
the sediment in the immediate vicinity of
dumped munitions. Because of the very limit-
ed extent of the agents, however, no threat is
posed to marine flora and fauna according to
current information. No detrimental effects on
the marine environment due to warfare agents
have so far been observed.

Insufficient ecotoxicologica data is available
for most of the chemical warfare agents.
Further investigations should be carried out
with a special emphasis on mustard gas, chlo-
rinated additives and arsenic compounds.

Discoveries of warfare agents during fishery
outside the dumping areas happen from time to
time. The problem is recognised especialy in
the area east of Bomholm. Here, fishermen
operating repeatedly find bombs, shells and
fragments thereof, and lumps of mustard gas
in their bottom-trawl nets. There are severa
explanations for the spread of munitions.
During transport to the dumping area east of
Bomholm, munitions have been thrown over-
board while the ships were en route. Warfare
agents are assumed to be spread over a consid-
erable area along the transport routes.
Furthermore, the munitions have sometimes
been thrown overboard from drifting or sailing
vessels. The first dumping operations took
place while the munitions were still packed in
wooden boxes, which sometimes were
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observed to drift around before sinking to the
bottom of the sea. However, spreading of the
chemical munitions are also done unintention-
aly by fishing vessels when trawling. In this
way, chemical munitions can be dragged about
in the trawl over the sea bed without being
caught. Furthermore, on some occasions muni-
tions recovered by fishermen have probably
been thrown back into the sea, possibly along
way from the position where they were initial-
ly dumped.

The dumping areas are pronounced as foul
with an “anchoring and fishing not recom-
mended” on nautical charts. However, since
fishing in these areas is not prohibited, com-
mercial fishing can occur. In order to avoid
problems, considerably larger areas encircling
the dumping grounds have been designated as
risk areas on the nautical charts. In Denmark
and Sweden, rules have been laid down for
fishing in these areas through various legisla:
tions. For example, it is obligatory for the ves-
sel to carry protective clothing and first aid for
chemica warfare agents.

The detailed regulations on the handling of
caught chemical munitions include the desig-
nation of appropriate authorities to, among
other things, assess the chemical munitions
caught and to advise fishermen whether to re-
dump or bring the munitions ashore. If the
chemical munitions pose a risk of explosion,
they will be re-dumped after consultation with
the appropriate authorities. Thisis donein
accordance with the decision at the 9th
Meeting of the Helsinki Commission in 1988
(HELCOM 9/16, Paragraph 8.12). On the
other hand, if, after close examination of the
material caught, experts do not find that it
poses any risk of explosion, it will be brought
ashore and deposited in specia depots, until it
can be transported to a destruction facility.
Afterwards, the vessel and its gear will be
decontaminated following specialized proce-
dures, and the appropriate authority has to

approve the vessel and gear before fishing is
re-commenced.

As mentioned above, spreading of dumped
chemical warfare material is to some degree
caused by fishermen re-dumping chemical
warfare equipment which had been caught in
fishing nets,’ possibly along way from the
position where it was dumped originally.
Fishermen from Denmark, Greenland and the
Faroe 1slands have access to ex gratia com-
pensation from the Danish State, but only
when chemical warfare agents are caught out-
side the areas pronounced “ anchoring and fish-
ing not recommended’, and on condition that
the catch of fish, contaminated by chemical
warfare agents, is destroyed. It should be
added, that of 103 cases of chemica warfare
material catches registered by Denmark in
1991, only 5 cases involved “foreign” fisher-

men.

It is generally accepted that since Denmark
compensates its fishermen if they destroy con-
taminated catches, fairly reliahle Danish statis-
tics exist about reported finds of warfare
agents. Fishermen from other nations border-
ing the Helsinki Convention Area are not
obliged to natify the authorities of such find-
ings. Accordingly, only incomplete figures
exist on warfare agent finds by fishermen from
other countries. Information has been provided
by Germany, Latvia, Lithuania, Poland and
Swegden.

Table 8.3.6 gives the figures for total amount
of chemical munitions caught and registered
by Denmark east of Bomholm during the peri-
od 198592. The reasons for the increase in
199 1 are still unknown. This is probably due to
a combination of different factors, like the
spreading of dumped munitions, and increased
fishing as a result of decreased cod stocks in
the Baltic Sea. It should be mentioned that the
number of catches of munitions registered by
Denmark in 1993 is less than ten.

Table 8.3.6 Total numbers and weight
of chemical munitions {CMs) caught
east of Bomholm and registered by
Denmark in the period 1985-92 [228]

Number  of (M mass  Landed CMs

“calches” {kg) (kg)
1935 46 2,695 585
1986 i 1830 310
1987 il 582 175
1988 19 1,044 115
1989 v} 1,966 120
1990 19 979 182
1991 103 5,318 269
1992 50 2,501 100
total 342 17,012 1,917

Germany has reported 13 cases. Only the inci-
dents in which crews were injured are known,
so far with no major fatalities. All 13 incidents
occurred east of Bomholm in the area pro-
nounced “Foul chemical munitions’ and
* Anchoring and Fishing Dangerous’, or in the
immediate vicinity {229]. Sweden has reported
4 incidents with mustard gas from this area
since 1980, one involving a fishing vessel
from Estonia [233]. Due to the fact that in the
Gotland Basin the composition of the muni-
tions is similar to that in the Bomholm Basin,
a similar assessment of the risks to fisheries
applies, but on a smaller scale.

Latvia has reported fishermen’'s contact with
chemical munitions. The contacts took place
from the 1950s to the 1970s, and in some cases
later. The locations of these catches were with-
in the dumping area south-east of Gotland.
Most findings were in the 1950s, and in some
instances the contacts have led to fishermen
being injured [234].

Sweden has reported 4 fishing vessel incidents
involving dumped chemical warfare agents
south-east of Gotland since 1980. Two inci-
dents involved mustard gas and the others
Clark | and CAP [23]]. Likewise, Lithuanian
fishermen occasionally have had contact with
chemical weapons in the area. One episode
from 1986 is reported (56°20° N /19°48’ E),
where fishermen after contact with a mustard
gas bomb were hospitalized [235].

In the Polish exclusive economic zone, there
have been 16 identified findings of outdated
ammunition and weapons. Chemical muni-
tions have occurred in one of those areas.
Judged from the coordinates given (54°37° N /
15°39’ E), this area is on the route which the
ships used to the dumping area south-east of
Gotland [236].

The very nature of the dumping operations in
the area south of the Little Belt has apparently
prevented accidental or deliberate dumping of
munitions outside the area where the ships
were sunk. The fact that the chemical muni-
tions were inside a ship hull, has also prevent-
ed further spreading. In this area, only easily
degradable warfare agents (tabun and phos-
gene) were dumped.

Potential risks to consumers - Contracting
Parties have control procedures for fish and
other types of seafood, before they reach con-
sumers. According to the existing knowledge,
no content of mustard gas or other chemical
warfare agents have been found in edible fish
or other types of seafood. Given the present
knowledge, the chemical warfare agents do
not constitute a problem in terms of food toxi-
cology.




