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SU MMARY
Title: Monitoring and assessment of environmental impacts of chemical spills
in the Baltic Sea
The Finnish Environment Institute SYKE and Finland’s Ministry of the
Environment initiated a project called EKOMON to prepare guidance on how
to monitor the environmental impacts of accidental chemical spills at sea. This
publication resulting from the project is intended to guide authorities responsible
for post-spill environmental monitoring and assessment, and to help them to
understand how complex issues they might be dealing with due to the wide range
of chemicals currently transported. The main goal of the publication is to create
better preparedness for establishing an effective post-spill monitoring programme
especially in the Baltic Sea, area and it is primarily targeted at decision-makers
responsible for the planning and implementation of environmental monitoring
after a sudden chemical spill at sea.
Worldwide, approximately 2,000 chemicals are transported by sea, either in
bulk or in packaged form. During this decade particular attention has been focused
more and more on the possibility of marine chemical accidents. Although the
amount of transported chemicals is much less than that of oil and oil products,
the risks related to possible chemical accidents are more difficult to identify.
The main issue here is the very high variety and complexity of environmental
risk profiles and potentials of the different chemical compounds. Risks posed by
marine chemical spills depend on the accident scenario, prevailing environmental
conditions, and the intrinsic properties of the spilled chemical.
Chemicals can behave in a number of ways once spilled into the sea. Hazards to
the environment can vary considerably depending on the chemical in question, and
the impact can be acute or long-lasting. The occurrence of accidental chemical spills
at sea requires an effective response that must include well-executed monitoring
guidelines to assess environmental contamination and damage on the affected
marine ecosystem. An impact assessment is crucial for the decision-making process
concerning the selection and implementation of a prominent response plan. The
objectives of the monitoring vary depending on the specific circumstances and
environmental conditions related to the spill, and therefore they have to be set
for each spill separately. The size of the spill, properties of the chemical, and the
type of discharge (single or continuous spill) as well as the characteristics of the
receiving environment are the main factors defining the monitoring requirements.
Choosing of similar reference areas and/or comparisons with pre-existing baseline
data are key components for post-spill monitoring. Finally, environmental
monitoring can be used to demonstrate ecological damage and economic losses in
the context of spill-related claims and compensations.
The EKOMON report can be seen as the first step for the better preparedness for
post-spill monitoring especially in Baltic Sea area. In the future these guidelines
should be further developed to be more operational with the practical goal being a
monitoring system, which in the event of an accident allows a rapid organization
of the team responsible for monitoring and identification of its ecological
consequences.
Keywords: Chemical accidents; marine environment; monitoring and assessment.
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YHT EE N V ETO
Otsikko: Aluskemikaalivahingon ympäristövaikutusten seuranta ja vaikutusten
arviointi
Suomen ympäristökeskus (SYKE) ja Suomen ympäristöministeriö käynnistivät
EKOMON-hankkeen, jonka tarkoituksena oli laatia ohjeistusta siitä miten
suunnitella ja toteuttaa ympäristövaikutusten seuranta ja arviointi merellä
tapahtuvan aluskemikaalivahingon varalta. Meritse kuljetetaan paljon erilaisia
kemikaaleja, jotka käyttäytyvät meriympäristössä hyvin eri tavoin ja joista
potentiaalisesti aiheutuu monenlaisia ympäristöhaittoja äkillisen päästön
seurauksena. Tämän ohjeistuksen pääasiallisena tavoitteena on saavuttaa
paremmat valmiudet aluskemikaalivahingon ympäristövaikutusten arviointia
varten vaadittavan seurantasuunnitelman ja -ohjelman laatimiseksi erityisesti
Itämeren olosuhteissa. Ohje on erityisesti tarkoitettu viranomaistahoille ja
tutkimuslaitoksille, jotka ovat vastuussa ympäristöseurannan suunnittelusta ja
täytäntöönpanosta äkillisen aluskemikaalivahingon jälkeen.
Maailmanlaajuisesti noin kahtatuhatta kemikaalia kuljetetaan säännöllisesti
meriteitse joko irtotavarana tai pakattuina kemikaaleina. Erityisesti tämän
vuosikymmenen aikana on alettu kiinnittämään enemmän huomiota aluskemikaalivahingon mahdollisuuteen. Huolimatta siitä, että kemikaalikuljetusmäärät ovat pieniä verrattuna öljykuljetusmääriin, voivat aluksilla
kuljetettavat kemikaalit muodostaa monimuotoisen riskitekijän ja kemikaalivuoto
saattaa aiheuttaa haittavaikutuksia meriympäristölle. Aluskemikaalivahingon
torjunta on huomattavasti öljyä hankalampaa, eikä mereen päässeiden haitallisten
aineiden poistaminen ympäristöstä ole aina mahdollista aineiden ominaisuuksien
vuoksi. Tämä korostaa ympäristövaikutusten seurannan merkitystä entisestään.
Eri kemikaalit voivat fysikaalis-kemiallisten ominaisuuksien perusteella
käyttäytyä monin eri tavoin päätyessään äkillisesti meriympäristöön
onnettomuuden yhteydessä. Kemikaalien haitat vaihtelevat lyhytaikaisista,
paikallisista vaikutuksista aina erittäin pitkäaikaisiin ja laaja-alaisiin
ympäristövaikutuksiin. Merellisen kemikaalionnettomuuden sattuessa
torjuntatoimenpiteet sisältävät myös ympäristövaikutusten seurannan.
Aluskemikaalivahingon ympäristövaikutusten seuranta on välttämätöntä aina
jos on todennäköistä, että onnettomuus aiheuttaa ympäristövahinkoja. Seurannan
tavoitteet vaihtelevat riippuen paitsi itse kemikaalista myös ympäristöolosuhteista,
ja siksi ne on asetettava jokaiselle onnettomuustapaukselle erikseen.
Kemikaalipäästön määrä ja tyyppi (jatkuva vai välitön päästö), kemikaalin
ominaisuudet sekä vastaanottavan ympäristön ominaispiirteet ovat tärkeimmät
tekijät, jotka määrittelevät seurantavaatimukset sekä mitattavien biologisten
muuttujien valinnan. Haittojen osoittamiseksi on löydettävä onnettomuusalueen
kanssa mahdollisimman samankaltaisia vertailualueita tai suoritettava vertailua
onnettomuusalueelta mahdollisesti kerättyyn onnettomuutta edeltävään
pohjatietoon. Kemikaalien ympäristövaikutusten seurantaa vaaditaan myös
korvausten hakemista varten, jolloin on todistettavasti kyettävä osoittamaan
millaisia ekologisia ja taloudellisia vaikutuksia ympäristöön päässyt kemikaali
aiheutti.
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EKOMON-ohjeistus on askel, joka edistää varautumista aluskemikaalivahingon
ympäristövaikutusten seurantaan ja arviointiin aluskemikaalivahingon sattuessa
erityisesti Itämeren alueella. Tulevaisuudessa näitä ohjeistuksen suuntaviivoja tulee
kehittää entistä toiminnallisemmiksi ja tavoitteena tulee olla seurantajärjestelmä,
joka onnettomuuden sattuessa mahdollistaa ympäristövaikutusten seurannasta ja
arvioinnista vastaavan ryhmän nopean organisoinnin.
Asiasanat: aluskemikaalivahinko; meriympäristö; seuranta ja arviointi.
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SAMM ANFATT N ING
Rubrik: Övervakning och utvärdering av miljöeffekterna av kemikalieutsläpp
i Östersjön
Finlands miljöcentral SYKE och miljöministeriet i Finland startade projektet
EKOMON i syfte att ta fram riktlinjer för hur miljöeffekterna av oavsiktliga
kemikalieutsläpp till havs ska övervakas. Syftet med denna publikation är att
anvisa myndigheter som ansvarar för att övervaka och utvärdera kemikalieskador
och hjälpa dem förstå komplexiteten hos de frågor som de kommer att hantera med
tanke på hur många olika kemikalier som transporteras till havs. Det huvudsakliga
målet med publikationen är att skaffa bättre beredskap för att upprätta ett effektivt
program för övervakning av kemikalieskador, speciellt i Östersjöområdet.
Publikationen riktas främst mot beslutsfattare som ansvarar för att planera och
genomföra miljöövervakning efter ett oväntat kemikalieutsläpp till havs.
Omkring 2 000 kemikalier transporteras på världshaven i bulk eller
förpackad form. Under detta årtionde har risken för kemikalieolyckor till
havs uppmärksammats i allt högre grad. Även om mängden kemikalier som
transporteras till havs är mycket mindre än mängden olja och oljeprodukter kan
kemikalieolyckor medföra mycket mer svåridentifierade risker än oljeolyckor.
Det beror på de mycket varierande och komplexa miljöriskprofilerna och
på kemikaliens och de kemiska föreningarnas potential. Riskerna vid ett
kemikalieutsläpp till havs beror på olycksscenariot, miljöförhållandena och den
läckta kemikaliens egenskaper.
Kemikalier kan uppträda på flera olika sätt när de läcker ut i havet. Faran för
miljön kan variera stort beroende på vilken kemikalie det handlar om, och effekten
kan vara akut eller långverkande. Kemikalieutsläpp till havs kräver effektiva
åtgärder som måste inkludera väl genomförda riktlinjer för övervakning för att
utvärdera miljöförgiftning och skador på det drabbade marina ekosystemet. En
konsekvensbedömning krävs för att kunna besluta om en åtgärdsplan och hur
den ska verkställas. Målen med övervakningen varierar beroende på de specifika
omständigheterna och miljöförhållandena vid utsläppet och måste därför ställas
upp separat för varje utsläpp. Övervakningskraven baseras främst på storleken
på utsläppet, kemikaliens egenskaper och typen av utsläpp (enskilt eller
kontinuerligt) samt egenskaperna hos den drabbade miljön. Det är även viktigt att
välja liknande referensområden eller göra en jämförelse med tidigare baslinjedata
vid övervakningen av kemikalieskador. Miljöövervakning kan användas för att
påvisa ekologisk skada och ekonomisk förlust vid utsläpprelaterade skadeanspråk
och kompensationer.
EKOMON-rapporten kan ses som ett första steg mot bättre beredskap för
övervakning av kemikalieskador, speciellt i Östersjöområdet. I framtiden bör
riktlinjerna utvecklas ytterligare och göras mer funktionella. Målet bör vara ett
övervakningssystem som vid en olycka möjliggör snabb organisering av teamet
som ansvarar för övervakning och identifiering av ekologiska konsekvenser.
Nyckelord: Havsmiljö; kemikalieolyckor; övervakning och utvärdering.
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1 Foreword

This publication on monitoring and assessment of environmental impacts of
accidental chemical spills can be seen as a supplement to the action plan for
assessment of the ecological effects of oil spills published in 2012 (“The ecological
effects of oil spills in the Baltic Sea – the national action plan of Finland”, Rousi
and Kankaanpää 2012). Already at that time there was a view that the same kind of
guidelines are needed also for chemicals transported at sea. However, since a very
large number of different chemicals are transported by sea the guidelines can not
be as detailed as those for oil.
The Finnish Environment Institute SYKE and Finland’s Ministry of the
Environment initiated a project called EKOMON to prepare a national research
and action plan on the ecological impacts of accidental chemical spills. This
was preceded by a preparatory project called ITKU, which focused on how this
guideline should be made and what resources were needed for its accomplishment.
The primary focus of the resulting publication is a guidance in preparedness for
possible chemical spills in the Baltic Sea.
Chemicals can behave in a number of ways once spilled into the sea. It is
important to recognize the potential impacts the spilled chemicals can have on
human health and the marine environment. Hazards to the environment can vary
considerably depending on the chemical in question, and the impact can be acute
or long-lasting. A cargo outflow may lead to the acute mortality of certain species,
contamination of the coastline, disturbances to local amenities, etc. Most shipping
accidents have relatively local impacts but they may also have wider effects by
affecting key components of the ecosystem that are vital for the whole region.
For example, habitats, spawning grounds, and wintering areas are these kinds of
components. Furthermore, environmental effects depend greatly on the time and
location of the spill, and also on many other factors; thus, spills of the same size can
have different effects on the environment.
The occurrence of accidental chemical spills at sea requires an effective
response that must include well-executed monitoring guidelines to assess
environmental contamination and damage on the affected marine ecosystem.
Post-spill monitoring is necessary when an accident is expected to have a
significant environmental impact. An impact assessment is crucial for the decisionmaking process concerning the selection and implementation of a prominent
response plan. Finally, environmental monitoring can be used to demonstrate
ecological damage and economic losses in the context of spill-related claims and
compensations.
The main purpose of the EKOMON project was to make a general guidance for
post-spill environmental monitoring, which can be widely utilized in the Baltic Sea
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area and also in other cold waters such as the Arctic seas. A special emphasis was
placed on the assessment of environmental impacts, focusing on which ecological
parameters should be measured in case of a chemical accident. Since there is a
wide range of different chemicals having different properties transported it is not
possible to give detailed instructions on how to measure concentrations, etc.
This work was funded by Ministry for Foreign Affairs of Finland, Ministry of the
Environment, and Finnish Environment Institute.

10
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2 Specific characteristics of the Baltic
Sea and its biota

The Baltic Sea is geographically highly variable, ranging from extensive sandy
shore regions typical for the coastline stretching from Poland to the Gulf of Riga
and the southern shore of the Gulf of Finland (GOF) to highly complex archipelago
systems such as the Archipelago Sea off southwest Finland, one of the largest in
the world. Local ecosystems vary accordingly, and the susceptibility and potential
of the different habitats to recover in case of marine spills differs markedly. As in
most sea areas globally, a number of Marine Protected Areas (MPAs) have been
identified in the Baltic Sea, as well as Natura 2000 areas related to the EU nature
protection strategies. Protection of the ecosystems of these specific areas and their
biota in case of a chemical spill should be considered a priority issue. In addition,
protection of areas with extensive aquaculture and major ecosystem services such
as recreational values for the human population should be considered being of
utmost importance.
Besides of being very shallow (average depth 55 m) the Baltic Sea has slow
water circulation and exchange between the North Sea (Uggla 2008). Since
November 2005 it has been classified as Particularly Sensitive Sea Area by the
International Maritime Organization. Despite the high vulnerability of the Baltic
Sea it remains under various and strong anthropogenic pressures. The with ca. 85
million its catchment area is heavily populated. The surrounding area contains
a lot of industry, busy traffic, and intense agriculture. Heavy loads of hazardous
substances and nutrients causing eutrophication are emitted or discharged from
households, traffic, and industrial and agricultural sources, and they enter the
Baltic Sea via surface waters or atmospheric deposition. Nevertheless, one of the
biggest threats to the Baltic Sea environment (next to eutrophication) is the everincreasing marine transport of oil and chemicals (HELCOM 2010). Regardless of
their source, once released in the Baltic Sea hazardous substances may remain there
for decades, many of them accumulating in the foodwebs to reach toxic levels, and
causing harmful effects on this sensitive ecosystem. Consequently, identifying and
mitigating the risks arising from chemical transportation is essential to achieve
better protection of the Baltic Sea.
The boreal-subarctic Baltic Sea is a very special water body in regard to its
physico-chemical and biological characteristics as well as its overall pollution
profile. It is also characterised by strong environmental gradients both in time
and space. In regard to the effects of chemical spills on the local ecosystem, all
these characteristics have to be taken carefully into consideration. Average water
temperature of the sea is fairly low and decreases towards the north, resulting in
slower degradation of organic contaminants compared to warmer seas. During the
long winter period, temperature of the surface layer in the northern part remains
close to zero or below, with the formation of ice in most of the coastal regions and
also in many open-sea areas. In the deep areas below the permanent halocline
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(ca. < 60–70 m) the temperature remains usually between 2–4°C. The low
temperatures affect metabolic rates of organisms and many species reduce
their activity during the winter period. Under cold conditions also microbial
biodegradation rates are reduced.
Strong seasonal variability in light conditions signifies marked seasonal
variability in primary production, the base of all foodwebs. In the Baltic Sea,
the spring phytoplankton bloom peaking for ca. 6 weeks between March and
May fuels pelagic and benthic ecosystems for most of the year, and governs
the seasonal nutritional and reproductive cycles of local species. Especially the
pelagic communities show significant variability during the year with the abovementioned spring blooms, toxic cyanobacteria blooms in mid- and late summer, and
subsequent large fluctuations in zooplankton abundance and species composition.
At certain times of the year a marked fraction of the free-swimming planktonic
organisms are actually larval stages of fish and many benthic organisms. As a result
of the temporal changes in the characteristics of marine communities, most of them
show seasonal variability in their vulnerability to additional chemical stressors
present in the environment; thus, the timing of the accidental spill is of crucial
importance in regard to environmental risk assessments.
Salinity gradients in the Baltic Sea range from ca. 20 in the Danish Straits to
near freshwater (< 2) in the northern part of the Bothnian Bay and the Eastern
GOF. Physiological tolerance of organisms to different salinity conditions and
their temporal changes is greatly species-dependent and leads to large variability
in the composition of communities in different parts of the sea. Compared to true
freshwater and marine environments, biodiversity of the Baltic Sea is very low with
especially the macrozoobenthos being very species-poor, in many areas consisting
of only a handful of species. Therefore, depending on the site of the accident, the
local community affected by the spilled chemicals may differ greatly, e.g., from
north to south. Finally, it is important to note that due to the low biodiversity many
of the species in the Baltic Sea are in fact key species, holding a specific function
in the ecosystem; this potentially makes the local communities more sensitive
to stress (Lehtonen et al. 2014). Examples of key species are the filter-feeding
mussel Mytilus spp. inhabiting coastal zones, and the soft-bottom deposit feeding
amphipod Monoporeia affinis, which is highly dominant in open-sea regions. If a
chemical accident causes severe damage to populations of such species, at least
temporary widespread effects can be expected also at the ecosystem level.
Considering further the effects of low salinity, the brackish-water environment
signifies that both freshwater and marine species inhabiting the Baltic Sea are
already subjected to permanent physiological stress. This has been assumed to
cause the entire ecosystem to become highly sensitive to additional stressors,
including chemical pollution. In addition, low genetic diversity within species
and genetic isolation from other populations outside the Baltic Sea can increase a
species’ vulnerability.
The profile of chemical pollution of the Baltic Sea has changed during the
past decades with marked reductions in the concentrations of many “legacy
contaminants” such as DDTs, PCBs, dioxins, and trace metals present in the water
phase, biota, and sediments (HELCOM 2017). However, many of these compounds
degrade very slowly and their concentrations are still unacceptably high.
Increasing amounts of “contaminants of emerging concern”, e.g., new industrial
chemicals, pharmaceuticals, and ingredients of personal care products, most of
them with unknown toxicity and environmental behaviour, currently end up in the
Baltic Sea. Thus, it is quite important to consider the special characteristics of the
“baseline pollution” in the Baltic Sea when assessing the risks and potential effects
of accidental chemical spills.

12
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3 Chemical transportation and
accidents in the Baltic Sea

Transport and handling of hazardous chemicals and chemical products has
increased considerably over the last 20 years, thus increasing the risk of major
pollution accidents. Worldwide, over 2000 chemicals are transported by sea, either
in bulk or in packaged form. Only a few hundred are transported in bulk but these
make up most of the volume of the seaborne trade of chemicals (Purnell 2009).
Chemical releases are thought to be potentially more hazardous than the releases
of oil. In chemical releases the public safety risks can be more severe, and they may
also have both acute and long-term environmental effects and may not be as easily
recoverable as oil spills (EMSA 2007).
The volume of marine shipping has increased significantly also in the Baltic Sea
during the recent years, and it is predicted to increase even more in the future.
Since 2006, the volume of shipping at the sea ports of the Baltic Sea has increased at
an annual rate of ca. 6%. Approximately 2000 merchant ships continuously sail the
Baltic Sea while particular growth in their number has been recorded in the ports
of Russia, Latvia, and Lithuania. Most of the cargo handled in the ports is liquid
bulk cargo, which includes crude oil and petroleum products. Shipping is strongly
concentrated on the Russian ports, especially on those at Primorsk and Ust-Luga
in which Russia has invested heavily during the recent years. The Baltic Sea is, in
fact, one of the busiest seas in the world, and at any given time ca. 2000 sizeable
ships are estimated to sail along its routes. These include, e.g., large passenger
ferries, cargo vessels, and tankers carrying oil and other hazardous substances. As
a conclusion, the intense growth in oil and chemical transport has increased the
threat of serious environmental accidents. At present, around 25% of the vessels
sailing the Baltic Sea are either oil or chemical tankers.
Maritime traffic is the most intense along the major routes from the ports in the
GOF to the Danish Straits, through which all the ships entering and leaving the
Baltic Sea must travel (HELCOM 2009). Due to the dense traffic, shallow depths,
narrow navigation routes, islands and skerries, and ice cover during the winter
period, the risk of an accident in the Baltic Sea area in transporting chemicals
is ever-present. Chemical tankers carry various kinds of hazardous substances
including highly toxic, flammable and/or corrosive chemicals such as phenol,
benzene and ammonia, but also lighter products such as ethanol and edible
vegetable oils (Posti and Häkkinen 2012). Despite of the intensive traffic and large
volumes of oil and chemicals transported in the GOF area the number of accidents
has not increased because of new risk control services such as the Gulf of Finland
Reporting (GOFREP, a mandatory ship routening and reporting service) and
Vessel Traffic Service (VTS) (Montewka et al. 2016).
The amount of chemicals transported by sea is, however, considerably smaller
than that of oil and oil products. On the other hand, the risks related to possible oil
accidents are easier to identify than the risks caused by chemicals. Although the

Reports of the Finnish Environment Institute 23 | 2018

13

eventuality of an incident in the transportation of hazardous or noxious substances
(HNS) and other chemicals is relatively low, some shipping accidents worldwide
have demonstrated the risk, e.g., MSC Rosa M in 1997, Ever Decent in 1999, Napoli
in 2007, and Princess of the Stars in 2009 (Häkkinen and Posti 2013 a,b). Concerning
risk assessment and remediation of the spills, the high variety and complexity
of the environmental risk profiles and risk potential of the chemicals remain
as the main challenges. Shipping accidents usually have a local impact on the
environment through polluting the shoreline in a certain area but they may also
have wider-scale effects. Depending fully on the chemical in question, different
spills of the same size may have tremendously diverse effects on the environment.
Whereas the transportation amounts of oil and oil products are well-known in
the Baltic Sea region, transportation of chemicals has not been studied to the same
extent. There are only a few comprehensive studies covering the whole Baltic
Sea area and including chemical-specific information (e.g., Posti and Häkkinen
2012, Hänninen and Rytkönen 2006, Suominen and Suhonen 2007). In addition,
some studies have been conducted at a national level, including in Finland and
Sweden (Häkkinen 2009, Molitor 2006, Räddningsverket 2008). Thus, there exists
an obvious knowledge gap can that can impede adequate capacity building actions
concerning response to possible accidental chemical spills.

3.1 Accident probabilities in the Baltic Sea
Navigation in the Baltic Sea is challenging due to its relative shallowness, narrow
navigation routes, and wintertime ice cover (HELCOM 2009). Sormunen et al.
(2015) estimated the number of collisions between chemical tankers and other
vessels in the GOF. They used a simulation model of traffic in the GOF (Goerlandt
and Kujala 2011) to detect possible collisions, and evaluated the actual probability
for a collision for each scenario according to probabilities laid out by Hänninen
and Kujala (2012). The estimated probability for a tanker collision was once in
every 17 years, and once in every 40 years for a collision that results in a spill.
These probabilities were given for all the tankers in general. For chemical tankers,
the corresponding probabilities were once in every 77 years and once in every 156
years. The areas with the highest risk of collision for chemical tankers were found
to be in the traffic crossing area midway between Helsinki and Tallinn, and along
the route to the port of Sköldvik (Porvoo, Neste oil terminal and refinery).
The BRISK project, “Sub-regional risk of spill of oil and hazardous substances
in the Baltic Sea” was carried out during 2009-2012 with the support of the Baltic
Sea Regional Programme of the EU. The project featured the participation of all
Baltic Sea countries with HELCOM. BRISK focused on the following tasks: (1)
to determine the risk for an entire regional sea area, (2) to cover the entire chain
of involved processes (oil preparedness), and (3) to obtain the acceptance of
HELCOM and participating countries to apply the same methodology within
their own area and national data. The entire BRISK report database can be
found at www.brisk.helcom.fi, and the particular risk modelling result from
http://www.helcom.fi/Documents/Action%20areas/Spill%20response/BRISK%20
Sub-regional%20risk%20of%20spill%20of%20oil%20and%20hazardous%20
substances%20in%20the%20Baltic%20Sea.pdf
The BRISK analyses were based on the Automatic Identification System (AIS)
data covering one entire year, after the risk model used investigated consequences
of traffic changes, new routes, and improved risk reduction measures as well as
the enhanced emergency response capacity. Based on the AIS traffic plot, a discrete
net was established. Subsequently, each single ship movement of that year was
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attributed to one of the route legs, which eventually led to the statistics on ship
movement geometry, frequency, and ship types established for each single route
leg. The analyses gave the expected risk for different accident types. Based on the
modelled traffic, the hazard identification made, and the choice of scenarios it
was expected that in the entire Gulf of Bothnia area large accidents resulting in oil
spills (300-5 000 tonnes) will occur every 36 years while this figure for the GOF is
39 years. The expected intervals for exceptionally large spills (over 5 000 tonnes) in
these sea areas were once in 600 and 255 years, respectively (Jürgensen 2013).
Due to the fact that the purpose of the risk algorithm used was developed to
define the risk for environmental damage, additional modules were attached to
the analyses, i.e., spill scenarios leading to the spill frequencies and consequences
producing risk of impact with an aid of local vulnerability assessment delivered by
each participating country. Although the process was carried out especially for the
open water season, winter traffic patterns and oil preparedness were also analyzed
in this project. The main focus was to look at the risk of oil spills but certain hazard
analyses were carried out to cover chemical transport rate for selected floater type
chemicals. The environmental impact of soluble chemicals was also evaluated
basing on generalized descriptions of dilution through transport and dispersion
of miscible fluids in the ocean. According to Jürgensen (2013), the probability of
impact due to hazardous substances was found to be several orders of magnitude
smaller than the probability of impact by oil.
Noxious liquid bulk cargo is rated as X, Y, Z, or OS according to its toxicity,
where X is the most toxic and OS non-toxic. Of the total transported volume of
chemicals going through the Finnish harbours of the GOF, the shares of these
categories were 2.8, 74.3, 16.1, and 6.8%, respectively (Sormunen et al. 2015). Later,
the categories were assigned with hazard multiplier weights of 3, 2, 1, and 0 for X,
Y, Z, and OS, respectively, based on their toxicity. Multiplying the expected spill
volumes with these weights, the average risk multiplier for the western GOF was
1.73 and 1.89 for the eastern GOF (Sormunen et al. 2015).
Major chemical or oil spills in the scale of the Erika or Prestige have never
happened in the Baltic Sea. However, every year over 100 shipping accidents (all
cargoes included) take place in the area. Collisions and groundings are the main
types of accidents with human factor being the main cause for the accidents,
followed by technical reasons. The largest proportion of accidents takes place in
the south-western approaches off the Danish and Swedish coasts. Annually, on
average, 15% of all shipping accidents in the Baltic Sea have involved a tanker
while less than 5% of the tanker accidents have led to a spill or pollution. The
spilled substance has in most cases been oil or an oil product, and only very few
chemical spill cases have been reported. Considering both chemical and oil tankers
only very small spills have occurred and their environmental impact has so far
been negligible (Häkkinen and Posti 2013a).

3.2 Chemical accidents worldwide
In comparison to oil spills there are quite few impact assessment studies on
chemical spills available in scientific literature. Recently, there have been some
good papers and accident analyses concerning chemicals and other hazardous
materials (Häkkinen and Posti 2013a,b, CEDRE and Transport Canada 2012, EMSA
2007, Mamaca et al. 2009, Marchand 2002 and Wern 2002). In addition, the Centre
of Documentation, Research and Experimentation on Accidental Water Pollution
(CEDRE) collect information about shipping accidents involving HNS for an
electronic database by using various data sources (CEDRE and Transport Canada
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2012). None of the aforementioned sources are, or even try to be, exhaustive listings
of all accidents involving chemicals and other hazardous materials, but examples
of well-known accidents with some quality information have been gathered there.
By compiling accident data from these sources, 67 well-known tanker/bulk carrier
accidents involving chemicals and/or other hazardous materials were detected.
These accidents frequently involved chemicals or chemical groups such as acids,
gases, vegetable oils, phenol, ammonia, caustic soda and acrylonitrile. Using the
same information sources, 46 accidents involving packaged chemicals or other
hazardous materials were listed. In comparison to bulk chemicals it can be seen
that the diversity of chemicals involved in accidents is much higher in the case of
packaged chemicals (Häkkinen and Posti 2013a,b).
As a general conclusion, chemical tanker accidents have been very rare. Many
studies have shown that the most commonly transported chemicals are the ones
most likely to be involved in an accident. Moreover, the risks are diverse and
vary in different sea areas, being the highest in areas where the largest amounts
of chemicals are transported, the density of maritime traffic is highest, where bad
weather conditions occur, as well as in the ship-shore interface in ports where
unloading/loading take place.
Actually, surprisingly little is known about the actual pollution effects of most
of the extensively transported substances on the marine environment. Cunha et
al. (2015) collected and analyzed information on the behaviour, fate, weathering,
and impact of HNS accidentally spilled at sea on marine biota using information
on spill incidents worldwide, resulting in a database containing 184 entries of
HNS spilled in 119 incidents. The data were subsequently analyzed in terms
of the physical behavior of different HNS in water according to the Standard
European Behaviour Classification (SEBC) codes. The most common products
involved in accidental spills in the marine environment were identified and major
lessons highlighted. The analysis demonstrated that most HNS spills were poorly
documented and the information was incorrectly treated. In most of the cases no
monitoring programmes were implemented following the incident. From the 119
analyzed incidents less than half (54) mentioned information regarding the fate
and weathering of the spilled substance while only 24 contained some information
on environmental or biological post-spill monitoring or even on the measurement
of any parameter (e.g., spilled substance concentration and pH).
From the environmental protection point of view, the previous studies have
highlighted accidents in which pesticides were released to water (although these
very seldom lose their containment and are not heavily transported by sea).
However, also substances considered as non-pollutants (e.g., vegetable oils) do
have negative effects on aquatic biota. When comparing hazardous chemicals and
oil it can be relatively safely postulated that the danger of coastline pollution is,
in general, a far greater concern in oil spills than in chemical spills. However, it is
very difficult to evaluate chemical risks if a vessel is carrying diverse chemicals and
some of those substances are unknown during the first hours after the accident.
The most important difference between a chemical spill and an oil spill is
plausibly related to the response actions. In case of an oil spill, air quality or the
risk of explosion does not usually cause concern for the response personnel, but
for chemical spills these should be carefully evaluated if some response actions are
conducted. In case of chemicals spills the response may be limited, in most cases,
to initial evaluation, establishing exclusions zones, and modelling and monitoring,
followed by planning of a controlled release, recovery, or leaving in situ. This
process usually takes many weeks or even months (Häkkinen and Posti 2013a,b,
CEDRE and Transport Canada 2012, EMSA 2007, Mamaca et al. 2009, Marchand
2002 and Wern 2002). In conclusion, although a part of the operative measures is
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similar in both types of accidents, some profound differences exist and should be
taken into consideration if response is needed.

3.3 Regulations concerning maritime
transportation of chemicals
Dangerous goods transport must be carried out according to the regulations in
place to reduce the potential for harm to people, property and environment that
may result from their release. The International Maritime Organisation (IMO) has
developed various legal instruments related to dangerous and polluting goods,
differentiating between how the goods are carried (packaged and bulk) and by the
type of cargo (solid, liquid and liquefied gases).
The regulations on the transport of liquid bulk chemicals are laid down in
The International Convention for the Safety of Life at Sea (SOLAS) chapter VII,
“Carriage of dangerous goods”, and in the revised Annex II of the International
Convention for the Prevention of Pollution from Ships (MARPOL) (IMO 2011a).
SOLAS is an international treaty, which concerns the safety of commercial ships
(IMO 2011b) whereas MARPOL is primarily covering the prevention of pollution
of the marine environment by ships from operational or accidental causes.
Both treaties require chemical tankers built after July 1st 1986 to comply with
the International Code for the Construction and Equipment of Ships carrying
Dangerous Chemicals in Bulk (IBC Code) (IMO 2011a). The IBC code establishes
the construction standards for chemical tankers, and identifies and categorises the
substances that may be carried in them. The MARPOL Annex II originally entered
into force in 1983 but has since been revised, and the revision entered into force in
2007. It contains regulations and guidelines on the cleaning and discharge of liquid
bulk chemicals carried in ships.
Regulations covering the carriage of dangerous cargoes and the ships carrying
them are found in SOLAS (1974, as amended, and the MARPOL 73/78, as
amended). These conventions are supplemented by the following codes (Figure 1):
• International Maritime Dangerous Goods Code (IMDG Code)
• The International Maritime Solid Bulk Cargoes Code (IMSBC Code)
• The International Code for the Construction and Equipment of Ships Carrying
Dangerous Chemicals in Bulk (IBC Code)
• The International Code for the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk (IGC )
IMDG Code
The IMDG contains general requirements for the issuing of detailed standards
on packing, marking, labelling, documentation, stowage, quantity limitations,
exceptions, and notifications. The definition of substances includes mixtures and
solutions of substances as well as articles. HNS are grouped into different classes
and subclasses of hazards (Table 1).
Marine pollutants are those substances that are identified as in the IMDG Code
or meet the criteria in the Appendix of Annex III as possessing
• acute aquatic toxicity
• chronic aquatic toxicity
• potential for or actual bioaccumulation
• degradation (biotic or abiotic) for organic chemicals.
The IMDG hazard identification data are the following: Proper Shipping Name
(PNS), UN Number, hazard class, and whether or not a marine pollutant.
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Mode of carriage

Container

Bulk

Gas

Liquids

Solid

IGC Code

IBC Code

IMSBC
Code

IMDG
Code

Figure 1. Codes supplementing the regulations covering the carriage of dangerous cargoes.
Table 1. Hazard classes and subclasses of HNS.
1

Explosives

2

Gases

3

Flammable liquids

4

Flammable solids

5

Oxidizing substances and organic peroxides

6

Toxic and infectious substances

7

Radioactive material

8

Corrosive substances

9

Miscellaneous dangerous substances and articles

IBC Code
The IBC Code gives international standards for the safe transport by sea in bulk of
liquid dangerous chemicals by prescribing the design and construction standards
of ships involved in such transport and the equipment they should carry so as to
minimize the risks to the ship, its crew, and to the environment, having regard
to the nature of the products carried. The IBC Code lists chemicals and their
hazards and gives both the ship type required to carry that product as well as
the environmental hazard rating. The products may have one or more hazard
properties, which include flammability, toxicity, corrosiveness, and reactivity.
The IBC Code includes substances and mixtures and identifies safety and
pollution hazards. The hazard identification data are the name, the PNS, and the
pollution category as follows:
• Category X: Noxious Liquid Substances which are deemed to present a major
hazard and are therefore prohibited from being discharged into the marine
environment;
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• Category Y: Noxious Liquid Substances which are deemed to present a
hazard and therefore there is a limitation on the quality and quantity of the
discharge into the marine environment;
• Category Z: Noxious Liquid Substances which are deemed to present a minor
hazard and therefore there are less stringent restrictions on the quality and
quantity of the discharge into the marine environment; and
• Other Substances (OS): substances which have been evaluated and found
to fall outside Category X, Y or Z because they are considered to present no
hazards when discharged into the sea.
The IBC Code pollution categories are based on the Group of Experts on the
Scientific Aspects of Marine Environmental Protection (GESAMP) (2014), which is
an advisory body consisting of specialized experts nominated by the Sponsoring
Agencies (IMO, FAO, UNESCO-IOC, WMO, IAEA, UN, UNEP, UNIDO, UNDP).
GESAMP provides scientific advice concerning the prevention, reduction and
control of the degradation of the marine environment, and has elaborated more
than 850 GESAMP profiles that provide a “hazard profile” as an alphanumerical
fingerprint of each substance or mixture.
The hazard evaluation procedure is in line with the Globally Harmonized
System of Classification and Labelling of Chemicals of the United Nations (GHS)
and European regulation concerning Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH). The criteria are
• bioaccumulation and biodegradation
• aquatic toxicity
• acute mammalian toxicity
• corrosion and long term health effects
• interference with other uses of the sea
IMSBC Code
Hazards associated with the shipment of solid bulk materials are generally
classified under the following main categories:
• structural damage due to improper distribution of the cargo, during and after
loading;
• loss or reduction of stability during the voyage, either due to a shift of cargo
or to the cargo liquefying under the combined factors of vibration and motion
of the vessel; and
• chemical reaction such as spontaneous combustion, emission of toxic or
flammable gases, corrosion or oxygen depletion.
The Code’s three cargo groups are:
• Group A - cargoes which may liquefy
• Group B - cargoes with chemical hazards
• Group C - cargoes which are neither liable to liquefy nor possess chemical
hazards.
It should be noted that some bulk materials may fall into both Group A and Group
B. Bulk materials of group B may be deemed to be hazardous by virtue of the fact
they have been classified as a dangerous good under the IMDG Code or it has been
determined that they may be Materials Hazardous in Bulk (MHB). It should not be
assumed that materials deemed to be MHB pose less of a risk than those with a UN
number. The hazard identifications data are the PNS.
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IGC Code
The purposes of the IGC Code is to provide an international standard for the
safe transport by sea in bulk of liquefied gases and certain other substances by
prescribing the design and construction standards of ships involved in such
transport and the operational procedures and equipment they should carry so as to
minimize the risk to the ship, its crew and to the environment, having regard to the
nature of the products involved.

3.4 Chemicals handled in Baltic Sea ports
Chemicals handled in the greatest quantities in the Baltic Sea are the heavily used
industrial chemicals such as acids, bases, alcohols, fuel additives, and raw chemicals
for other chemical products including plastics (Posti and Häkkinen 2012). At least
hundreds of thousands of tonnes of some of these chemicals are handled annually
with some of the volumes even amounting to over a million tonnes per year. The
majority of the most frequently handled chemicals belong to the MARPOL pollution
category Y of being of moderate hazard if released in the marine environment (see
“IBC Code”). Even more than 80% of all the chemicals transported in the Baltic Sea
are classified as belonging to the Y category (Posti and Häkkinen 2012).
Hazards to the marine environment can vary markedly depending on the
chemical in question, and the impacts can be acute or long-lasting. Cargo outflow
may lead to mortality of certain species, contamination of the coastline, or
disturbances to local amenities, etc. Most shipping accidents have local impacts
on the environment but accidents may also have wider effects, e.g. by affecting
key ecosystem components that are significant for the whole region. For example,
spawning grounds or wintering areas are these kinds of components. Furthermore,
environmental effects of spills depend greatly on time and place, and also on other
factors, which means that spills of the same size and chemical can also have highly
different effects on the marine environment.

3.4.1 Bulk chemicals
International liquid bulk cargoes handled in Baltic Sea ports in 2010 consisted
of approximately 290 million tonnes of oil and oil products, 11 million tonnes of
liquid chemicals, and 4 million tonnes of other liquid bulk (Holma et al. 2011;
Posti and Häkkinen 2012). The share of Finnish ports in all liquid bulk chemicals
transported is approximately 3.5 million tonnes annually (Holma et al. 2011; Posti
and Häkkinen 2012). The chemicals most commonly transported in the entire
Baltic Sea area are methanol, sodium hydroxide solution, ammonia, sulphuric and
phosphoric acid, pentanes, xylenes, methyl tert-butyl ether (MTBE), ethanol and
ethanol solutions. At least one hundred to several hundred thousand tonnes or
even a million tonnes of all these chemicals are transported annually. However,
since chemical-specific data from all Baltic Sea countries are not available exact
volumes have not been able to be calculated. In addition to these chemicals, high
volumes of others are also transported (e.g., ethylene, propane, and butane) while
large amounts of fertilizers and vegetable oils are also handled in Baltic Sea ports
(Hänninen and Rytkönen 2006; Posti and Häkkinen 2012).
The study of Posti and Häkkinen (2012) showed that, in 2010, Finnish ports
handled 60 different chemicals which a total volume of approximately 3.5 million
tonnes. Eight types of chemicals surpassed 100 kilotonnes in yearly volumes,
while another 35 exceeded 10 kilotonnes each (Table 2). Methanol, sodium
hydroxide solution and pentanes were the most handled chemicals. In 2010,
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Table 2. Volumes (tonnes) of chemicals handled in Finnish ports (exports + imports) in 2008 and
2010 (Posti and Häkkinen 2012).
2008
Methanol
Sodium hydroxide solution
Xylenes
Ethanol and ethanol solutions
Phosphoric acid
Pentanes
Methyl tert-butyl ether (MTBE)
Phenol + acetone
Aromatic free solvent (e.g. white
spirit and NESSOL
Propane
Ethyl tert-butyl ether (ETBE)
Phenol
Ammonia
Propylene
Sulphuric acid
Butadiene
Styrene
Hexafluorosilicic acid
Benzene
Tert-amyl ethyl ether (TAEE)
Butane
Acetone
Parafines
Crude palm oil
Nitric acid
Nonylphenol ethoxylates
Ethylene
Monoethylene glycol
Butyl acrylate
CO2
Butanoles
Hydrogen peroxide
Butane + propane
Raffinate
VERSENEX 80/100
NExBTL
Butyl acetate
Tert-amyl methyl ether (TAME)
Vinyl acetate
Epichlorohydrin
Other chemical products (NOS)
Alpha-olefines
Linear alkyl benzene
Formic acid
Tall pitch oil
Nexbase

119,539
119,065
111,479

2010
Methanol
Sodium hydroxide solution
Pentanes
Xylenes
Methyl tert-butyl ether (MTBE)
Aromatic free solvent (e.g. white
spirit and NESSOL
Ethanol and ethanol solutions
Parafines
Phosphoric acid

107,260
73,646
73,040
72,088
66,818
62,822
60,340
59,423
57,896
56,841
54,239
53,491
53,074
51,450
48,413
40,666
29,160
27,795
27,795
27,641
27,253
24,399
23,379
19,702
17,269
15,463
12,806
12,026
10,148
9,414
9,328
7,762
7,058
6,740
6,614
5,734
5,029

Phenol
Propane
Acetone
NExBTL
Phenol + acetone
Styrene
Benzene
Formic acid
Butanoles
Hexafluorosilicic acid
Ammonia
Ethylene
Pyrolysis gasoline
Butadiene
Coal tar
Propylene
Sulphuric acid
Tert-amyl ethyl ether (TAEE)
Nexbase
Hydrogen peroxide
Ethyl tert-butyl ether (ETBE)
Nitric acid
CO2
VERSENEX 80/100
ETBE + TAEE
Nonylphenol ethoxylates
Alcohol fuel mixture
Palm stearine
Butyl acrylate
Linear alkyl benzene
Butyl acetate
Piperylene
Alpha-olefines
Rapeseed oil
Diisononyl pthalate
Cumene
Butane

866,323
359,424
206,558
149,535
133,147
124,548

746,141
380,331
315,978
161,894
159,660
155, 363
122,018
111,079
91,797
87,359
84,027
73,815
73,298
72,427
71,934
69,240
68,427
67,890
56,006
51,632
45,166
39,426
38,852
36,114
29,919
25,172
23,186
20,401
20,059
19,273
16,838
13,592
12,968
12,309
11,082
10,372
10,009
9,273
6,779
4,558
4,476
3,737
3,152
2,999
2,611
2,257

Reports of the Finnish Environment Institute 23 | 2018

21

exports dominated Finland’s ports and accounted for 73% of the overall handling
of liquid bulk chemicals. Methanol, pentanes, and xylenes were the most often
exported chemicals while sodium hydroxide solution, ethanol, and ethanol
solutions as well as propane predominated in imports. Approximately 73% of all
liquid bulk chemicals in Finnish ports are handled in the GOF, and the rest in the
Gulf of Bothnia and in the Archipelago Sea harbours. Methanol, pentanes, xylenes,
MTBE, and sodium hydroxide solution were the most-handled chemicals in the
GOF while in the Gulf of Bothnia and in the Archipelago Sea these were sodium
hydroxide solution, aromatic free solvents, and phosphoric acid.

3.4.2 Packaged chemicals
HNS are transported either in bulk or in packaged form. In packages their
transportation methods are highly variable. Packaged HNS are carried using
different types and sizes of vessels, including, e.g., general cargo ships, container
ships, and ro-ro cargo ships. Unlike bulk transport, packaged HNS are carried
together with non-hazardous goods. The same transport unit (e.g., a container)
can also contain numerous different HNS, which during an accident can mix with
each other and, in the worst case, form dangerous and destructive compounds. In
addition, packaged HNS are very commonly transported together with passengers
on board (e.g., in ro-ro vessels), causing a considerable risk to human health in case
of an accident. Thus, it is very important to be aware of what kinds of packaged
HNS are handled in ports and transported by sea. The most commonly handled
packaged HNS in Finnish ports (2012) are presented in Table 3.
Table 3. Top 20 packaged HNS handled in Finnish ports in 2012 (import and export) (Posti et al. 2013).
No.

UK number

Name of HNS

1

3077

Environmentally hazardous substance, solid, n.o.s.

2

1263

Paint or paint-related material

68,161

3

1779

Formic acid

52,974

77,984

4

2211

Polymeric beads

47,629

5

1866

Resin solution

44,971

6

3257

Elevated temperature liquid, n.o.s.

30,489

7

3082

Environmentally hazardous substance, liquid, n.o.s.

27,345

8

3496

Batteries, nickel-metal hydride

22,564

9

1202

Gas oil, diesel fuel or heating oil, light

22,473

10

2014

Hydrogen peroxide, aqueous solution

16,004

11

1495

Sodium chlorate

14,845

12

1993

Flammable liquid, n.o.s.

14,824

13

3166

Engine internal combustion or vehicle flammable gas
powered or vehicle flammable liquid powered

14,095

14

1942

Ammonium nitrate

13,446

15

2312

Phenol, molten

12,996

16

1750

Chloroacetic acid, solution

11,957

17

3264

Corrosive liquid, acidic, inorganic, n.o.s.

9,806

18

1203

Motor spirit or gasoline or petrol

9,613

19

1268

Petroleum products and distillates, n.o.s.

9,137

20

1170

Ethanol or ethanol solution

9,110

Other HNS (about 1,000 pcs) total 286,400
ALL HNS TOTAL 816,822
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4 Fate and effects of chemical spills
at sea

4.1 Environmental fate of chemicals
Environmental partitioning (or fate) of a chemical is a process which is highly
dependent on the physico-chemical properties of the chemical as well as on
environmental conditions (Allen 2002). Based on the chemical’s properties it is
possible to predict its likely movements and partitioning in the environment
(the so-called fugacity approach) (MacKay 1979). Basically three major physicochemical characteristics, i.e., density, water solubility, and vapour pressure
determine the fate of a chemical in case of a shipping accident (French McKay et
al. 2006). Also lipophilicity (described by the octanol-water partitioning coefficient,
Kow) is one of the most important parameters affecting the environmental fate of a
substance.
Depending on the above properties, a substance that is released in the
environment is distributed between the different environmental compartments. For
example, the largest share of a highly water-soluble chemical is most likely found
in the water phase whereas the main share of a highly volatile pollutant ends up in
the air. Chemicals with a high log Kow (between 4 and 7) are highly lipophilic and
are mostly distributed between the biota and the sediments, bioaccumulating in
adipose tissue of organisms and adsorbed onto organic particles in the sediment.
Once a chemical is introduced in the marine environment it dilutes in the
vast amount of water, and then degrades both by rapid chemical processes (e.g.,
hydrolysis, photodegradation) and by microorganisms (biodegradation), at least
to some extent (Walker et al. 2006). Sometimes, in a process called bioactivation,
the biodegradation may lead to the formation of degradation products, which are
more reactive and toxic than the original parent chemical. In addition to dilution
and degradation the chemical may also exhibit other behaviours; depending on its
properties it may move between the different environmental compartments (water,
air, sediment, and living biota) until it reaches a steady state.
Environmental partitioning and harmfulness of a chemical are linked together
in a sense that a chemical is only toxic when its concentration exceeds a certain
threshold in a given compartment (Walker et al. 2006). For example, considering a
situation where a chemical is released in water, the final steady state concentration
to which pelagic organisms are exposed to is more or less lower than its original
concentration during the release. This is partly due to the fact that parts of the
original chemical may evaporate while parts of it can be bound to the sediments.
Naturally, dilution and degradation have a great influence on the concentrations as
well.
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4.1.1 Physico-chemical properties of chemicals
As discussed above, environmental fate and behaviour of chemicals are mainly
determined by their physico-chemical properties. For an accidental marine
chemical spill the most important parameters are described below.
Water solubility is the most important parameter when assessing the hazard
potential of a chemical for the aquatic environment and its biota. It is a key factor
determining the environmental fate of a chemical. A solubility greater than 1 000
mg/l classifies a substance as highly soluble in water (Nikunen and Leinonen 2002)
and thus easily available to pelagic organisms. In comparison, poorly soluble (< 10
mg/l) and hydrophobic substances are typically tightly bound to organic particles
and the sediment, and are therefore less available for uptake by pelagic organisms.
Highly water soluble substances are typically readily biodegraded and thus do
not have the tendency to accumulate in organisms and subsequently along the
foodwebs (Häkkinen et al. 2010).
Dissociation constant of organic acids and bases. Proton transfer reactions
are typical for some organic chemicals resulting in formation of charged species.
Equilibrium constant (pKa = -log Ka) describes the deprotonation (dissociation,
acids) and protonation (association, bases) at equilibrium, also called as acidity or
basicity constants. This has a strong influence on environmental behaviour as for
acids the neutral species sorb more strongly than the charged species, and for bases
the protonated species sorb more strongly. Therefore, the ionized species are less
lipophilic but more water soluble and this is clearly affecting their bioavailability
and fate in the aquatic environment. The solution pH and pKa determine the
fraction of neutral and ionized species and can be calculated from the equilibrium
equation (Schwarzenbach et al. 1993).
Vapour pressure (as Pascals, Pa) (at 20–25°C) describes a chemical’s solubility in
air. When a substance has a vapour pressure greater than 0.1 kPa it is considered
highly volatile whereas those below 10-5 kPa are not readily volatilized (Nikunen
and Leinonen 2002). When a chemical is highly volatile its risks for aquatic
environments are greatly reduced since it will volatize into the air and leave the
water system. In the air, substances are rapidly diluted and typically more readily
degraded than in water (Häkkinen et al. 2010). In relation to their environmental
fate, Henry’s law constant H (Pa m3/mol) is also a relevant property for chemicals
as it characterises the partitioning of a substance between air and the aquatic phase
(i.e., “evaporation from water”). H > 100 Pa m3/mol means that the substance
evaporates extremely easily while values between 10 and 100 Pa m3/mol indicate
relatively easily evaporation, and those < 2–10 Pa m3/mol evaporate poorly
(Nikunen and Leinonen 2002).
Density (kg/l) is also an important factor determining the fate of a substance
in the aquatic environment. When a substance has a density lower than that of
seawater (e.g., 1.025 g/l at 20°C or 1.005 g/l in the Baltic Sea) it will float, whereas a
substance with a greater density than that of seawater will sink (presuming that the
compound is neither highly volatile nor water soluble) (GESAMP 2002).
Viscosity (as centistokes, cSt) is a property of liquids. Viscosity determines a
substance’s resistance to flow, and floating substances with a viscosity greater
than ca. 10 cSt (at 10–20 °C) have a tendency to form persistent slicks on the water
surface (GESAMP 2002). Besides cSt, other units such as Pa s (pascal-seconds) and
poises (P), may be used for viscosity.
Surface tension is the force of attraction between the surface molecules of a
liquid such as oil and chemicals. It affects the rate at which the spilled substance
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spreads over a water surface. Chemicals or oil with a low surface tension will
spread faster than those having a higher one. Surface tension is usually measured
in the laboratory at a standard temperature and is expressed as N/m or dynes/cm.
However, in case of a spill the surface tension is rather the difference between the
spilled substance and water (for dissolving) or air (for evaporating) (Hook et al.
2016).
Water-organic carbon partitioning coefficient (Koc) describes a compound’s
tendency to be adsorbed onto suspended matter (i.e., organic particles in the water
phase) and sediment. When the Koc value is high, i.e., > 5 000, the compound will
be mainly bound to organic matter and will not move freely in water. A Koc value
between 150–500 indicates that the compound’s adsorption to organic carbon is
moderate, and Koc values < 50 indicate that the compound is not readily adsorbed
onto organic carbon, and consequently, moves freely in the water phase (Nikunen
and Leinonen 2002).
Octanol-water partitioning coefficient (Kow) is an indicator of a chemical’s
lipophilicity/hydrophobicity, and as n-octanol has a similar polarity compared to
animal fats, the log Kow can also be used as an indicator of a chemical’s potential
to bioaccumulate in organisms. A compound’s lipophilicity and tendency to
bioaccumulate increase with an increasing log Kow value. A log Kow value > 4
indicates high lipophilicity and > 5 extremely high lipophilicity (Nikunen and
Leinonen 2002). A highly lipophilic substance that is not originally present in
toxic concentrations in the environment may still accumulate in organisms and
produce toxic effects in time (Walker et al. 2006). Additionally, some chemicals that
accumulate readily in organisms have a tendency to bioconcentrate along the food
chain since predators receive larger chemical concentrations via food in relation
to that present in the surrounding water (Grey 2002). Therefore, concentrations of
such lipophilic chemicals are typically highest (possibly even up to toxic levels) in
top predators such as fish-eating birds and seals. Even though high lipophility is
most often associated with negative consequences for the environment, lipophilic
substances are, on the other hand, readily adsorbed onto sediments and organic
matter suspended in the water phase; therefore, lipophilic substances are not
necessarily as available to organisms as highly water-soluble substances. However,
sediment-ingesting and sediment-dwelling organisms such as oligochaete worms,
crustacean amphipods, and some bivalves are readily exposed to sediment-bound
substances (Walker et al. 2006). Since benthos is an important food source for many
fish, birds, and even some mammals also sediment-bound chemicals are commonly
introduced to pelagic foodwebs.
In addition to log Kow values there are also experimentally measured partitioning
coefficients, which can be used to evaluate a chemical´s bioaccumulation tendency.
The bioconcentration factor (BCF) describes the distribution of a substance
between the tissues of an organism and its surroundings (water, sediment)
(Nikunen and Leinonen 2002). The bioaccumulation factor (BAF), on the other
hand, is the ratio of a substance between an organism and its food (or ingested
water) (Walker et al. 2006). BCF is affected by bioavailability, distribution and
biotransformation in an organism, and excretion (Nikunen and Leinonen 2002).
These processes are typically taking place simultaneously and it takes some time
until a steady state is reached. The biota-sediment accumulation factor (BSAF)
is somewhat similar to BCF, only that it describes the distribution of a substance
between sediment-dwelling organisms and their surrounding sediment (OECD
2008). When the substance concentration in an organism exceeds the concentration
in the surrounding medium, i.e., when the BCF or BSAF > 100, this is an indication
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of bioconcentration (Nikunen and Leinonen 2002). It is recommended that BCF
is used in chemical risk assessment over the Kow as the former is usually derived
experimentally using aquatic organisms whereas the latter is merely a calculated
estimation of bioaccumulation. Unfortunately, BCFs are currently available only
for relatively few chemicals and, in addition, there is need for improvement
as regards the quality of the existing BCF values. For example, a great deal of
uncertainty is associated with the test conditions where the BCFs have been
established (Arnot and Gobas 2006).

4.1.2 Categorizing of chemicals based on their behaviour
The Standard European Behavior Classification (SEBC) system classifies
chemicals in four main categories based on their theoretical behaviour in the
sea. These classes are gases (G), evaporators (E), floaters (F), sinkers (S), and
dissolvers (D) (Bonn Agreement 2007). The basic categories are further divided
into subcategories, resulting in a total of 12 behaviour categories (Table 4).
Environmental fate and spreading of the four main chemical categories differ
remarkably from each other (Table 5). Examples of individual chemicals and their
properties in different behaviour categories are given in Annex 1A-D.
It is important to note that SEBC only considers the primary behaviour(s)
relevant to a chemical spill (ITOPF 2010). In reality, however, there are other
behaviours that a chemical may exhibit in the marine environment due to its
properties and prevailing environmental conditions (e.g., wind, waves, currents)
(CEDRE and Transport Canada 2012). Benzene, for example, is classified as
an evaporator, but it is also soluble to a certain extent, which may also have to
be considered when predicting its physical behaviour in the sea (ITOPF 2010).
Moreover, SEBC is based on experiments conducted under stable laboratory
conditions with pure products at a temperature of 20°C and in freshwater (CEDRE
and Transport Canada 2012). These conditions are obviously far from any natural
sea conditions. Therefore, the actual behaviour of chemicals may differ greatly
from their theoretical behaviour based on these experiments.
Table 4. Basic categories and subcategories of transported substances based on their chemical
properties and behaviour (Bonn Agreement 2007).
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G

Gas

GD

Gas that dissolves

E

Evaporator

ED

Evaporator that dissolves

F

Floater

FE

Floater that evaporates

FD

Floater that dissolves

FED

Floater that evaporates and dissolves

D

Dissolver

DE

Dissolver that evaporates

S

Sinker

SD

Sinker that dissolves
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Table 5. Environmental fate and spreading of the main chemical categories when spilled to the sea.
Category

Environmental fate and spreading

Gases and
evaporators

• Gases or evaporators will evaporate rapidly after release in or on the
water and will form a gas cloud in the air.
• The displacement and the size of the vapour/gas plume depends on
release rate, spreading and movement of the slick on the water surface,
dispersal (diffusion) and movement of the gaseous plume.
• The movement of gas/vapour plume depends on the density of the
plume and wind speed and direction.
• Dense gases (heavier than air) will disperse much more slowly than
gases that are lighter than air thus remaining close to the water surface
resulting possible danger to sea traffic and environment.
• The turbulence in the atmosphere causes a vapour or gas cloud to drift
with the wind, disperse and dilute. The stability of the atmosphere and
the roughness of the sea determine the extent of the turbulence. As
the plume becomes larger, its concentration falls effectively near to
zero.
• The flash point, explosion limits and concentration of the pollutant gas
determines whether it is explosive or not, or whether it is toxic or not.
• (Bonn Agreement 2007; Chemical Spill Response Manual, NHL
University of Applied Sciences 2011).

Floaters

• Floaters tend to spread out on the water surface and stay there for a
certain period of time.
• They may drift on the wind, waves or current and can reach sensitive
areas along the coast or wetlands (Bonn Agreement 2007).
• Most of the pollutant will be concentrated on the shore (CEDRE 2001).
• Substances in the subclasses floater/evaporator/dissolver and floater/
dissolver are likely to diffuse/disperse in the water column. Possibility of
a vapour or gas plume developing cannot be ruled out. (Chemical Spill
Response Manual, NHL University of Applied Sciences 2011).
• Nowadays there is also a subclass “persistent floaters” (pF) reflecting
floaters forming persistent slicks, e.g., vegetable oils.

Dissolvers

• Dissolvers will quickly dilute into the water column (Bonn Agreement
2007).
• The currents dictate the movement in the water column; the effect of
wind diminishes rapidly with depth.
• A plume will grow in size by dispersing into the water. Decreasing
in concentration to undetectable and non-effect-concentration will
soon be attained (Chemical Spill Response Manual, NHL University of
Applied Sciences 2011).
• Bioaccumulative and persistent chemicals must be considered to pose
risk for the aquatic environment even at low concentrations (Bonn
Agreement 2007).
• In waters with a high mixing energy, such as the North Sea, the risk of
dissolved substances is much lower than in low mixing waters such as
harbour areas or in shallow Baltic Sea areas (Bonn Agreement 2007).

Sinkers

• Sinkers will sink to the seabed due to their density and stay on the sea
floor for a certain period (Bonn Agreement 2007).
• Sinkers that simultaneously dissolve readily in water become more
available to the pelagic biota, which makes the risk of that chemical
more evident (Häkkinen et al. 2013). Poorly water soluble sinkers are
deposited in the sediments, where they are not very bioavailable for
pelagic organisms but still hazardous for benthic organisms (GESAMP
2002).
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4.1.3 Effect of cold temperature on the fate of chemicals
In northern latitudes (including the Baltic Sea) seasonal temperature variations
are extensive; thus, the fate and effects of spilled chemicals are greatly dependent
also on the season. Some liquid chemicals solidify in cold water and form sheets
becoming more resistant to dissolution or evaporation than their corresponding
liquid forms. The process of solidification in cold water depends on temperature,
freezing point (=melting point), solubility, and evaporation rate of the substance.
Low temperatures decrease both evaporation and dissolution rates.
Cold temperature has variable effects on the behaviour of “evaporator” or
“dissolver” chemicals as listed below (IMO 1999):
• HNS with a freezing point above the water temperature but low or
moderate solubility (or evaporation rate) will solidify upon contact
with water. This type of HNS (e.g., benzene, cyclohexane) will become a
normal floater or sinker, and will be easier to pick up by standard recovery
techniques.
• HNS with freezing points above 0°C but high solubility (e.g. acetic/formic/
phosphoric/sulphuric acid, sodium hydroxide solution, diethanolamine,
ethylenediamine), dissolve rapidly even in cold water. This results in the
formation of a growing plume of concentrated solution of the substance
moving with the flowing stream. (IMO 1999)
• Behaviour of HNS having very low values of solubility and vapor pressure
(e.g., vegetable oils, tallow, tall oil) will not change significantly when they
change from the liquid to the solid state upon contact with water.
• Behaviour of HNS that react with water does not coincide with what would
be expected from the standard behaviour classification. However, only a few
of the commonly transported HNS react rapidly with cold water (e.g., acetyl
chloride, calcium carbide, sodium, potassium, sulphonyl chloride, toluene
diisocyanate, concentrated sulphuric acid).
An HNS that is a gas at 15°C or 20°C can be a liquid at much lower temperatures.
For instance vinyl chloride monomer and butadiene are transported at low
temperature or under pressure to maintain them in the liquid form. Loss of
containment in warm or temperate conditions would result them to form a gas
cloud. However, release in cold winter conditions may be as liquid form since their
boiling points are -4.4°C for butadiene and -13°C for vinyl chloride. Similarly, a
chemical that is liquid at 15°C or 20°C can be a solid at much lower temperatures.
However, e.g. epichlorohydrin has its freezing point at -26°C and cyclohexanone
at -16.4°C; thus, the former will sink and dissolve and the latter one will evaporate
(Singsaas and Lewis 2011).
Some HNS that are gaseous at 20°C will be liquids at 0°C and some HNS that
are liquid at 20°C will be solids at 0°C. This change of state will cause different
spill behaviours. Some gases that would disperse into the air in temperate climates
will form liquid slicks in the Arctic. Some liquid HNS that would create rapidly
spreading slicks in temperate climates will freeze to form “slush” on the sea
surface in the Arctic. These changes will have implications for some subsequent
spilled HNS behaviour. HNS that would rapidly evaporate into the air from liquid
slicks, and are classified as Evaporators in the SEBC, will do so much more slowly
in the Arctic, particularly if the liquid has frozen. This has implications for the
potential toxic effects and flammability limits for some HNS (Singsaas and Lewis
2011).
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While spilled HNS will generally have higher densities at lower temperatures,
this is unlikely to alter whether it floats (SEBC Floater) or sinks (SEBC Sinker)
because seawater is also denser at lower temperatures. The vapour pressure
of spilled HNS will be lower at lower temperatures and this will cause a lower
relative rate of evaporation, even if the HNS remains in liquid form. For some HNS
with relatively low vapour pressures, this may be a significant factor, but for many
of the most volatile HNS this will not alter their overall spill behaviour; they will
still evaporate but at a slower rate (Singsaas and Lewis 2011).
The SEBC does not consider viscosity to be a relevant property of HNS that
influences spill behaviour and viscosity is not used in the SEBC categorisation. This
is in contrast to the consideration of the behaviour of spilled oils where viscosity is
a very important factor. Most liquid HNS have a relatively low viscosity at 20°C,
between that of gasoline and diesel fuel. Viscosity of these HNS will increase at
lower temperature but it will not cause any drastic change in behaviour (Singsaas
and Lewis 2011).
Melting (freezing) points among other properties of some individual chemicals
are presented in Annex 1A-D. Also exceptional behaviour in cold temperatures is
considered in the tables.
Effects of environmental conditions (wind speed/surface agitation, water and
air temperature, and salinity) on evaporation, dissolution and persistence of 10
chemicals were tested in controlled experiment in the HNS-MS project (HNS-MS
2016). Evaporation was faster at higher temperatures and in stronger wind but the
difference in evaporation and dissolution between 10°C and 20°C was surprisingly
low for the tested chemicals (e.g., xylene and 2-ethylhexanoic acid).

4.2 Effects of chemicals on marine biota
Effects of a single chemical on organisms mostly depend on two factors: toxicity
of the chemical and the degree of exposure. In ecotoxicology, the latter signifies
the amount and frequency of encountering the chemical; a toxic chemical is
expected to pose minimal or no hazard in the environment if exposure is marginal.
Similarly, even a substantial exposure to a chemical is considered insignificant
if the toxicity of the compound is negligible. However, it should be noted that in
practice these dose-response relationships are rarely as simple as described above
(Walker et al. 2006); mixture toxicity and co-incidence of chemicals with other
stressors (e.g., physico-chemical factors and intrinsic biological factors) can – and
usually do – enhance the magnitude of risk.
In addition to toxicity and exposure, environmental fate of the chemical (i.e.,
its persistency, mobility, and tendency to accumulate) contributes notably to its
harmfulness (Fent 2004). Apart from direct toxicity, chemicals can also cause other
harmful effects to the environment, e.g., anoxia and eutrophication. Although the
actual chemical-organism interactions occur at the molecular level the effects can
be reflected at all higher biological levels up to the ecosystem level (Fent 2004).

4.2.1 Toxicity of chemicals
Exposure to a chemical categorised as harmful or hazardous does not necessarily
mean that toxic effects in biota will actually occur. First of all, to produce toxic
effects, the chemical present in the environment must be taken up by an organism.
Secondly, it has to find a target site within. In case of aquatic organisms, exposure
may occur either directly in the surrounding water or indirectly via food.
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For example, if a chemical is tightly bound to the sediments it is not easily taken up
by organisms living in the upper water phase (e.g., pelagic fish). However, benthic
organisms such as worms, some bivalve molluscs and crustaceans, and other
detritivorous species living burrowed in the sediments are exposed to chemicals
by constantly consuming contaminated particles apart from being also in direct
contact with them through body surfaces. Consequently, a simple trophic transfer
of contaminants occurs when a fish consumes a contaminated benthic organism.
Once a chemical is taken up by an organism it is distributed within the body
through the respiratory or circulatory (blood or haemolymph) systems, and the
toxic effect will manifest when the chemical binds to a specific target site such as
a receptor, protein, cell membrane, or DNA. If an organism lacks a specific target
site for a particular chemical, it will obviously not be affected. Plants and algae,
for example, lack a central nervous system (or a corresponding target site) and
are therefore not affected by neurotoxins. Thus, a chemical may either affect some
species or it may be uniformly toxic to all species, depending on whether its target
site is found in one or in all species (or groups of organisms) (Walker et al. 2006).
Once inside an organism, the chemical will be gradually metabolised either to
a less toxic and water-soluble metabolite or to a more reactive and harmful one,
and finally the chemical or its degradation products are excreted. Depending on
its properties, parts of the chemical may also be stored within the organism, e.g.,
in specific vacuoles located in cell membranes, lysosomes, or in the adipose tissue.
When the chemical is stored it will not be able to cause toxic effects, i.e., is not
bioavailable for the time being. However, the stored chemical may be released in
time, e.g., when during starvation the stored fat containing lipophilic contaminants
needs to be broken down for energy, then reaching its target site causing delayed
toxicity (Walker et al. 2006).
The most common way to evaluate the overall toxicity of a substance is to
perform dose (or concentration) – response (effect) exposure tests on organisms
representing different trophic levels. In toxicity testing, the relationship
between the test concentrations and the magnitude of effects for a test species is
studied, and the test results in a toxicity value LC/EC/IC50, which describes the
concentration where 50% of the test population is affected (Walker et al. 2006). The
No Observable Effect Concentration (NOEC), which is the highest concentration
tested at which no significantly different effects compared to the control population
are observed, may also be obtained from the same tests. In aquatic toxicity
testing the typical test species include various algae, planktonic crustaceans
such as Daphnia spp. (water flea), and different species of fish. The commonly
studied endpoints include survival, growth, development, and reproduction.
Box 1 presents selected ranking studies based on toxicity and physico-chemical
properties of some commonly transported chemicals.
Typical situations where marine organisms are acutely exposed to high
concentrations of chemicals are disastrous accidents, e.g., tanker collisions or
sudden industrial wastewater leakages. The high chemical concentrations in
seawater occurring directly after a large spill decrease rapidly, reaching levels that
are below acute toxicity. Therefore, in these cases it is most often preferable to use
the available chronic toxicity data from environmental monitoring programmes
and risk assessments performed on hazardous chemicals. However, chronic
toxicity data for chemicals is difficult to obtain because most of the tests currently
available are expensive and laborious to perform. Therefore, this data is currently
available only for relatively few chemicals (Häkkinen et al. 2010). Toxicity tests
are typically based on national and international standards (e.g., SFS, ISO, EN)
and testing of the chemicals is performed according to the technical guidelines of
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the OECD. The testing guidelines of the United States (EPA, ASTM) and Canada
(Environment Canada) can also be applied, although they differ in some parts from
the EN and ISO standards.
In accidental spills, several chemicals can be released to the water at the same
time. The spilled chemicals can also react with the compounds that already
exist in the aquatic environment from natural or human sources. Therefore, also
synergism, mixture toxicity and chemical reactions should be taken into account
since even if many of the chemicals are not highly dangerous alone, the properties
of chemical combinations and their joint toxic effects are in many cases poorly
understood.

BOX 1.
Ranking studies of some most commonly
transported chemicals
In a paper by Häkkinen et al. (2013), chemicals were ranked by summing
up the scores for their physico-chemical parameters. The focus was to assess
environmental effects of the selected chemicals with emphasis on biota in
the water column and accident probability. Three major physico-chemical
characteristics, i.e., density, water solubility, and vapour pressure determine
the fate of a chemical in case of a shipping accident. Water solubility is the
most important parameter assessing the hazard potential of a chemical to
the aquatic environment and biota. In the scoring method, the most watersoluble chemicals were considered most likely to enter the water column and
to spread over wider areas, and therefore to be the most hazardous ones.
Density determines a chemical’s buoyancy relative to water. The chemical
quickly disperses in the water mass if its water solubility is high but floats or
sinks depending on its density if its solubility is low. Since ecotoxicological
effects on biota in the water column was weighted in this study, chemicals
that sink (density>1.025 g/cm3) scored 2 points, while floaters scored 1 point
(density<1.025 g/cm3). It should be noted that in the brackish Baltic Sea the
density of water is about 1.005 g/ cm3 but usually floaters have a density clearly
lower than that and sinkers are clearly heavier, so the scorings remain the
same. The volatility of the chemicals was assessed based on vapour pressure.
The highest points were scored by compounds with poor volatility (low
vapour pressure) since a larger portion of these chemicals stay in the water
column and, therefore, the environmental impact of non-volatile chemicals is
higher. Many risk scenarios take the opposite view, especially when public
health is a priority.
The biodegradability of chemicals was defined using BIOWIN3 values
modelled using the US EPAs EPISuite programme. The modelled values
were used to harmonise half-life values of the chemicals. Bioaccumulation of
chemicals was estimated using the octanol-water partition coefficient (KOW).
The greater the KOW the more hydrophobic and bioaccumulative the chemical
is. The majority of the chemicals studied are not bioaccumulative (log KOW<3)
and can be considered relatively non-hazardous to the environment. Acute
and chronic toxicity of chemicals were examined for three trophic levels (algae,
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the water flea Daphnia magna, and fish) based on the lowest acute LC50/EC50
(lethal/effective concentration where 50% of organisms are affected), and
chronic NOEC (no observed effect concentration) values defined. Acute and
chronic toxicity were examined individually by calculating the averages of
points scored for toxicity for the three trophic levels. Based on studies that
include all transport modes, the greatest accident probability is posed by the
most commonly transported chemicals, i.e., liquid fuels (Mullai and Larsson
2008, Häkkinen et al. 2010). The volumes transported by sea obtained from
the PortNet system were thus used to indicate the probability of chemical
exposure. In addition, some chemicals scored 0.5-1 additional point if they
had significant hazardous environmental impacts, for instance based on their
carcinogenic potential or endocrine effects. A simple weight-of-evidence
approach was applied by focusing on the chemicals’ mechanisms of toxicity
(e.g., carcinogenicity, endocrine disruption potential, or other additional
hazardous property as criteria). The chemicals with the highest total score
can be considered the ones with the greatest environmental risk. In case of a
shipping accident, the greatest risk to the environment is posed by chemicals
with a high solubility, which stay in the water column and are bioavailable,
persistent, and toxic to organisms. The chemicals with the highest points pose
the greatest environmental risk, and here they turned out to be nonylphenol,
sulphuric acid, and ammonia. This study analyzed the worst-case scenario.
The project HASREP (Drogou et al. 2005) identified 100 chemicals that are
the most commonly transported between major European ports as part of the
trade through the English Channel to the rest of the world. The assessment was
based on both transport volumes and the GESAMP hazard profile. The project
highlighted a number of chemicals including benzene, styrene, vegetable
oil, xylene, methanol, sulphuric acid, phenol, vinyl acetate and acrylonitrile.
It concluded that these chemicals were the ones that have a high spillage
probability but that may not result in significant environmental impacts.
Similarly, French McKay et al. (2006) applied a predictive modelling approach
to a selected range of chemicals transported by sea in bulk, and concluded
that phenol and formaldehyde present the greatest risk to aquatic biota.
Furthermore, Guerbet and Jouany (2002) used the SIRIS method to evaluate
90 chemicals based on the risk they pose to the aquatic environment. In this
study, only a handful of chemicals included in the studies mentioned earlier
were included in the study. Benzene, for example, ranked the 6th (high risk
for the environment) and chloroform the 14th while such chemicals as xylenes
came in the 88th place. Harold et al. (2011) evaluated human health risks of
transported chemicals based on the GESAMP ratings for toxicity and irritancy.
Their evaluation gives more weight to chemicals that are floaters, form gas
clouds, irritate, and are toxic, such as chlorine. Conclusively, it is obvious that
different weightings have a great impact on any ranking results.
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4.2.2 Other adverse effects of chemicals on biota
Chemicals can also have other adverse effects than direct toxicity (reviewed in
Häkkinen and Posti 2013a,b, Cunha et al. 2015). Those having low toxicity can
cause eutrophication by acting as a carbon or nutrient source, or smother fishes and
mammals due to physical contact. Sinkers/sea bottom covering bulk substances
may physically suffocate the zoobenthos if released in large quantities, potentially
causing severe foodweb effects due to biomass losses especially in coastal waters.
Furthermore, rapid biodegradation of the spilled chemicals can cause a sudden
decrease (hypoxia) or local lack (anoxia) of oxygen and thus lead even to the death
of fishes or other organisms. In case of floaters, many birds can be rapidly killed
by a toxic spill. In addition, similarly as in the case of oil spills, floaters may cause
smothering of birds affecting their ability to fly and thermal insulation. Birds
and marine mammals can be affected also by ingestion (contaminated preys), by
inhalation (fumes) or by absorption (through skin or eggs), and also by destruction
of habitats or food resources. Chemosensory mediated behaviour of animals (e.g.,
many fish species) may result avoidance of spills and lead to migration to more
unfavourable habitats.
Specific effects of some individual chemicals are presented in Annex 1A-D.
Exposure and ecological effects of different chemical behaviour categories are
summarized in more detail in Table 7.

4.2.3 Population and community level effects
Because a viable population needs its individuals to survive until a successful
reproduction phase, any interference in physiological processes of an organism
connected to survival, growth or reproductive output and fecundity is often
reflected at the population level. Likewise, if a population of a species declines
in numbers or becomes completely extinct as a result of exposure to a chemical,
effects on the local community structure may be drastic – especially if the
diminished species is an ecosystem key species (HELCOM 2010). For example, a
decline of an important predator fish species may lead to massive algae blooms
due to trophic cascade effects along the foodweb (Walker et al. 2006). Changes in
community structure, on the other hand, may cause shifts in the whole ecosystem
and its functions. Conclusively, the deleterious effects of hazardous substances
are easiest to detect and define at the molecular and whole-organism levels, but
as further one goes up the biological organization scale the harder it becomes to
determine and predict the higher level effects. This is why the setting up of an
effective post-spill monitoring programme is important to reach a comprehensive
picture of the true mid- and long-term effects of chemical spills.

4.2.4 Assessing the hazards of different groups of
chemicals in different environmental compartments
Chemicals with different environmental fates have adverse effects in different
environmental compartments (Figure 2). The most harmful ones to human health
have often quite opposite properties to those that are the most hazardous to
aquatic biota. To humans the most hazardous chemicals are those that are very
reactive, forming either toxic, irritating, or explosive gas clouds, and those that
have possible long-term effects, including carcinogenicity. From the environmental
point of view, the most hazardous chemicals are those that sink, have a high
solubility, and possibly stay at the water column, and those that are persistent,
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bioavailable, toxic, and can have possible long-term effects (French McKay et al.
2006, Häkkinen et al. 2013, Harold et al. 2011).
Nine potential hazards can be distinguished when chemical substances enter the
marine environment (Table 6). Exposure and ecological effects of different chemical
behaviour categories are summarized in more detail in Table 7. Properties and
aquatic toxicity of some individual chemicals are presented in Annex 1A-D.
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Figure 2. Effects of the main chemical behaviour categories in different environmental compartments.

Table 6. Most relevant hazards of chemical substances within a behaviour category to humans and
the marine environment.
Potential Hazards

Behaviour category

Human health

G/E/F

X

G/E

X

Flammability

G/E/F

X

Radioactivity

G/E/F/D/S

X

X

Corrosiveness

G/E/F/D/S

X

X

Carcinogenicity

G/E/F/D/S

X

X

Toxicity inhalation
Explosiveness
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Marine environment

Aquatic toxicity

D/S

X

Bioaccumulation

D/S

X

Persistence

D/S

X
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Table 7. Exposure and ecological effects of the main chemical behaviour categories when spilled to the sea.
Category

Exposure and ecological effects

Gases and
evaporators

• Vapour clouds can be toxic or form a flammable or explosive mixture with air. (Bonn
Agreement 2007).
• The severity of the effects caused by exposure to toxic substances varies from slight
irritation to irreversible damage to health or even death (Bonn Agreement 2007).
• Most severe effects to humans or marine organisms come through inhalation leading to
respiratory toxicity or carcinogenicity. The period of exposure and concentration in the
atmosphere determine the toxic effects (Bonn Agreement 2007).

Floaters

• Two main hazards associated with floaters are fire and dangers due to natural dispersion in
the water column affecting the aquatic environment.
• The pollution effects include external coating (birds) or direct toxic action to marine
organisms, inhibition of natural reaeration of the waterway, and restriction of recreational
and water supply uses (Bonn Agreement 2007).
• Many birds can be rapidly killed by the effects of the spill. Smothering effect impacts their
ability to fly and their thermal insulation. Birds can also ingest oil (or other floating chemical)
in considerable quantities when cleaning feathers with their beak. Eyesight can also be
affected due to irritation (CEDRE 2001).
• The most vulnerable areas are the coast or shallow waters or feeding areas of mammals and
birds especially in the breeding season. The immediate worry concerns the species the most
in contact with the air-water interface like birds which dive to feed (Bonn Agreement 2007,
CEDRE 2001).
• Many bird species are extremely sensitive in winter when even small spills of persistent
floating substances can be harmful for thousands of birds.
• Population level effects should be taken into account, e.g., the number of breeders and young
from the current generation to form the minimum stock needed to survive (CEDRE 2001).
• Mammals can be smothered by a floating chemical, which can affect their respiratory system.
Mammals also suffer from impaired eyesight and absorption of chemical. However, mammals
mostly tend to flee from floating layers of substances (Bonn Agreement 2007, CEDRE 2001).
• Little damage to fish or to the human population is likely to be caused by as long as the
substance floats on the surface (Bonn Agreement 2007).

Dissolvers

• A dissolved chemical concentration in the water may have lethal effects. The greatest danger
is a high concentration of the hazardous substance in the water during the escape phase,
which can cause toxic effects (Bonn Agreement 2007).
• In the open sea, the most seriously threatened animals are mammals (seals, porpoises,
etc.), pelagic fish (herring, sprat, etc.) and zooplankton (especially larvae and eggs) (Bonn
Agreement 2007).
• Benthic organisms stay at one place and will expose polluted water only for the time when
water passes through. Exposure time of mobile organisms like fish is unpredictable but
shorter than continuous. Algae and zooplankton are transported with the water current and
will therefore expose continuously to the plume (Bonn Agreement 2007).
• The concentration of the spilled chemical in the water is not constant. The initial
concentration immediately after the spill is high, but the number of exposed organisms
is limited. Later on there are more of exposed organisms due to the increased volume of
water containing the diluted substance. However the exposure concentration is lower (Bonn
Agreement 2007).
• Spawning areas and nursery areas of many fish species are sensitive areas to spill effects.
Eggs and larvae from spawning areas in open sea, or in coastal areas are transported with
currents to nursery areas, typically located along the coast, such as estuaries. Spill may cause
severe losses to the population.

Sinkers

• Sinkers are generally hazardous to the marine environment due to aquatic toxicity. Direct
danger to human beings is very limited (Bonn Agreement 2007).
• In the open sea, the most sensitive areas are the spawning grounds (Bonn Agreement 2007).
• Chemical spills may directly affect benthic fish and their predators (Bonn Agreement 2007).
• Mammals and pelagic fish avoid pollution by sinkers and will be affected minimally (Bonn
Agreement 2007).
• Chemical can affect the shore in shallow waters and have an impact on wintering areas of
coastal birds.
• Large quantities of bulk substances released on the seabed could cover the seabed and
zoobenthos. Severe losses on zoobenthos effects on the biomass of the food chain in coastal
waters and intertidal zones. If the spill penetrates the sediment, losses may occur over long
periods (Bonn Agreement 2007).
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5 Risk assessment and recovery options
in marine accident situations

When dealing with a HNS pollution incident, one of the priority requirements is
the identification of the hazard and the assessment of the risk posed by the stricken
vessel and its cargo to the public and responder safety, the environment, and the
socioeconomic assets that a state or a coastal community depend upon. The first
response action is generally to collect information on the chemicals and spills, and
the circumstances on the scene of the accident. Also, determining the exact location
of the discharged substance(s) is one of the first actions. The first priority in any
emergency situation is to rescue and protect any persons present at the emergency
scene such as the crew and passengers of involved ships, responders, rescuers, or
any people exposed to an immediate danger.
An emergency situation usually involves different kinds of risks and their
prioritizing will determine how to initiate the response actions. Those aiming at
reducing the overall harmful consequences of the emergency situation should be
chosen according to the most important immediate risk.
Since this publication targets at the post-spill monitoring of accidental chemical
spills, risk assessment and recovery options are presented here mostly from
this viewpoint. Thus, the focus is on the collecting information of chemicals and
estimating/modelling the risks of spill. The response and recovery actions are
described more in detail in operational manuals of, e.g., the Bonn Agreement,
HELCOM, CEDRE and IMO (CEDRE and Transport Canada 2012, HELCOM 2002,
Bonn 2007, IMO 2007).

5.1 Chemical information sources
The primary factors which determine the safety, environmental and socioeconomic
impact of the released HNS material(s) relate to their chemical and physical
properties and physical fate in the environment. Industry stakeholders and ship
reporting parties are responsible in providing relevant information on the spilled
chemicals. There are also national and international networks that can provide
valuable expertise in spill situations. Additionally scientific information on
properties, effects, and response of different chemicals have been summarized in
many databases, and important information sources in the case of a HNS pollution
incident are described below.
The nomenclature used for chemicals in marine transport can sometimes be
unclear and care is needed when collecting information on chemicals. The Proper
Shipping Name (PSN) is that portion of the entry most accurately describing the
material in the Dangerous Goods List, which is shown in upper case characters
(plus any numbers, Greek letters, “sec”, “tert”, and the letters m, n, o, p, which
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form an integral part of the name). An alternative PSN may be shown in brackets
following the main PSN [e.g., ETHANOL (ETHYL ALCOHOL)]. Portions of an
entry appearing in lower case need not to be considered as part of the PSN but may
be used.
The PSN may not follow the systematic naming of chemical substances and
other well established identification data of chemical substances such as the
CAS registry number. Furthermore, the naming of solutions and mixtures as
well as articles does not often follow in practice a systematic naming of chemical
substances approach, although the PSN requires the declaration of the names of
the hazardous substances. In this case, the Material Safety Data Sheets (MSDS) of
the product specify the information on substances and mixtures.

5.1.1 Industry stakeholders and ship reporting parties
Industry stakeholders (manufacturers, shippers, freight forwarders, logistics
companies) are responsible for providing the relevant HNS information including,
where appropriate, the MSDS and other legally required dangerous goods
transport documents or dangerous goods manifests to the ship reporting parties.
The ship reporting parties (masters, ship agents, and ship operators) are
responsible to ensure that the HNS information received from the industry
stakeholders is transmitted correctly and accurately to the Member States
Authorities. The shipper of dangerous goods is obliged to supply the dangerous
goods transport document. The IMO has developed a standardized form for
dangerous goods, the IMO Dangerous Goods Manifest. It contains, among other
data, the PSN, UN number, class, and classification as a marine pollutant. The
declaration of dangerous and polluting goods is regulated by European/national
legislation and registered by computer based information systems.
Relevant MS authorities (SSN NCAs, single window, port, maritime, and
security authorities) are responsible for receiving and processing HNS information
transmitted by the reporting parties. This information must be requested as quickly
as possible by the Response Services/Authorities.

5.1.2 MAR-ICE service
EMSA, in close cooperation with the European Chemical Industry Council
(Cefic) and CEDRE, developed the Marine Intervention in Chemical Emergencies
Network (MAR-ICE Network). This network of chemical experts will support the
EU States in responding to marine pollution emergencies by providing information
on chemical substances.
The MAR-ICE Network is based on the voluntary the Intervention in Chemical
Transport Emergencies network (ICE), which provides a similar type of assistance
for land-based chemical spills. All 27 EU Member States, the coastal EFTA States,
and the EU Candidate Countries, can request assistance from the MAR-ICE
Network for marine pollution emergencies involving chemicals in EU waters, in
accordance with the service’s operational procedures.
All incoming requests to the MAR-ICE Network for marine pollution
emergencies are channelled through the MAR-ICE Focal Point, which acts as a
single interface and first contact point to the network. This interface is accessible
24 hours/7 days a week, via contact numbers and a dedicated e-mail address
disseminated to the national maritime administrations. Through MAR-ICE one
gets also CHEMMAP spreading/drifting modelling for different chemicals.
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5.1.3 GESAMP (including ECBS)
Marine pollution hazards of thousands of chemicals have been evaluated
by such bodies as the Evaluation of Hazardous Substances Working Group,
producing a GESAMP Hazard Profile which indexes each substance according
to its bioaccumulation, biodegradation, acute toxicity, chronic toxicity, long-term
health effects, and effects on marine wildlife and on benthic habitats (GESAMP
2002). Based on the GESAMP evaluation, the IMO has set up four different hazard
categories: X (major hazard), Y (hazard), Z (minor hazard), and OS, i.e., other
substances (no hazard) (IMO 2007). More than 80% of all the chemicals transported
in the Baltic Sea are classified as belonging to the Y category (Häkkinen 2009).

5.1.4 Material Safety Data Sheets
A material safety data sheet (MSDS) of a substance is an important component of
product stewardship and occupational safety and health. It is intended to provide
workers and emergency personnel with procedures for handling or working with
that substance in a safe manner, and includes information such as physical data
(melting point, boiling point, flash point, etc.), toxicity, health effects, first aid,
reactivity, storage, disposal, protective equipment, and spill handling procedures.
MSDS formats can vary from source to source within a country depending on
national requirements.
Safety data sheets (SDS) have been made an integral part of the system of
Regulation (EC) No 1907/2006 (REACH). The original requirements of REACH
for SDSs have been further adapted to take into account the rules for SDSs of the
Globally Harmonized System of Classification and Labelling of Chemicals (GHS)
and the implementation of other elements of the GHS into EU legislation that were
introduced by Regulation (EC) No 1272/2008 (CLP) via an update to Annex II of
REACH.

5.1.5 Databases
Information on chemicals’ ecotoxicity, environmental fate, and bioavailability
to living organisms has crucial importance for successful risk management
of chemical accidents. There are several open-access databases available on
ecotoxicological data on chemical substances, the most well-known being
ECOTOX, IUCLID, INCHEM and TOXNET. The ECOTOX database, created and
maintained by the United States Environmental Protection Agency (EPA), is one
of the most comprehensive collections of toxicity data for aquatic and terrestrial
species. The IUCLID Chemical Data Sheets Information System provides data on
High Production Volume Chemicals (HPVC), reported by the European industry.
However, these and other relevant databases such as the International Programme
on Chemical Safety (IPCS) INCHEM and TOXNET still represent only a small part
of chemicals requiring toxicity assessment. There are many smaller and less known
databases that could be useful for toxicological information retrieval. For example,
the HNS-MS project (DG ECHO) was planned especially to contribute to improve
the understanding of the physico-chemical behaviour of HNS spilled at sea. In
this database there are over 180 chemicals, and also laboratory experiments were
conducted to further document the physico-chemical properties of HNS. However,
for some of the older but still useful data there is limited electronic access (low levels
of digitalization), and occasionally also a language barrier (RIMA final report 2014).
Several attempts have been made to integrate existing toxicological information
from different databases and projects. The most recent one is the creation of
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eChemPortal, the Global Portal to Information on Chemical Substances developed
by the OECD. The OECD eChemPortal allows simultaneous searching of reports
and datasets by chemical name and number and by chemical property. Direct links
to collections of chemical hazard and risk information prepared for government
chemical review programmes at national, regional, and international levels
are obtained. Currently, 26 data sources have been included in eChemPortal.
Classification results according to national/regional hazard classification schemes
or to the GHS are provided when available. In addition, eChemPortal provides also
exposure and use information on chemicals.
The REACH data comes from registration dossiers submitted to the ECHA
by the date indicated as the last update. The Total Tonnage Band is compiled
from all the dossiers with two exceptions; any tonnages claimed confidential
and any quantity used as an intermediate to produce a different chemical. The
Total Tonnage band published does not necessarily reflect the registered tonnage
band(s). The information on chemical properties of registered substances is directly
accessible via the OECD eChemPortal.
Web-references related to the above:
• ECOTOX – http://cfpub.epa.gov/ecotox/
• IUCLID – http://esis.jrc.ec.europa.eu/index.php?PGM=dat
• INCHEM – http://www.inchem.org/
• TOXNET – http://toxnet.nlm.nih.gov/
• eChemPortal – http://www.echemportal.org
• HNS-MS – https://www.hns-ms.eu/hnsdb
• CEFIC ERICARDS – http://www.ericards.net/
In addition to the databases mentioned above there are other sources of
information such as CEDRE’s chemical guides or the MILBROS and CCOHS
databases (not free of charge). MILBROS and CCOHS are gathering information
from many other databases, and provide also MSDS from several sources,
including companies.
National Oceanic and Atmospheric Administration (NOAA) has CAMEO
Chemicals database. The searchable database includes information on fire and
explosion hazards, firefighting techniques, cleanup procedures and chemical
properties. The database is freely available online but also available for various
digital platforms as a CAMEO® software suite.
In addition, the European Maritime Safety Agency (EMSA) has subcontracted
the MARCIS chemical data cards, which are produced by CEFIS. These cards will
include more than 200 chemicals and are especially related to marine pollution
accidents. However, these very useful cards are accessible only for competent
maritime authorities. Also good national guides exist such as the OVA and
TOKEVA instructions in Finland and RIB in Sweden (http://rib.msb.se/).
Although there is a substantial amount of basic information on industrial
chemicals, clear data gaps still exist, compromising effective risk assessment and
management of chemical spills in the Baltic Sea. Usually, parameters related to
the behaviour, environmental fate and toxicity are tested under relatively warm
conditions, in salinities different than that in the Baltic Sea, and using standard
laboratory test species. Thus, these results can be very misleading and it is crucially
important to have data from tests taking into account the prevailing conditions in
the Baltic Sea, and using relevant species for the area. In Finland, the Chembaltic
and ChemRisk projects (the latter focusing on terrestrial accidents) have also
underlined that there are marked gaps also in basic ecotoxicological data regarding
many industrial chemicals, e.g., measured parameters related to ecotoxicity or fate
of many chemicals are lacking.
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5.2 Modelling of drifting and spreading of
spilled chemicals
Upon a chemical accident at sea, after the immediate search and rescue operations
the first step is a preliminary risk assessment for which chemical spreading/drifting
tools are acutely needed. The location of the release and its trajectory as a function
of time needs to be determined. Local conditions at the spill site (i.e., weather,
currents, wave heights, water depth, temperature and salinity) have to be known
since these conditions will greatley determine the fate and effects of the spill.
Rapid ”back-of-the-envelope” worst case calculations are used to determine
the largest area that can become affected by a harmful/damaging concentration
of the spilled chemical(s). This is a rough estimate and prediction made on the
basis of the first data available in order to establish the initial response. There are
some rules of thumb on how to determine the location of the spilled substance(s)
in the different chemical behaviour categories (Table 8). Computer models in
combination with on-scene measurements and/or sampling verify the rough
estimation calculation at a later stage as soon as more complete and accurate data
becomes available.
Once the dimensions and/or chemical concentrations of the spill are known,
its potential impact to human beings and/or the marine environmental can be
assessed. Sensitivity of the area between the initial spill and its projected final
destination also determines the seriousness of the spill.
Modelling of hypothetical chemical spill scenarios can also be used to develop
preparedness to real accidents. Modelling with spreading/drifting scenarios
to evaluate the potential size of the impacted area and temporal extent of the
effects are useful, also in developing monitoring protocols so that in case of a real
Table 8. Simplified rules for estimating the spreading of chemicals in the main behaviour categories
when spilled to the sea. Source: Bonn Agreement (2007).
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Category

Estimating the spreading of chemicals

Gases and
evaporators

The cloud will travel in the general direction of the prevailing wind. It will
tend to broaden and become more diluted the further it travels, lessening
the toxicity and the explosivity risks. The danger zone associated with
the cloud will be roughly elliptical or teardrop in shape. From the point of
release the cloud will move with the actual wind speed in the prevailing wind
direction in a triangular area with an angle of 30–60°. The area defined from
a 30° angle is the danger zone. The 60° angle can be used as an additional
safety factor.

Floaters

From the point of release a slick will move at a rate of 3% of the actual wind
speed in the prevailing wind direction and 100% of the tidal current speed in
the tidal current direction.

Dissolvers

From the point of release the dissolved cloud in the water will move with
the actual tidal current speed in the prevailing tidal current direction in a
triangular area with an angle of 30–60°. The area defined from a 30° angle is
the danger zone. The 60° angle is used as an additional safety factor.

Sinkers

From the point of release the sinker will move with the actual current speed
in the current direction as long it is submerged and not on the seabed.
The sinking speed can be roughly calculated using Stoke’s Law, e.g., the
sinking speed S (m/s) is a function of the gravitational force g (9.81 m.s-2)
times the density differences between water and oil Δρ (kg.m-3) times the
diameter size of the droplets/lumps d (m) to the power 2 divided by the
dynamic viscosity of the water η (9.81 x 10-3 kg.m-1.sat 20 °C) times 18.
The sinking time is the depth divided by the sinking speed. The location and
trajectory of a spill can be defined more precisely with the help of computer
models. When the response team is in the vicinity of a spill, more precise
identification of the spill needs to be assessed. This can either be done
visually or by measuring and sampling techniques.
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accident rapid testing can be carried out using relevant species and under realistic
conditions.
If a lost containment is intact and water-resistant, the substance included will
not be immediately released to the environment. The effective density of the
product plus packaging determines whether it floats on the water surface, sinks,
or remains suspended between the two levels of localised water density, while
elsewhere reaching the sea bed (Chemical Spill Response Manual, NHL University
of Applied Sciences 2011). Basically a drum will sink if the volumic mass of the
chemical product transported is greater than density of the water. In case of tank
containers their buoyancy depends on the type of container (mass of metal) for a
given mass of the product (CEDRE 2001).
Floating packages will behave similar to floating substances in terms of
movement by currents and the wind, but since the substance is contained in
the package the concentrations will not decrease due to the processes affecting
released substances. Eventually, the floating packages will arrive somewhere on
the coast. Examples of low-density liquid chemicals, which, due to their density,
will cause 200-litre steel drums to float include benzene, methanol, acetone, and
formaldehyde. Respectively, high-density liquid chemicals which will make the
drums to sink are, e.g., acrylic acid, formic acid, sodium hydroxide solution,
ethylene glycol, tricholoroethylene, and toluene diisocyanate. Sinking packages
immediately move to the sea bottom where they remain until recovered. Packages
which float semi-submerged will move with the currents to eventually reach the
coast or an area of decreased water depth (Chemical Spill Response Manual, NHL
University of Applied Sciences 2011).
The behaviours mentioned above are based on the assumption that the package
stays intact. Failure of the package due to corrosion, abrasion, or water-damage
will result in spillage of the contained material.

5.2.1 Oil spill models
Seatrack Web (Liungman and Mattsson 2011, SMHI 2012) is the official oil
drift forecasting and hindcasting system of HELCOM, hosted by the Swedish
Meteorological and Hydrological Institute (SMHI) and developed by SMHI and
the Defence Center for Operational Oceanography, Denmark (FCOO), Federal
Maritime and Hydrographic Agency, Germany (BSH), and Finnish Meteorological
Institute (FMI). The system is user-friendly, and used for forecasts and
backtracking of the drift and spreading of oil, algae, and other materials in water
in the GOF, the Gulf of Bothnia, the Baltic Proper, the Sounds, Kattegat, Skagerrak,
and the eastern part of the North Sea (out to 3° E). The aim is to provide a tool
for the authorities of the HELCOM countries for oil spill prediction, combating,
and identification of illegal polluters. Seatrack Web uses the latest technology,
3-dimensional modelling, updated atmospheric and ocean forecasts and
observations, satellite information, and HELCOM’s AIS system to provide a fast
and effective service, which is used operationally throughout the Baltic region by
coast and border guards, rescue services and environmental institutes. The system,
including the PArticle Dispersion Model (PADM) and graphical user interface,
is continually being improved and optimized by a team of experts at SMHI,
DCOO, BSH, and FMI. The system has been updated to a new version in 2014. In
addition, SYKE, among others, uses the Russian Spill Transport Model SPILLMOD
(Ovsienko 2002, Ivchenko 2013), which has been applied in the Baltic Sea to some
extent but is not working operationally.
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5.2.2 Chemical spill models
At the moment, the Baltic Sea countries do not have their own 3D software, i.e.,
chemical drift models designed to predict trajectory, fate, impacts, and biological
effects of a wide variety of chemical substances. However, FMI (Finland) has
developed the ESCAPE model for atmospheric spreading of gaseous and easily
evaporating chemicals.
In case of a real accident or during exercises, national maritime authorities
may use the so-called MAR-ICE service. Through EMSA’s MAR-ICE service
they may request chemical information concerning risk assessment, health, and
environmental hazards, and also the CHEMMAP spreading/drifting modelling
of selected chemicals. The CHEMMAP is developed by the Applied Science
Associates (ASA) to support the US Natural Resource Damage Assessment
regulations, and later expanded to become a commercial software product for
spill response and risk assessment applications. It has been developed to provide
forecasts at the time of marine incidents involving chemical spills. CHEMMAP can
handle a range of chemical properties and deals also effectively with evaporating
and sinking chemicals (Kirby et al. 2011). The software takes into account physicochemical properties of chemicals, sea currents, weather conditions, among other
variables (French McKay et al. 2006). The CHEMMAP model includes a version of
the ASA AIRMAP atmospheric dispersion model, so that the risk due to a vapour
cloud can be assessed through direct integration with the CHEMMAP results.
One of the strengths of the model is its ability to simulate the interaction between
a dissolved chemical and sediment particles within the water column (Kirby et al.
2011).

5.3 Response options
Although not the main focus of the present publication, some things related to
response options in chemical accidents are discussed here.
Three general responses are possible when an accidental chemical spill has
occurred (Figure 3):
1. In many cases, a response action is not technically possible due to the inherent
properties and hazards associated with the spilled substance(s).
2. No intervention is possible when there is a risk (explosion, fire, poisoning,
etc.) for the intervention team or when the product is unknown. The
equipment of the responders (e.g., response vessels, monitoring devices,
personal protective equipment) determines the applicable methods for the
remedial measures. To ensure the safety of the responders no remedial
measures should be undertaken if the required equipment is not available.
3. Response actions are possible.
Of the Baltic Sea countries, Finland has two multipurpose oil and chemical
recovery vessels with a chemical cargo tank of 200 m3 and oil tanks of 1000 m3
with filling, outloading and ventilation, and inert gas systems equipment. Manned
spaces inside the vessels are hermetically insulated and can be overpressurised
and closed from outside air for three hours with the 2.7 MW propulsion in use.
Germany has four multipurpose HNS combat vessels. Sweden has one specialized
chemical recovery vessel and limited capability aboard all the other response
vessels. In addition, all Baltic Sea countries have Maritime Incident Response
Group (MIRG) teams, helicopters and other vessels also needed to handle HNS
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Spill

No intervention
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Intervention

Due to delay
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for intervention
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Due to pollutant
behaviour

When substance is
unknown

Pollutant persists

Pollutant conﬁned

Containers are
beached or drifting

Figure 3. Response options in the case of an accidental chemical spill (Chemical Spill Response
Manual, NHL University of Applied Sciences 2011).

spill situations. Also aerial observations with aeroplanes, drones, or via satellites
will give valuable information on the spill situation. With remote sensing it is
possible to verify the spreading/drifting modelling results, and survey the progress
of the accidental situation. Airborne and radar remote sensing are often used
for oil slick detection over the sea surface (Brekke and Sohlberg 2009, GirardArdhuin et al. 2005, Sohlberg 2012). In an operational context, oil slicks are usually
detected using airborne synthetic aperture radar (SAR) and, once detected, the
spill is characterized using optical imagery (Leifer et al. 2012). Unlike in regard
to hydrocarbons there is only limited research on the detectability of HNS at sea
using remote sensing (Angelliuame et al. 2016). The preparedness to maritime
chemical accidents in the Baltic Sea region is decribed in more detailed in the
ChemSAR project report (Yliskylä-Peuralahti 2017).
As Marchand (2002) listed, the time involved in real response operations can
vary from 2-3 months (Anna Broere, Holland; Cason, Spain; Alessandro Primo, Italy)
to 8 (Fenes, France) and 10 months (Bahamas, Brazil), or even to several years as in
the case of research carried out on a sunken cargo such as of Sinbad (Holland). In
the wintertime Baltic Sea, cold weather and ice cover are likely to create further
problems to response actions. The viscosity of chemicals often changes in cold
and they can also be more persistent. Collecting techniques based on fluid-like
masses are no longer effective if the fluids change and act more like solid masses.
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Moreover, it is difficult for a recovery fleet to operate if surrounded by ice and
snow. If the chemicals have spread under the ice cover, detecting the spill is much
more difficult and the use of dispersing agents is ineffective. However, ice breakers
may be used to break the ice cover to improve the mixing of chemicals with larger
water masses (Hänninen and Rytkönen 2006).
As mentioned above, the focus of this publication is on post-spill monitoring
of chemical spills, and response operations are described from the monitoring
point of view only. Several international, regional, and national authorities have
published operational guides to describe the possible response options in case of a
chemical spill. For example, CEDRE and IMO have produced manuals providing
information on different response techniques that can be used in case of chemical
spills (CEDRE and Transport Canada 2012, HELCOM 2002, IMO 2007). Usually
they depend on the behaviour of a chemical in the environment and whether it is
released to the water or still contained in a packaged form. In practice the response
action varies substantially, as can be seen from Table 9 (Häkkinen and Posti 2013).
Table 9. Response options for different chemical behaviour categories in the case of an accidental
spill to sea.
Category

Response options

Gases and
evaporators

Risks associated with evaporators or gases, such as ammonia and vinyl
chloride, could be diminished by diluting or using release methods (Purnell
2009). In shallow water areas, neutralizers, activated carbon, oxidizing or
reducing agents, complexing agents, and ion-exchangers can be used.

Floaters

Techniques that are applicable in case of oil accidents may be suitable only
for some floating chemicals. However, some floating chemicals can create
toxic and maybe explosive vapour clouds (e.g., diesel, xylene and styrene). If
this happens, spark/static-free equipment should be used. Moreover, foams
or sorbent materials can be used near the spill source.

Dissolvers

Recovery is generally not possible but monitoring the effects will continue
long-time.

Sinkers

Chemicals that are heavier than seawater may contaminate large areas of the
seabed. Recovery methods that are used include mechanical, hydraulic, or
pneumatic dredges, but the recovery work is time-consuming and expensive
and results in large quantities of contaminated material. Another option is
capping the contaminated sediment in-situ (Purnell 2009).

Depending on the chemicals the lost containments may pose serious risks for
human health and marine biota. For instance, sunken explosive, reactive, or toxic
substances may result in a very high risk. Similarly, floating packages containing
dangerous chemicals possess risks to navigation, and they will eventually reach the
coast where humans as well as biota are in serious danger to be negatively affected
(CEDRE 2001).
Recovery of dangerous floating drums does not pose any major technical
problems if the drums are intact and the recovery can be made using, e.g., a net
or a sling (CEDRE 2001). Again, as with sunken substances (sinkers), the major
problem is the detection of packages on the sea floor. Once located, the response
authorities and/or salvage companies have the ability and required skills to
remove the packages, although the salvage operators should always be prepared
for the sudden release of chemical contents during the operations (Chemical Spill
Response Manual, NHL University of Applied Sciences 2011).
In general, toxic substance packaging withstands the marine environment
for a while but corrosion and other degradation processes will eventually cause
the contents to escape. Thus, depending on the degree of hazard, such packages

44

Reports of the Finnish Environment Institute 23 | 2018

should always be recovered from the seafloor, if possible. From an environmental
point of view the threat posed depends on the hazard rating of the individual
containers. When the cargo is hazardous and pollution threatens, salvage may be
considered necessary regardless of the value of the cargo. Again, when the floating
containers are considered a threat to navigation, salvage is required.
It should also kept in mind that many of the environmentally most hazardous
chemicals such as very persistent pesticides, biocides, etc., are transported as
packaged goods inside different kinds of containments. The main response
techniques in use are described in more detail in a number of manuals and
guidelines such as HELCOM, CEDRE and Chemical Spill Response Manual of the
NHL University of Applied Sciences.
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6 Post-spill monitoring and ecological
impact assessment

The marine environment has a substantial capacity to assimilate contaminants
without major impacts mainly due to the large dilution effect of immense
water volumes. The ecosystem can also demonstrate a high resilience through
recolonisation and recovery of species and communities. In some cases, however,
the impacts of a sudden chemical spill at sea can be drastic, and also longterm. Therefore, in addition to effective national and regional procedures for
search and rescue, salvage, and counter pollution, there is also a need to ensure
that procedures for the implementation of effective environmental post-spill
monitoring and impact assessment are in place (Kirby et al. 2018).
There are basically two goals for environmental post-spill monitoring: to
investigate the damage to the different environmental components and to monitor
their recovery. The necessity to carry out environmental impact studies after a spill
depends on, e.g., the scale of chemical pollution, level and concern of the authories,
vulnerability of the environment close to the accident site, and furthermore, if the
planned studies are likely to meet their objectives and demonstrate clear links to
the spill using reasonable financial resources.
If an accidental chemical spill occurs, a monitoring programme aiming at
quantifying the environmental impacts of the spill should be launched. An
assessment of the impact is needed for response purposes as well as for restoration
plans. Importantly, the development of adequate monitoring tools is of vital
importance since they can be used to demonstrate ecological damage and economic
losses in the context of spill-related claims and compensations (Neuparth et al.
2012).
As described in the guidelines of the Pollution Response in Emergencies: Marine
Impact Assessment and Monitoring (PREMIAM) programme, monitoring is
needed when “when an incident is expected to have a significant environmental
impact”, i.e., especially in cases where species/habitats of nature conservation
importance are likely to be impacted, commercial fish and shellfish stocks are likely
to suffer, contamination of the human food chain is likely, or an incident may have
other human health implications (Kirby et al. 2018).
The objectives of the monitoring vary depending on the specific circumstances
and environmental conditions related to the spill, and have to be therefore set
for each spill separately. The size of the spill, properties of the chemical, and
the type of discharge (single or continuous spill) as well as characteristics of the
receiving environment are the main factors defining the monitoring requirements.
Additionally, secondary objectives for the needed data such as effectiveness vs.
efficiency of the operation, rates of recovery, and overall costs have to be taken into
account in the monitoring design (Hook et al. 2016).
Monitoring after the initial response phase activities aims to answer what
has changed since the spill incident/response action and what is the impact of
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the chemical, and, eventually, if the system is recovering. A main challenge is
to separate the effects of the spill from natural spatial and temporal variations,
and also from the possible effects of response activities. The weight-of-evidence
approach (WoE) and the establishing of causal relationships should be the aim of
the monitoring; these are also among the main requirements to make a case for
compensation or penalties.
As modified from Hook (2016) it should be demonstrated that
• concentrations of a certain chemical are elevated in the area in question and
the chemical is exactly the same spilled in the accident;
• ecotoxicity bioassays show that the environmental matrix samples collected
(water or sediment) can cause harmful effects to the test organisms in the
laboratory;
• elevated tissue concentrations in case of persistent and bioaccumulative
chemicals or biomarker responses can be observed in field-collected
organisms;
• changes in species composition, richness, abundance, biomass, reproductive
success, and community structures can be observed in the exposed area;
• comparisons to baseline data, reference area studies, or pre-impact studies are
able to demonstrate a causal relationship with the chemical exposure and the
measured ecological impact. However, it should always be kept in mind that
there can also be natural spatial and temporal variability potentially biasing
the conclusions.
In real life, in case of chemicals all the above-mentioned items can be impossible to
prove or demonstrate. Some chemicals can be measured from the water samples,
are acutely toxic, and result in lethal effects to biota but have no other effects since
being rapidly degraded or diluted. Some may have various kinds of effects, e.g.,
ammonia released to water may change the pH, is very toxic, and as an important
plant nutrient can even cause eutrophication. Nonylphenol is very toxic to aquatic
biota but also known to result in endocrine disrupting effects. Thus, what can
and what is reasonable to be measured is very much chemical-dependent. As
regard to any recovery phase monitoring programme the following key elements
are required: appropriate scientific studies (chemical analyses, ecotoxicology,
ecological impact surveys), well-planned logistics (chain of custody, storage of
samples, etc.), and consistent management, reporting, and coordination.

6.1 The environmental post-spill monitoring process
The first step in the process of environmental post-spill monitoring is to exactly
identify the leaked chemical, based on the information obtained from the vessel in
distress and from the shipper, cargo manifest, etc. Usually the name, PSN, or UN
number is available but also the CAS number of the chemical should be found out,
if possible. Next, the quantity released and the transportation form of the chemical,
if lost in a containment, should be discovered (Figure 4). After this first information
a preliminary risk assessment is made on whether or not there are possible
chemical reactions or hazard to humans. Chemical databases, manuals, and
modelling tools are used for the risk assessment. After a thorough risk assessment
it can then be decided if there is a need for an environmental monitoring campaign,
and when should it be started. The exact position of the environmental release
must be known, and if the release is sudden or continuous from the point source
or a drifting vessel. The behaviour and fate of the chemical depends greatly on
whether it is released in water or on the surface.
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Sudden or continuous release from point source or drifting vessel
Release to or on water etc
Type of incident
Behavior of the substance (primary and secondary risks)
Expected hazards (human and environment)
Use modellling tools, chemical databases and other sources

Planning the monitoring program
Determined hazard potential to different environmental compartments
Use of prediction tools and spreading/drifting tools help forming the area were
to monitor
Also physico-chemical properties as well as local environmental conditions tell
how long the monitoring campaign should be
Choose the right species and parameters based on chemical type and spreading
Choose reference areas or baseline data
Chemical analyses should be start asap possible potentially during recovery phase
using equipment of the chemical recovery vessels
Weather impact (sea state, wind direction, tide, forecast)
Possible use of remote sensing and aerial surveillance
Find out the national and international resources (both equipments and human)
Deciding who, when and why as well as how often (part of the national contingency
planning)
Organizing the work and deciding the ﬁnancial means
Responsibilities and co-operation between different institutes and operative
responders etc.

Monitoring qualitative and quantitative measurements based on monitoring plan
Proper and good quality data keeping all the way. It is necessary also for the claims
and compensation
Final assessment of ecological impacts

Figure 4. The post-spill monitoring process after a maritime chemical accident.
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Based on all the collected information, the hazard potential of the spill to the
different environmental compartments and humans can be determined. At this
point, the use of predictive modelling tools helps in forming the area that should
be monitored. Physico-chemical properties of the spilled chemical(s) as well as
local environmental conditions give some indications of how long the monitoring
campaign should last.
After collecting all the necessary information, the initial risk assessment, and
decision to launch an environmental monitoring programme, the actual planning
work begins. However, chemical analyses should be started as soon as possible
and preferably already during the spill recovery phase using the equipment
available at the vessels. Unfortunately, this is often not possible for safety and other
reasons. The next steps in the process involve the selection of suitable species and
effect parameters, based on the chemical type and spreading of the chemical, and
the reference area or the baseline data set used.
After obtaining all the available relevant information on the spilled substance
the exact location of the spill must be identified, followed by modelling and fate
analysis. Next, on-site sampling is required to certify the substance in question. A
continuous spreading and drifting modelling helps to determine the areas that will
most likely to be impacted (Figure 4).
Sampling of local biota will then be carried out for the detection of possible
accumulation of the chemical(s) as well as examining biological effects of
contamination, e.g., by using biomarkers (see chapter 6.2.3). In case of large
spills also significant population and community level effects are possible and
investigations on these should be included in the post-spill monitoring (Figure 5).

Chemical in the
environment

Chemical in the biota

Effects on the biota

Effects on
the ecosystem

Sampling
and analysis

Tissue concentrations
Biomarkers of
exposure

Biomarkers
of effects

Abundance and
biomass
Biodiversity
Community structure

Figure 5. Environmental sampling and monitoring after a marine chemical accident.

6.1.1 Sampling sites and frequency
Upon designing a monitoring and environmental sampling programme after a
chemical spill at sea, sampling sites, including control/reference areas, replication,
baseline data, and sampling frequency should be decided. The programme has
to correspond to data requirements and assure that correct data management
methods such as statistical approaches are possible. Several sampling teams/
experts can work simultaneously. Therefore, the practical implementation of the
sampling scheme, e.g., repetitive and standardized sampling methods, and also
archiving and delivering of the data need to be carefully planned in beforehand.
Many excellent guidelines and papers are available on the different sampling
strategies and designs, including those by CEDRE (2001), PREMIAM guidelines
(Kirby et a.2018), Radovic et al. (2012) Hook et al. (2016) and ITOPF (2012).
The main sampling options combined from those sources are presented here in
Table 10.
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Table 10. Different strategies on how to select the sampling locations in a monitoring programme/
environmental sampling (also bearing in mind that the collected data should cover both legal and
scientific requirements).
Strategy/method

Usefulness to monitoring

Judgemental sampling

A ”common sense approach” where the sites, such as the most
polluted or vulnerable areas, can be selected by expert judgment.
Pragmatic method which allows for a small number of samples.
Saving costs but samples are not representative of the broader area
and possibility to use statistical methods in data management is
limited.

Random sampling

Gives more representative data for broader area but may require a
larger number of sampling locations.
In simple random sampling the samples are chosen entirely random
from a larger group.
Easy to implement in homogenous areas like open waters.
Can be also stratified in which case the areas are broken up
into relevant sub-groups for random sampling. This is needed in
heterogeneous areas.

Systematic sampling

Utilizes, e.g., a grid across the defined area.
Using stratification of sites and selecting, e.g., only single substrate
type for sampling minimises non-spill related variance and makes
data more comparable.
Good also for vessel based sampling.

Cluster sampling

Very efficient multi-phase method which allows a second, more
detailed study of hot-spot areas identified in the first phase

Composite sampling

Efficient method for large areas combining samples for analysis but
not for areas having highly varied contamination.

Control sites (reference areas) are needed to compare impacted sites to
unimpacted sites. Characteristics (e.g., temperature, salinity, currents, aspect,
habitat type, shore profile and substrate) of the control sites should be as similar
as possible compared to the impacted sites. The control sites should also be
representative of a wider area. Usually multiple sites are needed so that natural
variability can be distinguished from the spill effects (Hook et al. 2016). Ideally, the
information gathered from the reference conditions should be coherent with the
needs of the ecological monitoring in the long-term in order to provide the basis
for an objective impact report (CEDRE 2001).
There can also be natural variability in samples taken from a single sampling
site. Replicate samples within a site give estimations about the variations within
that site while replicate sampling sites allows comparison between the control and
impacted sites (Hook et al. 2016).
Timing and frequency of sampling have to be planned according to the
monitoring objectives. In some cases it is enough to take samples only before and
after the response/clean-up of the spill area. However, in the case of a typical cargo
ship or tanker spill the monitoring phase can take a couple of years. Typically, the
levels of contamination by, e.g., PAHs from oils, rise rapidly, peak, and decline
over a longer period (Hook et al. 2016). Bioaccumulating chemicals can be expected
to follow a similar profile. This means that the sampling frequency is likely to be
more intensive during the first months directly after the spill and scaled back over
time to allow the monitoring to be cost-effective. The frequency can also be selected
randomly or by using stratification, e.g., variables that fluctuate seasonally are
feasible to sample at the same time of the year to minimize natural variation in the
data (Hook et al. 2016). In all post-incident monitoring there is a need to balance
between the frequency of monitoring and the level of funding available.
The monitoring typically continues until the measured parameters (chemical
concentrations and biological/ecological parameters) reach the background level.
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Even after this it is important to continue the monitoring during a few months to
examine the effects of a possible remobilization of sediments (Radovic et al. 2012).
Ecological monitoring can be a substantially long process, mostly taking place
after the initial response phase. However, often there is only one possibility to
take samples that describes the situation at the starting point. These samples can
have an especially high importance later on in the decision-making process and
from both legal and scientific point of view. Therefore it is of utmost importance,
although not always a reality, to have a good preparedness to start the monitoring
programme immediately after the occurrence of the spill. In many cases it can also
be important to be able to distinguish the impacts of the spill from the impacts of
the response activities (Hook et al. 2016).
Implementing of the sampling campaign under field conditions needs to follow
standardised methods to ensure the quality of the data. Replicate samples and also
repeated measurements should be taken to reveal the variability in both the feature
being measured and the measurement technique. Standard methods should be
followed in storage and transportation of samples. Great care must be taken to
avoid contamination of samples, and blank samples should be used to distinguish
background levels from contamination. All the necessary information related to the
collected samples should be carefully stored in data sheets and archived securely
(Hook et al. 2016). To ensure the quality, the samples can also be divided in many
ways, e.g., homogenized split samples can be divided and distributed to different
laboratories to be analyzed independently. It is also important to take replicate
samples to test sample variability. Finally, it is always a good practice to take extra
samples and store them properly for later analysis (ITOPF 2012).
The “pre-impact baseline data” consist of existing data from the spill region
before the spill. This data is used to compare spill effects to the situation before
the accident. However, in the case of a shipping accident that can appear basically
anywhere in maritime waters, there can be only limited baseline data available.
Baseline data should ideally include chemical concentrations in water, biological
tissues and sediment, “normal” aquatic species composition, and biomarkers. If
suitable baseline data is not available there is also a possibility to collect samples
and do measurements in the predicted impact area immediately before the spilled
chemical reaches the area. This is of course possible only if the spilled chemical
is a persistent floater, dissolver, or sinker, and if the spreading can be modelled
reliably. It should be remembered that some floaters evaporates forming toxic
fumes, etc., and the safety of the staff collecting the samples should be guaranteed.
Baseline data should be collected also from the control areas (Hook et al. 2016).
In the absence of pre-existing baseline information it is also possible to collect
samples (sediments and biota, preferably) from selected locations and store
them in a suitable way (frozen in the case of sediments and biota for chemical
and biomarker analyses) for future needs (cf. Environmental Specimen Banking
initiatives). This is particularly useful in the case of HNS where, for the majority
of chemicals transported by sea, there is very little likelihood of data having been
collected before. Ideally, sampling locations should be chosen so as to represent
both reference sites (those that are unlikely to be impacted during the incident)
and sites that are likely to be impacted. In some cases, useful physical evidence of
baseline conditions may also be gathered from recently impacted areas. In order
to help to define the sites that may be impacted in the future, computer modelling
of the likely movement of slicks or floating or dissolved chemicals should be used
(PREMIAM guidelines; Kirby et al. 2018).
An important message is that baseline data should be collected beforehand
in different sea areas to improve preparedness to chemical accidents. It is
recommended to map, e.g., the presence of sensitive receptors such as key
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infrastructures, habitats, and fauna in a potential spill area (Hook et al. 2016). For
example, in Finland the underwater nature has recently been comprehensively
surveyed in the VELMU programme (free internet-based map service) while the
most sensitive areas for oil spill effects have been prioritized in the OILRISK and
PÖK projects.
Statistical approach for data management should be taken into consideration
when planning the monitoring programme/environmental sampling in a manner
that the collected data can answer both legal and scientific requirements for
monitoring. Based on several guidelines including CEDRE (2001), PREMIAM
guidelines (2018), ITOPF (2012) and Hook et al. (2016) the statistical approach can
be based on the following:
• Comparison of post-incident data with pre-incident baseline data: This is
regarded as the most scientifically rigorous approach but the lack of relevant
pre‐spill data is a very common constraint. Also, data interpretation can be
difficult due to confounding factors.
• Comparison of data from impacted sites with data from reference sites
(control-impact or reference studies): This is an option in the absence
of adequate baseline data. However, usually identical ecological and
environmental conditions are not a feasible requirement but the careful
consideration of weather and sea conditions as well as anthropogenic factors
are advised. However, control-impact studies require cautious interpretation
that the spill effects can be distinguished reliably from natural variation
between the sites.
• Gradient design where the variables are measured at a range of distance
from the point source: In the gradient design the variables are measured at
a range of distance from the point source (such as a leaking chemical tanker)
are analyzed by linear regression. A significant relationship is seen as causal
evidence of the effects of the contaminant. However, this method is incapable
of eliminating possible pre-existing gradients.
• Analysis of post-incident data monitored over a period of time to describe
the recovery process.
• Comparison of data from at the impact and control sites before and after the
spill (before-after-control-impact design [BACI]). The BACI design combines
control-impact/reference study and baseline data. It tests the hypothesis in
the difference between the mean of the variable at the impact and control sites
from before and after the spill.
• An accidental pollution can be compared with a similar previous spill in
the near areas or overseas.
Each of the strategies above has their advantages and disadvantages but the most
reliable option would be to use a combination of more than one strategy.

6.2 Monitoring parameters
The choice of monitoring parameters is the basis of the programme. They are
selected depending on the objectives and requirements agreed for the programme,
which depends on the characteristics of the spill including the behaviour,
environmental fate, and amount of the chemical in question. Small and less
hazardous spills need less monitoring parameters.
Ecological monitoring includes chemical and biological parameters and their
integrated use gives stronger evidence of a chemical-related impact than applying
any parameter alone. This is needed in the decision-making process and litigation.
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However, exploratory surveys are a prerequisite before any detailed studies are
carried out, particularly concerning biology.

6.2.1 Analysis of chemical concentrations
Samples for chemical analyses have to be taken from the different environmental
compartments. Water samples include both the surface slick (or microlayer) and
sub-surface waters. Sediment sampling procedures and the necessary equipment
are determined by the location and its susceptibility to contamination. Sinking
particulates, which indicate the interaction and sedimentation of the spilled
chemical with the suspended particulates in water, can be sampled separately
using sediment traps. Sampling methods for chemical spills on the water surface,
in the water column, and from sunken chemicals are described in detail in the
HELCOM HNS manual (HELCOM 2002). The HNS manual also instruct that
the samples should be handled as legal evidence and should be kept in a Chain
of Custody (proper labelling, packing, shipping and documentation) until
identification and possible legal procedures have been completed.
Chemical concentrations should also be analyzed from biota. Bioindicator
species (and biomarkers) are discussed in Chapter 6.2.3 while sampling techniques
are described in more detail in the guidelines by Rousi et al. (2012) dealing with oil
spills and these can be applied, to a large extent, also in the case of chemicals.
The sampling campaign should also consider using a relatively new approach
called passive samplers (Booij et al. 2016). The benefits of passive samplers
manifest on their capacity to concentrate analytes and to simplify the consequent
procedures of extraction and analysis in the laboratory. Passive samplers also
contain the freely dissolved fraction directly available to biota. As dilution
with time and distance is a significant factor in spills and finally results in low
environmental concentrations, a normal grab sample analysis may not reach a
required resolution for a positive detection. Passive samplers can overcome this
challenge and offer time-weighted average concentrations for a larger monitoring
area. In addition to surface water monitoring they can be applied for monitoring
the effects of sediment contamination (US EPA 2012) as well as in estimating
bioaccumulation (Booij et al. 2016). The latter is based on sampler-based log BAFs
– log Kow relationship observations for nonpolar compounds (3 < log Kow < 7.5).
There are currently many sampler types available depending on the properties of
the target chemical, being not necessarily limited to nonpolar analytes only. Low
density polyethylene and silicone sheets are typically applied for hydrophobic
chemicals and some commercially available sampler types (e.g., Chemcatcher and
POCIS) are available for hydrophilic substances.
In the case of oil and also in some chemical spills it is essential to have samples
of the source chemical for comparative and fingerprinting purposes. The spilled
oil or chemical have to be able to be distinguished from any other natural or
anthropogenic sources (Radovic et al. 2012). Weathering of the spilled substances
complicates the identification. However, chemical fingerprinting using a variety
of methods and target chemical biomarker compounds have been widely applied
especially to oil spills of both known and unknown origin, e.g., in the case of the
Prestige oil spill and two mystery oil spills in Brazil and Canada. For detailed
information, Wang and Stout (2007) have gathered these approaches in an
authoritative book.
In marine HNS spills, the wide variability in possibly spilled substances poses
a great challenge. Therefore, suitable chemical analytical methods usually need to
be assessed case by case to the individual circumstances. It is unlikely that fully
validated, targeted analytical methods will be readily available for all possible
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spilled chemicals as almost none of them are included in most routine monitoring
programmes. However, validated methods from routine monitoring may already
be available for many chemicals (Kirby et al. 2018). In a report of the MARINER
project, selected heavily transported chemicals are listed with descriptions on how
they are analyzed from environmental samples (Soares et al. 2018).
Acids and alkalis are typically assessed by pH measurements, and dilution
is the main parameter of the survey. Vegetable and animal oils can be analyzed
using available GC and GC-MS protocols. Head-space GC-MS or solid-phase
microextraction (SPME) followed by GC-MS techniques are usually suitable
for petrochemical (e.g., BTEX) and coal-tar products (Radovic et al. 2012 Trace
metals (other than mercury) can be readily determined using either inductively
coupled plasma mass spectrometry (ICP-MS) or inductively coupled plasmaoptical emission spectrometry (ICP-OES). Mercury can also be determined using
these techniques but more appropriately using cold-vapour atomic absorption
spectrophotometry or atomic fluorescence spectrometry. All of the techniques
mentioned above may be useful for the determination of specific chemicals,
depending upon their physico-chemical properties, but the combination of liquid
chromatography-mass spectrometry (LC-MS) and GC-MS has the capability to be
used for the analysis of an extremely wide range of compounds (Kirby et al. 2018).

6.2.2 Bioassays – ecotoxicity tests in the laboratory
After a chemical spill at sea, environmental monitoring is typically based on the
measurements of concentrations of the spilled substance(s) in water, sediments,
and biota. Parallel to this it is also possible to use ecotoxicological methods to
complement the chemical analyses and obtain much-needed information on
potential adverse effects on biota.
Bioassays (as well as biomarkers of exposure and effects) can provide
predictions of any higher-level adverse effects that may be observed later on. In
ecotoxicological bioassays the test organisms are incubated in environmental
samples and the biological response is recorded. The measured biological response
should be simple, rapid, sensitive, and ecologically relevant. Bioassays do not
require knowledge of the pollution source but they give information if the amount
of pollutants in an environmental sample can cause harm to the organisms. They
are also useful tools to follow-up the weathering process, which changes the
composition of the chemicals, their properties, and usually also toxicity. Bioassays
are recommended to be included in spill monitoring especially in commercially
important fishing areas or ecologically unique areas (Radovic et al. 2012).
For many commonly transported chemicals, literature and database surveys
may be sufficient to provide enough data for an initial hazard assessment.
However, there are complex situations where the spilled chemical is unknown,
several chemicals are present simultaneously, or data on the properties of the
chemical has vital gaps. The hazard potential of a chemical is mainly dependent
on its physico-chemical properties and also on how well it tends to bioaccumulate.
Many of the most commonly transported chemicals in Europe have properties
that make it unlikely that they would have long-term effects on aquatic biota (e.g.,
acids, bases, and evaporators) but some of them can remain in the environment for
a very long period, causing chronic exposure to local biota.
When it is uncertain which chemicals have been released following an incident,
biota samples can be analyzed using non-target broad-spectrum analytical
techniques following generic extraction techniques, which can give additional
information on the toxicity of the spilled chemical. Caution must be taken when
interpreting such information since the organisms may contain signals of exposure
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from other sources prior to the incident (Radovic et al. 2012). There exists many
relevant in vitro/in vivo bioassays conducted on water or sediment extracts that
are commonly used in relation to contamination by, e.g., petroleum-related
hydrocarbons. These are very rapid, cheap, and easy ways to analyse samples from
the field or from laboratory experiments.
Several different bioassays can be selected to identify the toxicity of chemicals
(especially hydrocarbons), some most common of them listed below (from
Martínez-Gómez et al. 2010):
• In vitro bioassays comprising bacterial tests of acute toxicity (e.g., Microtox®,
Vibrio fischeri assay). The luminescent bacteria test according to EN ISO 11348
is frequently applied in (eco)toxicity testing and is applicable for a large
variety of environmental samples. A disadvantage of this method is the very
short exposure time, which is expressed as a low sensitivity in regard to
substances with a delayed effect.
• Genotoxicity testing (e.g., Ames Test kits that are designed to meet OECD 471
Guidelines)
• Reporter gene assays for measuring dioxin and dioxin-like compounds
(DR-CALUX) and measuring presence of estrogens/androgens and -like
compounds (ERα-CALUX and AR-CALUX) in a receptor activation (OECD
455/ISO 19040-3).
• In addition to in vitro bioassays, standard in vivo laboratory toxicity tests
(i.e., algae, crustaceans, sea urchins, molluscs, fish) with lethal or sublethal
biological endpoints may be performed. Test species from different trophic
levels are recommended to be used to assess environmental complexity, from
primary producers (e.g.,microalgae), herbivores (e.g., bivalves or copepods) to
predators (e.g., mysids) (Radovic et al. 2012).
In addition to bioassays using environmental samples it is also possible to assess
the risk of a spilled chemical by implementing standard laboratory toxicity tests
where the source chemical or weathered source chemical is spiked into the test
medium. The test should be carried out with species that are common in the target
area and also sensitive to contaminants. Variability within the controls should
be low and the test should be repeatable (Hook et al. 2016). Usually the testing
consists of experiments using at least fish, crustaceans, and algae as test species
to examine impacts at the different trophic levels. Ideally, the experiments should
include both acute and chronic experiments, and include tests with lethal and
sublethal endpoints (e.g., growth, development, and reproduction) in order to
cover the most sensitive endpoints/species. The toxicity tests in use are typically
based on national and international standards (SFS, ISO, EN), and the testing of
chemicals is performed according to the technical guidelines of OECD. Guidelines
of the United States (EPA, ASTM) and Canada (Environment Canada) can also be
applied although they differ in some parts from the EN and ISO standards.
In vitro and in vivo bioassays for the toxicity assessment can be conducted using
ambient water, water-accommodated fraction (WAF) or chemically-enhanced WAF
(CEWAF) of the substances, elutriates, whole sediments, or their extracts. The use
of ambient water and WAF is recommended for toxicological profiling soon after
the spill. In vitro bioassays can be conducted in an integrated way with in vivo
bioassays using fish, e.g., by assessing exposure to oestrogenic compounds through
metabolite levels in the fish bile. It is also important to use realistic environmental
conditions in test, mimicking those prevailing at the polluted site; e.g., the test
concentration range of the chemical, salinity, and water temperature should be
close to those observed in the field (Martínez-Gómez et al. 2010).
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6.2.3 Indicators of exposure and biological effects in organisms
Local biota can be directly affected by the chemical spill, and the determination of
the spilled chemicals and their degradation products in the tissues of organisms
provides information on the extent of exposure (Radovic et al. 2012). Elevated
tissue concentrations of chemicals or biological effects measured in bioindicator
species can act as evidence of exposure to a spill. Biota is an excellent matrix for
chemical analysis since especially lipophilic compounds tend to accumulate in
tissues, giving valuable information on bioconcentration, bioaccumulation and/
or biomagnification of substances in a specific taxonomic group. For example,
bivalve molluscs, in particular mussels of the widely distributed genus Mytilus, are
commonly used as bioindicators. Being very efficient filter-feeders they accumulate
both organic and inorganic pollutants from the water phase. They also express a
low rate of regulatory mechanisms for internal concentrations of chemicals. Apart
traditional field sampling, the mussel caging approach (transplantation) presented
in Box 2 can be a very promising method also in case of a sudden spill. Also
vertebrate tissues such as liver and bile in fish, and blood, eggs, and liver of birds
have been used in biomonitoring. However, plants such as micro- or macroalgae
are less frequently used in marine monitoring (Radovic et al. 2012). In addition,
predator species, including humans, can be exposed to the bioaccumulated
chemicals if the affected biota is consumed as food.
The uptake of dissolved chemicals by aquatic organisms can lead to a wide
variety of physiological responses. Marine organisms, even representing the same
taxonomic group, may vary greatly in their sensitivity to a specific compound.
Chronic exposure to a toxic chemical can affect, e.g., feeding, growth, and
reproduction. Many organisms such as filter-feeding bivalves can bioaccumulate
various types of organic compounds and trace metals in their tissues whereas
some readily metabolize and excrete them. In the latter case, however, degradation
pathways can create reactive intermediates that are more toxic than the parent
compound itself, and, in the same process, increased amounts of reactive oxygen
species (ROS), causing a state called oxidative stress which is characterized by
damage to macromolecules and cell membranes.
In case of a chemical accident it would be ideal to have background data on
baseline levels of the indicator parameters in local species prior to the spill. If these
data were available, the species used in the previous monitoring campaigns should
be the first choice for the post-spill monitoring. The main advantage of doing so is
that comparisons with the background data is relatively straightforward and the
presence of the bioindicator species in the affected area is confirmed. If there are
no previous data from the impacted area, a species available in both the impacted
area and at the reference location should be selected for monitoring. Since species
have different bioaccumulation factors and baseline levels in regard to the
various biological effects indicator parameters it is difficult to make interspecies
comparisons (Radovic et al. 2012).
Some key criteria for the selection of bioindicator species are listed below
(Kerambrun et al. 2005):
• species known to be sufficiently abundant in the area;
• species of significant nature conservation importance (IUCN Red List,
Biodiversity Action Plans, species sensitivity maps, etc.);
• key functional or structural species;
• commercially important species;
• sensitive species that will be adversely affected.
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Obviously, good understanding of the biology of the selected monitoring species
is needed in to correctly interpret the observed physiological changes and the
bioaccumulation process (Kerambrun et al. 2005). Preferred monitoring species are
those for which the applied biological effects methods are well-documented, such
as mussels and certain fish that are routinely used in biomonitoring programmes
for assessing contamination in marine waters, and for which adequate background
data are available. Species used as bioindicators should preferably be widely
distributed in the affected area, have a low migratory activity, and be sampled with
relative ease.
A presentation of a a hypothetical worst case scenario and the subsequent
ecological monitoring procedure is presented in Box 3.
The term biomarker is often interpreted as a sub-organism level indicator of
disturbance in important physiological processes potentially affecting the health
status of organisms. This includes, e.g., changes in gene expression, protein
synthesis and functioning, damage in cell structures and functioning, physiological
dysfunctioning, and pathological lesions in organs. However, higher biological
level indicators such as reproductive failure and behavioural changes are often also
considered as biomarkers. Whatever the interpretation, a common denominator
of these functions is that they are measured from individual organisms and can
indicate early effects of exposure to and/or effects of chemical pollution, which is
seldom possible when recording changes in population or community parameters,
e.g. those that are currently used in environmental monitoring in the Baltic Sea.
Biomarkers can be used as early warning signals whether the chemical
concentrations are high enough to cause adverse effects in the exposed organisms.
Ideally, biomarker responses are induced only by specific groups of chemicals,
not by other environmental variables (stressors). The majority of sub-individual
level biomarkers are toxically-induced biochemical, cellular or physiological
processes, their end products, or mediated adverse effects including changes in
enzyme activity or cell functioning and integrity. In many cases they are universal
features applicable to most organisms. However, biomarker responses in different
species show great variability due to the specific physiological characteristics of
each species and their tolerance to chemical pollution, including biotransformation
capabilities. Biomarkers have great potential in environmental monitoring
because they reveal exposure to hazardous substances and/or their effects in real
environmental contexts, are effective early warning indicators of deteriorated
environmental conditions, and often have strong mechanistic links to pathology
and disease. By detecting exposure and/or effects and changes in the health status
of individuals, protective actions can be started before deleterious impacts occur at
population, community, and ecosystem levels (Figure 6). For most of the biological
effects techniques currently employed in monitoring a large volume of literature
exists (e.g., van der Oost et al. 2003, Viarengo et al. 2007, Davies and Vethaak 2012).
Field-testing of a battery of biomarkers in fish, bivalves and crustaceans in
different sub-basins of the Baltic Sea has shown that those developed for many
other sea areas are suitable for detecting chemical pollution in the Baltic Sea
as well (Lehtonen et al. 2006, 2014). The tested biomarkers reveal effects at
different biological levels with endpoints such as lysosomal membrane stability
(LMS; cytotoxicity), acetylcholinesterase inhibition (AChE; neurotoxicity),
EROD activity (biotransformation of PAHs and coplanar PCBs), micronuclei
frequency (genotoxicity), metallothionein induction (exposure to trace metals),
neutral lipid accumulation (metabolic disturbances), macrophage activity
(immunological responses), PAH metabolites in fish bile (exposure to PAHs), and
liver histopathology (tissue damage). Most of these endpoints have been shown
to exhibit the highest response levels in markedly contaminated areas of the Baltic
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effects on BIOMARKERS
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Increasing difﬁculty of linkage to speciﬁc chemicals
Increasing importance of effects
Figure 6. Linkages of responses between the levels of biological organization. Modified from
Walker et al. (2006).

Sea (Baršienė et al. 2006, Hansson et al. 2006, Kopecka et al. 2006, Lang et al. 2006,
Schiedek et al. 2006, Vuorinen et al. 2006, Dabrowska et al. 2012, 2013, Kreitsberg
et al. 2012, Lehtonen et al. 2014). In some cases the observed responses have been
associated with recent human activities including sediment dredging, dumping, or
accidental oil spills (e.g., Baršienė et al. 2006).
Some biomarkers reflect an acute response to a short-term exposure directly
after the exposure (< days to weeks) while others indicate a chronic response after
a long-term exposure (months to years). The selection of the biomarker responses
measured depends also on the target organisms used since some of the methods
are not sensitive, practical or even possible to measure in some organisms.
Recommendations on the use of biological effects methods in the monitoring of
marine pollution have been made by the International Council for the Exploration
of the Seas (ICES) and they have been compiled in Table 11.
While molecular and biochemical biomarkers provide a biological signal of
effects within an organism, extrapolation of its significance to the health of the
individual and further on up to the population and community levels, is very
challenging. For a number of biomarkers there are many groups of compounds
which induce a similar response, e.g., EROD activity is elevated by many organic
contaminants but also by other factors. In addition, the cause-effect relationship
may not be clear (Kerambrun et al. 2005), and confounding factors including
seasonal variations in temperature and reproductive status of organisms often
modify the biomarker response (Radovic et al. 2016, Leiniö and Lehtonen 2005).
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Table 11. Biological effects methods recommended by the International Council for the Exploration of the Seas (ICES)
Working Group for Biological Effects of Contaminants (WGBEC) for the monitoring of marine pollution. Note: some
of the methods are applicable only for specific groups of species, e.g., fish, bivalves or crustaceans, or types of species
(e.g., viviparous organisms). Modified from tables published in ICES (2010).
Parameter

Issues addressed

Key reference(s)

Recommended techniques for biological monitoring programmes
Bulky DNA adduct formation
Exposure to PAHs, synthetic organics, e.g.,
Reichert et al. 1999.; Lyons
nitro-organics, amino triazine pesticides
et al. 2004; Ackha et al.
(triazines)
2000
AChE inhibition
Exposure to organophosphates and
Kirby et al. 2000; Bocquené
carbamates, or similar molecules
et al. 1995.
Metallothionein induction
Induction by certain metals (e.g., Zn, Cu,Cd,
Hylland 1999, Viarengo et
Hg)
al. 1997
EROD or P4501A induction
Induction of enzymes metabolizing planar
Stagg and McIntosh 1998;
organic contaminants (e.g., PAHs, planar PCBs, Martínez-Gómez et al. 2006
dioxins)
ALA-D inhibition
Exposure to Pb
Hylland 2004
PAH bile metabolites
Exposure to PAHs
Ariese et al. 2005
Lysosomal membrane stability
Not contaminant-specific, responds to a wide
Broeg et al. 2002;
variety of xenobiotic contaminants and metals
Marigomez and BaybayVillacorta 2003
Early toxicopathic lesions,
PAHs, synthetic organics, e.g., nitro-organics,
Feist et al. 2004
preneoplastic and neoplastic liver amino triazine pesticides (triazines)
Stentiford et al. 2009
lesions by and histopathology
External visible lesions and
Responds to a wide variety of environmental
Bucke et al. 1996
parasites
contaminants and nonspecific stressors
Vitellogenin induction (males)
Effects of oestrogenic substances
Lazier and MacKay 1993
Intersex (males)
Effects of oestrogenic substances
Gercken and Sordyl 2002
Reproductive success
Effects of various substances
Jacobsson et al. 1986
(in viviparous fish)
Alkylphenol bile metabolites
Exposure to alkylphenols
Beyer et al. 2011
Scope for growth
Responds to a wide variety of contaminants
Widdows and Salkeld 1992
Imposex
Specific to organotins
Strand and Jacobsen 2002;
Smith et al. 2006
Histopathology
Not contaminant-specific
Bignell et al. 2008
Embryo aberrations (amphipods) Contaminant-specific
Sundelin and Eriksson 1998
Promising biological effects monitoring methods that require further research
DNA strand breaks
Not contaminant-specific, responds to a wide
Belpaeme et al. 1998.
range of environmental contaminants
BaP hydroxylase-like enzymes
Induced enzyme response to PAHs, planar
Suteau et al. 1988
PCBs, dioxins and furans
Induction/inhibition of multidrug/ Exposure to various contaminants (organic
Minier et al. 2002
multixenobiotic resistance
compounds and metals)
Glutathione-S-transferase(s)
Exposure predominantly to organic xenobiotics Gowland et al. 2002
Oxidative stress
Immunocompetence
On-line monitoring
Abnormalities in wild fish
embryos and larvae
Gene arrays
Spiggin (three-spined stickleback)
Micronuclei
Peroxisomal proliferation
Cellular Energy Allocation

Not contaminant-specific, responds to a wide
range of environmental contaminants
Not contaminant-specific, responds to a wide
range of environmental contaminants
Not contaminant-specific, respond to a wide
range of environmental contaminants
Not linked unequivocally to contaminants
Various contaminants and other stressors
Androgens
Not contaminant-specific
Contaminant-specific
Wide range of stressors

Regoli 2000; Winston and
Di Giulio 1991
Dean et al. 1982
Agaard et al. 1991
Klumpp and von
Westernhagen 1995
Geoghegan et al. 2008
Katsiadaki et al. 2002
Izquierdo et al. 2003;
Rybakovas et al. 2009
Orbea and Cajaraville 2006
Smolders et al. 2004
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6.2.4 Changes in species abundance and community structures
As seen in Figure 6 the effects of pollutants are more easy to define on the
molecular and organism levels, but the further one goes up the biological
organization scale the more difficult it becomes to determine and predict the
effects. Measurable population level changes of a species or species groups may
include (1) size or spatial extent of a population, (2) local, regional, or national
distribution of the species, and (3) age or size structure of the population. Other
investigations that can be used for assessing the impacts of spills on biota include
temporal patterns of mortality, extent/distribution of mortality, and causes and/
or mechanisms of mortality in given species. It is appropriate to focus the studies
on the chosen bioindicator species (Kirby et al. 2018). In a community structure
analysis, specific richness, abundance, and biomass are measured. Diversity and
other biotic indices as well as condition of the different taxonomic groups in a
given area is commonly quantified by surveying the abundance of species. Also
age, size class, gender, and condition of organisms are often recorded (Hook
et al. 2016). Community composition and species diversity studies can require
considerable time and effort, but they may be appropriate if there are no obvious
indicator species or if it is considered necessary to assess potential effects of the
spill on the whole community (Kirby et al. 2018).
A typical change in community structure is the disappearance of sensitive
taxa (Gomez Gesteria and Dauwin 2005). Indicator variables are commonly
used in monitoring to assess general ecological alterations or changes in a single
parameter that represents the community as a whole. In the marine environment,
indicator variables are, e.g., chlorophyll a concentration which indicates the
impact of nutrient enrichment (Biggs et al. 2000), increased nematode:copepod
or polychaete:amphipod ratios in the benthic community taken as indicators of
exposure to oil (Baguley et al. 2015), or an increase in chemical degrading fungi
(Bik et al. 2012), e.g., those using hydrocarbons as carbon source. Monitoring can
also target at certain species of concern such as marine mammals due to, e.g.,
public concern or legislative reasons.
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BOX 2.
Monitoring of impacts on Baltic Sea biota:
mussel caging
To understand the short and long term impacts of chemical spills on the local biota, an effective
operative monitoring strategy has to be designed and be ready for utilization as soon as
possible after the incident. Although probablility of a spill is higher in certain sea areas such as
those under heavy maritime traffic and those characterized by difficult navigation routes (e.g.,
archipelagos), in reality the occurrence of a spill can be anywhere in the Baltic Sea. This produces
problems related to impact monitoring, both from logistic reasons and the fact that the optimal
species for monitoring might not be available in the target region. One way to circumvent this
problem is to use transplantation of species directly at the site of the accident.
Mussel caging has been used as an approach in the monitoring of marine pollution in various
parts of the world and recently also in the Baltic Sea (Dabrowska et al., 2013, Höher et al. 2014,
Turja et al. 2013, 2014, 2015, Lehtonen et al. 2016). Mussels, usually belonging to the genus
Mytilus, are collected from a clean site, transplanted in cages in the desired area for a selected
period of time (weeks, months), and retrieved for the analysis of chemical accumumulation and
biological effects (e.g., biomarkers). The advantages of the caging method include the possibility
to place the biomonitor organisms exactly on the optimal sites, e.g., along expected gradients to
different direction from the focal point of the spill, and the possibility to extend the monitoring
period according to needs, including re-sampling of the mussels at various intervals. Since
having poorly developed metabolic capacities towards many organic xenobiotics, mussels
show high bioaccumulation rates of various substances in their tissues. In addition, they are
robust organisms and tolerant to pollution, making it possible to measure sublethal effects on
their health. These characteristics have led them to be among the most common biomonitoring
organisms worldwide.
In the Baltic Sea mussel caging has been carried out to monitor and assess various types of
pollution including that occurring next to oil terminals (Turja et al. 2013), close to industrial sites
or agricultural runoff (Turja et al. 2015, Lehtonen et al. 2017), outputs of wastewater treatment
plants (Turja et al. 2015), and even in marine dumping areas of chemical warfare agents
(Beldowski et al. 2017). However, so far mussel caging has not been considered as an operative
monitoring strategy in case of oil or chemical spills at sea despite its obvious potential for that.
What is operationally required is a supply of mussels that can be collected from a (relatively)
clean site or aquaculture within a short period of time, and the readiness to use a vessel (e.g.,
research or oil combatting vessel) for the transportation of the mussel cages and the gear needed
for anchoring (buoys, weights, ropes, etc.) at the accident site. Caging at reference site(s) is
always needed for comparison. After the desired caging period the mussels are retrieved and
dissected for analysis either on board the vessel or transported to a land-based laboratory.
Since chemicals behave differently in seawater depending on their physico-chemical
characterics with some remaining on the surface (floaters), some mixing in the water column
(dissolvers), and others falling to the deeper layers or sea bottom (sinkers), the vertical
positioning of the cages can be adjusted according to the type of the spilled chemical(s). It is
also possible to put the cages on top of each other at different depths at the same site (Figure
7; Beldowski et al. 2017), providing the opportunity to examine the exposure of organisms at
different depths.
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Figure 7. Mussel transplantation (caging) technology used at the Finnish Environment Institute (SYKE). The cages
are made of stainless steel and consist of removable steel net boxes in which the test mussels are placed. The
cages can be submerged at different water depths. They are anchored to the bottom and held in a stable vertical
position by submerged buoys. To ensure maritime safety, each cage is marked with an ODAS buoy equipped with
radar reflectors and a light blinking at 30 s intervals.

By using the caging approach it is possible to examine chemical and biological parameters in
the test organisms in an integrated way. In the studies mentioned above, a large number of
biomarkers have been applied in mussels, ranging from biochemical indicators of neurotoxicity
(acetylcholinesterase inhibition, AChE), oxidative stress and damage (various indicator enzymes,
oxidation of macromolecules [membrane lipids, proteins, and DNA], biotransformation
(various enzymes), general stress (lysosomal responses, heart activity), and bioenergetic
alterations (cellular energy allocation [CEA], growth). Selection of the most suitable biomarkers
or other parameters is almost unlimited and depends largely on the spilled chemicals. Apart
from chemical analysis of target chemicals and their degradation products in tissues it is also
possible to apply so-called passive samplers that can be attached to the cages for time-integrated
accumulation of chemical substances. Different types of membranes are used in passive samplers
with some collecting exclusively polar compounds (e.g., POCIS [Polar Organic Chemical
Integrative Sampler]) and others taking up lipophilic substances (e.g., silicone rubber). The
cages can also be fitted with various autonomous sensors giving more information either on
selected chemicals in the water or parameters such as salinity, temperature, and level of oxygen
saturation.
Conclusively, the application of the caging methodology for the monitoring and assessment
of chemical spills and recovery of the ecosystem is seen as a highly potential solution for the
Baltic Sea and also for other sea areas, and worth considering for further development and
operationalization in real-life accident situations.
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BOX 3.
Hypothetical case: ecological monitoring
in a worst case scenario
Background information of the spill
In the worst case, very large volumes of highly toxic, persistent, dissolving, and bioaccumulating
Chemical X is spilled to the Baltic Sea. Chemical X also has a specific hazardous property
of being a possible hormone disrupting chemical. Besides of analyzing its environmental
concentrations in water an exposure assessment should also be performed, and its possible
effects on biota should be monitored. Chemical X is slightly heavier than water so that most
of it will stay in the water column but a part adsorbs to settling particles and sinks to the sea
bottom. The accident happens in early summer at the shoreline, and most of the chemical drifts
to a typical Gulf of Finland bay characterised by islands and skerries on a rocky shoreline. The
impacted area is prognosed to cover several square kilometres. Immediately after the accident a
large amount of fishes have been found dead at the water surface, and these have been collected
and stored appropriately for chemical and biological analyses.
During the active response phase the crew of a multipurpose vessel took samples for water
analyses, and some of the samples have already been analyzed in the laboratory, showing severe
water pollution by Chemical X in the area. Water and sediment samplings have been made at
regular intervals but not all of them are analyzed immediately but frozen for later analyses or
used in ecotoxicity testing. Chemical X was identified soon after the accident based on cargo
information and confirmed by water sample analyses. After the accident situation is confirmed
safe for the human point of view the planning and implementation of an ecological monitoring
programme is started since Chemical X is persistent and probably will cause long-term effects
on local biota. In addition, Chemical X has not been studied extensively and there are some data
gaps concerning its acute and chronic ecotoxicity. Furhermore, ecotoxicological tests have been
made on some Baltic Sea species.
Planning of sampling
Observations at the accident site and operative drift/spreading modelling (Seatrack Web,
Coherens, or CHEMMAP through MAR-ICE service) will be applied to estimate the boundaries
of the site of action. The sampling is carried out using both gradient and random design
samplings, which helps to determine the polluted area. Reference sites are chosen and similar
biota samples are taken also from these areas. Samples are collected more frequently directly
after the accident but at the later stages after every or every second week.
Ecological risk assessment
Acute effects
Rapid reaction and initiation of a sampling campaign are needed for the detection of possible
acute effects of the spill. This includes the sampling of local fish (e.g., pike, perch, and
eelpout), sessile benthic species (e.g., bivalves), and observations on fish kills in comparison
to the reference areas. The exposed specimens will be used for biomarker analyses including
EROD activity (biotransformation), acetylcholinesterase activity (neurotoxicity), comet assay
(genotoxicity), lysosomal membrane stability (general stress), and lipid peroxidation and
antioxidant enzyme activities (oxidative stress and damage). These endpoints are based on
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literature information on possible toxic actions of harmful substances. Exposure can be assessed
also by analyzing the presence of the target substance in different tissues such as gills, liver or
kidney, or in the whole body (invertebrates). The grab water and sediment samples from close
vicinity of the spill site should be tested in the laboratory using standard and/or modified ISO
in vivo tests including Nitocra spinipes (harpacticoid copepod), Skeletonema sp. or Phaeodactylum
tricornutum (algae), and a luminescent bacterial test, all suitable for brackish water testing (Figure
8). In vitro endocrine disruption tests (e.g., YAS, YES or CALUX®ER/AR) can be performed for
undiluted and concentrated water samples covering the modelled distribution of the spilled
substance. These sensitive tests allow the detection of very low concentrations (ng/L) and help
to determine the possible effective zones for chronic endpoints. Chemical X can also be used as a
reference chemical (in in vitro tests) and compared to the sample response. This allows separation
of the effects caused by Chemical X and other unknown endocrine disrupters. Overall, a quick
access on results on acute toxicity is important for the next step in the sampling and testing
campaign.

Figure 8. Laboratory cultured algae are efficient biotest tools for assessing chronic exposure of primary
producers (Photo: Timo Vänni).

Chronic effects
After defining the expected boundaries of the spill, in vivo laboratory tests for water and
sediment samples should be carried out, including amphipods (e.g., Monoporeia affinis or
Corophium volutator) and gastropods (Potamopyrgus antipodarum) for measuring reproductive
endpoints. Field collected fish are sampled for endocrine disruption biomarkers such as
vitellogenin and testosterone levels as well as histopatological changes in gonads and liver.
Long term monitoring
The measured environmental concentrations of Chemical X and its characteristics are further
applied in food web models (e.g., fugacity-based models such as FATEMOD) to examine
secondary poisoning and long-term population effects. The most useful chronic endpoints
will also consist part of methods selected for long term monitoring campaign. Among the

64

Reports of the Finnish Environment Institute 23 | 2018

methods examining endocrine disruption, eelpout reproductive success can be measured
the following autumn after the spill. In addition, the mussel caging and passive sampling
approaches are applied to estimate the developments in bioavailable concentrations, the former
also on biological effects (biomarkers). Steroid biomarker changes in fish, structure, biomass,
and abundance changes in fish and benthos populations, and success of bird colonies will be
evaluated. The presence of endocrine disruption potency in water and sediment pore water
samples continues to be followed by using sensitive in vitro tests. Samples are also collected for
human sensory evaluations to determine the commercial quality of a fish by its appearance,
texture, smell, and taste. These observations complement the data obtained by chemical analyses
to determine whether the fish can be recommended for human consumption.
Post-spill environmental monitoring will continue for weeks or even months but when the
target chemical is diluted almost completely and cannot be found anymore from the water
samples, the frequency of sampling and laboratory analyses will be lowered. However, as a
persistent substance, Chemical X is known to stay a very long time in the sediment. The affected
environment is not expected to be fully recovered in order to terminate the main monitoring
campaign but it should clearly show that recovery has started to take place. However,
environmental monitoring in the polluted area should continue even for years but with a
reasonable effort and more focused to sensitive or ecologically or commercially important species
and the most polluted areas.
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7 Compensation for spill damage

In case of a sudden chemical spill from a vessel, sources of compesation will vary
depending on where the incident occurs and if the polluter is known, and are likely
to be from:
• the polluter (in compliance with the “polluter pays principle”) and their
insurance companies;
• compensation funds and regime for ship-source pollution (not in force yet in
case of HNS accidents);
• government (national, regional or local);
• possibly also national emergency funds (from taxes or levies).
The HNS convention (The International Convention on Liability and
Compensation for Damage in Connection with the Carriage of Hazardous and
Noxious Substances by Sea 2010) aims to ensure adequate, prompt, and effective
compensation for damage to persons and property, costs of the clean-up, and
reinstatement measures and economic losses resulting from maritime transport of
hazardous and noxious substances.
Under this convention HNS are defined differently compared to the OPRC-HNS
Protocol. The HNS Convention refers to the lists of substances included in various
IMO Conventions and Codes, including
• oils;
• other liquid substances defined as noxious or dangerous;
• liquefied gases;
• liquid substances with a flashpoint not exceeding 60°C;
• dangerous, hazardous, and harmful materials and substances carried in
packaged form; and
• solid bulk materials defined as possessing chemical hazards.
The HNS Convention also covers residues left by the previous carriage of HNS
other than those carried in packaged form. As with the original oil pollution
compensation regime the HNS Convention establishes a two-tier system for
compensation to be paid in the event of accidents at sea, in this case, involving
HNS such as chemicals.
In accident cases involving HNS there is the so-called First Tier which signifies
the strict liability of the shipowner (not the charterer, cargo owner, or crew). The
owner of a ship that carries HNS is required to take out compulsory insurance or
maintain other acceptable financial security to cover his liability under the 2010
HNS Convention. There are approved insurers and state certification processes to
insure the system. In case of spill there will be direct actions by claimants against
the insurer. Obviously there are limits in liability per incident, which for bulk
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HNS is a maximum of 100 million Special Drawing Rights (SDR) ($138m) and a
maximum of 115 million SDR ($159m) for packaged HNS.
In those cases where the insurance does not cover an incident or is insufficient
compared to the claims, a Second Tier of compensation would be paid from a fund
made up of contributions from the receivers of HNS. This Second Tier should be
the HNS Fund. The HNS Fund will pay compensation when the total admissible
claims exceed the shipowner’s liability, i.e., the fund pays “top up” compensation
when the shipowner or his insurer cannot meet in full the loss or damage arising
from an incident. The HNS Fund also pays compensation in cases when the
shipowner is exonerated from liability, or liable for the damage and financially
incapable of meeting his obligations.
The HNS Convention was established to provide compensation to victims of
damage caused by HNS cargoes but is not yet in force. It is a single convention
based on the two-tier system of compensation for oil spills from tankers provided
for by the CLC27 and Fund Convention 28. Similarly, the Bunker Convention 29
(which entered into force on 21st November 2008) follows the well-established
liability and insurance provisions that apply to oil tankers under the CLC. The
two-tier system of compensation for oil pollution damage from tankers has
worked extremely well over the 30 years that it has been in existence, and the
extension of the same principles to HNS spills is logical. However, as a single
convention, ratification of the HNS Convention has been delayed by complications
caused by the negotiations on the exclusion of packaged HNS as a contributing
cargo in exchange for higher limits of liability for the shipowner, the definition
of “receiver”, and determining LNG contributions where the title holder is not a
member state. Furthermore, the member states must submit contributing cargo
reports in order to assess contributions to the HNS Fund. Of the 13 states that
have deposited instruments of ratification only two have submitted cargo reports.
A draft protocol to the HNS Convention addressing some of these difficulties
has been prepared and a diplomatic conference will be convened to consider the
protocol in 2010. In the interim, compensation payable to victims of damage caused
by HNS is dependent upon whatever regime is in force in the jurisdiction affected,
usually LLMC 76, 30 which is likely to provide only a fraction of compensation
that would be available under the HNS Convention.
When entering into force
• the HNS Convention establishes that the polluter pays by ensuring that the
shipping and HNS industries provide compensation for those who have
suffered loss or damage resulting from an HNS incident;
• it is an international regime based on a well-tested system of international
conventions for compensation for oil spills from tankers;
• it provides a framework for the states adopting the HNS Convention and it is
directly administered by those states that are members of the regime;
• the HNS Convention benefits all state parties (producing, receiving and
coastal states) through a system of strict liability and clear claims criteria;
• the shipping, oil, gas, chemical, petrochemical and other HNS industries are
committed to paying such compensation through an international system;
• shipowners are held strictly liable up to a maximum limit of liability for the
cost of an HNS incident;
• shipowners are required to have insurance that is state certified and claimants
may take action directly against the insurer;
• receivers of bulk HNS cargoes contribute to an international compensation
fund administered by states;
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• contributions will be based on the actual need for compensation; and
• up to SDR 250 million is available per incident.
More information concerning HNS Convention and 2010 Protocol is available at:
• http://www.iopcfunds.org/uploads/tx_iopcpublications/Final_HNS_Why_it_
is_needed_brochure_-_web_version_e_01.pdf
• http://www.hnsconvention.org/
For oil spills, the IOPC Fund has published guidelines for presenting claims for
environmental damage which can be also very useful guidance in case of HNS
accident even if the HNS Convention were in force. In case of oil spills the IOPC
guidelines includes instructions how to establish proper post-incident studies and,
in principle, the cost of studies to examine the impairment of the environment are
covered, especially if they are restricted to quantifying obvious and observable
damages. However, research projects of general scientific interest are unlikely to be
eligible for compensation.
Studies on ecological impacts of an incident are usually conducted in parallel
with the measurement of concentrations of the spilled substance and its chemical
components in order to establish a linkage between the observed damage and the
spilled oil or its chemical components. Depending on the circumstances of the
incident and the resources impacted, samples for such analyses may be taken from
the tissues of the affected species as well as the surrounding water and sediments.
The duration and precise scope of the study should be clearly defined at the outset
with the participation of the shipowner’s insurer, the 1992 Fund, and their experts.
For example, the species, communities or habitats to be studied and the rationale
for selecting these subjects need to be justified. The post-incident studies might also
include surveys of members of the public who make use of the affected area for
outdoor recreational activities such as bathing, recreational fishing, boating, hiking,
etc., to determine the extent of restrictions imposed upon them by the spill.
Based on the guidelines it is not required that the monitoring continues until
the environments have fully recovered but until it can be demonstrated that the
process of recovery has been comprehensively established. In fact, because of
the high natural variability that exists in the marine environment it may be quite
difficult to recognise conclusively when the environment has fully recovered.
As stressed also in the present report the IOPC guidelines states that, in general,
three approaches are taken in such studies:
• comparison of the pre-spill and post-spill ecological status of the affected
resources as well as the levels of oil and its chemical components to which
those resources were exposed both pre- and post-spill;
• comparison of the affected area with uncontaminated reference sites or sites
not impacted by the spill; and
• monitoring the post-spill recovery of the communities and habitats
contaminated by oil.
Restrictions and obligations of these approaches are found in more detail in IOPC
(2018).
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8 Conclusions and future needs

If a major chemical accident occurs in the Baltic Sea, the preparedness to make
environmental monitoring plans for an impact assessment is currently reasonably
good. The plans will be made in accordance with HELCOM recommendations on
the topic, comprising of (1) organization of the research work, (2) physical and
chemical studies, (3) ecological impact studies, and (4) fishery and human health
studies. The organizations participating the research work are obviously different
in every country. As for Finland, the main organizations in the operative response
is described in Rousi et al. (2012). Also in the HELCOM manual (2002) one possible
way of coordination of environemntal sampling is presented together with the key
tasks of the sampling co-ordinator responsible for the overall management of all
samplings on land and at sea.
Clear research gaps exist with regard to ecotoxicological impacts of the most
commonly transported HNS on Baltic Sea biota. An extensive amount of data
on responses of Baltic Sea species to various environmental contaminants is
available but the most commonly transported industrial chemicals have not been
as intensively tested. However, national and project databases and the published
experimental data can be used to identify the suitable endpoints and thresholds
for the target chemicals in selected species. This will allow to (1) efficiently use
the existing data, (2) develop targeted testing strategies, and (3) generate a critical
set of variables sufficient for modelling of chemical spill ecotoxicity in specific sea
areas.
The aim of a post-spill monitoring programme in the Baltic Sea would be to
evaluate the potential impacts of a chemical spill on common indicator species
in the area. The possible impacts on the local ecosystem in the direct vicinity
of the chemical accident should be assessed by comparing the predicted body
burdens of organisms at the different trophic levels using the existing toxicity data,
considering also potential implications at the population level. Also biomarkers can
be applied to detect early biological effects of the spill. Finally, an important goal is
to predict the long-term effects of the spill on local populations and communities.
Marine chemical spills can be extremely complex and in the worst case several
hazardous chemicals are involved, presenting the need to assess impacts on many
receiving environmental compartents. Studies on the environmental impacts of
an incident are usually conducted in parallel with the measurement of chemical
concentrations to establish the linkages between the observed damage on biota
and the spilled chemical. The studies carried out should be able to demonstrate
a strong causal relationship between the polluter and the observed change in
the environment. Even if most of the monitoring work takes place after the
active response phase, chemical sampling should be started as soon as possible
since this information also serves the response actions. The assessment of the
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environmental impact is crucial for the decision-making process over the selection
and implementation of prominent response and restoration plans.
In case of a maritime accident involving a chemical spill authorities obviously
want to be able to set up a monitoring programme quickly but this usually
depends on available resources and funding. As part of the preparedness, many
priorities should be agreed already before the accident, including organization
of the scheme (funding, management structure, and objectives), a list of key
experts and laboratories, etc. In addition, continuous developments of adequate
monitoring tools and methods are of vital importance since they are the ones to be
used to demonstrate ecological damage and economic losses in the context of spillrelated claims and compensations.
As demonstrated in this report, there are many challenges in the setting up of
a good environmental monitoring programme in case of a sudden chemical spill.
There is a large variety of chemicals posessing a wide array of highly different
properties; thus, the whole monitoring strategy is highly driven by the chemical in
question. For many chemicals no baseline data exists, and the selection of reference
sites as well as the indicator species requires plenty of expertise. A large set of
different parameters can be measured but since the resources and funding are
commonly the limiting factors every measurement should be a relevant one, not
based on scientific interest. When planning the monitoring programme it should
be also kept in mind that in case of a major accident the programme may need to
continue for months or even years.
The EKOMON report can be seen as the first step for the better preparedness
for post-spill monitoring especially in the Baltic Sea area. In the future, these
guidelines should be further developed to be more operational; thus, the practical
goal should be a monitoring system that allows a rapid organization of the team
responsible for monitoring and identifying the ecological consequences of the spill.
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ANNEX 1A. Properties of some typical chemicals in the group “Gases and evaporators”. Source: HNS-MS database (*OVA instructions).
Typical chemical
(SEBC)
CAS

Density
kg/m3

Water
Vapor pressure
solubility
Pa (at 20/25 °C)
mg/l
(at 20/25 °C)

State
(at 25 °C,
1 atm)/
melting point
(°C)

Bioaccumulation
logKOW
(GESAMP Profile)

Degradation
(half-life, d)
(GESAMP Profile)

Butane (G)*
106-97-8

580 (at 15 °C)

-

260 000/-

Gas

-

Degrades in air due to
hydroxyl radicales (6 d)

Flammable
Gases under pressure

Propane (G)*
74-98-6

510 (at 15 °C)

-

240 000/-

Gas
-135

-

Degrades in air due to
hydroxyl radicales (13 d)

Flammable
Gases under pressure

Butadiene (G)*
106-99-0

620 (at 20 °C)

730/-

245 000/-

Gas
-109

1,99 (logPOW )

Degrades in air due to
hydroxyl radicales (1-6 h)
Biodegradable (1-4 wk)

Fish: 70
Crustacean: 45
(modelled)
Algae: 33
(modelled)

Flammable
Gases under pressure
Health hazard

Chlorine (G)*
7782-50-5

1400 (at 20 °C)

7 000/-

638 000/-

Gas
-101

Oxidizes inorganic and
organic compouds.
Can produce toxic chlorcompounds when reacts
with organic compounds.

Fish: 0,014-0,29
Crustacean: 0,017-0,11

Toxic
Environmental hazard
Flammable
Gases under pressure

Benzene (E)
71-43-2

880

1 780/
1 800

9 970/
12 700

Liquid
5,5

Not hydrolysable
Not photolysable
Biodegr. estuary (15 d)
Biodegr. marine (50 d)
(Readily biodegradable)

Fish: 4,9/0,8
Crustacean: 10/3
Algae: 29/9,6
(Slightly toxic/
no information)

Flammable
Harmful
Health Hazard

2,13
(Very low potential to
bioaccumulate)

Aquatic toxicity
Lowest LC50/
Highest NOEC
(mg/l)
(GESAMP Profile,
acute/chronic)

GHS Security
Information

At temperatures below the freezing point, benzene solidify and evaporation rates is greatly reduced, making recovery easier (IMO 1999).

Pentane (E)
109-66-0

626,2

-/38

57 328/-

Liquid
-129,67

3,64
(Moderate potential to
bioaccumulate)

(Readily biodegradable)

(Moderately toxic/ no
information)

Flammable
Harmful
Health Hazard
Environmental Hazard

-/3

5 300/
6 133

Liquid
-91

4,66
(High potential to
bioaccumulate)

not hydrolysable
not photolysable
biodegr. estuary (10 d)
biodegr. marine (50 d)
(Readily biodegradable)

(Highly toxic /
no information)

Flammable
Harmful
Health Hazard
Environmental Hazard

Reactive, toxic

Heptane (E)
142-82-5

680

Reactive, toxic

Typical chemical
(SEBC)
CAS

Density
kg/m3

Water
Vapor pressure
solubility
Pa (at 20/25 °C)
mg/l
(at 20/25 °C)

State
(at 25 °C,
1 atm)/
melting point
(°C)

Bioaccumulation
logKOW
(GESAMP Profile)

Degradation
(half-life, d)
(GESAMP Profile)

Aquatic toxicity
Lowest LC50/
Highest NOEC
(mg/l)
(GESAMP Profile,
acute/chronic)

GHS Security
Information

MTBE (ED)
1634-04-4

740

48 000/-

Liquid
-108

1,06
(Very low potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Not biodegradable
(Not readily biodegradable)

Fish: 574/293,5
Crustacean: 136/26
Algae: 184/103
(Practically non-toxic/
negligible)

Flammable
Harmful

0,7

Not hydrolysable
Not photolysable
Biodegr. estuary (15 d)
Biodegr. marine (50 d)
Readily biodegradable

Fish: 14/0,6
Crustacean: 12,6/45
Algae: 12,7/6

Flammable
Harmful
Health Hazard

27 000/
33 000

Can cause odor and taste effects.

Vinyl acetate (ED) 930
108-05-4

20 000/-

12 000/
15 300

20 000/-

12 000/
15 300

Liquid
-93,2

0,7
(No potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Biodegr. estuary (15 d)
Biodegr. marine (50 d)
(Readily biodegradable)

Fish: 14/0,6
Crustacean: 12,6/45
Algae: 12,7/6
(Slighly toxic/ no
information)

Flammable
Harmful
Health hazard

16 000/-

3 870/-

Liquid
-48

1,38
(Very low potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Biodegr. estuary (10 d)
(Readily biodegradable)

Fish: >79/Crustacean: 69/37
Algae: >110/49
(Slighly toxic/ no
information)

Flammable
Harmful

Reactive

Vinyl acetate (ED) 930
108-05-4
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Toxic/reactive

Methyl
methacrylate
(ED)
80-62-6

940

Toxic/reactive
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ANNEX 1B. Properties of some typical chemicals in the group “floaters”. Source: HNS-MS database (*OVA instructions, **MILBROS database, ***EMSA MAR-CIS 2 – Marine
Chemical Information Sheets)
Typical chemical
(SEBC)
CAS

Density
kg/m3

Water solubility
mg/l
(at 20/25 °C)

Vapor pressure
Pa (at 20/25 °C)

State (at 25 °C,
1 atm)/
melting point
(°C)

Bioaccumulation
logKOW
(GESAMP Profile)

Degradation
(half-life, d)
(GESAMP Profile)

Aquatic toxicity
Lowest LC50/
Highest NOEC (mg/l)
(GESAMP Profile,
acute/chronic)

GHS Security
Information/
notable risks

Xylenes (FE)
1330-20-7

870

175/-

700/
1 070

Liquid
-48 – 13*
(depends on
composition of
isomers in the
product)

3,12
(Moderate potential
to bioaccumulate)

Not hydrolysable
Not photolysable
Biodegr. estuary (150 d)
Biodegr. marine (not
biodegradable)
(Not readily
biodegradable)

Fish: 2,6/>1,3
Daphnia: 1,3/1,2
Algae: 3,2/0,7
(Moderately toxic/
Negligible)

Flammable
Harmful

Alfaolefins e.g.
decene (F)
872-05-9

740,8

-/0,115

2 270/-

Liquid
-66,3

4,7
(Very high potential
to bioaccumulate)

(Readily biodegradable)

Fish: >1000/Daphnia: 480/Algae: 22/(Highly toxic/ moderate)

Flammable
Health Hazard
Environmental
Hazard

Styrene (FE)
100-42-5

910

300/
310

667/
810

Liquid
-30,6

3,02
(Low potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Biodegr. estuary (15 d)
Biodegr. marine (50 d)
(Readily biodegradable)

Fish: 4,02/Daphnia: 4,7/Algae: 4,9/(Moderately toxic/
no information)

Harmful
Environmental
Hazard

Butyl acrylate
(FED)
141-32-2

900

Liquid
-64,6

2,36
(Low potential to
bioaccumulate)

Hydrolysis (1 100 d)
Biodegr. estuary (10 d)
Biodegr. marine (10 d)
(Readily biodegradable)

Fish: 2,1/Crustacean: 8,2/Algae: 2,6/(Moderately toxic/
no information)

Flammable
Harmful

Notable risks: Reactive to air and with oxidizing agents, Danger ignition at ambient temperatures.

Notable risks: polymerization. Reactive.
-/2 000

485/
727

Notable risks: Self-polymerization hazards if exposed to heat and radiation. Vapours may form explosive mixtures with air. Presence of danger zone only with full protecting
clothes and breathing apparatus. Reactive.

Palm oil fatty
acid methyl
ester (biodiesel/
FAME) (F)**

860

Animal oils (F)
e.g. Tallow
61789-97-7***

920

1000/-

0,001/-

Liquid/solid
39-42 °C

(No potential to
bioaccumulate)

(Readily biodegradable)

(Non-toxic/
no information)

(No potential to
bioaccumulate)

(Readily biodegradable)

(Non-toxic/no information)

Water temperature 0-10 °C: HNS solidifies when released into water (IMO 1999). Ecological effects.
Behavior (EBCS): Fp - Persistent slick forming substance.

No hazards have
been classified.

ANNEX 1C. Properties of some typical chemicals in THE group “sinkers”. Source: HNS-MS database (*Chemical Safety Card, Tukes)
Typical chemical
(SEBC)
CAS

Coal tar (S)
Toxic
Creosote (S)*
8001-58-9

Density
kg/m3

Water solubility
mg/l
(at 20/25 °C)

Vapor pressure
Pa (at 20/25 °C)

State (at 25 °C,
1 atm)/
melting point
(°C)

Bioaccumulation
logKOW
(GESAMP Profile)

Degradation
(half-life, d)
(GESAMP Profile)

Aquatic toxicity
Lowest LC50/
Highest NOEC
(mg/l)
(GESAMP Profile,
acute/chronic)

GHS Security
Information

1 0001 200 (at 20 °)

<200

-/≈1

Liquid
< 30

≈4,1-4,6
(Distribution
coefficient
vary between
components)

Some components
photolysable (1 d- 1 y)
Not readily
biodegradable

Fish: 0,7/Crustacean: 0,018/Algae: 2,1/-

Harmful
Health hazard
Environmental
hazard

1,47
(Low potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Biodegr. estuary (15 d)
Biodegr. marine (50 d)
(Readily biodegradable)

Fish: 5/0,077
Daphnia: 3,1/0,46
Algae: 49,6/13
(Moderately toxic/
negligible)

Corrosive
Toxic
Health hazard

Water temperature 0-10 °C: some grades will solidify (IMO 1999). Toxic.

Phenol (S)
108-95-2

1070

84 000/
86 600

20/
46,6

Solid
43
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Reactive to air, reactions with other chemicals, mixture toxicity.
Phenol is often transported and handled as a hot molten cargo. It was earlier grouped to D group suggesting that it dissolves in water at ambient temperature. Nevertheless,
the sudden spillage of a large volume of phenol has been observed to rapidly saturate e.g. the shallow harbour waters and sink to the bottom from where it can be picked up
by mechanical dredging (IMO 1999).

1,2-Dichloroethane
(SD)
107-06-2

1260

8 690/
8 600

8 800/
10 546

Liquid
-35,5

1,48
(Very low potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Not biodegradable
(Not readily biodegradable)

Fish: 11,8/ 14
Crustacean: 85/10,6
Algae: 166/53
(Slighly toxic/
Negligible)

Flammable
Harmful
Health Hazard

Notable risks: Thermal decomposition giving toxic and corrosive products with formation of hydrogen chloride gas. At high temperature formation of phosgene. May react
dangerously with e.g. oxidizing agents. Ignition possible at normal temperatures. Toxic.

Carbon Disulphide
(SD)
75-15-0
Toluene
diisocyanate (S)
584-84-9
Dibutyl phthalate*
84-74-2

1263,2

2 300/-

34 664/-

Liquid
-112,1

1,84
(Very low potential to
bioaccumulate)

(Not readily biodegradable)

Fish: -/135
(Moderately toxic/ no
information)

Flammable
Harmful
Health Hazard

1224,4

-/37,6

1,3/-

Liquid
20,5

3,74
(Very low potential to
bioaccumulate)

(Not readily biodegradable)

(Slightly toxic/
no information)

Toxic
Health hazard

10/-

-/9,7 ± 3,3x10-3

Liquid
-69

4,57

Hydrolysis <10% in 5 d
Ready/Inherent
biodegradability

Fish: 0,35/0,10
Crustacean:
0,76/0,10
Algae: 1,2/0,2

Toxic
Environmental
hazard
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Typical chemical
(SEBC)
CAS

Density
kg/m3

Water solubility
mg/l
(at 20/25 °C)

Vapor pressure
Pa (at 20/25 °C)

State (at 25 °C,
1 atm)/
melting point
(°C)

Bioaccumulation
logKOW
(GESAMP Profile)

Degradation
(half-life, d)
(GESAMP Profile)

Aquatic toxicity
Lowest LC50/
Highest NOEC (mg/l)
(GESAMP Profile,
acute/chronic)

Nonylphenol (FD)
25154-52-3

950

6/4

-/0,3

Liquid
-8

4,48
(High potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Biodegr. estuary (150 d)
Biodegr. marine (150 d)
(Not readily biodegradable)

Fish: 0,017/0,006
Crustacean:
0,021/0,0039
Algae: 0,027/0,0251
(Very highly toxic/ high)

GHS Security
Information

Reactive to air, very irritating, hormone disrupting effects. Classification: Fp - Persisten slick forming substance.

Epichlorohydrin
(D)
106-89-8

1180

64 000/
65 900

1 730/
2 200

Liquid
-57,2

0,26
(No potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Not biodegradable
(Readily biodegradable)

Fish: 0,65/Daphnia: 8,87/Algae: 24,2/10,7
(Moderately toxic/ low)

Flammable
Corrosive
Toxic
Health hazard

Notable risks: Extremely dangerous. Avoid all contact with vapour or liquid. Risk of explosion In case of thermal decomposition formation of toxic gases (chlorine, HCL,
phosgene). Mixture toxic even highly diluted. Reactive.

Acrylonitrile (DE)
107-13-1

810

79 000/-

11 500/
14 470

Liquid
-83

-0,92
(Low potential to
bioaccumulate)

Not hydrolysable
Not photolysable
Not biodegradable
(Not readily biodegradable)

Fish: 5,16/0,17
Crustacean: 6/0,5
Algae: 1,63/0,8
(Moderately toxic/
negligible)

Flammable
Corrosive
Toxic
Health hazard
Environmental
hazard

Notable risks: Polymerization. Explosive gas/air mixtures. Strong absorption by skin even as gas. As decomposition product might form cyanide.

Ammonia
Anhydrous (DE)
7664-41-7

-

881 527/
1 013 250

Gas
-77,73

0,23
(No potential to
bioaccumulate)

(Readily biodegradable)

Fish: 0,5/Crustacean: 0,13/Algae: 17/(Moderately toxic/
moderate)

Compressed gas
Corrosive
Toxic
Environmental
Hazard

-

-/262,6

Liquid
-0,43

-1,57
(No potential to
bioaccumulate)

(Inorg)

(Moderately toxic/ no
information)

Oxidizing
Corrosive
Harmful

Indefinite

20 hPa/-

Liquid
169,6

-3,1
(No potential to
bioaccumulate)

(Inorg)

(Practically non-toxic/ no
information)

Oxidizing
Harmful

531 000/
440 000

Toxic/reactive

Hydrogen
peroxide (D)
7722-84-1

1440

Ammonium
nitrate solution
(D)
6484-52-2**

1720

Reactive

Reactive
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ANNEX 1D. Properties of some typical chemicals in the group “dissolvers”. Source HNS-MS database (*OVA-instructions, **EMSA MAR-CIS 2 – Marine Chemical Information Sheets).

Typical chemical
(SEBC)
CAS

Density
kg/m3

Sulphuric acid (D) 1840
7664-93-9

Water solubility
mg/l
(at 20/25 °C)

Vapor pressure
Pa (at 20/25 °C)

State (at 25 °C,
1 atm)/
melting point
(°C)

Bioaccumulation
logKOW
(GESAMP Profile)

Degradation
(half-life, d)
(GESAMP Profile)

Aquatic toxicity
Lowest LC50/
Highest NOEC (mg/l)
(GESAMP Profile,
acute/chronic)

GHS Security
Information

1 840 000/
1 840 000

0,13/-

Liquid
10,45

(No potential to
bioaccumulate)

Hydrolysis (1 d)
Not photolysable
Not biodegradable
(Inorg)

Fish: 16/0,025
Crustacean: 29/0,15
Algae: 0,13/0,13
(Slighlty toxic/ no
information)

Corrosive

Notable risks: Reactive to water. Corrosive. Violent chemical change possible. In case of thermal decomposition formation of toxic oxides of Sulphur. Corrosive to metals.
Exothermic reactions with water/ fumes/other materials.
Sulphuric acid has freezing point above 0 °C but it dissolves rapidly even in cold water, due to its high solubility. This results in the formation of a growing plume of concentrated
solution of the substance moving with the flowing stream. Concentrated sulphuric acid may release large amounts of heat when mixed with water, resulting in vigorous boiling.
(IMO 1999)

Phosphoric acid
(D)
7664-38-2

1863

1 863 000/
1 863 000

4/-

Liquid
42,4

(No potential to
bioaccumulate)

Hydrolysis (1 d)
Not photolysable
Not biodegradable
(Inorg)

(Practically non-toxic/ no
information)

Corrosive

Notable risks: In case of thermal decomposition formation of toxic phosphorus oxide. May release explosive hydrogen gas at metal surfaces.
Exothermic reactions with water/ fumes/other materials.
Phosphoric acid has freezing point above 0 °C but it dissolves rapidly even in cold water, due to its high solubility. This results in the formation of a growing plume of
concentrated solution of the substance moving with the flowing stream. (IMO 1999)
Reports of the Finnish Environment Institute 23 | 2018

Nitric acid (D)
7697-37-2

1500*

Dissolves to
water*

6 200*/-

Liquid*
-42*

-2,3*
(Inorg)

(Inorg)

Fish: 72-300*/(Slightly toxic/ no
information)

Oxidizing
Corrosive

Exothermic reactions with water/ fumes/other materials. Harmful nitrates (neutralizing products of nitric acid) may cause eutrophication (OVA instructions).

Sodium hydroxide 2130
(D)
1310-73-2

1 090 000/-

-/0

solid
318

(No potential to
bioaccumulate)

(Inorg)

Fish: 30,3/Crustacean: 40,4/(Slightly toxic/ no
information)

Corrosive

Notable risks: React violently with acids. May release hydrogen gas on prolonged contact with light metals. Exothermic reactions with water/ fumes/other materials.
Sodium hydroxide solution (50%) has freezing point above 0 °C (8 °C) but it dissolves rapidly even in cold water, due to its high solubility. This results in the formation of
a growing plume of concentrated solution of the substance moving with the flowing stream. (IMO 1999)
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