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1. INTRODUCTION – WHAT IS OCEAN ACIDIFICATION? 
 
Climate change caused by human activities is a commonly known fact today. 

The burning of fossil fuels releases to the atmosphere carbon that has been buried 
in the ground for million years. In addition, changes in land use are altering the 
carbon cycle of the Earth. The ever increasing carbon dioxide (CO2) concentrations in 
the atmosphere result in global warming. However, a significant share of the CO2 is 
taken up by surface oceans. Since the industrial revolution, approximately 30% of 
the extra CO2 in the atmosphere has ended up in the oceans. This buffering effect 
mitigates climate change but not without consequences for the life below water. 

Dissolution of carbon dioxide into surface waters causes shifts in the acid-base 
equilibria of seawater in the process called ocean acidification. As a result, carbon 
dioxide (CO2) and bicarbonate (HCO3-) concentrations in the water are increasing. 
Also hydrogen ion (H+) concentration increases, which can be reflected in decreasing 
pH. In fact, the concentrations of hydrogen ions have already increased by 30% in 
seawater compared with pre-industrial times 250 years ago, increasing the level of 
ocean acidity, which is bad news for calcifying organisms that use carbonate to build 
their shells and skeletons.  

Ocean acidification is controlled by alkalinity – the buffering capacity – of the 
water. Alkalinity of natural waters depends on the ability of its bases to neutralise 
dissolved acids. If alkalinity stays unchanged, ocean acidification can be detected by 
pH measurements. The higher the alkalinity of the water, the smaller the changes in 
pH are when CO2 dissolves into it, and the lower the alkalinity the larger the changes 
in pH are. 

pH of surface seawater is around 8, which means that it is slightly basic (pH > 
7). Ocean acidification shifts the pH towards neutral (pH = 7). The surface ocean pH 
has declined by about 0.1 so far, and is predicted to further decline by 0.2–0.4 by 
the end of this century, depending on future CO2 emissions. Although the changes 
on pH scale seem small, they correspond to increase in oceanic acidity of up to 
200%. 

Geological records show that the present rate of change in the seawater 
chemistry is 10 to 100 times faster than it has been for many millions of years. 

Although some scientists recognised more than 50 years ago that rising CO2 
concentrations would affect seawater chemistry and cause ocean acidification, this 
phenomenon has only recently emerged as one of large knowledge gaps in marine 
science, and has now become a global research priority. 
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Figure 1: Some of the carbon dioxide emitted to the atmosphere by 

human activities is absorbed by the oceans. When carbon dioxide combines 
with water in the ocean, it forms carbonic acid, which makes the ocean more 
acidic and may reduce the ability of calcifying organisms to form their shells 

and skeletons. Source: Adapted from J. Cook, skepticalscience.com. 
 

Changes in living conditions have an impact on the performance of organisms. 
Calcifying plants and animals especially are under threat because decrease in pH 
impairs calcification conditions. Reduced Calcium Carbonate (CaCO3) saturation 
state (Ω) of its mineral components, aragonite and calcite, can have negative 
impacts on calcification rates of many marine taxa. A more acidic environment will 
harm other marine species such as molluscs, corals and some varieties of plankton. 
The shells and skeletons of these animals may become less dense or strong. In the 
case of coral reefs, this may make them more vulnerable to storm damage and slow 
the recovery rate. 

Acidification can also induce other physiological maintenance costs, which can 
be reflected especially in growth and survival at early life stages. Furthermore, 
acidification can alter fish behaviour and learning by impairing their sensory 
mechanisms, hearing, olfaction and vision.  

The impacts of ocean acidification are not uniform across all species. Some 
algae and sea grass may benefit from higher CO2 concentrations in the ocean, as 
they may increase their photosynthetic and growth rates.  
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In any case, ocean acidification modifies food webs and, eventually, 
ecosystem functions more broadly. These changes may be made worse by the 
combined effect with other emerging climate-related hazards, such as the decrease 
of ocean oxygen levels – a condition known as ocean deoxygenation – that is already 
affecting marine life in some regions. Moreover, all this is amplified by global 
warming. Increasing ocean temperatures affect marine species and ecosystems, 
cause coral bleaching and the loss of breeding grounds for marine fishes and 
mammals. 

 

 
 

Figure 2: Ocean acidification and its effects 
Source: https://coastadapt.com.au/ocean-acidification-and-its-effects 
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2. THE BLACK SEA OVERVIEW 
 
The Black Sea is an inland body of water, which is part of the Mediterranean 

basin and is connected to it via the Sea of Marmara and the Bosporus and 
Dardanelles straits. The Kerch strait connects the Black Sea with the Sea of Azov. The 
Black Sea is locked between Europe and Asia and is surrounded by Bulgaria, Georgia, 
Romania, Russia, Turkey and Ukraine.  

The surface area of the Black Sea is 461,000 km2. It is almost completely 
isolated from the world's oceans though its depth is considerable in some places 
reaching 2,212 m. The mean sea salinity is 18 ‰, which is about twice as low as that 
of other seas and oceans. This is due to the large number of rivers flowing into the 
Black Sea and its difficult water exchange with the Global Ocean. The waters of 
rivers in nearly one-third of the territory of Europe flow into the Black Sea, including 
big European rivers such as the Danube, the Dnipro and the Dnister. The river 
catchment area covers 17 countries, with a total population of 160 million people, 
81 million of whom live in the Danube Basin. Overall, about 10.4 million people in six 
countries live in the Black Sea coastal area. 

A most important feature of the Black Sea is that oxygen is dissolved (and a 
rich sea life is possible) only in the upper water levels. Below a depth of about 100 
meters there is no oxygen and the seawater contains between 11 and 14 ml/l of 
highly toxic hydrogen sulphide. It results in a saturated, gloomy "dead" zone 
frequented only by adapted bacteria (https://www.britannica.com/place/Black-Sea). 
At a depth of between 100 m and 200 m, there is practically no mixing of surface 
and lower waters. There is a noticeable difference in water salinity between the 
surface layer and the layer nearer the bottom: between 17.5-19 ‰ and 22 ‰ 
respectively. This difference is a permanent characteristic of the Black Sea. 

The Black Sea is characterised by a rich biodiversity. At the end of XX century 
the Black Sea has suffered significant ecological degradation. The unsatisfactory 
environmental condition of the Black Sea has been caused by, among other things, 
the presence of a huge quantity of contaminants that far exceeds the absorption 
capacity of the sea ecosystems. This has led to rapid eutrophication, seawater 
contamination (including micro-organic contamination), the loss of biological 
species, a decline in fish resources, the deterioration of recreational resources and 
threats to human health. The key contamination sources are river inflows, 
wastewaters from coastal point and diffuse sources, and marine vessels. 

Human activities have contributed to reducing the nutritive availability and 
the number of spawning grounds, breeding areas and habitats of fish and other 
aquatic organisms. The unsustainable harvesting of fish and seafood, and a failure to 
take proper measures to ensure their reproduction, have reduced the biological 
productivity of the sea and impoverished its species diversity. The situation is 
aggravated by the introduction of foreign organisms into marine ecosystems, which 
inhibits the development and reproduction of the flora and fauna of the Black Sea. 
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It is estimated that the six Black Sea countries contribute about 70 percent of 
the total contaminants flowing into the Black Sea in the form of waste from human 
activities. Some of this amount, and almost all of the remaining 30 percent (from the 
other 11 non-coastal countries), enter the Black Sea via the Danube River. The Black 
Sea is one of the most vulnerable regional seas in the world given its limited 
exchange of water with the open oceans and the large area of continental Europe 
from which it receives the drainage. The four strongly interlinked priority trans-
boundary problems of the Black Sea are eutrophication – nutrient enrichment, 
changes in marine living resources, chemical pollution (including oil), and 
biodiversity/habitat changes, including alien species introduction – as well as the 
underlying root causes like industrial activities, agriculture, domestic wastewater, 
sea transport (oil spills, ballast water), and coastal zone degradation (urbanisation, 
tourism). (http://emblasproject.org/the-black-sea) 

 
 
 
 

  



8 
 

3. SIGNS OF OCEAN ACIDIFICATION IN THE BLACK SEA 
 

The Black Sea is affected by important natural and anthropogenic pressures, 
resulted from the growth of coastal populations, the exploitation of marine 
resources, industrialization, as well as climate change, that's why it is pretty difficult 
to quantify the impact of ocean acidification. At the same time, other signs of 
climate change also appear in the Black Sea. 

The climate change impacts comprise surface water warming since the last 
decade of XX century, decrease of surface salinity, changes in vertical thermohaline 
structure, sea level rise and increasing number of extreme weather events (FAO 
Report, 2017). Meteorological projections to 2090 show an increase in sea surface 
temperature (+1.5 to 2.6°C), an average sea level rise of 0.4 to 0.6 m, and a decrease 
in precipitations (30 – 45 percent) (Hills et al. 2013). It is likely that there will be 
more severe and frequent droughts and heat-waves, an increase in winter river 
flows, a decrease in summer river flows and more intense rainfall events (Hills et al. 
2013). 

The data on acidification and, particularly, its impacts on biodiversity are 
fragmentary in the Black Sea. Despite the existence of successful projects for 
monitoring the Black Sea, there are currently no projects focused on ocean 
acidification.  

Limited seawater carbonate chemistry data are available for the Black Sea. 
The most extensive carbonate system studies to date were published in Goyet et al., 
1991 and Hiscock and Millero, 2006. An important feature of the Black Sea water 
chemistry is the extended anoxia with nearly 87% of the waters being anoxic and 
containing high levels of sulphide (Hiscock and Millero, 2006). Due to the low salinity 
and high total alkalinity of river waters entering the Black Sea, the seawater total 
alkalinity in the oxic surface waters (~3500 μmol kg−1) is higher than typical oceanic 
values. In contrast with the Mediterranean Sea, the saturation coefficients of both 
calcite and aragonite ΩCal and ΩArg show undersaturation at depth. The value of 
ΩCal is less than 1 in anoxic waters below seawater density σt ~16.9 (~400 m) and 
ΩArg is less than 1 in anoxic waters below σt ~14.8 (~60 m) (Hiscock and Millero, 
2006). In addition to the complex carbonate chemistry, an intensive eutrophication 
of the ecosystem caused by anthropogenic perturbations in both the Black Sea 
waters and the drainage basins of its major supplying rivers can greatly influence 
surface water coastal acidification (Lacoue-Labarthe et al., 2015). 

Available newer data from Ukrainian scientists are based on long-term data 
sets and characterize the carbonate system in the Northern part of the Black Sea. A 
numerical analysis of the carbonate system of the Black Sea aerobic zone and 
estimation of the carbonate system long-term variations in the Black sea abyssal 
part in 1932-1993 revealed changes in the pH values, pCO2, and the ratios of 
components of the carbonate system (Moiseenko et al., 2011). In the water area of 
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the Black Sea, the process of invasion of carbon dioxide from the atmosphere into 
water was predominant for the entire analysed period because the equilibrium 
partial pressure of CO2 remained lower than the atmospheric partial pressure of 
carbon dioxide. The ratios of components of the carbonate system established in 
the period 1960 to 1990s determined favourable conditions for the absorption of 
carbon dioxide from the atmosphere by Black-Sea waters, which is typical of the 
open parts of seas at middle latitudes. However, the increase in TCO2 and in the 
equilibrium partial pressure pCO2, as well as the decrease in the pH values and, what 
is especially important, rapid variations of these parameters observed in the 1960–
1990s can be regarded as extremely negative trends in the transformations of the 
carbonate system of Black-Sea waters. As an evident result of long-term variations 
of the carbonate system, one can mention a significant decrease in the ability of the 
Black Sea to absorb carbon dioxide from the atmosphere. The increase in its 
equilibrium partial pressure in the surface layer observed in the 1960–1990s 
resulted in an almost twofold decrease in the ability of the Black Sea to absorb 
carbon dioxide from the atmosphere. Another extremely negative trend is the 
decrease in pH values. The most significant decrease in pH values was recorded in 
the upper part of the suboxic layer (  < 15.5). On the average, it was equal to 0.15. 
This caused an at least twofold decrease in the concentration of carbonate ions and 
a significant decrease in the level of saturation of waters with calcium carbonate. 

 

 
Figure 3. Long-term variations of the pH values (a) and total alkalinity (b) from 

(Moiseenko et al., 2011) 
 

An attempt to assess the rate of acidification of the Black sea upper layer in 
20th century using historical data of only pH measurements since 1924 has showed 
that statistically significant century-scale acidification cannot be extracted, while 
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decadal-scale reduction of pH has been really observed in 1960’s and between 1980 
and 2000 in spite of high noise level and intense interannual pH variability 
(Polonsky, 2012). The rate of acidification for these periods reached 0.4 (0.2) pH 
units per decade at the surface (10 m depth). The scientist concludes that such high 
level of acidification of the Black sea upper layer is not only due to the rise of carbon 
dioxide concentration in the atmosphere, but also connected with natural quasi-
periodical decadal-scale intensification of upward motions in the low-pH subsurface 
layer of the Black sea. 

The data from the Romanian coastal zone of the Black Sea showed that during 
the year the water pH is fluctuating between 7.37 – 8.58 under the more intense 
biological processes influence in coastal area, in the layer of 0-10m and under the 
physical-chemical phenomena. There are 2 seasons: the cold one (November to 
March), when the values are lower, and the warm season (April to October) when 
the pH values are reaching maximum values (Romanian “Report on the State of the 
Marine and Coastal Environment in 2012“). 

In the water layers, pH is following the decreasing gradient of the depth, with 
considerable variations near the coast.  

 
Figure 4. pH distribution in water depth in spring – summer 2010 - 2011, East 

Constanta 
 

Long-term research in the Sevastopol Bay showed that in 1998–2005 the 
partial pressure of CO2 in waters of the Sevastopol Bay increased both in the surface 
and bottom layers. Nevertheless, the bay absorbs carbon dioxide from the 
atmosphere in all seasons of the year, which is explained by the extensive delivery 
of nutrients of the anthropogenic origin in the bay. The summer period is 
characterised by a noticeable increase in the concentration of dissolved carbon 
dioxide in the bottom layer of water. This is explained by the fact that the flux and 
rate of oxidation of the organic matter attain their maximum values and the 
intensity of water exchange is minimum in summer. Nevertheless, the partial 
pressure of CO2 in the surface layer of water remains lower than the atmospheric 
level (Ignatieva et al., 2008).  

Newer research showed that the surface waters still absorb carbon dioxide 
from the atmosphere but this ability has decreased by 20% from 2001 to 2015 
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(Orekhova et al, 2016). The content of Dissolved Inorganic Carbon (DIC) and pCO2 for 
1998 – 2015 has increased. DIC changes are below 1% and statistically insignificant. 
However, a significant increase of pCO2 in the bottom and the surface layers (2 and 
17% respectively) in line with decreasing pH (acidification) have been traced, 
indicating anthropogenic pressure. Seasonal oscillations are far more pronounced, 
as compared to inter-annual trends, and reveal extremes for appearance of oxygen 
minimum zones. This results in negative consequences for the ecosystem, but these 
consequences for the Sevastopol Bay’s ecosystem remain reversible, and the 
carbonate buffer system can be restored yet. The ability of the bay to consume CO2 
from the atmosphere and preserve organic carbon in sediments will expire within 
the next few several years and the ecosystem will experience irreversible 
catastrophic changes (Orekhova et al, 2016). 

A modelling for the Western Black Sea by Turkish scientists is aimed to 
investigate the CO2 system and to evaluate the carbon sink capacity of the Black Sea. 
The calculated results for air-sea CO2 fluxes indicate that for 2001 early summer 
time Black Sea acted as a sink for atmospheric CO2 and for 2003 early spring time 
the Black Sea acted both as a sink and a source for atmospheric CO2 (Cengiz, 2016). 
Another modelling study from Turkey is aimed to find the link between 
eutrophication and acidification in the Black Sea. Simulation results show that the 
upper 20m layer possesses an almost zero annual-mean surface CO2 flux (0.04 mmol 
m-2 d-1) into the sea albeit strong seasonality in the carbonate system properties 
driven by changes in temperature, mixing, and biological processes. The average 
pCO2 concentration in this layer exceeds pCO2 atm most of the year due to the 
contribution from its internal resources. Below 30m, heterotrophic processes 
generate a strong transitional zone with a thickness of 20m. This is followed by a 
roughly 50m thick layer extending down to the anoxic interface with maximum pCO2 
and DIC concentrations and minimum pH values. Nitrogen and phosphorus peaks 
and oxygen depletion also characterize this layer. These subsurface properties show 
marked differences in respect to their structures compared to early-eutrophication 
phase simulations (Salihoglu et al., 2014). 
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4. POSSIBLE EFFECTS ON THE BLACK SEA ECOSYSTEMS AND 
LOCAL COMMUNITIES 

 
 
The Black Sea is a very unique sea, most notably having the largest anoxic 

waters of the world and associated ecosystem features. Although there is a lack of 
detailed information on the possible impact of acidification, many biota components 
of the Black Sea could be susceptible to increased pH, which could cause ecological, 
economic and social problems in this region (Lacoue-Labarthe et al., 2015).  

There are around 5,000 different species living in the Black Sea (EMBLAS, 
2019). Very little published information is available on the effects of climate change 
or, more specifically, global warming on marine organisms in the Black Sea. The 
knowledge base on levels and impact of ocean acidification from the Black Sea is 
even poorer compared to those general studies on global warming. Therefore, direct 
evidences on the effects of acidification on Black Sea biota could not be presented 
here. However, the results of relevant studies from other regions on specific groups 
of marine organisms, which are also abundant in the Black Sea, will show the 
potential risk of ocean acidification on its ecosystem components. Many taxonomic 
groups present in this semi-enclosed sea are also found in high latitude regions 
where many OA studies are presently focused. It is also agreed that one of the main 
consequences of an elevated CO2 in seawater will be a reduction in the rate of 
biogenic calcification in many marine species with shells and skeletons composed of 
a variety of carbonate minerals: high-Mg calcite (coralline algae), aragonite 
(pteropods and corals, some foraminifera and bivalves), calcite (coccolithophores, 
foraminifera, some bivalves), as well as mixed-layered calcite and aragonite (certain 
bivalves) (Briand et al., 2008). 

Among the calcareous organisms, the single-celled phytoplankton, 
coccolithophores are one of the most abundant group of organisms both globally 
and in the Black Sea ecosystems. They are abundant in phytoplankton and are 
responsible for a large part global oceanic carbonate production (Beaufort et al., 
2011) and hence play an important role in even regulating the global climate. 
Emiliania huxleyi is dominating species of coccolithophorids in the Black Sea. The 
effects of changes in coccolith calcification on carbon export in the Black Sea are 
completely unknown but most studies on these organisms have demonstrated a 
decline in their calcification rates at low pH (Silkin et al., 2009). 

There are more than 100 species of foraminifera in the Black Sea and they are 
also an important component of the zooplankton and meiofauna in muddy 
sediments in many coastal and deep-water areas (Kravchuk, 2010). Changes in 
foraminifera shell weight due to changes in surface water carbonate chemistry have 
also been suggested by several studies in other regions (Barker and Elderfield, 
2002). Data suggest the possibility of an OA induced ecological extinction of benthic 
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foraminifera by 2100; similar to extinctions observed in the geological past (Uthicke 
et al., 2013). 

 

 
Figure 5. CO2 and temperature affects the morphology and calcification of the 

coccolithophorid Emiliania huxleyi  
(https://ictaweb.uab.cat/noticies_news_detail.php?id=3241) 

 
Several studies have shown significant negative impacts of decreasing pH on 

mollusc species (Mytilus galloprovincialis, Ostrea edulis etc.), which are ecologically 
and economically very important for the healthy functioning of the Black Sea 
ecosystem too (Gazeau, 2008). Being a key element of ecosystems in the Black Sea, 
bivalve molluscs provide a habitat for species (form biogenic reefs) and filter 
seawater, affecting the cycle of nutrients. They are also an essential part of the food 
chain. The extinction of these species can pose serious threats to the ecosystems of 
the Black Sea. 

Some recent studies claim that ocean acidification, along with global 
warming, could lead to higher abundances of jellyfish type organisms in the next 
century (Attrill et al., 2007). Jellyfish are predators that feed on planktonic 
organisms (zooplankton, fish larvae, and eggs), so changes in their numbers can 
directly and indirectly affect the Black Sea ecosystems, primarily fish productivity. 

At the same time, the growing rate of acidification, together with global 
warming, pollution and the destruction of biotopes, lead to significant negative 
consequences for the ecosystems of the Black Sea, both at the level of individual 
species and at the level of biotopes and the entire biodiversity of the sea. 

 
Socioeconomic impacts associated with the decline of the following 

ecosystem services are expected: 
 Food: Ocean acidification has the potential to affect food security. 

Commercially and ecologically important marine species will be impacted, although 
they may respond in different ways. Molluscs such as oysters and mussels are 
among the most sensitive groups.  
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 Tourism: This industry could be severely affected by the impacts of 
ocean acidification on marine ecosystems.   

 Carbon storage and climate regulation: The capacity of the ocean to 
absorb CO2 decreases as ocean acidification increases. More acidic oceans are less 
effective in moderating climate change. 

 
Black Sea coastal zone population is nearly 39 million people and livelihood of 

thousands of people depends on its goods and services (BSSoE, 2008). The fishery 
sector plays an important role both in supplying the increasing protein demand of 
the growing population and by contributing to the gross domestic product through 
local employment. Up to 150,000 people depend directly on the Black Sea fisheries 
(Knowler, 2008, FAO Report, 2017). 

Although the physiological response of commercially important fish to 
increased temperature has been well documented, there is little known of the 
effects of ocean acidification. However, research demonstrated that in certain 
conditions elevated temperature and carbon dioxide may create synergistic adverse 
effects (Enzor et al., 2013). In this regard, commercially important species that are 
adversely affected by global warming may be even more vulnerable to acidification. 

The special FAO report showed that in the Black Sea the water warming 
impacts biodiversity and physiology of fish species, affects migration and schooling 
behaviour, availability of appropriate food sources, the processes of fattening and 
reproduction, modulating the fish stock dynamics and productivity (FAO Report, 
2017).  

Anchovy is the most abundant commercially important fish. The sea surface 
temperature is recognized as a key factor, affecting reproduction, 
feeding/metabolism and growth rate, conditioning migration and schooling 
behaviour (Gursalan et al. 2014). For example, water temperature should drop to 
the 16-17 °C in order anchovy to form schools, providing economically worthwhile 
fishing (Erdogan et al, 2009). Consequently, projected warming will affect fish 
catchability, with direct consequences for the fishing season length and intensity. 
The Black Sea sprat is of second rank as a fishery target. The water temperature and 
food supply are recognized as the most significant environmental factors, controlling 
sprat population (Shulmann et al. 2011). Among the demersal resources, the most 
valuable fish, in terms of price per kg, is turbot. Additionally to overfishing, the 
decrease in turbot corresponds in some degree to decrease in the oxygen levels in 
bottom layer (Prodanov et al. 1997). 

Forecasts how climate change and acidification will impact certain species and 
the interspecies relationships are still highly uncertain. Nevertheless, it is very 
important to study the influence of these factors both on biodiversity in the Black 
Sea in general, and on commercially important species on which local communities 
depend. 
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5. OCEAN ACIDIFICATION IN THE EXISTING BLACK SEA 
REGIONAL POLICY DOCUMENTS 

 
As a semi-enclosed sea, the Black Sea has a very limited connection with the 

Mediterranean Sea, which, in turn, is connected to the Atlantic Ocean and all other 
seas and oceans on the world’s surface. This isolation, combined with highly 
dynamic oceanography within basins, implies that effective responses to ongoing 
changes require intensified regional cooperation not only on, among other things, 
better coordinated monitoring but also on forecasting of changes, adaptation, 
mitigation and increasing awareness of the Black Sea with respect to acidification.  

The United Nations General Assembly (UNGA) adopted the 2030 Agenda for 
Sustainable Development in September 2015, and, more specifically, stand-alone 
Sustainable Development Goal 14 (SDG 14) — “Life below Water" —and its target 
14.3, which calls on to minimise and address the impacts of ocean acidification, 
including through scientific cooperation at all levels. SDG 14.3 also requires 
countries to set up representative monitoring stations for measuring average 
marine acidity (pH). With the adoption of UN Sustainable Development Goal 14 all 
world's countries agreed to take relevant measures against ocean acidification. 
However, to date, no concerted action has been taken at the regional level by the 
Black Sea countries. 

The EU Strategy on adaptation to climate change, adopted by the European 
Commission in April 2013 (EC-COM 2018), sets out a framework and mechanisms for 
preparedness for current and future climate impacts to a new level.  

The United Nations Framework Convention on Climate Change and the Paris 
Agreement (2016) set out a global framework for action to put the world on track to 
avoid the adverse effects of climate change by limiting global warming, and 
highlighted the increasing recognition of the link between oceans and climate. 

Global Ocean Acidification Observing Network’s Implementation Strategy 
aims to include expanding ocean acidification observations, closing human and 
technology capacity gaps, connecting scientists regionally and globally, and 
informing about the impacts of ocean acidification. 

In order to check the level of reflection of the problem of acidification in the 
regional documents on the Black Sea, we have reviewed the majority of the existing 
policy-documents related to the Black Sea.  

After reviewing the documents, it can be concluded that the existing 
Bucharest Convention/Black Sea Commission documents do not address the 
problem of acidification. Bucharest Convention only mentions pollution from the 
atmosphere, with the following general content: "The Contracting Parties shall 
adopt laws and regulations and take individual or agreed measures to prevent, 
reduce and control pollution of the marine environment of the Black Sea from or 
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through the atmosphere, applicable to the airspace above their territories and to 
vessels flying their flag or vessels and aircraft registered in their territory."  

Annex III and Annex IV to the Bucharest Convention refer to protocols 
regarding pollution through to the atmosphere and the regulation of emissions, 
respectively. These may be regarded as an indirect actions to address the problem 
of acidification. 

The issue of climate change is mentioned only in the Strategic Action Plan for 
the Environmental Protection and Rehabilitation of the Black Sea (2009). Target 13 
of Annex III relates to the "Assessment of climate change impacts on Black Sea 
ecosystem and sustainable development of coastal population". The main output of 
this action will be to improve the knowledge of the effects of climate change in the 
region. 

It is worth noting three joint declarations produced by the Black Sea Economic 
Cooperation (BSEC). The Joint Declaration on Combating Climate Change in the 
wider Black Sea area adopted at the Meeting of the Council of Ministers of Foreign 
Affairs of the BSEC (2010) recognised problems associated with climate change. The 
Joint Declaration adopted at the meeting of the Ministers in charge of 
Environmental Protection of the BSEC Member States in May 2011 also reiterated 
the need for collaborative work with national, regional and international 
organizations towards environmental protection and a sustainable future for the 
Black sea region. The Joint Declaration on Climate Change and Green Economy 
adopted at the meeting of the Ministers in charge of Environmental Protection and 
the Heads of Delegations of the BSEC Member States (2012) shapes a climate 
change response through adaptation and green economy. However, none of these 
Declarations contains a single mention of ocean acidification but only general 
information about climate change in the region. 

The most recent regional document on the marine environment adopted the 
Ministerial Declaration on a Common Maritime Agenda for the Black Sea (CMABS) 
(2019), attended by the six coastal countries (Romania, Bulgaria, Ukraine, Russia, 
Georgia & Turkey) and Moldova. In Annex I to the document, climate change and its 
results, including acidification, are identified as one of the challenges faced by the 
Black Sea.  

The problem of acidification is not specifically mentioned in the most recent 
document – the Strategic Research and Innovation Agenda (SRIA 2019) of the 
CMABS, which contains only general observation, monitoring and mitigation goals to 
address the scientific and socio economic challenges of the Black Sea regarding the 
climate change. 
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6. WHAT CAN WE DO: SUGGESTIONS FOR MITIGATION AND 
ADAPTATION 
 

Ocean Acidification (OA) is a threat to marine ecosystems. OA cannot be 
stopped and harmful effects cannot be avoided without mitigation measures of 
CO2. In the meantime, we can, however, do everything we can to protect our seas 
from multiple stressors that act together, considering also OA.  
 
Mitigation measures 

Fossil fuels are the main source of greenhouse gas emissions. CO2 emissions 
cause simultaneously the greenhouse effect (resulted in global warming) and ocean 
acidification. Both phenomena negatively affect biodiversity and cause even more 
damage when they 'act' together (Figure 6). 

 

 
Figure 6. Risk for marine species impacted by ocean acidification only or 

additionally by warming extremes (http://eprints.uni-
kiel.de/40047/1/BIOACID_brochure_e_web.pdf) 

 
Effective ocean acidification policies should induce a fast phase-out of fossil 

fuels because of their significant role in creating the problem. It is necessary to set 
new ambitious greenhouse gas emissions reduction goals, and in particular, to 
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submit a revised Nationally Determined Contribution (NDC) under the Paris 
Agreement as soon as possible.  

Adopting national and/or regional policies on transition to 100% renewable 
energy by 2050 will allow for a significant reduction in greenhouse gas emissions. 
The economic and technical feasibility of the transition has been proven by a 
number of studies conducted by international research and public organisations.  

There is an urgent need to reduce coastal sources of CO2 emissions. Human 
activities in coastal wetland ecosystems, whether leading to the sequestration and 
storage of carbon and acting as carbon sinks (e.g. through conservation efforts), or 
leading to GHG emissions and acting as carbon sources (e.g. through shrimp farms), 
can and should be included in countries’ climate change mitigation efforts and 
national GHG reports, respectively. The sustainable management, conservation and 
restoration of coastal and marine ecosystems are vital to support the continued 
provision of carbon sequestration and other ecosystem services on which people 
depend. There is a need to properly manage particular habitats that act as critical 
natural coastal carbon sinks – e.g. sea grass beds, seaweed 'forests,' marshes, etc. 

 
Adaptation measures 

 
The protection of ecosystems in our seas from other stressors provides 

synergy with regard to OA. Protection measures that specifically consider OA can 
furthermore provide explicitly tailored solutions, such as Marine Protected Areas 
(MPAs) that are allocated appropriately. Scientific studies on the designation of such 
refugia should be strongly encouraged, and knowledge gaps should be identified 
and addressed. Concurrently, existing suggestions for useful approaches deserve 
attention. For instance, protecting macrophyte beds (macroalgae and sea grass) can 
offer a temporal refuge for calcifying organisms otherwise susceptible to OA. Local 
or regional actions must happen in tandem with other actions, such as alleviation of 
overfishing and eutrophication to mitigate the on-going loss of bladder wrack and 
other macrophytes. It is also vital to support sustainable practices in the MPA and so 
called 'refugia zones' (no trawling, oil exploration, overfishing etc. in such areas) 

The protection of marine ecosystems in Europe has several existing 
instruments. The Marine Strategy Framework Directive (MSFD) could guide the EU's 
Member States to a coordinated view on marine protection in general and ocean 
acidification in particular.  

The protection of marine ecosystems under the Natura2000 network (in the 
EU's Member States) and Emerald Network (in non-EU countries) can provide a 
backbone for a coherent protection of biodiversity to also increase resilience against 
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OA. Initiatives from local stakeholders, including those from municipalities and even 
private property owners, can be found within these MPAs, and some of the MPAs 
are based on the joint efforts of local initiatives to be part of UNESCO’s World 
Network of Biosphere Reserves.  

Local initiatives to protect marine areas must be strongly encouraged. At the 
same time, local initiatives need research and planning support. European-wide 
governance is of the utmost importance. Recognizing OA together with other 
stressors in overarching governance of marine protection provides the opportunity 
to create science-based transnational marine corridors that increase the resilience 
of our seas. At present, however, there is a dire need to improve the use of 
governed marine instruments in Europe. 

Restoration measures are no less important than conservation and should be 
implemented simultaneously. Restoration is important not only to increase the 
ability of coastal ecosystems to be a carbon sink (as we have mentioned in the 
mitigation section) but also to improve the resilience of degraded ecosystems and 
their ability to adapt.  

Disruptions to the delivery of marine ecosystem services caused by ocean 
acidification and climate change and pollution of the marine environment may 
affect the economy of coastal communities and could also impact food security and, 
in turn, result in increased poverty. To proactively mitigate and adapt to the impact 
of ocean acidification on coastal communities, it is important for national 
governments to assess the economic value of their coastal resources. The 
adaptation strategies should consider support of vulnerable communities and 
practices (e.g. fishing, aquaculture, tourism etc.), which might be affected by OA. 

The adaptation to ocean acidification is an urgent need and should be 
highlighted in the Adaptation strategies at the international, national and local 
levels. It is necessary to conduct further research into ocean acidification effects to 
ensure the implementation of timely and adequate adaptation measures. 

 
Recommendations for the Black Sea region to deal with Ocean Acidification 

 
In addition to the common measures under global agreements, such as 

developing ambitious, urgent plans to cut emissions drastically, preparing for 
adaptation to global warming and actions directed at mitigation, the following 
recommendations are important specifically for such a region as the Black Sea on a 
basin scale with the participation of all coastal countries. 

● to help improve the understanding of impacts of ocean acidification by 
promoting research in this field; 

● to set up a network of monitoring stations all along the Black Sea coastal 
countries to measure pH and seawater carbonate chemistry data of Black Sea 
waters using a harmonised methodology; 
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● to help build links between economists and scientists necessary to evaluate 
the socioeconomic extent of impacts and costs for action versus inaction; 

● to help improve communication between policymakers and scientists so that 
i) new policies are based on current findings and ii) scientific studies can be 
widened to include the most policy-relevant matters. 
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7. Fact Sheet for school students and proactive citizens 
Ocean acidification 

 
“Minimize and address the impacts of ocean acidification,  

including through enhanced scientific cooperation at all levels” 
Target 3 of the UN Sustainable Development Goal Life below Water 

 
 

 
Background 

 
Acidification refers to a reduction in the pH of the oceans caused primarily by the uptake of CO2 
from the atmosphere, although it may be caused by other chemical additions or subtractions from the 
ocean.  
 
Ocean acidification is expected to have an impact on ocean species to varying degrees: 
 

 Photosynthetic algae and sea grasses may benefit from higher CO2 levels in the ocean.  
 Studies have shown that a more acidic environment has a dramatic effect on some calcifying species. Calcium 

carbonate minerals are the building blocks for the skeletons and shells of many marine organisms. The acidification 
of seawater leads to a reduction in the concentration of carbonate ions, which makes building and maintaining 
shells and other calcium carbonate structures difficult for calcifying organisms such as oysters, clams, sea urchins, 
shallow water corals, deep sea corals, and calcareous plankton. 

 These changes in ocean chemistry can also affect the behaviour of non-calcifying organisms. The ability of certain 
fish to detect predators decreases in more acidic waters. When these organisms are at risk, the entire food web may 
also be at risk.  

 Ocean acidification affects all the world’s oceans, including coastal estuaries and waterways. Many economies are 
dependent on fish and shellfish, and people worldwide rely on food from the ocean as their primary source of 
protein.  

 
Ocean acidification is thus an emerging global problem. Over the last decade, many studies have focused on its 
potential impacts. Predictions suggest that, in the future, the oceans will continue to absorb CO2 and become even more 
acidic. Estimates of future CO2 levels indicate that, by the end of this century, the surface waters of the ocean could be 
nearly 150 percent more acidic, resulting in a pH level that the oceans have not experienced for more than 20 million 
years. 
 
With the pace of ocean acidification accelerating, scientists, resource managers and policy makers recognise the urgent 
need to strengthen the scientific basis of decision making and action. 

 
 

 

Chemistry Lesson at the Beach - https://www.youtube.com/watch?v=krC9gsLMw3U (3:35 min) 
This video is appropriate for elder students. 
Activities: Form three groups to trace and explain in more detail the three components (A,B and C) 
presented in the video: A/ acidification, B/ bioavailability, and C/ calcifiers 

 
The effect of ocean acidification on marine sounds - https://www.youtube.com/watch?v=xy6ogOyO-5E   (1:39 min) 
This video is appropriate for younger students. After the demonstration of the video, discuss, using the following 
questions: 
 Is the ocean a silent place? 
 Which sea animals produce sounds? 
 Why different sounds below water are important for small fish? 
 Which are the sources of CO2 emissions? 
 What did the scientific investigations show? 
 What are the consequences of acidifying seawater for sound-producing animals? 
 
Ocean acidification and biodiversity impacts - https://www.youtube.com/watch?v=GL7qJYKzcsk  (12 :12 min) 
This video is suitable for teachers and more curious students who show a strong interest in the process of acidification 
of the oceans. The availability of automatic translation into different languages facilitates the perception of this part of 
the information, which is of a more expert nature. 
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Role-
playing 

Based on the Ocean Acidification and Biodiversity Impacts video, as well as additional research on the 
Internet, volunteers could take on the roles of different scientists: chemists, biologists, ichthyologists, 
oceanographers, etc. with the task to organize an impromptu conference where they have to present, in 
more detail, different impacts of acidification on the marine life. 

 
 
 

 
Experiment 

The experts say that the oceans absorb around 40-50 percent of the carbon dioxide from the 
atmosphere. That is the reason why oceans are often called "the planet’s biggest carbon sink." Step by 
step, the oceans are becoming increasingly acid due to increased greenhouse gas emissions, including 
carbon dioxide. 
 
Try to simulate the impacts of ocean acidification on calcareous skeletons by placing a raw chicken 
egg into a glass with vinegar (eggshell contains calcium carbonate) and leave it for 2 to 3 days. 

 
 

 
Brainstorming 

 
Discuss the following questions:  
 Acidification is no longer regional but global issue. Which one of your daily habits 

increases concentration of carbon dioxide and thus the ocean acidification?  
 What activities need to be implemented at the local and global levels to reduce further 

ocean acidification?  
 
How would you explain the message of Carol Turley, scientist from the Plymouth Marine Laboratory: “Ocean 
acidification – it is the silent storm. It can’t be heard, it can’t be felt, it can’t be seen, but scientists are measuring it.” 
 
 

 
Research 

Coral reefs and ocean acidification 
Corals are colonies of tiny individual animals called polyps, which have soft bodies and stinging 
tentacles. In tropical corals, the polyps are protected by a hard, external skeleton made of calcium 
carbonate. Coral reefs cover less than one percent of the sea floor but are home to 25 percent of marine 
species. Due to the increased acidification of the ocean, all coral reefs are in jeopardy. Find in the 
available literature and on the Internet the description of the impact of this "rainforest of the sea" on 
wildlife if corals get extinct due to the increased acidification of the ocean water. 

 
Some URLs that can serve as a starting point when searching for more information: 
https://climateinterpreter.org/content/effects-ocean-acidification-coral-reefs 
https://usa.oceana.org/effects-ocean-acidification-corals 
https://www.nationalgeographic.org/media/acidification-reefs/ 
 

 

 
Share the ocean acidification problems with other members of your family.  
 

Discuss: 
 How can an individual impact to preserve oceans and seas? 
 Can this problem be overcome by developing an industry that does not pollute the environment, or maybe we 

should not prevent the development?  
 
 
How can you change your lifestyle to reduce your impact on increase in ocean acidification? 
 


