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Background 
The German Environment Agency has commissioned work on developing BAT/BEP with respect to pollution 
by nutrients and hazardous substances for sustainable aquaculture operations in the Baltic Sea region. The 
work was carried out by the AquaBioTech Group in cooperation with EUCC (Küsten Union Deutschland e.V.).  

The report includes an overview of aquaculture in the Baltic Sea region that is partly based on a questionnaire 
survey conducted by the AquaBioTech Group in the HELCOM CG Aquaculture. Furthermore, the report makes 
proposals for BAT/BEP to avoid or minimise nutrient pollution from aquaculture, specifically looking at the 
topics discharge limits, waste management practices and fish feed composition. The report also proposes 
BAT/BEP to avoid or minimise the contamination by hazardous substances, specifically addressing the topics 
veterinary medicines, antifouling and cleaning and disinfection agents. Finally, the report proposes 
monitoring and reporting requirements. While the focus of the report is on marine aquaculture operations, 
land-based aquaculture operations are also considered. 

The recommendations made in the report concerning BAT/BEP to avoid or minimize the pollution by 
nutrients and hazardous substances can serve as a basis for developing BAT/BEP under HELCOM 
Recommendation 37/3. 

 

Action requested 
The Meeting is invited to: 

− take note and discuss the content of the report; 
− use the recommendations concerning BAT/BEP to avoid or minimize the pollution by nutrients and 

hazardous substances in the development of BAT/BEP under HELCOM Recommendation 37/3; 
−  agree that further detailed comments to the report should be sent to Dr. Wera Leujak 

(wera.leujak@uba.de) by 31 August 2020. 

 

mailto:wera.leujak@uba.de


57TTEXTE 

.../2019 
 

German Environment Agency 

Developing BAT/BEP 
with respect to 
pollution by nutrients 
and hazardous 
substances for 
sustainable aquaculture 
operations in the Baltic 
Sea region  
 
Final report 
 



 

 
 

  

 



 

 
TEXTE .../2019 

Ressortforschungsplan of the Federal Ministry for the 
Enviroment, Nature Conservation and Nuclear Safety  

Project No. (FKZ) 20 554-2 / 13 
Report No. (UBA-FB) XXX 

Developing BAT/BEP with respect to 
pollution by nutrients and hazardous 
substances for sustainable aquaculture 
operations in the Baltic Sea region  
Final report 

By 
 
Dr. Steven Prescott, AquaBioTech Group 

Kyra Hoevenaars, AquaBioTech Group 

Lena Schenke, AquaBioTech Group 

Severine B. Larroze, AquaBioTech Group 

Zoe J. Fletcher, AquaBioTech Group 

Tamás Bardócz, AquaBioTech Group 

Dr. Clara Piquer, AquaBioTech Group 

Dr. Marcelo R. Vera, AquaBioTech Group 

Dr. Alexis J. Conides, AquaBioTech Group 

 

In cooperation with 

Nardine Stybel, EUCC - Die Küsten Union Deutschland e.V. 

Theresa Horn, EUCC - Die Küsten Union Deutschland e.V. 

 

AquaBioTech Group, Central Complex, Naggar Street, 
Targa Gap, Mosta, MST 1761, Malta G.C. 

 

On behalf of the German Environment Agency 



 

 

Imprint 

Publisher 
Umweltbundesamt 
Wörlitzer Platz 1 
06844 Dessau-Roßlau 
Tel: +49 340-2103-0 
Fax: +49 340-2103-2285 
buergerservice@uba.de 
Internet: www.umweltbundesamt.de 

/umweltbundesamt.de 
/umweltbundesamt 

Report performed by: 
AquaBioTech Group  
Central Complex, Naggar Street 
Targa Gap, Mosta 
MST 1761 
Malta 

Report completed in: 
June 2020 

Edited by: 
Section II 2.3 “Protection of the Marine Environment” 
Wera Leujak 
Ulrich Claussen 
Ulrike Pirntke 
Hans-Peter Damian 

Publication as pdf: 
http://www.umweltbundesamt.de/publikationen 

ISSN 1862-4804 

Dessau-Roßlau, June 2020 

The responsibility for the content of this publication lies with the author(s). 

Disclaimer: The recommendations  for BAT/BEP for sustainable aquaculture operations 
in the Baltic Sea in relation to  the pollution  by nutrients and  hazardous substances in 
this report  are those of the AquaBioTech Group and do not  represent the opinion of 
the German Environment Agency on this matter. 

mailto:buergerservice@uba.de
mailto:buergerservice@uba.de
https://www.umweltbundesamt.de/sites/default/files/medien/1410/dokumente/www.umweltbundesamt.de
http://www.umweltbundesamt.de/publikationen


57TTEXTE Developing BAT/BEP with respect to pollution by nutrients and hazardous substances for sustainable 
aquaculture operations in the Baltic Sea region  –  Final report 

5 

 

Abstract: Developing BAT/BEP with respect to pollution by nutrients and hazardous substances for 
sustainable aquaculture operations in the Baltic Sea region  

This report delivers recommendations for Best Available Technologies (BAT) and Best 
Environmental Practices (BEP) to minimise the pollution by nutrients and hazardous substances 
entering the Baltic Sea from marine and land-based aquaculture facilities.  

Nutrient enrichment can cause changes in faunal and microbial community composition, 
accumulation in sediment and alterations of its chemistry, and in severe cases, anoxia. This can 
be an issue for the Baltic Sea region where eutrophication is widespread. Especially open 
marine-based cage systems cause reasons for concern since they have no physical barrier to 
prevent nutrients from being emitted directly into the surrounding environment. In land-based 
systems nutrient discharge can and should be controlled.  

To counteract environmental impacts, HELCOM recommendation 25/4 set annual average 
nutrient discharge limits for 1 kg of live fish which is ineffective if there is no limitation to the 
biomass that can be produced. Therefore, different approaches are recommended to limit 
nutrient discharges, with setting maximum allowable biomass production as the most effective 
method proposed. Alternatively, a maximum allowable content of N and P in feed or maximum 
allowable biological feed conversion ratio are recommended. Additionally, the nutrient related 
impacts of marine aquaculture can be mitigated and even avoided by siting farms in areas with 
suitable environmental characteristics, especially through the development of Aquaculture 
Management Zones (AMZ). Within AMZ, practices such as fallowing, moving of stock, and the use 
of hazardous substances can be coordinated to maximize their effectiveness and minimise risks 
to production and the environment. The use of extractive species should be considered to 
remove nutrients from the environment, however, the impact of extractive aquaculture and 
IMTA is uncertain and further research is needed before implementation. 

The main sources of nutrient discharge from aquaculture are aquaculture wastes, such as 
mortalities and processing wastes, and fish-faeces and uneaten feed. Proper waste management 
can contribute to reducing environmental impacts through waste recycling as well as 
valorisation of wastes. Optimised fish feed composition, the amount of feed and feeding methods 
can also reduce the environmental impact. 

Hazardous substances such as veterinary medicines, antifouling coatings, and cleaning and 
disinfection products can make their way into the surrounding marine environment and cause 
negative impacts. The best practice for the use of veterinary medicines in aquaculture is to 
utilise preventative methods, such as implementing hygiene procedures, and the use of vaccines, 
first. Nettings made of novel materials requiring less or no antifouling treatment as well as 
emerging antifouling strategies such as copper free coatings should be preferred when relevant. 
Cleaning and disinfection agents are mainly used in land-based aquaculture, where they can 
easily be controlled and monitored. 
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Kurzbeschreibung: Entwicklung von bester BVT/BEP hinsichtlich Nähr- und Schadstoffeinträgen für 
eine nachhaltige marine und landbasierte Aquakultur im Ostseeraum 

Dieser Bericht enthält Empfehlungen für Beste Verfügbare Technik (BVT; BAT – engl. Best 
Available Technology)/Beste Umweltpraxis (BUP; BEP – engl. Best Environmental Practice), um 
die Verschmutzung durch Nähr- und Schadstoffe, die aus marinen und landgestützten 
Aquakulturanlagen in die Ostsee gelangen, zu minimieren.  

Die Anreicherung von Nährstoffen kann zu Veränderungen in der Zusammensetzung der Fauna 
und der mikrobiellen Gemeinschaften, zu Anreicherung und Veränderungen in der 
Sedimentchemie und in schweren Fällen zu Anoxie führen. Dies kann ein Problem für die 
Ostseeregionen darstellen, wo Eutrophierung weit verbreitet ist. Besonders offene Käfigsysteme 
im Meer stellen hierbei ein Problem dar, da diese keine physische Barriere haben, die 
verhindert, dass Nährstoffe direkt in die Umgebung gelangen. In landbasierten Systemen kann 
und sollte der Nährstoffeintrag kontrolliert werden. 

Um den Auswirkungen auf die Umwelt entgegenzuwirken, hat die HELCOM-Empfehlung 25/4 
Grenzwerte für den durchschnittlichen jährlichen Nährstoffeintrag von 1 kg lebender Fische 
festgelegt. Dies erweist sich als unwirksam, da keine Begrenzung der zu produzierenden 
Biomasse vorgesehen ist. In diesem Bericht werden verschiedene Ansätze zur Begrenzung des 
Nährstoffausstoßes empfohlen, wobei die maximal zulässige Biomasseproduktion als 
wirksamste Methode vorgeschlagen wird. Alternativ wird ein maximal zulässiger Gehalt an 
Stickstoff und Phosphor im Futter oder ein maximal zulässiges biologisches 
Futterumwandlungsverhältnis empfohlen. Zusätzlich können die nährstoffbezogenen 
Auswirkungen der marinen Aquakultur durch die Platzierung von Zuchtbetrieben in Gebieten 
mit geeigneten Umweltmerkmalen gemildert und sogar vermieden werden, insbesondere durch 
die Entwicklung von Aquakultur-Managementzonen (AMZ). Innerhalb der AMZ können 
Praktiken wie Stilllegung, Umsetzen von Beständen und die Verwendung gefährlicher Stoffe 
koordiniert werden, um ihre Wirksamkeit zu maximieren und die Risiken für Produktion und 
Umwelt zu minimieren. Die Verwendung von extraktiven Arten sollte in Betracht gezogen 
werden, um Nährstoffe aus der Umwelt zu entfernen, jedoch sind die Auswirkungen der 
extraktiven Aquakultur und der IMTA ungewiss und weitere Forschung ist vor der Umsetzung 
erforderlich. 

Die Hauptquellen für die Nährstoffeinleitung aus der Aquakultur sind Abfälle, wie z.B. Mortalität 
und Verarbeitungsabfälle, sowie Fischexkremente und überschüssiges Futter. Eine 
ordnungsgemäße Abfallwirtschaft kann dazu beitragen, die Umweltauswirkungen durch 
Abfallrecycling sowie durch die Verwertung von Abfällen zu verringern. Auch eine optimierte 
Zusammensetzung des Fischfutters, die Menge an Futter und die Fütterungsmethoden können 
die Umweltauswirkungen verringern. 

Schadstoffe wie Tierarzneimittel, Antifoulingbeschichtungen sowie Reinigungs- und 
Desinfektionsprodukte können in die umgebende Meeresumwelt gelangen und negative 
Auswirkungen haben. Die beste Praxis für den Einsatz von Tierarzneimitteln in der Aquakultur 
besteht darin, zunächst präventive Methoden wie die Durchführung von Hygieneverfahren und 
den Einsatz von Impfstoffen anzuwenden. Netze aus neuartigen Materialien, die weniger oder 
gar keine Antifouling-Behandlung erfordern, sowie neuere Antifouling-Strategien wie 
kupferfreie Beschichtungen sollten, falls möglich, bevorzugt werden. Reinigungs- und 
Desinfektionsmittel werden hauptsächlich in der landbasierten Aquakultur verwendet, wo sie 
leicht kontrolliert und überwacht werden können. 
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Glossary  

Term Description 

Anoxia Depleted of dissolved oxygen. 

Aquaculture 
management zones 
(AMZ) 

Selection of an area designated for aquaculture production where the farming 
activities are managed according to the ecosystem approach to aquaculture.  

BAT/BEP Best Available Technology (BAT) are described as “the latest stage of 
development (state of the art) of processes, of facilities or of methods of 
operation which indicate the practical suitability of a particular measure for 
limiting discharges” (HELCOM, 1991). BAT include best technology and 
techniques. 

Best Environmental Practices (BEP) are defined as “the application of the most 
appropriate combination of measures” (HELCOM, 1992). 

Biocide A chemical substance which is used to control the growth or destroy living 
organisms such as biofouling species.  

Biofouling & antifouling Biofouling is the “growth of unwanted organisms on the surfaces of man-
made structures immersed in the sea, which has economic consequences” for 
the maritime and aquaculture industry (Woods Hole Oceanographic 
Institution, 1952). Antifouling is defined as strategies to prevent, control and 
mitigate biofouling. 

Biowaste Waste composed of pure organic origin derived from living organisms. In the 
aquaculture industry this waste mainly refers to mortalities from cages or 
tanks and remnants of processing. 

Coagulation-flocculation A process used in water treatment to separate solid and dissolved compounds 
from water by adding compounds to promote the clumping of flocs which can 
then be easily removed from the water. 

Ecosystem approach to 
aquaculture (EAA) 

A conceptual framework for guiding processes that integrate aquaculture 
within the wider ecosystem by promoting “sustainable development, equity, 
and resilience of interlinked social-ecological systems” (FAO, 2010). 

Ecological carrying 
capacity 

The aquaculture production that can be sustained by an ecosystem without 
“leading to significant changes to ecological processes, species, populations, 
or communities in the environment.” (Byron and Costa-Pierce, 2013). 
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Term Description 

Environmental impact 
assessment (EIA) 

The assessment of the envi-ronmental effects of those public and private 
projects which are likely to have significant effects on the environment (EU, 
2011) 

Eutrophication A condition of nutrient over-enrichment caused by a surplus of nitrogen and 
phosphorus in the sea which threatens biodiversity by causing oxygen 
depletion, phytoplankton blooms, changes in species composition and a 
variety of other changes in the ecosystem (HELCOM, 2018). 

(Nutrient) Extractive 
aquaculture species  

A group of species cultivated in aquaculture which feed on nutrient containing 
seston. The portion of nutrients digested and retained are removed from the 
aquatic environment upon harvest. Extractive species include filter feeders 
(e.g. shellfish) and seaweeds. 

Extruded feed Feed cooked under high pressure with high temperatures for a short time 
hereby improving degradation of nutrients while improving digestibility. 

Fallowing A period following the production cycle during which no biomass production 
occurs. The is adopted as a measure to ensure that discharges of nutrients and 
therapeutants are kept within the assimilative capacity (carrying capacity) of 
the surrounding environment. 

Fed species Within the context of IMTA, fed species is a term used to denote species that 
received an exogenously sourced supply of food. An example is a carnivorous 
fish fed upon a commercially produced diet. The nutrient discharges of the 
feds-species are then used (according to the IMTA concept) as a nutrient and 
energy source by lower trophic species such as bivalves or seaweeds. 

Feed conversion ratio 
(FCR) 

A measure of the amount of feed used to produce an amount of fish. For 
example, if 1.25 kg of feed is used to produce 1 kg of fish, the feed conversion 
ratio is 1.25 : 1, or simple 1.25. There are two main measures of FCR. 
Biological FCR is the quantity of feed consumed that is converted to fish mass. 
Economic FCR is biological FCR plus the quantity of feed consumed by fish that 
are eventually lost through mortality, and the quantity of feed remaining 
uneaten). 

Fish-in:fish-out (FIFO) 
Ratio 

The quantity of fish (such as wild caught fish used as a source of fishmeal and 
oil) used to produce a quantity of cultivated fish. 

‘Head-on-Gutted’ (HOG) A weight measure describing the weight of a fish minus the gutting loss. 

Hypoxia State where the concentration of dissolved oxygen in the water column 
decreases to a level that can no longer support living aquatic organisms. 
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Term Description 

Integrated coastal zone 
management (ICZM) 

A resource management approach to assure sustainable use of natural 
resources in coastal areas. It focuses on long-term management issues 
impacting the coastal environment and includes different sectoral activities. 

IMTA An Integrated Multi-Trophic Aquaculture System incorporates the cultivation 
of species of different trophic levels together in such way that allows one 
species’ uneaten feed and wastes, nutrients and by-products to be recaptured 
and converted into fertilizer, feed and energy for other crops. 

Marine aquaculture 
(mariculture) vs. inland 
aquaculture vs. land-
based aquaculture 

In this report, systems referred as marine, are aquaculture systems deployed 
directly in the marine environment of the Baltic Sea. It should not be confused 
with net-pens per se, as net-pens can be deployed in marine waters as well as 
in freshwater systems such as lakes. Inland aquaculture systems are referring 
to any aquaculture activity taking place on land or in freshwater bodies in the 
catchment area of the Baltic Sea. Land-based aquaculture systems are 
referring to RAS, raceways, ponds and any other system which is deployed 
directly on land and use saltwater or freshwater as culture media. 

Mass balance model 

 

A representative model based on environmental processes that control 
transfers and conversions of nutrients and pollutants. The methods used for 
mass balance calculations differ in complexity, data quality, and the accuracy 
of their outputs. 

Maximum allowable 
biomass  

The maximum weight of aquatic animals that is permitted to be cultivated at 
an aquaculture site per annum or at any one time (maximum standing 
biomass). It is an effective way of limiting discharges. 

Mortality A parameter in aquaculture defining the loss of fish through death. It is 
classified as an animal by-product (ABP) and the principle biowaste generated 
by fish farms.  

Net-pen A cage consisting of mesh that restrict fish or shellfish species in a confined 
area, to be able to farm the species. A net-pen can be deployed in marine and 
freshwater environment and vary in size, material and design, depending on 
farmed species, environmental as well as logistical circumstances. 

Pond Inland aquaculture system with non-continuous water discharges, which only 
occur periodically, mainly during and following harvest. Extensive pond 
cultivation often uses nutrient fertilisers to boost primary production which is 
consumed by herbivorous and omnivorous fish stock. Intensive pond systems 
are characterised by higher stocking densities and commercially produced 
feed inputs. 
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Term Description 

Production carrying 
capacity 

The maximum aquaculture production that can be supported in the local or 
regional environment without exceeding the ecological carrying capacity.  

Recirculating 
Aquaculture System 
(RAS) 

An aquaculture system where most of the systems water is cleaned and 
reused in the same system using mechanical and biological filters. They are 
commonly used in the aquaculture sector for the cultivation of a variety of 
aquatic species. 

 
Raceway 

 
An artificial water channel in which fish or other aquatic species are reared. 
Most raceways consist of a concrete basin with an inlet and outlet on each 
side to create a semi-enclosed flow-through system.  

Social carrying capacity The maximum use of an area before the adverse impacts become 
unacceptable for local society and the experience of tourists (Saveriades, 
2000). 

Trash fish Also called low value fish describes fish species with low consumer preference 
and therefore low economic value. It is usually caught as bycatch and used 
directly or as fish oil/meal for human consumption or feed for 
livestock/aquaculture (FAO, 2005). 
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Summary 

The Baltic Sea is a semi-enclosed, brackish water body and a unique and fragile ecosystem. It is 
characterised by shallow water depths and strong gradients with salinity levels ranging from 
2‰ to 34‰. Due to these factors and the lack of permanent currents, the water exchange in this 
sea is very low, which leads to poor oxygen conditions in deeper waters. The majority of the 
Baltic Sea is affected by eutrophication which has mainly been caused by the excessive riverine 
input of nitrogen and phosphorus compounds from land-based activities. Besides agriculture, 
which has been identified to be the main source of nutrient input, aquaculture can intensify 
eutrophication on a local scale. Apart from the pollution by nutrients, the discharge of hazardous 
substances is a serious threat to the marine environment. Most parts of the Baltic Sea show high 
levels of contamination with hazardous substances which reach the sea via different pathways, 
for instance wastewater treatment plants, leaching from waste deposits, atmospheric deposition 
from industrial plant emissions and to some extent directly from marine aquaculture facilities 
operating in the Baltic Sea catchment area.  

All countries within the Baltic region practise aquaculture and in 2017, the HELCOM Member 
States collectively cultivated almost 333,623 tonnes of fin- and shellfish, but only about a third of 
this was produced within the Baltic Sea catchment area. The most important aquaculture species 
cultivated in the catchment area are rainbow trout (Oncorhynchus mykiss), common carp 
(Cyrpinus carpio) and blue mussel (Mytilus edulis) and there are other fish species (sturgeons, 
paddlefishes, European eel, arctic char, European whitefish, pikeperch) farmed in the basin. 
Rainbow trout is the main species which is partly produced directly in the Baltic Sea in net cages 
(27,644 tonnes in 2017) but the majority of the production comes from land-based aquaculture 
facilities. Common carp is raised exclusively in extensive and semi-intensive freshwater ponds, 
while the rest of the fish species are produced in ponds, raceways and Recirculating Aquaculture 
Systems (RAS) or in marine cage systems. Net/longline systems are used for mussel production. 
Marine aquaculture in the Baltic Sea itself is not widespread but there are strategies to develop 
both, finfish and shellfish aquaculture. 

Excessive nutrients and hazardous contaminants discharged into the Baltic Sea interfere with 
the sensitive ecosystem. The degradation of these ecosystems enhances primary production, 
leading to negative impacts associated with algal blooms including anoxia (oxygen depletion) 
and reduced biodiversity, while potentially compromising the sensitive dynamics within the 
food chain. The Helsinki Commission (HELCOM) has taken measures to mitigate the pollution by 
nutrients and hazardous substances from aquaculture activities into the Baltic Sea. Contracting 
parties adopted HELCOM Recommendation 37/3 on “sustainable aquaculture in the Baltic Sea 
Region” in 2016 which amends Recommendation 25/4 on “measures aimed at the reduction of 
discharges from fresh water and marine fish farming”. These recommendations provide a 
framework for the development of sustainable aquaculture in the Baltic Sea region by focusing 
on reducing environmental impacts from marine and land-based aquaculture activities.  

To support this framework, this report identifies Best Available Technology (BAT) and Best 
Environmental Practices (BEP). With respect to the Baltic region, these technologies and 
practices should contribute to prevent further degradation of the marine environment and 
achieve a healthy sea in good environmental status. In this report, BAT/BEP are mainly 
developed for marine cage aquaculture, however land-based intensive and semi-intensive 
systems are taken into account if their annual production exceeds 1000 kg. BAT/BEP with the 
most impact in mitigation of industry issues are recommended. These issues include pollution 
from nutrients, aquaculture feeds/waste, introduction of pharmaceuticals, antifouling agents 
and chemicals from cleaning or disinfection. 
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Discharge limits for nutrients  

The major nutrient emissions from the cultivation of finfish are inorganic and organic forms of 
dissolved or solid-bound nitrogen, phosphorous and carbon. The extent to which aquaculture 
represents a point source of nutrient emissions depends upon various factors, but the type of 
cultivation system is largely determinant. Open marine-based cage systems have no physical 
barrier to prevent nutrients from being emitted directly into the surrounding environment, 
while land-based RAS have a high degree of containment due to recirculating and filtering 
processes. In semi-enclosed pond systems, a proportion of nutrients can be trapped and 
retained. 

Nutrient emissions from aquaculture have the potential to modify the receiving marine 
environment in a variety of ways. Especially in waters with poor dispersive capacity, nutrient 
enrichment can cause changes in faunal and microbial community composition, alterations in 
sediment chemistry, and in severe cases, anoxia and an accumulation of sulphide. This can be an 
issue for the Baltic Sea region where eutrophication is widespread. 

To counteract these impacts, HELCOM recommendation 25/4 set annual average nutrient 
discharge limits produced in freshwater and marine fish farms, which however, is set for 1 kg of 
live fish rather than at the farm (or wider) level. This is ineffective from the point of view of 
nutrient emissions to the environment if there is no limitation to the biomass that can be 
produced. Mass balance models are useful for basic estimations of nutrient released by fish 
metabolism, but they require multiple, interacting and variable factors. The lack of data available 
for the inputs, increases the tenuity of limiting emissions in this way, rendering the approach 
ineffective from the perspective of environmental protection. Apart from the lack of scientific 
validity, another major drawback of limiting discharges per mass of production is that 
regulatory compliance is practically impossible to enforce or sensibly monitor. 

Thus, different approaches are presented to limit nutrient discharges into the Baltic Sea. 

Controlling biomass production is an effective and practical way of limiting discharges and 
reducing the risk of disease outbreaks for certain locations. Nutrient discharge limits are usually 
set by defining a maximum allowable biomass production as it is relatively easy to monitor. 
Production may be limited based upon the principle of maximum standing biomass with 
repeated cropping of desired size classes, or on an all-in-all out approach which would be 
represented as limits to annual production. Nutrient emission models, such as mass-balance 
models, can be used to calculate the quantity of biomass that can be produced without exceeding 
a specified nutrient discharge limit. 

Alternatively, defining a maximum allowable content of Nitrogen and Phosphorous in feed, or a 
setting a maximum allowable biological feed conversion ratio (bFCR), are second best 
alternatives as they are by-proxy methods of limiting biomass production. Limits to feed 
nutrient content must be defined for feeds intended for specific cultivation types and 
environments, different life-stages/age and size classes, and different species. Maximum 
allowable bFCRs must be defined according to cultivation environment and species. In contrast 
to limiting discharges per mass of fish growth, limiting FCR is a defensible approach which can 
be monitored for regulatory compliance. However, it has to be considered that especially the 
economic FCR (eFCR) is subjected to limitation due to many influencing factors such as 
environmental conditions. Placing upper limits on the nutrient content of feed is also a practical 
strategy since fish farms routinely record the type and quantity of feed used, and these records 
can be used to demonstrate regulatory compliance. However, there are similar drawbacks to this 
method arising from variability. The main limitation of this method is that the quantity of 
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nutrients contained within a feed does not, by itself, determine the quantity of nutrients released 
by the fish that consume them. 

For land-based aquaculture it is easier to control and monitor nutrient discharges. Individual 
farm permits for flow-through tank and pond systems should define a maximum allowable 
biomass production which could be the maximum biomass on the farm at any one moment or 
the maximum yearly production. Alternatively, the maximum allowable quantity of feed per site 
can be assigned on a site per site basis. To minimize the nutrient discharges from land-based 
aquaculture, water should be filtered before discharged. The use of constructed wetland can be 
considered. 

Further mitigation measures  

The nutrient related impacts of finfish and bivalve aquaculture can be mitigated and even 
avoided by siting farms in areas with suitable environmental characteristics. Especially for open 
marine systems environmental and physical conditions must be suitable for the species being 
produced and have implications for cultivation methods and infrastructure. 

Generally, fallowing periods, and coordination of production cycles and harvesting periods, 
should be implemented based upon the assimilative capacity of the benthic zone. These, as well 
as biosecurity and environmental impact mitigation practices can be difficult to manage at the 
individual farm level and may be more effective when coordinated on a regional level which has 
encouraged the development of Aquaculture Management Zones (AMZ). AMZ are located within 
areas identified as being suitable for aquaculture production. Within these zones, practices such 
as fallowing, moving of stock, and the application of chemical treatments can be coordinated to 
maximize their effectiveness and minimise risks to production and the environment. A 
maximum allowable biomass can be defined for each zone based upon the area specific carrying 
capacity, and within each zone, the number of concessions is predesignated. Environmental 
Impact Assessments (EIA) should be conducted based upon site-specific data and modelling 
conducted to assess near- and far-field impacts and to support designation and management of 
AMZ. The location and number of AMZ, and distances between each AMZ should be defined 
taking adequate environmental, production and social carrying capacity into account. The 
establishment of AMZ is consistent with the Ecosystem Approach to Aquaculture (EAA) and 
Integrated Coastal Zone Management (ICZM). 

As the Baltic Sea is mostly eutrophic in status, a situation considered to be environmentally 
problematic, the use of ‘extractive species’, such as seaweed and shellfish, ought to be 
considered. Integrated Multi-Trophic Aquaculture (IMTA) is the combined cultivation of 
organisms from different trophic levels which have a common nutrient flow, as bivalves extract 
their diet from suspended particular matter which stem from the finfish farm. There is evidence 
that the assimilation of these nutrients from finfish by seaweed and bivalves can occur, although 
this result is not a consistent outcome across all investigations, as nutrients might also be 
assimilated from the environment independently from the finfish farm. Furthermore, the 
rejected particles by bivalves are deposited as pseudofaeces. Ambient seston and solid bound 
nutrients from finfish farms which would have otherwise been subject to dispersion can be 
transferred from the water column to the seafloor as a result of bivalve feeding activity. 
Consequently, the area of benthic nutrient enrichment may be extended beyond that already 
impacted beneath and surrounding adjacent net-pens containing finfish. There is potential to 
decrease benthic loading from settling solid bound nutrients at finfish farms if the quantity 
removed by co-cultivated bivalves is larger than the total nutrient content of bivalve faecal and 
pseudofaecal deposition.  
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Research efforts have been undertaken towards establishing blue mussel cultivation with the 
objective of removing nutrients with positive results; besides removing nutrients the study 
farms also had positive impact on the clarity of the water, no negative impacts on the sediments 
and an increased species richness under and around farms. However, it was noted that the 
selection of a suitable site and use of appropriate farming technology is crucial and 
environmental monitoring should be carried out with regards to impact on the benthic 
environment since no research has been carried out on the effect of large farms. On the basis of 
the uncertainty of the impact of extractive aquaculture and IMTA , these cannot be defined as 
constituting BAT/BEP yet. 

Waste management practices 

Some aquaculture activities, such as farming, slaughtering and processing, produce ‘biowastes’. 
These may be vectors of diseases when and if they are disposed directly into the marine 
environment. Proper waste management can contribute to reducing environmental impact of 
aquaculture activities in the Baltic Sea through waste recycling as well as valorisation of wastes. 

Besides nutrient emissions from fish metabolism, mortality is the principle biowaste generated 
by fish farms. Dead and moribund fish should be collected regularly to reduce predator 
attraction and disease spreading. In net-cage cultivation, conical shaped bottom nets are 
preferable to flat bottom nets, as they facilitate the recovery of dead fish and mortality collection 
systems should be installed when possible. Ensiling is the preferred method to dispose 
mortalities. Fish silage can be disposed at landfills, used as a feedstock for biofuel or can be 
incinerated for energy generation through heat. 

Another source of biowaste is aquaculture processing. It should not take place at sea, because it 
risks waste and wastewater to directly enter the surrounding environment. When economically 
and logistically practical, by-products should be utilised or valorised rather than disposed. The 
utilisation of these products however depends heavily on national and EU legislation and need 
to be considered case by case. 

Processing wastewater discharges should be monitored frequently and as a part of an 
environmental impact assessment. They should have minimal solid and dissolved nutrient 
wastes, an acceptable biological and chemical oxygen demand and its characteristics should not 
exceed the assimilative capacity of the environment. Technologies such as flocculation, 
coagulation or flotation methods, biological filtration, and the use of ozonation should be chosen 
based upon the case specific characteristics of waste and wastewater produced.  

Fish feed composition 

The majority of environmental impacts arising from the cultivation of high-value finfish are 
related to the production of feed ingredients. To reduce dependence upon capture fisheries, 
fishmeal and fish-oil in the diets of carnivorous marine species, the replacement using 
alternative ingredients should be considered, if growth, food conversion ratio (FCR) and product 
quality, as well as efficacy and safety allows it. Locally and sustainably produced feed, as well as 
the circular economy approach should be considered to reduce the environmental impact of the 
production of fish feed ingredients. 

Besides the impact on the environment by fish feed production, the feeding itself causes local 
impacts. Optimised fish feed composition, the amount of feed and feeding methods can reduce 
the environmental impact of intensive and semi-extensive aquaculture systems, as they effect 
the amount of feed remaining uneaten or undigested and ejected as waste. Quality feeds with 
maximum digestibility and a nutrient profile that supports maximum absorption of energy and 
nutrients and therefore maximum conversion of nutrients to growth should be chosen 
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specifically for the species being cultivated. A low FCR and therefore a high feeding efficiency 
lower the amount of nutrients lost through excretion. Trash fish should not be fed as they 
release oil and produce waste in form of uneaten feed. Moist feed should not be used in intensive 
open aquaculture systems, as they are associated with high amounts of waste and suboptimal 
nutrient retention efficiencies. To avoid a decrease in quality and performance, feed should be 
stored appropriately. Feeding decisions should be made by knowledgeable staff and should be 
based on manufacturer’s feeding tables and experience. Although handfeeding is acceptable, 
automated feeding systems with underwater video technology or sensors should be prioritised 
in open cultivation systems, to observe on feeding behaviour and to ensure the most efficient 
rate and frequency of feeding. 

Veterinary medicines 

Veterinary medicines are used in aquaculture production systems as therapeutants to treat 
parasites, bacterial and fungal infections and diseases and as disinfectants and anaesthetics. 
When veterinary medicines are applied in land-based aquaculture, the outflow water and its 
chemical concentration can be more easily controlled and monitored comparing to application 
in marine cages. 

These medicines can make their way into the surrounding marine environment, unavoidably, 
through means such as bath, dip or in-feed treatments. The release of bath treatment water 
directly into the surrounding marine environment after its use, and the breakdown of un-eaten 
feed or expulsion by fish following digestion leads to accumulation of these substances in 
sediments where they can remain biologically active. As the water exchange rates in the Baltic 
Sea are low, this may result in an extended retention time and potential for accumulation of 
acutely toxic substances in sediments. Even though the fate of some veterinary medicines in 
marine environments is still poorly understood, it is known that anaesthetics, disinfectants and 
biocides can have a lethal or sub-lethal effect on non-target organisms in and around the fish 
farm. The accumulation and widespread use of medicines like antibiotics can ultimately lead to 
the reduced efficacy of future prevention and disease treatment strategies. 

As the intensification of aquaculture increases, veterinary medicines and practices used in 
aquaculture must remain adaptive and innovative and must be researched, understood and 
regulated as thoroughly as possible. Veterinary medicines are regulated by national laws and 
European regulations, and from 2022 a new EU wide legislation will be implemented to regulate 
the use of veterinary medicines. 

The best practice for the use of veterinary medicines in aquaculture is always to utilise 
preventative methods first. Careful site selection can support fish health and therefore reduce 
the need for veterinary medicines. Good management practices, such as maintaining high water 
quality and welfare and hygiene procedures, are reducing the stress experienced by fish, and 
therefore their susceptibility to infections. The use of vaccines and immunostimulants added to 
fish feed can improve fish specific immunity and result in a decrease of use of antibiotics. 

To avoid the contamination of water, the application method and dosage of veterinary medicines 
for treatments as well as disposal must strictly follow the prescription and product information 
provided by the supplier. Alternative treatments such as cleaner fish and the integrated 
management and cooperation between neighbouring fish farms should be explored, reducing 
the need for medicinal treatment. 

Antifouling  

Even though the biofouling pressure is relatively low in the Baltic Sea and greatly depends on 
the salinity, diverse fouling organisms like algae, mussels and crustaceans can have profound 
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effects on aquaculture. The fouling community depends on the geographical location of the farm 
itself, the environmental parameters and species present in these locations, but also on the type, 
mesh size and colour of nets used. 

Biofouling has a direct impact on fish farming practices as fish farmers need to invest time and 
money to combat fouling growth because it can cause physical damage to the infrastructure, and 
decrease net mesh size and thus water flow, which can finally lead to compromised health of 
fish. It can also affect the quality, yield and commercial value of the shellfish. There are three 
major strategies to combat fouling growth: antifouling coatings, cleaning and biological control.  

In finfish aquaculture, nets are often coated with biocides which release an active substance into 
the seawater which deters and/or kills fouling organisms. Currently, copper is the most 
commonly used biocide in the Baltic Sea. As the leaching of biocides can have a negative impact 
on aquatic organisms living in the water column and sediments, only approved antifouling 
agents should be used, the application should follow the suppliers’ instructions, and biocide 
levels should be monitored. The use of biocides should be done according to national, regional 
and the European Biocidal Products Regulation. Nettings made of novel materials requiring less 
or no antifouling treatment as well as emerging antifouling strategies such as copper free 
coatings should be preferred when relevant. New antifouling technologies such as polymer 
netting, coloured nets, electrochemical technology, enzyme technology and use of natural 
products are either still not financially viable to put on the market or in development but can 
provide environmentally friendly alternatives in the future. 

Cleaning of infrastructure can be done by air drying, in situ mechanical cleaning, onshore 
washing, jet washing, manual cleaning or a combination of these methods. Even tough on land 
cleaning is labour and cost intensive, it has less impact on the marine environment if on land 
cleaning sites have suitable effluent treatment systems and waste is disposed appropriately.  

A few trials for biological control have been performed showing that there could be a potential 
using predatory or grazing animals to control biofouling growth on infrastructures and bivalves. 
More research, however, is needed.  

Cleaning and disinfection agents 

Cleaning and disinfection are important for reducing pathogen risk and controlling disease in 
the aquaculture industry. Here, cleaning and disinfection agents are used for personal hygiene, 
reduction of feed spoilage, pest and odours, water treatment, routine sanitary measures and 
disease eradication in routine sanitary procedures as well as emergency situations. Commonly 
used agents in European aquaculture are detergents, formaldehyde, chlorine-based products, 
alcohols, hydrogen peroxide, phenol derivatives and iodophors. 

Cleaning and disinfection agents are mainly used in land-based aquaculture (RAS and flow-
through tank systems) and are not applicable for marine based infrastructures since these 
should be cleaned on land. 

The necessity for cleaning and disinfection has been highlighted by disease outbreaks and mass 
mortality events linked to inadequate biosecurity. To reduce this risk, footbaths, handwash 
points, and facilities for disinfecting equipment should be present and used appropriately.  

When released into the aquatic environment cleaning and disinfection agents may have lethal or 
sub-lethal effects on natural populations, depending upon the persistence, quantity and 
solubility of the product, as well as the characteristics of the environment itself. In order to 
minimise this risk, the use of disinfectants is regulated in national and European regulations (e.g. 
the Biocidal Products Regulation). Cleaning and disinfection products should be properly stored 
to prevent direct or indirect danger to the environment and to avoid spills. Cleaning and 
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disinfectant agents should only be used when necessary and products with less environmentally 
hazardous properties should be used and according to the label. Residues, empty containers or 
expired products should be disposed of properly. 

Monitoring and documentation 

To ensure BAT/BEP are implemented correctly by farm employees, practices and methods of 
implementation should be written down in the form of company policies and procedures. Just as 
BAT/BEP, policies and procedures need to be regularly reviewed and updated. 

There should be periodical monitoring of environmental impacts associated with all aquaculture 
production sites. Monitoring consist of sampling, measurements and observations. Results of 
monitoring activities should be recorded. Record keeping is necessary to verify if staff are 
following the company procedures, to evaluate farm performance and determine environmental 
impacts. It is recommended to develop a centralised record keeping system, where marine 
farmers can input records that are required by HELCOM and relevant authorities to evaluate 
these farms on compliance with regulation and implementation of BAT/BEP. 
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Zusammenfassung 

Die Ostsee ist ein Brackwassermeer und ein einzigartiges und sensibles Ökosystem. Sie zeichnet 
sich durch geringe Wassertiefen und starke Gradienten mit z.B. Salzgehalten von 2‰ bis 34‰ 
aus. Aufgrund dieser Faktoren und des Mangels an permanenten Strömungen ist der 
Wasseraustausch sehr gering, was zu schlechten Sauerstoffbedingungen in tieferen 
Wasserschichten führen kann. Der Großteil der Ostsee ist von Eutrophierung betroffen, die 
hauptsächlich durch den übermäßigen Eintrag von Stickstoff- und Phosphorverbindungen durch 
Aktivitäten an Land verursacht wird. Neben der Landwirtschaft, die als Hauptquelle für den 
Nährstoffeintrag gilt, kann Aquakultur die Eutrophierung auf lokaler Ebene verstärken. Neben 
der Verschmutzung durch Nährstoffe stellt die Einleitung von Schadstoffen eine ernsthafte 
Bedrohung für die Meeresumwelt dar. Die meisten Teilgebiete der Ostsee weisen ein hohes Maß 
an Schadstoffbelastung auf, die über verschiedene Wege ins Meer gelangen, z.B. durch 
Kläranlagen, von Abfalldeponien, durch atmosphärische Deposition aus Industrieanlagen und zu 
einem gewissen Anteil direkt von den im Einzugsgebiet der Ostsee betriebenen marinen 
Aquakulturanlagen.  

Alle Anrainerstaaten der Ostsee betreiben Aquakultur und 2017 züchteten die HELCOM-
Mitgliedsstaaten zusammen 333.623 Tonnen Fisch und Muscheln, während aber nur etwa ein 
Drittel davon im Einzugsgebiet der Ostsee produziert wurde. Neben den drei wichtigsten Arten 
Regenbogenforelle (Oncorhynchus mykiss), Karpfen (Cyrpinus carpio) und Miesmuschel (Mytilus 
edulis) gibt es fünf weitere Fischarten, die im Einzugsgebiet gezüchtet werden. Die 
Regenbogenforelle ist die wichtigste Art, welche zum kleineren Teil direkt in der Ostsee in 
Netzkäfigen produziert wird (27.644 Tonnen im Jahr 2017). Der Großteil der Produktion 
stammt aus landbasierte Aquakulturanlagen. Karpfen werden ausschließlich in extensiven und 
semi-intensiven Süßwasserteichen gezüchtet, während der Rest der Fischarten in Teichen, 
Fließkanälen und Kreislauf-Aquakulturanlagen (RAS) oder in marinen Käfigsystemen produziert 
wird. Für die Muschelproduktion werden Netz- und Langleinensysteme eingesetzt. Die marine 
Aquakultur in der Ostsee selbst ist nicht weit verbreitet, hier sind jedoch der Entwurf von 
Strategien zur Entwicklung von sowohl der marinen Fisch- als auch der Muschelzucht geplant. 

Übermäßiger Nähr- und Schadstoffeintrag in die Ostsee können das empfindliche Ökosystem 
gefährden da dies zu einer erhöhten Primärproduktion und Algenblüten einschließlich Anoxie 
führen kann. Dies kann letztendlich zu einer verringerten Artenvielfalt und Veränderungen der 
empfindlichen Dynamik innerhalb der Nahrungskette beitragen. Die Helsinki-Kommission 
(HELCOM) hat Maßnahmen ergriffen, um die Verschmutzung durch Nähr- und Schadstoffe aus 
der Aquakultur in der Ostsee zu verringern. Die Mitgliedsstaaten haben 2016 die HELCOM-
Empfehlung 37/3 zur nachhaltigen Aquakultur im Ostseeraum verabschiedet, die die 
Empfehlung 25/4 über Maßnahmen zur Verringerung der Nährstoffeinleitungen aus der 
Süßwasser- und Meeresfischzucht ergänzt. Diese Empfehlungen bieten einen Bezugsrahmen für 
die Entwicklung einer nachhaltigen Aquakultur in der Ostseeregion, indem sie sich auf die 
Verringerung der Umweltauswirkungen von Aquakulturaktivitäten im Meer und an Land 
beziehen. 

Zur Förderung dieses Ansatzes werden in diesem Bericht die Beste Verfügbare Technik (BVT; 
BAT – engl. Best Available Technology) und die Beste Umweltpraxis (BUP; BEP – engl. Best 
Environmental Practice) ermittelt und dargestellt. In Bezug auf die Ostseeregion sollen diese 
Technologien und Praktiken dazu beitragen, eine weitere Verschlechterung des Zustands der 
Meeresumwelt zu verhindern und ein intaktes Ökosystem in gutem Umweltzustand zu 
erreichen. In diesem Bericht wurden die BVT/BUP hauptsächlich für die marine Käfig-
Aquakultur entwickelt, jedoch werden intensive und semi-intensive Systeme an Land 
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berücksichtigt, wenn ihre Jahresproduktion 1000 kg übersteigt. Die BVT/BUP wurden auf 
Themen der Industrie ausgerichtet, die am wirksamsten Umwelteinflüsse reduzieren können: 
Verschmutzung durch Nährstoffe, Futtermittel und Abfälle aus der Aquakultur, Eintrag von 
Tierarzneimitteln, Antifouling-Mitteln und chemischen Substanzen der Reinigung oder 
Desinfektion. 

Grenzwerte für Nährstoffeinträge 

Die wichtigsten Nährstoffemissionen aus der Fischzucht sind anorganische und organische 
Formen von gelöstem oder gebundenem Stickstoff, Phosphor und Kohlenstoff. Das Ausmaß, in 
dem die Aquakultur eine direkte Quelle für Nährstoffemissionen darstellt, hängt von 
verschiedenen Faktoren ab, aber vor allem von der Art des Kultivierungssystems. Offene 
Käfigsysteme im Meer verfügen über keine physische Barrieren, die verhindern könnten, dass 
Nährstoffe direkt in die Umgebung abgegeben werden, während landbasierte RAS durch 
Rezirkulations- und Filterprozesse einen hohen Grad an Rückhaltevermögen aufweisen. In 
teilgeschlossenen Teichsystemen kann ein Teil der Nährstoffe aufgefangen und zurückgehalten 
werden. 

Nährstoffeinträge aus der Aquakultur haben das Potenzial, die aufnehmende Meeresumwelt auf 
vielfältige Weise zu verändern. Besonders in Gewässern mit geringem 
Wasseraustauschvermögen kann die Nährstoffanreicherung Veränderungen in der 
Zusammensetzung der Fauna und der mikrobiellen Lebensgemeinschaften, Veränderungen in 
der Sedimentchemie und in schweren Fällen Anoxie und eine Anreicherung von Sulfiden 
verursachen. Dies kann die in der Ostsee weit verbreitete Eutrophierung verstärken. 

Um diesen Auswirkungen entgegenzuwirken, wurden in der HELCOM-Empfehlung 25/4 
jährliche Durchschnittsgrenzwerte für den Nährstoffeintrag in Süßwasser- und 
Meeresfischzuchtbetrieben festgelegt, die jedoch für 1 kg lebende Fische und nicht auf der Ebene 
des Farmbetriebs (oder darüber hinaus) gelten. Dies ist unter dem Aspekt der 
Nährstoffemissionen in die Umwelt unwirksam, wenn es keine Begrenzung der zu 
produzierenden Biomasse gibt. Massenbilanzmodelle sind für grundlegende Abschätzungen der 
durch den Fischstoffwechsel freigesetzten Nährstoffe geeignet, dennoch erfordern sie mehrere, 
sich gegenseitig beeinflussende und variable Faktoren. Der Mangel an verfügbaren Daten für 
diese Faktoren erhöht die Schwierigkeit, die Emissionen auf diese Weise zu begrenzen, was 
diesen Ansatz aus Sicht des Umweltschutzes unwirksam macht. Abgesehen von der mangelnden 
wissenschaftlichen Validität besteht ein weiterer großer Nachteil der Begrenzung der 
Emissionen pro Produktionseinheit darin, dass es praktisch unmöglich ist, die Einhaltung der 
Vorschriften durchzusetzen oder effektiv zu überwachen. 

Daher werden verschiedene Ansätze zur Begrenzung der Nährstoffeinträge in die Ostsee 
präsentiert. 

Die Kontrolle der Biomasseproduktion ist ein wirksames und praktisches Mittel zur Begrenzung 
der Einleitungen von Nährstoffen und zur Verringerung des Risikos von Krankheiten für 
bestimmte Standorte. Nährstoffeinträge werden in der Regel durch die Festlegung einer 
maximal zulässigen Biomasseproduktion festgelegt, da diese relativ leicht zu überwachen ist. Die 
Produktion kann nach dem Prinzip der maximal bestehenden Biomasse mit wiederholtem 
Anbau der gewünschten Größenklassen oder nach einem All-in-all-out-Ansatz, der als 
Begrenzung der Jahresproduktion dargestellt wird, begrenzt werden. 
Nährstoffemissionsmodelle, wie z.B. Massenbilanzmodelle, können zur Berechnung der Menge 
an Biomasse verwendet werden, die produziert werden kann, ohne eine bestimmte 
Nährstoffeintragsgrenze zu überschreiten. 
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Alternativ dazu sind die Festlegung eines maximal zulässigen Stickstoff- und Phosphorgehalts im 
Futter oder die Festlegung eines maximal zulässigen biologischen 
Futterumwandlungsverhältnisses (bFCR), da es sich hierbei um Ersatzmethoden zur 
Begrenzung der Biomasseproduktion handelt. Für Futtermittel, die für bestimmte Anbautypen 
und -umgebungen, verschiedene Lebensstadien/Alters- und Größenklassen und verschiedene 
Arten bestimmt sind, müssen Grenzwerte für den Nährstoffgehalt des Futters festgelegt werden. 
Die maximal zulässigen bFCRs müssen je nach Gebiet und Art definiert werden. Im Gegensatz 
zur Begrenzung der Nährstoffeinträge pro Masse des Fischwachstums ist die Begrenzung des 
FCR ein vertretbarer Ansatz, der auf die Einhaltung der Vorschriften überwacht werden kann. Es 
muss jedoch berücksichtigt werden, dass insbesondere der ökonomische FCR (eFCR) aufgrund 
vieler Einflussfaktoren, wie z.B. Umweltbedingungen, eine begrenzte Aussagekraft hat. Die 
Festlegung von Höchstgrenzen für den Nährstoffgehalt in Futtermitteln ist ebenfalls eine 
effektive Strategie, da Fischzuchtbetriebe routinemäßig die Art und Menge des verwendeten 
Futters aufzeichnen, welche zum Nachweis der Einhaltung von Vorschriften verwendet werden 
können. Allerdings gibt es ähnliche Schwächen bei dieser Vorgehensweise, die sich aus der 
Variabilität ergeben. Die Haupteinschränkung dieser Methode besteht darin, dass die Menge der 
in einem Futter enthaltenen Nährstoffe allein nicht die Menge der Nährstoffe bestimmt, die von 
den Fischen, welche sie konsumieren, freigesetzt werden. 

Für die Aquakultur an Land ist es einfacher, die Nährstoffabgabe zu kontrollieren und zu 
verfolgen. In den Genehmigungen der einzelnen Zuchtbetriebe für Durchlaufanlagen und 
Teichsysteme sollte eine maximal zulässige Biomasseproduktion festgelegt werden, wie z.B. die 
maximale Biomasse im Betrieb zu einem bestimmten Zeitpunkt oder die maximale 
Jahresproduktion. Alternativ kann die maximal zulässige Futtermenge pro Anlage auf der Basis 
von Standort zu Standort zugewiesen werden. Um die Nährstoffeinträge aus der landbasierten 
Aquakultur zu minimieren, sollte das Wasser vor dem Einleiten in ein natürliches Gewässer 
gefiltert werden. Der Einsatz von angelegten Feuchtgebieten kann in Betracht gezogen werden. 

Weitere Minderungsmaßnahmen für Nährstoffeinträge 

Die nährstoffbedingten Auswirkungen der Fisch- und Muschelzucht können durch die 
Ansiedlung von Zuchtbetrieben in Gebieten mit geeigneten Umweltbedingungen gemildert und 
sogar vermieden werden. Insbesondere bei offenen Käfigsystemen im Meer müssen die 
ökologischen und physikalischen Bedingungen für die zu produzierenden Arten geeignet sein, 
Zuchtmethoden und Infrastruktur müssen hier dementsprechend angepasst sein. 

Generell sollten Stilllegungszeiten und die Koordinierung von Produktions- und Erntezeiten auf 
der Grundlage der Assimilationskapazität der benthischen Zone durchgeführt werden. Diese 
sowie die Praktiken der Biosicherheit und der Minderung der Umweltauswirkungen können auf 
der Ebene der einzelnen Betriebe schwierig zu handhaben sein und können wirksamer gestaltet 
werden, wenn sie auf regionaler Ebene koordiniert werden, was die Entwicklung von 
Aquakultur-Managementzonen (AMZ) gefördert hat. AMZ befinden sich innerhalb von Gebieten, 
die für die Aquakulturproduktion geeignet sind. Innerhalb dieser Zonen können Praktiken wie 
Stilllegung, Umsetzen von Beständen und die Anwendung chemischer Behandlungen koordiniert 
werden, um ihre Wirksamkeit zu maximieren und die Risiken für die Produktion und die 
Umwelt zu minimieren. Für jede Zone kann eine maximal zulässige Biomasse auf der Grundlage 
der gebietsspezifischen Tragfähigkeit definiert werden und innerhalb jeder Zone ist die Anzahl 
der Genehmigungen vordefiniert. Umweltverträglichkeitsprüfungen (UVP) sollten auf der 
Grundlage standortspezifischer Daten und Modelle durchgeführt werden, um die Auswirkungen 
im näheren und weiteren Umkreis zu bewerten und die Ausweisung und Verwaltung der AMZ zu 
unterstützen. Der Standort und die Anzahl der AMZ sowie die Entfernungen zwischen den 
einzelnen AMZ sollten unter Berücksichtigung einer angemessenen Umwelt-, Produktions- und 
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sozialen Tragfähigkeit festgelegt werden. Die Einrichtung von AMZ steht im Einklang mit dem 
Ökosystemansatz für die Aquakultur (EAA) und dem integrierten Küstenzonenmanagement 
(IKZM). 

Da die Ostsee größtenteils eutroph ist, eine Situation, die als ökologisch problematisch 
angesehen wird, sollte die Verwendung von "extraktiven Arten", wie Algen und Muscheln, in 
Betracht gezogen werden.  

Integrierte multitrophische Aquakultur (IMTA) ist die kombinierte Kultivierung von Organismen 
aus verschiedenen trophischen Ebenen, die einen gemeinsamen Nährstofffluss haben, da die 
Muscheln ihre Nahrung aus bestimmten Schwebstoffen extrahieren, die aus der Fischzucht 
stammen. Es gibt Hinweise darauf, dass die Assimilation dieser Nährstoffe aus Fischen durch 
Algen und Muscheln erfolgen kann, obwohl dieses Ergebnis nicht in allen Untersuchungen 
einheitlich ist, da Nährstoffe auch unabhängig von der Fischfarm aus der Umwelt assimiliert 
werden könnten. Darüber hinaus werden die von Muscheln zurückgewiesenen Partikel 
abgelagert. Seston aus der Umgebung und fest gebundene Nährstoffe aus Fischfarmen, die sonst 
der Dispersion ausgesetzt wären, können durch die Exkremente der Muscheln aus der 
Wassersäule auf den Meeresboden übertragen werden. Folglich kann sich der Bereich der 
benthischen Nährstoffanreicherung über den Bereich hinaus ausdehnen, der bereits unter und 
um benachbarte Netzgehege, die Fische enthalten, beeinträchtigt ist. Es besteht die Möglichkeit, 
die benthische Belastung durch die Ablagerung fest gebundener Nährstoffe in den 
Fischzuchtbetrieben zu verringern, wenn die durch co-kultivierte Muscheln entfernte Menge 
größer ist als der Gesamtnährstoffgehalt der Ausscheidungen der Muscheln. 

Es wurden jedoch Forschungsarbeiten zur Etablierung der Miesmuschelzucht mit dem Ziel 
durchgeführt, Nährstoffe zu entfernen. Neben der Verminderung von Nährstoffen hatten die 
Studienfarmen auch positive Auswirkungen auf die Klarheit des Wassers, keine negativen 
Auswirkungen auf die Sedimente und einen erhöhten Artenreichtum unter und um die Farmen. 
Von entscheidender Bedeutung ist dabei dennoch die Auswahl eines geeigneten Standorts, die 
Anwendung einer geeigneten Zuchttechnik und kontinuierliche Überwachung der 
Umweltauswirkungen auf die benthische Umwelt, da die Auswirkungen großer 
Aquakulturbetriebe noch nicht erforscht sind. Aufgrund der Ungewissheit über die 
Auswirkungen der extraktiven Aquakultur und der IMTA wurden keine BVT/BUP für die IMTA 
und die extraktive Aquakultur entwickelt. 

Abfallbehandlungsmethoden 

Einige Aquakulturaktivitäten, wie Zucht, Schlachtung und Verarbeitung, produzieren 
"Bioabfälle". Diese können Überträger von Krankheiten sein, wenn sie direkt in die 
Meeresumwelt entsorgt werden. Eine ordnungsgemäße Abfallwirtschaft kann dazu beitragen, 
die Umweltauswirkungen der Aquakulturaktivitäten in der Ostsee durch Abfallrecycling sowie 
durch die Verwertung von Abfällen zu verringern. 

Neben den Nährstoffemissionen aus dem Stoffwechsel der Fische sind Mortalitäten der 
wichtigste Bioabfall, der in Fischfarmen anfällt. Tote und sterbende Fische sollten regelmäßig 
gesammelt werden, um die Anlockung von Raubtieren und die Verbreitung von Krankheiten zu 
reduzieren. Bei der Netzkäfigzucht sind konisch geformte Bodennetze den Netzen mit flachen 
Böden vorzuziehen, da sie die Bergung von toten Fischen erleichtern. Wenn möglich sollten 
Mortalitätssammelsysteme installiert werden. Die Silierung ist die bevorzugte Methode zur 
Beseitigung von Mortalitätsfällen. Fischsilage kann auf Deponien entsorgt, als Ausgangsmaterial 
für Biokraftstoff verwendet oder zur Energiegewinnung durch Wärme verbrannt werden. 
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Eine weitere Quelle für Bioabfälle ist die Verarbeitung in der Aquakultur. Diese sollte nicht auf 
dem Meer stattfinden, da die Gefahr besteht, dass Abfälle und Abwässer direkt in die Umwelt 
gelangen. Wenn es wirtschaftlich und logistisch sinnvoll ist, sollten die Nebenprodukte 
verwertet und nicht entsorgt werden. Die Verwendung dieser Produkte hängt jedoch stark von 
der nationalen und EU-Gesetzgebung ab und muss von Fall zu Fall geprüft werden. 

Die Verarbeitung von Abwassereinleitungen sollte häufig und als Teil einer 
Umweltverträglichkeitsprüfung überwacht werden. Sie sollten minimale feste und gelöste 
Nährstoffabfälle aufweisen, einen akzeptablen biologischen und chemischen Sauerstoffbedarf 
haben und ihre Eigenschaften sollten die Assimilationskapazität der Umwelt nicht 
überschreiten. BVT wie Flockungs- und Koagulationsmethoden, biologische Filtration und der 
Einsatz von Ozonbehandlung sollten auf Grundlage der fallspezifischen Eigenschaften der 
erzeugten Abfälle und Abwässer ausgewählt werden.  

Zusammensetzung des Fischfutters 

Die häufigsten Umweltauswirkungen, die sich aus dem Anbau von hochwertigen Fischarten 
ergeben, stehen im Zusammenhang mit der Produktion von Futtermittelbestandteilen. Um die 
Abhängigkeit von Fischfang, Fischmehl und Fischöl in der Ernährung karnivorer Meerestiere zu 
verringern, sollte der Ersatz durch alternative Inhaltsstoffe in Betracht gezogen werden, wenn 
Wachstum, Futterverwertung (FCR) und Produktqualität sowie Wirksamkeit und Sicherheit dies 
zulassen. Lokal und nachhaltig produzierte Futtermittel sowie der Kreislaufwirtschaftsansatz 
sollten in Betracht gezogen werden, um die Umweltauswirkungen der Produktion von 
Fischfutterbestandteilen zu reduzieren. Neben den Auswirkungen der Fischfutterproduktion auf 
die Umwelt verursacht die Fütterung selbst lokale Auswirkungen. Eine optimierte 
Zusammensetzung des Fischfutters, die Futtermenge und die Fütterungsmethoden können die 
Umweltauswirkungen intensiver und semi-intensiver Aquakulturanlagen reduzieren, da sie die 
Menge an Futtermitteln beeinflussen, die ungefressen oder unverdaut bleiben und als Abfall 
abgegeben werden. Qualitätsfuttermittel mit maximaler Verdaulichkeit und einem 
Nährstoffprofil, das die maximale Aufnahme von Energie und Nährstoffen und damit die 
maximale Umwandlung von Nährstoffen in Wachstum unterstützt, sollten speziell für die zu 
kultivierende Art ausgewählt werden. Ein niedriger FCR und damit eine hohe 
Fütterungseffizienz senken die Menge der durch die Ausscheidung verlorenen Nährstoffe. 
Abfallfische sollten nicht verfüttert werden, da sie Öl freisetzen und Abfälle in Form von 
ungefressenem Futter anfallen. Feuchte Futtermittel sollten in intensiven offenen 
Aquakulturanlagen nicht verwendet werden, da sie mit hohen Abfallmengen und einer 
suboptimalen Nährstoffrückhalteeffizienz verbunden sind. Um einen Qualitäts- und 
Leistungsabfall zu vermeiden, sollte das Futter angemessen gelagert werden. 
Fütterungsentscheidungen sollten von sachkundigem Personal getroffen werden und auf den 
Futtertabellen und Erfahrungen der Hersteller basieren. Obwohl die Fütterung von Hand 
annehmbar ist, sollten automatische Fütterungssysteme mit Unterwasservideotechnik oder 
Sensoren in offenen Kultivierungssystemen Vorrang haben, um das Fütterungsverhalten 
beobachten und die effizienteste Fütterungsrate und -häufigkeit gewährleisten zu können. 

Tierarzneimittel 

Tierarzneimittel werden in Produktionssystemen der Aquakultur als Therapeutika zur 
Behandlung von Parasiten, Bakterien- und Pilzinfektionen, sowie als Desinfektions- und 
Anästhetikum eingesetzt. Wenn Tierarzneimittel in der land-basierten Aquakultur eingesetzt 
werden, können das abfließende Wasser und dessen chemische Bestandteile im Vergleich zur 
Anwendung in Meereskäfigen leichter kontrolliert und überwacht werden. 
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Diese Medikamente können unweigerlich in die umgebende Meeresumwelt gelangen, z.B. durch 
Badbehandlung oder Futterzusätze. Die Freisetzung des Badbehandlungswassers direkt in die 
umgebende Meeresumwelt nach seiner Verwendung und der Abbau von nicht gefressenem 
Futter oder die Ausstoßung nach der Verdauung führt zur Anhäufung dieser Substanzen in den 
Sedimenten, wo sie biologisch aktiv bleiben können. Da die Wasseraustauschraten in der Ostsee 
niedrig sind, kann dies zu einer erhöhten Verweildauer und einer möglichen Anreicherung 
toxischer Substanzen in den Sedimenten führen. Auch wenn über das Verbleiben einiger 
Tierarzneimittel in der Meeresumwelt noch wenig erforscht ist, ist dennoch bekannt, dass 
Betäubungs- und Desinfektionsmittel sowie Biozide auf Organismen in und um die Fischfarm 
herum, die nicht zu den Zielgruppen gehören, eine tödliche Wirkung haben können. Die 
Anhäufung und der weit verbreitete Einsatz von Medikamenten wie Antibiotika kann letztlich 
dazu führen, dass die Wirksamkeit künftiger Strategien zur Prävention und Behandlung von 
Krankheiten beeinträchtigt wird. 

Da die Intensivierung der Aquakultur zunimmt, müssen die in der Aquakultur verwendeten 
Tierarzneimittel und -praktiken anpassungsfähig und innovativ bleiben und so gründlich wie 
möglich erforscht, verstanden und reguliert werden. Tierarzneimittel werden durch nationale 
Gesetze und europäische Verordnungen geregelt, und ab 2022 wird eine neue EU-weite 
Gesetzgebung zur Regelung des Einsatzes von Tierarzneimitteln eingeführt. 

Die beste Praxis für den Einsatz von Tierarzneimitteln in der Aquakultur ist immer zuerst die 
Anwendung präventiver Methoden. Eine sorgfältige Standortwahl kann die Gesundheit der 
Fische unterstützen und somit den Bedarf an Tierarzneimitteln verringern. Gute 
Managementpraktiken, wie die Aufrechterhaltung einer hohen Wasserqualität und von 
Tierschutz- und Hygieneverfahren, verringern den Stress, dem die Fische ausgesetzt sind, und 
damit ihre Anfälligkeit für Infektionen. Durch Verwendung von Impfstoffen und 
Immunstimulanzien im Fischfutter, kann die fischspezifische Immunität verbessert werden und 
zu einer Verringerung des Einsatzes von Antibiotika führen. 

Um eine Verunreinigung des Wassers zu vermeiden, müssen die Anwendungsmethoden und die 
Dosierung von Tierarzneimitteln für die Behandlung sowie die Entsorgung streng nach den 
Verschreibungen und Produktinformationen des Herstellers erfolgen. Alternative 
Behandlungsmethoden wie Putzerfische und das integrierte Management sowie die Kooperation 
zwischen benachbarten Fischfarmen sollten erkundet werden, um den Bedarf an 
medikamentöser Behandlung zu verringern. 

Antifoulingmittel 

Auch wenn die Belastung durch Biofouling in der Ostsee relativ gering ist und stark vom 
Salzgehalt abhängt, können verschiedene Biofouling-Organismen wie Algen, Muscheln und 
Krebstiere weitreichende Auswirkungen auf die Aquakultur haben. Die Bewuchsgemeinschaft 
hängt von der geografischen Lage des Zuchtbetriebs selbst, den Umweltparametern und den 
dort vorkommenden Arten ab, aber auch von der Art, Maschengröße und Farbe der 
verwendeten Netze. 

Biofouling hat einen direkten Einfluss auf die Fischzuchtpraktiken, da die Fischzüchter Zeit und 
Geld investieren müssen, um das Wachstum des Biofoulings zu bekämpfen. Der Bewuchs mit 
Biofouling kann physische Schäden an der Infrastruktur verursachen und die Maschenweite der 
Netze und damit den Wasserfluss verringern, was letztendlich zu einer Beeinträchtigung der 
Gesundheit der Fische führen kann. Sie kann auch die Qualität, den Ertrag und den 
kommerziellen Wert von Muscheln beeinträchtigen. Es gibt drei Hauptstrategien zur 
Bekämpfung des Bewuchses: Antifouling-Beschichtungen, Reinigung und biologische Kontrolle. 
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In der Fischzucht werden Netze oft mit Bioziden beschichtet, die einen Wirkstoff in das 
Meerwasser abgeben, der Bewuchsorganismen fernhält und/oder abtötet. Gegenwärtig ist 
Kupfer das am häufigsten verwendete Biozid in der Ostsee. Da die Auswaschung von Bioziden 
negative Auswirkungen auf die in der Wassersäule und in den Sedimenten lebenden aquatischen 
Organismen haben kann, sollten nur zugelassene Bewuchsschutzmittel verwendet werden. Die 
Anwendung sollte den Anweisungen der Hersteller folgen, und die Biozidmengen sollten 
überwacht werden. Der Einsatz von Bioziden sollte gemäß nationaler, regionaler und 
europäischer Verordnungen wie etwa der Biozidprodukte-Verordnung erfolgen. Netze aus 
neuartigen Materialien, die weniger oder keine Antifouling-Behandlung erfordern, sowie neuere 
Antifouling-Strategien wie kupferfreie Beschichtungen sollten, falls möglich, bevorzugt werden. 

Die Reinigung von Netzen und anderen sich im Wasser befindenden Materialien kann durch 
Lufttrocknung, mechanische Reinigung vor Ort, Reinigung an Land, Hochdruckreinigung, 
manuelle Säuberung oder einer Kombination dieser Methoden erfolgen. Auch wenn die 
Reinigung an Land arbeits- und kostenintensiv ist, hat sie weniger Auswirkungen auf die 
Meeresumwelt, wenn die Reinigungsanlagen an Land über geeignete 
Abwasserbehandlungssysteme verfügen und der Abfall ordnungsgemäß entsorgt wird. 

Es wurden einige Versuche zur biologischen Kontrolle durchgeführt, die zeigen, dass es ein 
Potenzial für den Einsatz von räuberischen oder herbivoren Arten zur Kontrolle des Wachstums 
von Biofouling auf Netzen und Muscheln geben könnte, jedoch ist hier noch weitere 
Forschungsarbeit notwendig.  

Neue Antifouling-Techniken wie Polymernetze, farbige Netze, elektrochemische Technologie, 
Enzymtechnologie und die Verwendung von natürlichen Substanzen sind entweder noch sehr 
kostenaufwendig oder in der Entwicklung, können aber in Zukunft umweltfreundliche 
Alternativen bieten. 

Reinigungs- und Desinfektionsmittel 

Reinigung und Desinfektion sind wichtig für die Verringerung des Krankheitserregerrisikos und 
die Kontrolle von Krankheiten in der Aquakulturindustrie. In diesem Bereich werden 
Reinigungs- und Desinfektionsmittel für die persönliche Hygiene, die Reduzierung von 
Futtermittelverderb, Schädlingen und Gerüchen, die Wasseraufbereitung, und die Bekämpfung 
von Krankheiten im Rahmen von sanitären Routineverfahren sowie in Notfallsituationen 
eingesetzt. Häufig verwendete Mittel in der europäischen Aquakultur sind Waschmittel, 
Formaldehyde, Produkte auf Chlorbasis, Alkohole, Wasserstoffperoxid, Phenolderivate und 
Jodophor. 

Reinigungs- und Desinfektionsmittel werden hauptsächlich in der Aquakultur an Land (RAS und 
Durchlauftanksysteme) verwendet und sind nicht für Infrastrukturen auf See geeignet, da diese 
an Land gereinigt werden sollten. 

Die Notwendigkeit der Reinigung und Desinfektion wurde durch Krankheitsausbrüche und 
Massensterben in Verbindung mit unzureichender Biosicherheit besonders deutlich. Um dieses 
Risiko zu verringern, sollten für die Mitarbeiter/Innen Fußbäder, Handwaschstellen und 
Einrichtungen zur Desinfektion der Ausrüstung vorhanden sein und angemessen genutzt 
werden.  

Wenn Reinigungs- und Desinfektionsmittel in die aquatische Umwelt freigesetzt werden, können 
sie je nach Persistenz, Menge und Löslichkeit des Produkts sowie den Eigenschaften der Umwelt 
selbst, letale Auswirkungen auf natürliche Populationen haben. Um dieses Risiko zu minimieren, 
ist der Einsatz von Desinfektionsmitteln in nationalen und europäischen Verordnungen (z.B. der 
Biozidprodukte-Verordnung) geregelt. Reinigungs- und Desinfektionsprodukte sollten 
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ordnungsgemäß gelagert werden, um ein Austreten und direkte oder indirekte Gefahren für die 
Umwelt zu vermeiden. Reinigungs- und Desinfektionsmittel sollten nur bei Bedarf verwendet 
werden. Wenn möglich sollten Produkte mit weniger umweltgefährdenden Eigenschaften 
verwendet werden, und zwar entsprechend der Beschriftung. Rückstände, leere Behälter oder 
abgelaufene Produkte sollten ordnungsgemäß entsorgt werden. 

Monitoring und Dokumentation 

Um sicherzustellen, dass die BVT/BUP von den Mitarbeitern/Innen der Betriebe korrekt 
umgesetzt werden, sollten die Praktiken und Methoden der Umsetzung in Form von 
Unternehmensrichtlinien und -verfahren niedergeschrieben werden. Ebenso wie die BVT/BUP 
sind die Richtlinien und Verfahren regelmäßig zu überprüfen und zu aktualisieren. 

Es sollte eine regelmäßige Überwachung der Umweltauswirkungen aller Aquakultur-
Produktionsstätten erfolgen. Die Überwachung besteht aus Probenahmen, Messungen und 
Beobachtungen. Die Ergebnisse der Überwachungsaktivitäten sollten aufgezeichnet werden, um 
zu überprüfen, ob das Personal die Verfahren des Betriebs befolgt, um die Leistung der 
Zuchtanlagen zu bewerten und die Umweltauswirkungen zu bestimmen. Es wird empfohlen, ein 
zentralisiertes Aufzeichnungssystem zu entwickeln, in das die Fischzüchter Aufzeichnungen 
eingeben können, die von der HELCOM und den zuständigen Behörden benötigt werden, um 
diese Farmen hinsichtlich der Einhaltung der Vorschriften und der Umsetzung der BVT/BUP zu 
bewerten. 
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Project brief 

Project background 

The contracting parties of the Helsinki Commission (HELCOM) adopted HELCOM 
Recommendation 37/3 on “sustainable aquaculture in the Baltic Sea region” in 2016 which 
amends Recommendation 25/4 on “measures aimed at the reduction of discharges from fresh 
water and marine fish farming”. These recommendations provide a framework for the 
development of sustainable aquaculture in the Baltic Sea region by focusing on reducing 
environmental impacts from aquaculture activities.  

Project objective 

The project’s objective is to provide concrete proposals for to achieve best available technology 
(BAT) and best environmental practice (BEP) with respect to avoidance or mitigation of 
pollution by nutrients and hazardous substances for sustainable marine and land-based 
aquaculture operations in the Baltic Sea region.  

Project scope 

This project is a desk-based study of scientific literature, legislative framework, applied best 
aquaculture practices and expert knowledge.  

The focus of the development of BAT/BEP lies on the system type marine aquaculture 
activities/net cages. Land-based aquaculture is considered only if the yearly production 
amounts to more than 1000 kg. Fishponds using extensive or semi intensive pond technology 
without considerable negative environmental impact are not included in this assessment. 
BAT/BEP are focusing on the environmental impact of aquaculture facilities. 

The processing of aquaculture products is limited to activities directly connected to the 
production phase (primary processing). Processing of fish, shellfish or algae is only being 
considered in marine aquaculture if it takes place directly at the cage at sea. 

The scope of the project includes all three phases of aquaculture activities: the establishment of 
new aquaculture operations/technologies, management of existing aquaculture operations and 
monitoring of impacts. Besides assessing measures to mitigate the environmental impact, it 
takes legislative regulations into account and considers aspects of economic and social viability. 

Although focused on environmental impacts, social and economic viability are also be taken into 
account when providing recommendations for BAT/BEP. 

As part of the study, a survey using questionnaires was conducted among the HELCOM Member 
States. The purpose of this survey was to collect country (or regional) specific data describing 
aquaculture practices within the Baltic Sea region. These data were collected in order to better 
understand aquaculture practices within the region to help develop recommendations for 
BAT/BEP. Questions for each focus area were included: 

► Species, production systems and production data 

► Legislation 

► Discharge limits and mitigation measures of nutrients from aquaculture 

► Waste management practices  

► Feed management 
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► IMTAs and nutrient extractive aquaculture 

► Veterinary medicines used in aquaculture 

► Diseases 

► Antifouling practices 

► Cleaning and disinfection agents used in aquaculture 

The full questionnaire can be found in appendix A.1. 

Responses to the questionnaire were received from Denmark, Estonia, Finland, Germany, Poland 
and Sweden, whereby the responsible contact points from both German federal states bordering 
the Baltic Sea answered separately. Hence the replies from Germany are divided into MV (for 
Mecklenburg-Western Pomerania) and SH (for Schleswig-Holstein). No response was provided 
by Russia, Latvia and Lithuania. 

The quality of the responses varied with some countries providing complete and detailed 
information while other countries only provided a partly filled-in questionnaire. Information 
gathered through the questionnaires is incorporated in the report.  
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1 Introduction 

 Best Available Technologies and Best Environmental Practices 
Best Environmental Practices (BEP) are the application of the most appropriate combination of 
measures (HELCOM, 1992) that minimise or eliminate inputs to water and air from all sources 
(HELCOM 37/3) while Best Available Technology (BAT ) is the latest stage of development of 
processes, of facilities or of methods of operation which indicate the practical suitability of a 
particular measure for limiting discharges (HELCOM, 1991). With respect to the Baltic region, 
these practices and technologies should contribute to prevent further degradation of the marine 
environment and achieve a healthy sea in good status with regards to the environment, ecology 
and chemical status.  

In this report, BAT/BEP are developed limiting potential impacts from aquaculture through:  

► Nutrient discharge 

► Waste management 

► Fish feed 

► Veterinary medicines 

► Antifouling agents 

► Cleaning and disinfection agents 

BAT/BEP should be implemented within the applicable laws and regulations. The EU has its own 
legislation, however national laws also apply, and these can vary substantially between 
countries. BAT/BEP can be presented as guidelines or standards. Examples of existing standards 
for defined aquaculture areas are the Best Aquaculture Practices Certification program, Global 
G.A.P. Aquaculture Standard, Code of Good Practice for Scottish Finfish Aquaculture and the 
Aquaculture Steward Council. Aquaculture practices are not standardised by the International 
Organisation for Standardization (ISO). However, there is an ISO appointed committee 
responsible for the development of standards for fisheries and aquaculture (ISO/TC 234). 
Priorities of the committee include maintenance of appropriate chemical and biological 
conditions, environmental monitoring and waste disposal. In the EU, BAT are described in BAT 
reference documents (BREF), which are generated following the exchange of technical 
information between experts from industry, EU countries, research institutes, environmental 
NGOs and the European Commission. They are the main reference documents used by 
competent authorities in EU countries when issuing operating permits for industrial 
installations that represent a significant pollution potential (EC, 2020). 

These standards and guidelines also cover measures to reduce environmental impact from 
aquaculture. Other topics addressed are food safety, social responsibility and animal welfare. 
Companies that implement best/good aquaculture practices according to these frameworks, 
already have measures in place to reduce environmental impact. 
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 Baltic environmental profile 
The Baltic Sea is a semi-enclosed, brackish water body and a unique and fragile ecosystem. It is 
characterised by specific physical and hydromorphological properties that need to be 
considered when aquaculture activities are planned. There are nine littoral states around the 
Baltic and large parts of the sea are intensively used. The drainage basin of the Baltic Sea 
(Figure 1) is inhabited by approx. 85 million people (HELCOM, 2018) and covers a surface area 
of 1,633,290 km² which is relatively large compared to the sea’s surface area itself of approx. 
392,978 km² (Furman et al., 2014).  

Figure 1: Catchment area of the Baltic Sea 

 
Data source: HELCOM Map and Data Service (2020). 

Salinity levels in the Baltic Sea range from 34‰ to 2‰, with an average level of 7‰ (Furman et 
al., 2014). Higher salinity values are found in the southwest connection to the North Sea and 
lower levels in the eastern inner parts. This is due to the large net riverine freshwater supply 
and narrow and shallow connections with the North Sea (Rohde & Winsor, 2001). Through this 
connection, water with higher salinity (approx. 35‰) enters the Baltic Sea, reinforcing a strong 
vertical stratification with denser saline water in the deeper trenches (Furman et al., 2014). 
Given the unique brackish conditions of the Baltic Sea, marine species coexist and interact with 
freshwater species, creating a unique food web (HELCOM, 2018). 
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The Baltic Sea has an average depth of 54 m. There are deep sub-basins reaching a depth of 
several hundred meters, but in general it is rather shallow. Furthermore, there are no strong 
permanent currents in the Baltic Sea (Furman et al., 2014). The inflow of salty and oxygen-rich 
water from the North Sea happens infrequently and due to the depth profile of the Baltic Sea, the 
water often only reaches the western parts. Hence the exchange of water masses in the eastern 
and deeper areas is temporarily very low and “has been an important contributing factor to the 
extension of areas with poor oxygen conditions in the deeper waters of the Baltic Sea” (HELCOM, 
2018, p.14). In 2017, approximately 18% of the total bottom area was affected by anoxia and 
28% by hypoxia (Hansson et al., 2017). 

Eutrophication is a serious threat affecting 97% of the Baltic Sea area (see Figure 2). It has 
mainly been caused by the excessive input of nitrogen and phosphorus compounds from land-
based activities reaching the sea mainly through riverine input (HELCOM, 2018).  

Figure 2: Nutrient levels in the Baltic Sea according to HELCOM 

 
Data source: HELCOM (2018a). Integrated eutrophication status assessment. The confidence assessment results as well as 
the WFD-based assessment of the Danish coastal waters can be found in HELCOM, 2018a. 

The nutrients come from both point and diffuse sources, with agricultural activities being among 
the most dominant ones (70% of riverine nitrogen and 60% of riverine phosphorous), especially 
in the southern areas. Fish farms can also intensify eutrophication locally (Furman et al., 2014). 
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Other activities relevant as sources of atmospheric emissions include transportation, energy 
production and combustion processes (HELCOM, 2018). An increased amount of nutrients 
causes enhanced primary production, consequently resulting in reduced water transparency, 
more frequent cyanobacterial blooms, anoxia as well as a changing and decreasing biodiversity, 
which can in turn affect other species and ultimately the whole food web (Cloern, 2001).  

The amount of nitrogen and phosphorus input into the Baltic Sea markedly increased between 
the 1950s and 1980 (Gustafsson et al., 2012). Since then, even though input has been decreasing, 
there has not yet been a real detectable improvement in water quality. This is mainly due to the 
Baltic Sea having a water residence time of several decades which consequently means that 
changes are delayed (HELCOM, 2018). Nevertheless, analyses show an overall reduction of 
nitrogen eutrophication in the westernmost areas since 1990 (HELCOM, 2018a). This does not 
account for phosphorus concentration though, since large amounts are stored in the sediment 
but released in a process called “internal loading” under anoxic conditions which are caused by 
eutrophication – a vicious cycle (Furman et al., 2014). Measures taken to reduce the phosphorus 
input include improved wastewater treatment (proven reduction after implementation in St. 
Petersburg) and the prevention of phosphorus release in fertilizer factories (proven reduction 
after implementation for a factory in the catchment of river Luga) (Raateoja and Setälä, 2016). 

Another issue likely to influence eutrophication is climate change. Several studies suggest that a 
warmer climate will exacerbate existing nutrient input, thereby leading to stricter limitations in 
order to reach a good environmental status targeted by the HELCOM Baltic Sea Action Plan 
(BSAP) (Meier et al., 2019). The BSAP of 2007 is an agreement to reach a Baltic Sea unaffected by 
eutrophication by 2021. HELCOM further coordinates the regional implementation of the EU 
Marine Strategy Framework Directive (EC, 2017), a part of the EU Integrated Maritime Policy 
(Furman et al., 2014) while the Russian Maritime Doctrine determines the Russian maritime 
activities up to 2020 (HELCOM, 2018). 

Another issue for the Baltic Sea is the high level of hazardous contaminants such as man-made 
chemicals and heavy metals, e.g. mercury, polybrominated diphenyl ethers, and radioactive 
isotopes. Most parts of the Baltic Sea show high levels of contamination with hazardous 
substances (see Figure 3). These substances reach the sea via different pathways, for instance 
wastewater treatment plants, leaching from waste deposits and atmospheric deposition from 
industrial plant emissions (HELCOM, 2018).  

Contamination by hazardous substances, underwater sound, marine litter, species removal by 
fishing and hunting (especially large predatory fish), the introduction and spread of non-
indigenous species as well as seabed loss and disturbance are further aspects threatening the 
current ecosystems of the Baltic Sea. 
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Figure 3: Contamination level in the Baltic Sea according to HELCOM 

 
Data source: HELCOM (2018b). Integrated contamination status assessment. The confidence assessment results as well as 
information on the indicator substance groups and their threshold can be found in HELCOM, 2018b. 
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 Overview of aquaculture in the Baltic Sea 

1.3.1 Aquaculture production in the HELCOM Member States 

The EU is one of the largest seafood markets in the world, but it is heavily reliant on importing 
seafood in order to meet the market demand. Domestic consumption of seafood in the EU is 
made up of around 70% imported goods. The aquaculture sector in the EU is growing at a slower 
rate than the global average and aquaculture in the Baltic Sea region is no exception to this. All 
countries within the Baltic Sea region practise aquaculture. In 2017, the countries collectively 
cultivated almost 333,623 tonnes of fish and molluscs (Table 1). The data presented in Table 1 
show the total production of the HELCOM countries, demonstrating stagnated production trends 
and the importance of aquaculture in the HELCOM Member States. 

Table 1: Aquaculture production trends in the HELCOM Member States  

Total aquaculture production in tonnes in the different countries (complete country, not only the Baltic Sea 
catchment) according to the latest FAO statistical data. 

Countries  2010 2011 2012 2013 2014 2015 2016 2017 

Denmark 36,175 35,918 34,586 37,707 34,382 35,867 36,337 37,498 

Estonia 573 388 581 733 870 799 868 870 

Finland 11,772 11,275 12,659 13,613 13,465 14,877 14,412 14,587 

Germany 40,694 39,141 26,360 25,289 26,032 29,909 41,801 35,979 

Latvia 549 546 575 643 686 863 788 808 

Lithuania 3,191 3,280 3,582 4,211 3,836 4,450 4,393 3,744 

Poland 30,751 29,037 32,261 35,208 40,110 36,971 38,300 38,800 

Sweden 10,644 13,441 13,757 13,366 12,899 12,020 15,747 14,793 

Russian 
Federation 

120,998 129,651 146,455 155,540 163,600 154,050 173,981 186,544 

Total 255,347 262,676 270,815 286,311 295,880 289,805 326,627 333,623 

Source: FAO FIGIS (2020). 

The impacts of aquaculture imposed on the Baltic Sea originate from an array of aquaculture 
activities that operate within the direct catchment area (Figure 1). In case of Germany, Denmark 
and Russia, the majority of recent aquaculture production is conducted outside the catchment 
area of the Baltic Sea, while the remaining countries conduct all aquaculture production in the 
catchment area. The more detailed latest FAO statistical data (Table 2) on the production in 
2017 shows that the most important species in the HELCOM countries are rainbow trout 



57TTEXTE Developing BAT/BEP with respect to pollution by nutrients and hazardous substances for sustainable 
aquaculture operations in the Baltic Sea region  –  Final report 

39 

 

(Oncorhynchus mykiss), common carp (Cyrpinus carpio) and blue mussel (Mytilus edulis). The 
farming of atlantic salmon (Salmo salar) of Russia is mainly done in the Barents Sea, not in the 
Baltic Sea. Other species like sturgeons, paddlefishes (various species), European eel (Anguilla 
anguilla), arctic char (Salvelinus alpinus), European whitefish (Coregonus lavaretus), pikeperch 
(Sander lucioperca) are also produced in relatively large quantities in the HELCOM countries.  

Taking into account that a large part of rainbow trout, common carp, blue mussel, sturgeon 
species, arctic char and European whitefish is produced in countries entirely located in the Baltic 
Sea catchment area (Estonia, Finland, Latvia, Lithuania, Poland and Sweden); these species are 
especially important in terms of aquaculture development in the Baltic Sea area. 

Table 2: The most important aquaculture species produced in the HELCOM Member States 

Total aquaculture production in tonnes by species and country (complete country, not only the Baltic Sea 
catchment) according to the production data from 2017. 

Species DK EE FI DE LV LT PL SE RU Total 

Rainbow 
trout 

33,036 702 13,580 8,452 92 106 14,481 11,361 33,806 115,616 

Common 
carp 

- - 
 

4,597 606 2,938 18,325 
 

64,587 91,053 

Blue 
mussel 

2,414 
  

16,856 
   

2,014 
 

21,284 

Atlantic 
salmon 

807 
      

- 13,016 13,823 

Sturgeon, 
paddle-
fishes 

3 19 
 

183 42 120 640 
 

2,584 3,591 

European 
eel 

549 - 
 

1,202 
 

- 
 

105 
 

1,856 

Arctic 
char 

    
- 

  
1,310 

 
1,310 

European 
whitefish 

  
800 

 
- 

    
800 

Pike-
perch 

264 
  

55 4 0 
  

177 500 

Total 37,073 721 14,379 31,345 744 3,164 33,446 14,790 114,170 249,832 

Data source: FAO FIGIS (2020). 
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These main species are produced by using the following main technologies: 

Extensive and semi-intensive freshwater pond aquaculture 

This technology adopts the natural production of man-made fishponds or in case of semi-
intensive technology various levels of fertilisation to increase natural production and 
supplemental feeding can also be applied. The main species produced in these ponds are 
common carp (80-95%), silver carp (Hypophthalmichthys molitrix) and a small part of the stock 
(3-5%) is usually a predatory species like pikeperch (Sander lucioperca) or pike (Esox lucius). 
This production method is very common in Germany, Poland, Lithuania and Russia. 

Intensive freshwater flow-through production 

This is the most common land-based production method of trout and other salmonids. The 
water is redirected from its native watercourse, flowing through small earth ponds or concrete 
raceways stocked with fish. The fish production in this system is based on regular feeding by 
using various industrially produced compound feeds (fish feed). If no post treatment of the 
water is applied (wetland, sedimentation ponds or tanks etc.), the production water is directly 
discharged downstream in the watercourse.  

Marine or freshwater Recirculating Aquaculture Systems (RAS) technology 

These are land-based systems in which production water is reused after mechanical and 
biological treatment, aiming to reduce the need for water and energy, while reducing the 
discharge of nutrients into the environment. These systems present several advantages, such as 
water saving, a rigorous control of water quality, low environmental impacts, high biosecurity 
levels and an easier control of waste production compared to other production systems. The 
main disadvantages are high capital costs, high operational costs, requirements for very careful 
management (and thus highly skilled labour forces). RAS still have some discharge water, where 
systems replacing daily water volumes of 5-20% are considered as fully recirculated systems, 
while partial recirculation systems have higher discharge rates. In the Baltic region RAS 
technology is widely used for salmon smolt production and freshwater nursing of rainbow trout. 
There is also a growing interest to produce highly valued species (Pikeperch, Sturgeons) using 
this technology. Marine (saltwater) RAS technology to produce market size Atlantic salmon 
attracts many investors and there are farms already operating in Denmark and Poland. Partial 
RAS technology is widely used amongst trout farmers in Denmark where the concept of Model 
Trout Farms was developed (Jokumsen & Svendsen, 2010) and numerous Polish trout farmers 
also use a similar technology (EUMOFA, 2017). 

Cage fish farming 

Marine cages consist of a floating, enclosed and netted culture unit. Floating cages are usually 
installed in coastal areas where they are relatively protected from storms and easily accessible 
to carry out the daily farming activities. The net-pens are moored to the seafloor or lakebed and 
the feeding is done from platforms or boats. This technology is widely used in the Baltic Sea for 
production of rainbow trout in marine cages (Finland, Denmark, Sweden) and in large 
freshwater lakes/water reservoirs (Russia). Marine cage aquaculture provides an economically 
feasible production system at relatively low cost. The scalability of cage farms can be a strategic 
advantage, providing that the environmental parameters are favourable, as site selection is a key 
attribute to success.  
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Marine coastal mussel farming 

There are numerous farms producing Blue mussel in the coastal areas of the Baltic Sea by using 
floating long line and rope net technology, the low salinity (Hedberg at al., 2018) and the ice 
coverage during the winter are the main limitations (SUBMARINER Network Mussels Working 
Group, 2019). 

As the detailed production volumes show, rainbow trout is the aquaculture species produced in 
the largest quantity in the HELCOM countries. The special characteristics and low salinity of the 
Baltic Sea provide a specific opportunity for growing this species up to a large market size (often 
sold as salmon trout in the supermarkets) with relatively low production costs.  

Because of this, rainbow trout is produced in two main categories in the HELCOM countries; (1) 
the so called portion trout (up to 250-300 g) is produced in land-based, freshwater systems 
(mainly flow-through raceways and Recirculating Aquaculture Systems (RAS), but also in cages 
on freshwater lakes) and (2) the large trout (up to 5 kg) is produced mainly in marine or 
brackish water net cage systems (Table 3). 

Table 3: The production of rainbow trout in freshwater and marine environment in tonnes 
in the HELCOM Member States in 2017 

Country Freshwater Marine and brackish 
water 

Total 

Denmark 20,000 13,036 33,036 

Estonia 702 
 

702 

Finland 1,827 11,752 13,580 

Germany 8,452 - 8,452 

Latvia 92 
 

92 

Lithuania 106 
 

106 

Poland 14,481 
 

14,481 

Sweden 8,505 2,856 11,361 

Russian Federation 33,806 
 

33,806 

Total 87,971 27,644 115,616 

Data source: FAO FIGIS (2020). 
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In freshwater, the entire Baltic region produced an average of 80,268 tonnes per year between 
2013 and 2017. The majority of the Danish freshwater production and the total freshwater 
rainbow trout production in Estonia, Finland, Latvia, Lithuania, Poland and Sweden comes from 
the Baltic Sea catchment basin area. Although there are no detailed data on the Russian trout 
production, according to industry information (Adamowski, 2017) 98% of the country’s rainbow 
trout production comes from the Leningrad and Karelia region, mainly situated within the Baltic 
Sea catchment area. 

In the case of Germany, only some parts of Schleswig-Holstein and Mecklenburg-Vorpommern 
fall within the Baltic Sea catchment area and the majority of the German trout production (see 
1.3.2) is not relevant for the Baltic Sea aquaculture analysis. 

The common carp production in Poland, Latvia and Lithuania (21,869 tonnes in total) is carried 
out within the Baltic Sea catchment basin and uses more or less the same semi-intensive pond 
technology as described above. The main carp producing areas in Germany are Bavaria and 
Saxony. There are some fishponds in Schleswig-Holstein and Mecklenburg-Vorpommern, but the 
total production volume is below 1,000 tonnes. There is no data available regarding the 
geographical details of carp production in Russia but knowing that the main production areas 
are in the southern parts of the country it is assumed that this production is not relevant for the 
Baltic Sea aquaculture development. 

The main blue mussel producers amongst the HELCOM countries are Denmark, Germany and 
Sweden (Table 2), however in Germany most mussels are produced in the North Sea (EUMOFA, 
2019). Hedberg at al. (2018) listed 12 mussel farms in the Baltic Sea, Kattegat and Skagerrak 
with a total harvest capacity of 3,500 tonnes. Blue mussel production in the Baltic Sea is 
challenging due to the low salinity, particularly in the North and East. This has an impact on 
mussel development. As a result, mussels produced in the eastern part of the Baltic Sea take 
longer to reach market size (Eurofish, 2015).  

In general aquaculture activities are not widespread or well established in the Baltic Sea itself. 
The existing industry provides aquatic species for the main purposes of food production and 
restocking wild fishery populations. Production for fish stocking is important to mitigate the 
effects of depleted commercial stocks, to improve ongoing recreational, small-scale and 
commercial fisheries, and for creating new fisheries. Presently, according to data available, only 
four of the countries in the Baltic Sea region engage in commercial marine aquaculture activities 
in the Baltic Sea: Denmark, Finland, Germany and Sweden (Figure 4). 
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Figure 4: Marine finfish and shellfish aquaculture in the Baltic Sea 

 
Data source: EMODnet Human Activities (2020) – Marine finfish and shellfish aquaculture & EUMOFA (2019). 
Map only based on available data from EMODnet and EUMOFA.  

1.3.2 Recent aquaculture production and future trends in the Baltic Sea region by 
country 

Denmark 

The majority of aquaculture in Denmark is for the purpose of food production. In 2010 some 
turbot was produced for the purpose of restocking (Schulz, 2014). Rainbow trout accounts for 
90% of the Danish aquaculture in the Baltic Sea. The trout are transferred from inland 
freshwater ponds to the offshore net cages in March/April when they are around 1 kg. They are 
then maintained and fed using feed machines from a boat or platform. The fish are harvested 
between October and December at weights ranging from 2 to 5 kg. Due to the weather during 
the winter months, there is no offshore production of rainbow trout in Denmark between 
January and March. Land-based methods of rainbow trout production operate year-round in a 
flow-through raceway or pond system.  

The production of European eel in RAS has a long tradition in Denmark and there are also new 
companies producing other species in RAS. Even though the largest Atlantic salmon RAS 
production facilities are on the coast of the North Sea (Evans, 2019), the largest pike perch RAS 
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production unit with a capacity of 400 tonnes/year is located in the Baltic Sea catchment area 
(AquaPri, 2020). There is also RAS production of Yellowtail kingfish and European eel but below 
1,000 tonnes/year quantity (Questionnaire Denmark). 

Mussels are cultivated using common vertical ropes and ‘long-line’ systems. The vertical ropes 
are suspended in the water column from the long-line, and naturally occurring juvenile mussels, 
which are plentiful in Danish waters, settle on the ropes during the spring. The mussels grow on 
the ropes over summer. During autumn they are harvested and transferred to ‘mussel socks’, 
where they continue to grow to a size around 45-55 mm until the following summer, when they 
are harvested for sale. 

Denmark has established sites of intensive Integrated Multi-Trophic Aquaculture (IMTA) in 
Horsens fjord. Here, mussels are grown on hanging nets to keep them suspended above the sea 
floor whilst they feed on the nutrient rich waters. In the same area they also produce sugar 
seaweed on long rope lines, which has been shown to improve the removal of Nitrogen and 
Phosphorous at IMTA sites (Marinho et al., 2015).  

Land-based systems in Denmark produce mainly rainbow trout. The earthen ponds are slowly 
being replaced with concrete ponds where effluents are strictly monitored. Production levels 
have remained stable thanks to strict production regulations. There are also 25 RAS rainbow 
trout farms in Denmark. National Growth Objectives in Denmark specify increases in production 
volume to 55,000 tonnes in 2020 through the increased use of IMTA and RAS (Multiannual 
national aquaculture plan from the European Commission; EC, 2016). 

Estonia 

Rainbow trout is the main species produced in Estonia and makes up around 90% of production. 
Common carp, sturgeon, and eel are also cultured in limited quantities. Trout is reared in flow-
through ponds, tanks or raceways, or in net cages in brackish water. Carp are cultivated in 
earthen ponds and eel is cultivated in RAS. By 2020, Estonia aspires to have a leading position in 
their own domestic market and increase exports of aquaculture products.  

Finland 

The majority of Finland’s aquaculture is in coastal areas, predominantly along the west coast and 
in the Archipelago Sea. Like Denmark, the most important species produced in Finnish 
aquaculture is rainbow trout, raised in coastal and offshore marine cages accounting for up to 
80% of Finland’s total finfish production. The remaining 20% is made up of rainbow trout 
production in freshwater ponds and a small number of European whitefish (around 800 tonnes 
in 2017) and sea trout (80 tonnes in 2017). Some mussel and seaweed production is also taking 
place as part of trialling IMTA systems near open cage fish farms. The seaweed is intended to be 
used as biofuel, fertiliser and animal feed (Schultz-Zehden & Matczak, 2012). 

Land-based, freshwater farms also produce rainbow trout for food as well as salmon smolts for 
stocking to maintain the threatened fish populations and ensure genetic diversity in natural 
populations. The national growth objectives in Finland predict production volumes to increase 
to 20,000 tonnes in 2020, with a value of 100 million Euro (EC, 2016). 

Germany 

The major fish production in the Baltic Sea and its drainage basin are rainbow trout, common 
carp and some other minor species like African catfish (Clarias gariepinus) and pikeperch in RAS 
(questionnaire Germany). There is only one commercial blue mussel farm present in Schleswig-
Holstein with an estimated annual production of 5 tonnes (EUMOFA, 2019). 
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According to the latest national growth objectives (Bundesverband Aquakultur, 2014), Germany 
targeted to significantly increase its aquaculture production. 

Latvia 

Latvia has a small aquaculture sector in which common carp is the main species produced and 
small amounts of sturgeon, trout, pike, and crayfish are also farmed. Latvia’s aquaculture sector 
has an emphasis on angling tourism, because of its social and economic benefits for rural 
regions. By 2022, the national strategic plan identifies an increase in production volume to 2,256 
tonnes. 

Lithuania 

The aquaculture industry in Lithuania has increased its production by 45% over the last 10 
years. Common carp is the most produced species, using a three-year production cycle to 
compensate for the natural environmental conditions. Trout and whitefish are cultured in cold 
water production systems and cold-water RAS production facilities are utilised for culturing 
Atlantic salmon and sea trout. By 2022, national growth objectives aspire to production levels of 
6,400 tonnes with a value of 8.9 million Euro. 

Poland 

Poland produces mainly rainbow trout in partial (or semi-) recirculating and flow-through farms 
and common carp by using extensive and semi-intensive pond technology. Pikeperch, pike and 
European catfish (Silurus glanis) are produced as predatory species in carp ponds, as well as in 
cages located in the discharge canals of power plants.  

RAS technology has a growing interest in Poland and there are two operating Atlantic salmon 
production facilities with a total production of 900 tonnes. Small volumes of African catfish, 
sturgeon, tilapia, and barramundi are also produced in recirculating aquaculture systems. 
According to national growth objectives, production volume should increase to 61,000 tonnes in 
2020 with the addition of marine and mollusc farming. 

Russia 

The Leningrad and Karelia regions of Russia are mainly situated in the Baltic Sea catchment area 
and these regions are accountable for 98% of the country’s trout production. In the past few 
years large investments took place to develop cage farming of rainbow trout. AquaBioTech 
Limited has designed a large-scale RAS nursery system to supply a 3,000 tonnes capacity farm 
(personal communication) operating cages on Lake Ladoga. The Karelia region also plans to 
increase its production of trout in freshwater cage systems to 35,000 tonnes (Adamowski, 
2017). 

Sweden 

Aquaculture production in Sweden is increasing in terms of land-based and marine cage 
production. Rainbow trout is the dominant (84%) species produced in freshwater and marine 
cage systems (8,505 tonnes and 2,856 tonnes respectively in 2017), followed by arctic char and 
blue mussel. National growth objectives aspire to 25,000 tonnes in 2020 through mussel culture 
on long-lines, arctic char cage farming and RAS. 

The fish to stock marine cages is produced in ponds and raceway systems. The use of RAS is 
currently being explored and developed, although not yet used on a commercial scale. Crayfish 
and arctic char and pikeperch are cultivated in freshwater systems. Swedish land-based 
aquaculture has good growth potential thanks to the many lakes and rivers, especially in the 
north (East Region Aquaculture Centre, 2020). 
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Shellfish cultivation of blue mussels on ropes and oysters is carried out in coastal areas, 
producing 2,014 tonnes in 2017 (FAO, 2019). Suitable conditions for shellfish farming can be 
found at new locations along the west coast, providing potential for expansion. 

As new aquaculture systems are continuously developed, the production of species such as 
turbot, tilapia, catfish and prawns will be explored in the east, whilst in the west, the focus will 
remain on marine production including exploitation of new commercial aquaculture species 
such as wolffish and lobster (East Region Aquaculture Centre, 2020). 
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2 Proposals for BAT/BEP to avoid/minimise nutrient 
pollution 

 Discharge limits and further mitigation measures 

2.1.1 Introduction 

The major nutrient emissions from the cultivation of finfish are inorganic and organic forms of 
dissolved or solid-bound nitrogen, phosphorous and carbon. The extent to which aquaculture 
represents a point source of nutrient emissions depends upon various factors, but the type of 
cultivation system is largely determinant. Aquaculture systems can be broadly characterised 
based upon their level of containment. In open-systems, such as sea-based cages (net-pens), 
there is no physical barrier preventing nutrients and uneaten feed from being emitted directly 
into the surrounding environment. Contrasting, land-based RAS have a high degree of 
containment. Fish production takes place in tanks and water is recirculated repeatedly through-
out the system with only a small percentage of water exchange. Biological filters remove 
dissolved nutrients and mechanical filtration separates solid wastes, forming a nutrient rich 
sludge with potential economic applications. Ponds and raceway systems can, in most cases, be 
described as semi-enclosed/contained. An inlet placed at the source (e.g. river) allows water to 
enter either continuously (raceways) or periodically (ponds). Water is discharged into the 
natural water system, sometimes after passing through settling ponds for removing particulate 
matter. The semi-enclosed nature of these systems enables a proportion of solid-bound 
nutrients, which settle or are otherwise trapped, to be retained.  

Nutrient emissions from aquaculture have the potential to modify the receiving marine 
environment in a variety of ways. Dissolved nutrients, emitted directly from sea-based fish 
farms and indirectly via leaching from solid wastes and from land-based farms that discharge 
effluent into rivers, have the potential to contribute towards nutrification. This is an issue for the 
Baltic Sea region where eutrophication is widespread.  

Solid-bound nutrient discharges, in the form of fish-faeces and uneaten feed, are a potential 
source of benthic nutrient enrichment. Benthic zones with different characteristics vary in 
response to nutrient enrichment (for detailed review, see Homer et al., 2005), although common 
effects include changes in faunal and microbial community composition, alterations in sediment 
chemistry, and in severe cases, anoxia and an accumulation of sulphide. Sedimentation below or 
immediately adjacent to fish rearing cages is common in waters with poor dispersive capacity. 
However, benthic impacts are not limited to the cage rearing of finfish; bivalve cultivations can 
accumulate nutrients by transferring nutrients from the water column to the seafloor. It is 
important to note that nutrient related impacts can be avoided or mitigated by the 
implementation of good aquaculture practices. 

2.1.2 Setting nutrient discharge limits for marine aquaculture 

2.1.2.1 Discharge limits per mass of fish  

HELCOM Recommendation 25/4 sets annual average nutrient discharge limits per live weight 
(kg) of fish produced in freshwater and marine fish farms (Table 4). The limits are defined as an 
annual average of nitrogen (N) and phosphorous (P) discharges per kg of live fish that must not 
be exceeded. The recommendation states that these values have been calculated based upon the 
assumption that living fish contains 0.4 % of phosphorous and 2.75 % of nitrogen. Although the 
recommendation provides no further information pertaining to the source of this data, the 
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values for fish nutrient content are similar to those reported for salmonid species. The 
recommendation also omits any description of the methods used for calculating discharge limits 
nor of how they can be monitored. It is quite possible they are based upon the outputs of a 
nutrient mass balance model, such as that presented in Ackefors & Enell (1990).  

Table 4:  Annual Average Nutrient discharge limits per 1 kg of live fish produced, as 
recommended by HELCOM (recommendation 25/24) 

Category Total Phosphorous (g) Total Nitrogen (g) 

Existing freshwater fish farms 7 50 
New and reconstructed freshwater 
fish farms 6 50 

Existing and new marine fish farms 7 50 

Source: HELCOM Recommendation 25/24. 

Further to these problems, the major limitation to the recommended maximum allowable 
discharges is that they have been set for 1 kg of live fish, rather than at the farm (or wider) level. 
Reductions in the nutrients discharged by the production of 1 kg of fish are ineffective from the 
point of view of nutrient emissions to the environment if there is no limitation to the biomass 
than can be produced. Thus, whilst mass balance models are used to calculate nutrient emissions 
per unit of growth, to be effective, they must be extrapolated to the total biomass produced at an 
appropriate scale (e.g. farm, region).  

In open systems, the total quantity of N and P released per unit fish growth can be considered as 
being discharged into the surrounding natural environment. Mass balance models are used to 
estimate faecal (solid-bound) and dissolved nutrients emitted by fish, with the outputs being 
expressed as: g N or P/kg growth/year. The methods used for mass balance calculations differ in 
complexity, data quality, and the accuracy of their outputs. Table 5 shows outputs of different 
mass balance models for Atlantic salmon.  

Table 5: Nutrient discharges from Atlantic salmon (Salmo salar) produced in marine cages 

Nitrogen (N) and phosphorous (P) discharges from Atlantic salmon (Salmo salar) produced in sea-cages, 
expressed as g nutrient/kg of fish growth. Values are the product of mass balance models with different 
assumptions and input data quality. They should not be used to obtain mean values or ranges. 

Nutrient Strain & Hargrave 
(2005) Wang et al. (2012) Reid et al. (2013) Cubillo et al. (2016) 

N dissolved 33 36 29.49 ± 4.20 40.42* 

N solid - 14 - - 
P dissolved 4.9 2.45 2.26 ± 2.25 - 
P solid - 6.85 - - 

Sources:  
Strain & Hargrave (2005) – based upon production is Southwest New Brunswick. 
Wang et al. (2012) – input values mainly from literature. 
Reid et al. (2013) – Semi stochastic (rather than static) mass balance approach, using a variety of literature values for each 
input. Outputs are mean values with standard deviations. 
Cubillo et al. (2006) – Mass balance model calibrated for a farm in Northern Norway. Dissolved nitrogen values are reported 
for the growth of 5.8195 kg of salmon (235 g N). The value in the table above is calculated as 235/5.8195. This assumes a 
linear relationship which is a feature of the model (e.g. if the model was run for 1 kg of salmon, the out for N would not be 
40.42 g. 
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Simple mass balance models are useful for basic estimations of nutrient released by metabolism. 
Typically, input data include those describing feed consumption and composition, feed 
conversion ratio (FCR), nutrient digestibility, and fish nutrient composition. More complex 
models incorporate functions describing temperature dependent growth rate and fish size as 
determinants of metabolism and subsequent nutrient releases.  

Wang et al. (2012), used a simple mass balance based upon data values from various sources, for 
obtaining an approximate quantification of nutrient emissions from Atlantic salmon production 
(Table 6), to estimate the potential availability of nutrients for the co-cultivation seaweed and 
blue mussels in IMTA systems. Simple and relatively quick approaches towards mass balance 
modelling produce values, which at best, can be described as a ‘rough approximation’. This is 
justified and sensible when precise and accurate output values are not required, such as in the 
above example. However, when utilised as a tool for stock management or for the regulatory 
control of production, more accurate modelling is required. For such purposes, the ability of 
mass balance models to predict fish growth and associated nutrient discharges necessitates 
validation by comparing the model outputs with measured values. Validation is required 
because of the variation in nutrient discharges and in the values used to calculate these 
discharges. This variation exists as a result of multiple, interacting, variable factors, such as 
species type and growth stage, temperature, levels of dissolved oxygen, water velocity, feeding 
schedule, feed ingredients, and stocking density. Due to this variation of these data and the 
multiple interacting effects that are the source of this variation, there is little scientific 
justification for using static mass balance models for setting nutrient discharge limits per mass 
of fish produced. Setting defensible limits would require an extensive, dynamic modelling 
approach, that incorporates the effects multiple relevant parameters, and with individual 
models being applied to each cultivated species and each environment in which they are grown. 
The lack of data available for inputs, even to static mass balance models, further increases the 
tenuity of limiting emissions in this way, rending the approach ineffective from the perspective 
of environmental protection. Apart the lack of scientific validity, another major drawback of 
limiting discharges per mass of production is that regulatory compliance is practically 
impossible to enforce or sensibly monitor.  

Table 6: Basic static nutrient mass balance model for Atlantic salmon 

  Nitrogen (g)  Phosphorous (g) 

Feed consumed (1.2 kg)* 68.16 10.80 

Fish (1 kg)* 27.68 4.10 

Dissolved emissions† 27.44 1.84 

Solid emissions† 13.04 4.86 

Total emissions 40.48 6.70 

*Based on YrestØyl et al. (2015) 
†Ratio of dissolved to solid emissions calculated using values from Wang et al. (2012) 

In the case of land-based systems that employ filtration, there will be little, if any, correlation 
between nutrients released per mass of fish production and the nutrients emitted to the 
surrounding environment. In semi-enclosed cultivation, such as a flow-through systems, mass-
balance equations can be used to calculate the quantity of a nutrient released by the growth of 
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fish, but a portion of this will likely be retained within the system. Further modelling and water 
sample measurements will then be required to estimate the portion of nutrients retained and of 
those discharged. As the quality of the resulting values will be affected by much uncertainty, 
there is little sense in setting discharge limits for phosphorous that differ only by 1 gram 
between existing freshwater farms and new built facilities.  

2.1.2.2 Limiting the quantity of feed required per mass of fish production 

FCR is a measurement of the amount of feed required to produce a mass of fish. If fish are 
produced with an FCR of 1.2 (1.2 : 1), it requires 1.2 kg of feed to produce 1 kg of fish. As a 
general rule, lower FCR values are associated with lower nutrient discharges than higher FCR 
values. Thus, defining a maximum allowable FCR can be used as by-proxy method of limiting 
nutrient discharges per unit of fish produced. In contrast to limiting discharges per mass of fish 
growth, limiting FCR is a defensible approach which can be monitored for regulatory 
compliance. Despite this, there are some important considerations.  

There are two main ways in which FCR can be expressed. Biological FCR (bFCR) describes the 
quantity of feed consumed that is converted to mass. This differs from economic FCR (eFCR), 
which incorporates the quantity of feed that is offered to fish but does not contribute to the 
production of harvestable biomass. Economic FCR is calculated by adding the quantity of feed 
consumed by fish that are eventually lost through mortality, and the quantity of feed remaining 
uneaten. Appropriate feed selection and farm management practices can help reduce both bFCR 
and eFCR, but farmers do not have absolute control. Environmental factors, such as temperature, 
can affect growth rate and its relationship with bFCR. However, farmers have less control over 
eFCR. Whilst good husbandry is essential to minimise the rate of mortality, disease outbreaks 
can be difficult to predict and avoid. As such, if eFCR is subjected to limitation, even the most 
diligent of farmers may struggle to consistently comply.  

2.1.2.3 Limiting the nutrient content of feed 

Placing upper limits on the nutrient content of feed is also a more practical strategy than setting 
discharge limits per unit of fish growth. Fish farms routinely record the type and quantity of feed 
used, and these records can be used to demonstrate regulatory compliance. This is the approach 
adopted by the Canadian Food Inspection Agency. Although more practically enforced than the 
limiting nutrients per mass of fish, there are similar drawbacks to this method arising from 
variability.  

The main limitation of this method is that the quantity of nutrients contained within a feed does 
not, by itself, determine the quantity of nutrients released by the fish that consume them. This 
can be illustrated by considering protein content, protein playing a major role in fish cultivation 
in terms of production efficiency and nutritional value, and it being responsible for the quantity 
of nitrogen a feed contains. Various factors can influence the quantity of consumed nitrogen that 
is subsequently discharged. Following consumption, feed is subject to digestion processes, such 
as enzymatic action, which contribute to the absorption of ingested feed. Nutrient digestibility is 
not constant, rather it varies according to the properties of the ingredients in which the 
nutrients are contained, the presence of antinutritional factors, physiological status of the fish, 
feeding regime (feeding frequency and quantity), and environmental factors. Various factors also 
influence the availability of absorbed nutrients for retention as growth. The efficiency of 
nitrogen retention is increased by using protein with an amino acid profile that matches that of 
the species being cultivated. The protein to energy ratio is also an important determining factor. 
Before the availability of extruded feeds, the protein content of commercial aquafeeds was 
typically much higher than those produced today. Limitations in the pelleting process restricted 
the possible inclusion rate of lipids, and the energy content of feed was maintained by increasing 
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the inclusion of protein beyond that required for growth. Energy is supplied by catabolism of the 
protein’s constituent amino acids, of which proteins are composed, with ammonia being the 
principle metabolic waste. The adoption of extrusion technology has increased the possible 
inclusion rate of lipids, and commercial aquafeeds now have a lower inclusion of protein and a 
more optimised protein to energy ratio. This helps to maximise the opportunity for achieving 
maximum protein retention efficiency. Factors that affect a fish’s metabolic rate, such as 
temperature, also influence the portion of amino acids that are retained as growth that is used 
for energy metabolism. However, good quality, species specific aquafeeds are formulated so that 
maximum retention efficiency is obtainable under the range of expectable environmental 
conditions, when fish are produced in appropriately managed cultivation systems. 

Although fish can obtain phosphorous from their environment, the phosphorous requirements 
of fish in cultivation is met largely through the phosphorous content in feed. The phosphorous 
content of feed can occur in different forms, varying across ingredients types. The form of 
phosphorus influences its retention efficiency and, thus, the likelihood of it being discharged as a 
waste. Thus, aquafeed feeds should have an easily digestible and absorbable phosphorus 
content, with a profile and inclusion rate that is suited to the species for which the feed is 
intended.  

Fish during early stage rearing have different nutrient requirements than those at later-stages. 
Their growth and metabolic rate also change. Commonly, feeds with differing nutrient 
compositions are applied at different stages of the cultivation cycle. During the final phase of 
Atlantic salmon and trout production, finishing diets are often used to improve the quantity and 
quality of fatty acids within the fish, which is important for maintaining the taste, texture and 
health benefits of eating these fish. Producers of aquafeed offer a variety of feeds with 
formulations tailored to the requirements of distinct species, life-stages, and cultivation systems. 
This should be taken into account if the nutrient content of feed is to be subject to limitation. 
Examples of aquafeeds and their nitrogen and phosphorous contents can be found in Table 7. 

Table 7: Nitrogen and phosphorous content of high-quality feed for the grow-out stage of 
Atlantic salmon 

Nutrient 
AA Active 
AF 9mm 

AA Nordic 
Prestige 
6-8mm 

AA Nordic 
Prestige 
8mm 

AA Nordic 
proof 
9mm 

AA Organic 
43/28 EX 

BM EFICO 
Enviro 
940 6mm 

BM EFICO 
Enviro 
940 8mm 

Nitrogen (%) 6.72 6.56-6.88 5.92-6.4 5.68 5.92-6.5 6.3 6 
Phosphorous (%) 1.1 1 1 1.1 1 1 0.8 

AA = Aller Aqua A/S (2020) 
BM = BioMar A/S (2020)  

2.1.2.4 Maximum allowable biomass 

Controlling biomass production is an effective way of limiting discharges. It does not depend 
heavily upon sampling technologies and compliance is relatively easy to monitor. Nutrient 
discharge limits are usually set by defining a maximum allowable biomass production. This can 
be the maximum allowable production per annum, or the maximum biomass allowed in a site at 
any one time, known as the maximum standing biomass. The principle of maximum standing 
biomass provides producers with more flexibility over their harvesting schedule, with staggered 
stocking and multiple, periodic cropping of the largest fish classes. Limits to annual production 
are more suitable for ‘all-in, all-out’ production schedules, whereby fish stocking and harvesting 
occur as separate, one-time events. Nutrient emission models, such as mass balance models (see 
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section 2.1.2.1), can be used to calculate the quantity of biomass that can be produced without 
exceeding a specified nutrient discharge limit. In a basic scenario, this quantity can be 
considered as the maximum allowable biomass, although in practice other considerations are a 
factor.  

2.1.2.5 Predicting nutrient fate and environmental impacts 

By themselves, models which estimate discharges of nutrients do not predict their fate. The most 
commonly used models for these purposes are those which focus upon the near-field 
characteristics of nutrient dispersion and environmental effects. DEPOMOD1, is a commonly 
used modelling program for predicting the benthic impacts of solid-bound nutrients discharged 
from sea-based aquaculture. It tracks both the settling of solids and their advection (dispersion 
by currents), the resuspension, accumulation and degradation of settled solids, and their 
impacts upon the benthic community. It has been applied mainly to the production of Atlantic 
salmon in cages (e.g. Cromey et al., 2002), for which the use of a modified version 
(AutoDEPOMOD) is an obligatory component of the licensing procedure in Scotland. A more 
basic model developed by Pérez et al. (2002) calculates the distribution of solid-bound carbon 
beneath sea-based cages, which is displayed visually as a contour plot generated using 
geographical information systems modelling.  

In open-marine environments, it is common for the majority of solid discharges to be deposited 
within the vicinity of the cultivation site. Dissolved nutrients are more widely dispersed. 
Tracking nutrient dispersion in marine environments is challenged by highly complex, 
hydrodynamic characteristics. Various hydrographic, ecological modelling systems can calculate 
dispersion of dissolved nutrients and their potential environmental impacts. However, despite 
some having been applied to aquaculture, they require time, expertise, and large amounts of 
data, making them unsuitable as a tool in the procedure of licensing individual aquaculture sites. 

Blue mussel (Mytilus spp.) is the most commonly produced bivalve species in the Baltic Sea. 
Bivalve cultivation is often seen as being more sustainable than finfish production because of its 
potential to offer beneficial ecosystem services. Certainly, bivalve farming has the potential to 
play a positive role in coordinated strategies for ameliorating the undesirable effects of nutrient 
inputs from anthropogenic activity. However, it is important to recognise that the impacts of 
filter feeding shellfish upon the surrounding environment are not always beneficial. Bivalves 
feed upon seston, such as phytoplankton, zooplankton and detritus, which they obtain from the 
water column via filtration. They selectively retain captured seston based upon characteristics 
such as size, and the rejected particles are packaged within mucus and released as pseudofaeces 
(Ward and Shumway 2004; Cranford et al. 2011) In effect, bivalve cultivations are capable of 
modifying benthic-pelagic linkages by transferring nutrients from the water column to the 
seafloor (Alonso-Pérez et al. 2010). Deposition of faeces and pseudofaeces can lead to significant 
benthic nutrient enrichment (Carlsson et al. 2010). Other potential impacts include localised 
seston depletion, and modification of phytoplankton community composition due to selective 
retention of food items (Cranford et al., 2008). Models have been developed specifically for 
bivalve cultivation, and they are useful for both optimising production and predicting impacts 
upon the environment. As bivalve feeding behaviour, growth, and reproduction are highly 
responsive to environmental conditions, modelling the interactions between the environment 
and bivalve cultivations is useful to help determine production carrying capacity. ShellSIM 
(e.g. Hawkins et al., 2013), ShellGIS (Newell et al., 2013) and FARM (e.g. Ferreira et al., 2007; 
Ferreira et al., 2009) are among the more well-known models which have been used managing 

 

1 Developed by the Scottish Association for Marine Science. 
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various aspects of bivalve cultivation as well as quantifying emissions of dissolved and solid-
bound nutrients to the environment.  

The nutrient related impacts of both finfish and bivalve aquaculture can be mitigated and even 
avoided by siting farms in areas with suitable environmental characteristics. 

2.1.3 Further mitigation strategies for marine aquaculture 

2.1.3.1 Site selection  

Site selection identifies areas suitable for aquaculture production based upon factors relating to 
physical, production, and ecological carrying capacity. In open marine systems, important 
factors include environmental characteristics such as water temperature, pH, salinity, turbidity, 
dissolved oxygen, current speed, and depth. Characteristics of the seafloor are also important. 
Environmental and physical conditions must be suitable for the species being produced and 
have implications for cultivation methods and associated infrastructure.  

Higher current speeds increase the dispersion and dilution of solid-bound and dissolved 
nutrients, reducing the occurrence of localised impacts and increasing the likelihood that 
nutrients will be assimilated by the environment across wider-scales. Higher current speeds also 
prevent depletion of dissolved oxygen, which can adversely affect the local environment and 
induce stress in cultivated fish as well as causing mass mortality beyond critical thresholds. 
Thus, the frequency and duration of slack water and low current speed should be minimal. 
However, high current velocities can increase hydrodynamic force loading upon infrastructure, 
reducing material lifespan, increasing maintenance costs, and increasing the likelihood of 
structural failure, potentially leading to fish escapees. The energetic expenditure of finfish is 
accelerated at higher current speeds, increasing feed conversion ratios and reducing production. 
High velocities can negatively affect production in bivalve cultivations by increasing losses 
through drop-off (in long-line rope cultivation) and by reducing the rate at which the bivalves 
intercept food items. In general, a mean current speed of 25-50 cm/s, and a maximum speed of 
maximum speed 60-75 cm/s, is considered acceptable for finfish cage cultivation in temperate 
waters (Beveridge et al., 2004; Cardia & Lovatelli, 2015). It is more difficult to define appropriate 
current speeds for bivalve cultivation, as the optimal velocity varies according to food 
availability and cultivation system (Cranford et al., 2011). However, a speed of approximately 
25 cm/s is suitable for blue mussel (Mytilus spp.) grown using long-line cultivation methods. 
Observations from a mussel farm in Sweden appear to show minimal or no modification of the 
benthic environment (Baltic Blue Growth, 2019), a situation that may be attributable to 
appropriate site selection. 

Fallowing is a common practice used to mitigate benthic impacts. In finfish cultivation, it is also 
used as a measure for controlling diseases and parasite infestations. Typically, a fallowing period 
occurs at the end of each cultivation cycle. The duration of fallowing differs according to regional 
legislation and site-specific conditions. Producers of finfish often rotate production and 
fallowing across several sites, with one or more of these sites remaining fallow at any one time. 
Benthic habitats exhibit varying rates of recovery depending upon their specific characteristics 
and the extent of nutrient loading. The time taken for adequate recovery can range from several 
weeks to two or more years.  

2.1.3.2 Aquaculture Management Zones  

Biosecurity and environmental impact mitigation practices can be difficult to manage at the 
individual farm level and may be more effective when coordinated as part of a regional 
management strategy. Limiting biomass production and implementing mandatory fallowing at 
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individual farm sites may mitigate localised impacts, but nutrient discharges from multiple sites 
can have cumulative impacts at regional scales. The need to manage the environmental impacts 
of aquaculture, and the occurrence of disease epidemics has encouraged the development of 
aquaculture management zones. Management zones have been implemented in Norway 
(Guarracino et al., 2018), Chile (Avial, 2017) and Scotland (Anon, 2005) as a response to the 
need to control infestations of sea lice and to prevent outbreaks of diseases such Infectious 
Salmon Anaemia (ISA). The ISA epidemic in Chile was particularly severe, decimating the 
production of Atlantic salmon. The Chilean salmonid industry, which grew rapidly in an era 
characterised by weak legislation and sparse attention to spatial planning (Prescott, 2017), 
provides an interesting example of how zonation has become an important component of long-
term aquaculture management strategies. 

Aquaculture management zones are located within areas identified as being suitable for 
aquaculture production. Within these zones, practices such as fallowing, moving of stock, and 
the application of chemical treatments can be coordinated to maximise their effectiveness and 
minimise risks to production and the environment. A maximum allowable biomass can be 
defined for each zone based upon the area specific carrying capacity, and within each zone, the 
number of concessions is predesignated. Aquaculture management zones could be implemented 
within the Baltic Sea as part of an ecosystem management approach, which is supported by EU 
Integrated Maritime Policy (e.g. Directive 2014/89/EU) and the HELCOM-VASAM Marine Spatial 
Planning Working Group (e.g. HELCOM HOD 34-2010). Their implementation must also be 
consistent with Baltic state national legislation and may require legislative changes in some 
cases. The process will require stakeholder participation, including industry and governmental 
departments representative of regional sectors. The integrated management of aquaculture and 
other maritime as part of a marine spatial planning approach in the Baltic Sea has been 
investigated and supported by projects such as BaltSeaPlan, COEXIT, Aquabest (Gee et al. 2011, 
Stelzenmüller et al. 2013, Finnish Game and Fisheries Research Institute 2014). 

2.1.3.3 Ecosystem Approach to Aquaculture, Integrated Coastal Zone Management, and the 
provision of Ecosystem Services 

The past 15 years has witnessed the emergence of aquaculture research and policy development 
that emphasises the interconnectedness of economic and ecological systems. The Ecosystem 
Approach to Aquaculture (EAA), originally spearheaded by the FAO (FAO, 2007), is a conceptual 
framework for guiding processes that encourage the integration of aquaculture within the wider 
ecosystem. Similarly, Integrated Coastal Zone Management (ICZM) is a concept that has been 
adopted as a process for assisting the development and implementation of EU policy relevant to 
coastal areas, such as the Marine Strategy Framework Directive (Directive 2008/56/EC). It aims 
to foster coordinated management economic activities occurring within the coastal zone, both 
on land and at sea, within the context of long-term environmental protection. In this respect, the 
establishment of AMZs is consistent with ICZM, especially considering that nutrient discharges 
from land-based activities also contribute to impacts upon the marine environment. 

Aquaculture’s potential to provide ecosystem services is of direct relevance to ecosystem-based 
approaches, such as EAA and ICZM. In particular, bivalve and seaweed cultivation has been 
promoted as a mechanism for the bioremediation of nutrients from anthropogenic activities 
occurring both on land as well as within marine environments (e.g. Chopin et al., 2001; 
Barrington et al., 2009). Over the last two decades there has been a growing field of research 
focusing upon the potential of such species to reduce nutrient related environmental impacts 
associated with finfish cultivation. The combined cultivation of species from different trophic 
levels, and which are connected by a common nutrient flow, has become known as Integrated 
Multi-Trophic Aquaculture (IMTA). The implementation of IMTA might be driven by regulatory 



57TTEXTE Developing BAT/BEP with respect to pollution by nutrients and hazardous substances for sustainable 
aquaculture operations in the Baltic Sea region  –  Final report 

57 

 

developments which are guided by EAA and ICZM frameworks. If nutrient emissions from 
aquaculture are considered as a negative externality to be managed through the application of 
‘polluter pays’ taxes, then finfish producers may benefit from producing secondary crops, such 
as seaweed. Alternatively, if the biomass is restricted by a nutrient discharge limitation, 
increases in finfish production might be permittable if secondary crops of a lower trophic level 
are cultivated as well. However, despite providing an apparently obvious service, the potential 
role of ‘nutrient extracting’ species is not necessarily straightforward.  

2.1.4 Nutrient extractive aquaculture and IMTA 

2.1.4.1 Integrated Multi-Trophic Aquaculture and nutrient bioremediation  

IMTA is the combined cultivation of organisms from different trophic levels. In principle, these 
systems are considered as integrated because the different species share a common nutrient 
source, with the nutrient emissions resulting from the feeding and subsequent metabolic 
processes of ‘fed species’ (e.g. finfish) being utilised by extractive species (e.g. seaweed, mussels) 
as food. The integration of species from different trophic levels is a defining feature of many 
extensive and semi-intensive polyculture systems that can be found in regions such as South 
East Asia, where various aquaculture species are often integrated with terrestrial crop and 
animal production. Typically, the rearing of fish in such polyculture systems takes place in ponds 
and sometimes irrigation channels, but examples of integration can also be found in open-water 
marine systems. The cultivation of fish, seaweeds and bivalves within proximity to each other is 
well established in Chinese coastal waters (Barrington et al., 2009). Nutrients from 
anthropogenic sources entering coastal areas are sometimes of such quantity that it is unlikely 
that the large production of finfish in bays with limited water exchange could be maintained 
without the presence of extractive species, these being cultivated at scales far exceeding what is 
seen elsewhere in the world. For the most part, this situation contrasts with examples of open-
water marine IMTA located in Western Nations. Although the eutrophication of some marine 
ecosystems certainly exists in the Western world, there are few, if any examples of problematic 
hypertrophic conditions being prevented by large cultivation of seaweeds or shellfish. In Europe 
and North America, IMTA is mostly represented by the limited production of seaweed and 
shellfish close to individual, or a small number of finfish farms. It is to some extent debatable as 
to whether these systems can be considered as truly integrated. Integration based upon a 
common nutrient flow requires that extractive species feed upon the nutrients originally 
entering the system as aquafeed. There is evidence that the assimilation of these nutrients by 
seaweed and bivalves can occur, although this result is not a consistent outcome across all 
investigations. It may be argued that, regardless of their source, nutrients are removed upon the 
harvest of seaweed and bivalves, offsetting those emitted by finfish growth (Prescott, 2017).  

As briefly discussed in section 2.1.2.5, bivalves extract their diet from suspended particulate 
matter. Once intercepted, potential food items are subject to selective retention based upon 
qualitative aspects such as size and nutritional composition, with rejected particles being 
deposited as pseudofaeces. Ambient seston and solid bound nutrients from finfish farms which 
would have otherwise been subject to dispersion, can be transferred from the water column to 
the seafloor as a result of bivalve feeding activity. As a consequence, the area of benthic nutrient 
enrichment may be extended beyond that already impacted beneath and surrounding adjacent 
net-pens containing finfish. There is potential to decrease benthic loading from settling solid 
bound nutrients at finfish farms if the quantity removed by co-cultivated bivalves is larger than 
the total nutrient content of bivalve faecal and pseudofaecal deposition. However, there are few 
studies demonstrating that particulates discharged by finfish cultivation are a suitable source of 
food for bivalves. Indeed, bivalves may preferentially select food items from among ambiently 
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available seston. Within the context of a eutrophicated environment such as is common in the 
Baltic sea, these later considerations are important. Predation upon phytoplankton and other 
ambient seston by bivalve cultivation may result in net removal of nutrients, but this ecological 
service may come at the cost of increased benthic impacts associated with finfish farms. 
Integration of finfish and bivalve cultivation based upon a common nutrient flow is also 
challenged by factors limiting the availability of fish farm derived nutrients for capture by 
bivalves. Flow speeds suitable for bivalve cultivation and maximum bivalve feeding efficiency 
are below those generally required for good rates of solid waste dispersal. Low flow speeds 
leading to limiting horizontal dispersion of particles reduce the exposure rate of bivalves to 
finfish derived solid waste. At higher current speeds the velocity of particle transport lowers the 
likelihood of solids wastes being intercepted (Cranford et al., 2013).  

2.1.4.2 The role of ‘nutrient extracting’ species in the Baltic Sea 

As discussed in section 2.1.4.1, the value of IMTA and nutrient bioremediation is context specific. 
As the Baltic Sea is mostly eutrophic in status, a situation considered to be environmentally 
problematic, the use of ‘extractive species,’ such as seaweed and shellfish, ought to be 
considered. In particular, the cultivation of seaweed is an option for reducing levels of dissolved 
nitrogen, phosphorus and carbon. Despite being generally characterised by a low range of 
salinity in the Baltic Sea, various seaweed species are present. However, cultivation is not 
widespread, and the development of this practice may be technically and financially feasible.  

Species must be adapted to low salinity and high nutrient environments. Bladder Wrack (Fucus 
vesiculosis) is a commonly found species in the Baltic Sea. It has a tough texture and relatively 
slow growth rate and therefore it is not susceptible to ‘sludge’ formation (degradation of dead 
biomass) which is common among faster growing species with thinner blades, such as Ulva 
lactua. It also has high iodine content (Catarino et al., 2018), which may be exploitable for 
commercial purposes. Other commercial applications of seaweed may include its use as a food 
additive and as a source of fertiliser. The use of seaweed as a fertiliser might appear to be an 
attractive component of a Baltic Sea region wide nutrient management approach, although its 
suitability in terms of nutrient profile and potential for introducing salt to agricultural soils must 
be considered.  

Farming of blue mussels is another potential component of an overall strategy towards 
combating eutrophication within the Baltic Sea. Production of blue mussels as a food product is 
commonly reported to be hampered by the limitations to growth imposed by low salinity levels 
(Hedberg et al. 2018). However, the potential economic applications of farmed mussels extend 
beyond the use of mussel meat for human consumption. Mussel meat meal has been suggested 
as a potential fertiliser of agricultural soils (e.g. Spångberg et al., 2013). Mussel shells are 
approximately 95-99% calcium carbonate (CaCO3) which might be extracted and used for 
industrial purposes (Murphy et al., 2018). Shells of farmed mussels may provide a substrate for 
pavement and road surfaces. Mussel meat meal is a potential candidate substitute for fishmeal. It 
has a protein and fatty acid profile suitable for salmon species and it is readily accepted by 
rainbow trout (see chapter 2.3). For this to become a market reality, various logistical and 
economic hurdles need to be overcome. It has been argued that the economic feasibility of 
bivalve farming in the Baltic Sea can be improved if nutrient bioremediation is an ecosystem 
service with a monetary value (e.g. Lindahl, 2011; Schultz-Zehden et al., 2019).  

The last decade has witnessed research efforts towards establishing blue mussel cultivation with 
the objective of removing nutrients with positive outcomes; pilot mussel farms removed 
nutrients from the water and also had a positive impact on the clarity of the water. Results also 
suggest that the mussel farms had no negative impacts on the sediments and that species 
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richness was higher under and around farms (SUBMARINER Network Mussels Working Group, 
2019). However, the selection of a suitable site and use of appropriate farming technology is 
crucial, since else it can have no or even negative impacts as discussed in section 2.1.4.1. And 
even when a suitable site is selected, environmental monitoring should be carried out with 
regards to impact on the benthic environment since research has only been carried out on small 
farms and further studies are needed to evaluate the effect of large farms (SUBMARINER 
Network Mussels Working Group, 2019; Hedberg et al., 2018). 

2.1.5 Limiting nutrient discharges from land-based aquaculture 

2.1.5.1 Recirculating aquaculture systems 

Recirculation Aquaculture Systems (RAS) have been associated with reduced nutrient 
discharges to the surrounding local environment. Consequently, RAS have been suggested as an 
alternative to open cultivation systems within the Baltic Sea region (e.g. Suhr 2014). Water from 
RAS is discharged periodically and represents only a small fraction of the total water used for 
cultivation. Unlike open sea-based systems, water from RAS is subject to filtration before being 
discharged into the environment. Biological filters contain nitrifying bacteria that convert 
dissolved ammonia to nitrate, a form of nitrogen less harmful to fish. However, this does not 
remove the total amount of dissolved nitrogen contained within discharged water. This can be 
achieved using biological denitrification technology that converts nitrogen to a gaseous form, 
which then enters the atmosphere. Though, challenges must be overcome before biological 
denitrification can be practically applied in RAS (Letelier-Gordo et al. 2020). Different 
biofiltration technologies and nitrifying bacteria may perform differently in terms of the rate 
and efficiency of nitrification. They can also differ in their influence upon other aspects of water 
quality, such as biological oxygen demand (Ebeling et al., 2006). 

Solids are removed from RAS using mechanical filtration, such as drum filters. Post filtration, 
suspended solids can be further reduced using flocculation tanks. Constructed wetlands can act 
as settling ponds, which facilitate the sedimentation of suspended solids. The dynamics of 
nutrient cycling within wetlands vary (Sindilariu et al., 2009), although it can be expected that a 
portion of nutrients within the sediment are subject to bacterial action, solution and dissolution 
processes, and absorption by plants. Encouraging the growth of wetland plants that obtain 
nutrients from the water body can reduce the concentration of dissolved nutrients. 

2.1.5.2 Flow-through tank and pond systems 

The production of brown trout and rainbow trout in elongated, rectangular ponds is a typical 
example of a flow-through system. Water discharges from flow-through systems are usually 
continuous. Water from a stream or river enters the system at its inlet and exits via an outlet 
located downstream of the same watercourse. Depending upon characteristics such as the size 
and shape of raceways, and the rate of water flow, the proportion of nutrient-containing solids 
remaining within flow-through systems may be significant. This reduces the need for mechanical 
filtration, and water is sometimes discharged directly into the surrounding watercourse without 
prior treatment. As such, appropriate site selection is important to ensure that dissolved 
nutrient discharges do not exceed the assimilative capacity of the receiving environment. 
Phosphorous and nitrogenous nutrients can also be removed from outlet water by the use of 
settling ponds and constructed wetlands. As with sea-based fish cultivation, nutrient discharges 
from flow-through farms can be controlled by limiting the biomass that may be produced within 
a set time period, or the biomass that a site may contain at any one moment in time. Setting a 
maximum allowable feed input is an alternative to limiting biomass. By itself, setting maximum 
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allowable nutrient emissions per weight of fish growth is an ineffective method of preventing 
unwanted environmental impacts.  

Compared to traditional, relatively simple raceway designs, the operation of some more modern 
flow-through systems depends upon a greater use of technology. Typical examples of such can 
be found among salmon smolt production facilities, which produce fish in volumes far exceeding 
those of small basic flow-through designs. Larger production volumes produce greater 
quantities of nutrient containing solids, and so it is not uncommon for outlet water to be subject 
to mechanical filtration prior to being discharged. Filtration of outlet water may also be a feature 
of basic flow-through systems in order to maintain regulatory compliance.  

Ponds differ from flow-through systems in that water discharges are not continuous, rather they 
occur during and following harvest. A frequent characteristic of extensive pond cultivation is the 
use of nutrient fertilisers to boost primary and secondary production (microalgae and 
zooplankton respectively), which is consumed by herbivorous and omnivorous fish stock. 
Supplementary feeding with farm-made or commercial produced feed is also common. Even 
with these inputs, waters discharged from extensive and semi-intensive pond cultivation may 
have a nutrient content and biological oxygen demand that is the same, or lower, than that of the 
inlet water. The majority of nutrient inputs are contained within the cultivated fish and within 
the pond sediment. Intensive pond systems are characterised by higher stocking densities and 
depend on commercially produced feed inputs, and their management is distinct from extensive 
production. Waters discharged from intensive pond cultivation may have a nutrient content that 
is higher than the inflow.  

2.1.6 BAT/BEP recommendations 

All practices and technologies must be implemented whilst observing due compliance with EU 
regulation, and, when applicable, regulations of individual HELCOM Member States. The 
following BAT/BEP are recommended to limit nutrient discharge in the Baltic Sea. 

 

Marine aquaculture 

Aquaculture Management Zones (AMZs) 

► Consider establishing aquaculture management zones (AMZs). 

► Environmental Impact Assessments (EIA) should be conducted to support designation and 
management of AMZs. The EIA should be based upon site-specific data, accompanied by 
appropriate modelling approaches. EIA should focus upon near-field impacts, but far-field 
impacts should also be considered. The EIA should include the following aspects: 

 Benthic characteristics and ecological status 

 Water quality 

 Prevailing surface and subsurface water current direction and velocity 

 Modelling approaches for predicting nutrient dispersion, solid deposition, and assimilative 
and carrying capacity of the receiving environment 
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► AMZs should be located in areas with adequate environmental, production, and social carrying 
capacity. Within this context, HELCOM Recommendation 37/3 is relevant. It makes the 
following recommendations regarding locations designated as a Marine Protected Area (MPA): 

 Assess and aim to avoid or minimise as far as possible the potential negative impact of 
aquaculture facilities located outside MPAs on these protected areas (in particular, 
HELCOM MPAs, NATURA 2000 sites and potential MPAs as designated under MSFD Art. 13 
(4)) or other ecologically sensitive areas. 

 Fish farms should not be placed in protected areas if they might compromise conservation 
objectives for which MPAs have been established. 

 In accordance with these recommendations, aquaculture production should not take place 
either within MPAs, or within areas where they may contribute to degradation of an MPA. 
This decision should be made on a case by case basis. Different types of aquaculture may 
provide ecological services that lead to improvements required in some MPAs, such as by 
providing habitats that support the conservation of species.  

► The number of AMZs within any given area, and the distances between each AMZ should be 
defined whilst taking into account carrying capacities. 

► Intensive finfish production and shellfish cultivation should not be established in areas with 
eutrophication with high concentrations of dissolved nutrients within the water column, and 
heavily impacted benthic zones (e.g. high sediment nutrient content, anoxia/hypoxia, sulphide 
production). 

► The area should have adequate current speeds to prevent localised nutrient accumulation. 
Dispersive capacity increases with current speed, but aquaculture farms should not be located 
in areas where the flow rate is too high for optimal growth and FCR, and for the maintenance 
of good fish welfare. For bivalve cultivation, the current speed must not surpass that at which 
bivalves are capable of intercepting food items, or at which the integrity of farming 
infrastructure remains secure.  

► Determine a minimum water depth required for finfish net-pens and suspended shellfish 
cultivations. This will help prevent localised accumulation of solid waste upon the benthic zone 
below aquaculture facilities as deep water increases the likelihood of dispersion and 
assimilation. 

► Stakeholder consultation and participation is key to successful implementation of AMZs as part 
of local and regional integrated ecosystem management strategies. 

► For some marine aquaculture species, it is possible to reduce the dependency upon open 
systems (e.g. cages) by using RAS. For example, Atlantic salmon production often takes place 
in RAS before fish are sent to sea, and developments in RAS technology and husbandry have 
enabled the industry to decrease the length of time salmon are grown in net-pens / cages. 
Similar approaches should be considered in the Baltic Sea region, e.g. when producing 
Rainbow trout.  
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► Semi-enclosed containment systems (S-CCS) and even closed containment systems (CCS) have 
been developed for the cultivation of Atlantic salmon. These systems are not open as are net-
pens / cages, from which nutrients are discharged directly into the environment. Water is 
filtered to remove nutrients discharges to the receiving environment and the closed nature of 
the system helps to prevent the release of therapeutants whilst offering the barrier to 
parasites. The technological readiness of these systems appears to be increasing and may 
become available for use for producing species such and Rainbow trout in the Baltic Sea. It is 
too early to consider these systems as Best Available Technology, but progress in their 
development should be monitored. 

 

Management of nutrient related impacts upon benthic zones and the water column 

► Implement and coordinate fallowing periods, the length of which should be determined based 
upon the assimilative capacity of the benthic zone.  

► Coordinated production cycles and harvesting periods when possible (e.g. when there is 
common agreement between competing producers within a management zone, or when a 
management zone is occupied by a single producing company). 

► Coordinated production should be done within the context of a defined maximum allowable 
production, as a means of limiting nutrient discharges and reducing the risk of disease 
outbreaks. If this is not possible, defining a maximum allowable content of N and P in feed, or 
setting a maximum allowable bFCR, are second best alternatives. Limits to feed nutrient 
content must be defined for feeds intended for specific cultivation types and environments, 
different life-stages/age and size classes, and different species. Maximum allowable bFCRs 
must be defined according to cultivation environment and species. Stakeholder consultation is 
the best route towards ensuring that such limits are realistic, implementable, and effective, 
whilst reducing stakeholder conflict and increasing cooperation.  

► The use of appropriate feed types, feeding regimes and techniques (see chapter 2.3). 

► Consider the use of nutrient extracting species, such as bivalves and seaweeds as part of a 
mass balance approach.  

► The most relevant site specific nutrient related impacts have to be defined and monitored on 
farm level and AMZ level. 

 

Defining Maximum Allowable Production 

► Once a suitable location for aquaculture has been identified, the maximum allowable 
production can be calculated. 
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► Aquaculture is complex, so producing companies should be consulted to ensure that 
approaches to limiting biomass production satisfy their intended purpose whilst being 
amenable to efficient and profitable production practices. 

► Production may be limited based upon the principle of maximum standing biomass with 
repeated cropping of desired size classes, or on an all-in-all out approach. Alternatively, a 
maximum allowable feed input can be defined, which is a by-proxy method of limiting biomass 
production. 

 

Land-based aquaculture 

Minimising nutrient discharges from Recirculating Aquaculture Systems (RAS) 

► Optimised feeding can be part of the strategy for reduced nutrient discharges in RAS. Feed 
designed purposely for use in RAS is available on the market for several species. These feeds 
improve FCR, and so reduce the amount of nutrients discharges by fish into the water. This 
may reduce the need for denitrification technology and the lower the nutrient content of solid 
wastes.  

► The effluent water and sludge of the RAS must be treated on site as much as possible. 

 Water filtration prior to its reuse its defining feature of RAS. However, a fraction of 
cultivation water is discharged (e.g. 5-10% of total water volume). The mechanical and 
biological filtration of this discharged water should be considered. When possible, 
constructed wetlands should be used as part of this treatment process. Discharged fresh 
water can also be considered for use in crop irrigation.  

 Sludge (nutrient containing solid wastes) separated from water by mechanical filtration 
should be considered as a potential fertiliser, perhaps as an input to compost production, 
or as a feedstock to biogas production. 

 

Minimising nutrient discharges from flow-through tank and pond systems 

► Individual farm permits should define a maximum allowable biomass production. This can be 
the maximum biomass allowable on the farm at any one moment, or the maximum yearly 
production. Alternatively, the maximum allowable quantity of feed used per site can be 
assigned on a site per site basis. Mechanical filtration of water discharged from flow-through 
systems can be considered a best environment practice. When practical and economically 
feasible, the use of constructed wetlands should be considered. 
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 Waste management practices  

2.2.1 Introduction 

In EU legislation, waste is defined by the ‘Waste Framework Directive’ (2008/98/EC) as being 
‘…any substance or object which the holder discards or intends or is required to discard.’ The 
term ‘waste’ is often loosely applied when referring to solid and dissolved nutrient discharges 
from aquaculture fish farming activities. Chemical pollutants are also frequently described as 
being a waste. Nutrient emissions, veterinary medicines, antifouling products and cleaning 
agents are discussed elsewhere within this report (section 2.1, 3.1, 3.2 and 3.3 respectively), and 
so are not considered here. Domestic and industrial waste, such as cardboard and plastic 
packaging, are common across aquaculture value chains. These are typical waste materials 
generated throughout European industry. Legislation, processes and best practices pertaining to 
their management are well defined, and do not differ between the aquaculture industry and 
other areas of economic production. However, some aquaculture activities, such as farming, 
slaughtering and processing, produce ‘biowastes’ which are more particular to the aquaculture 
and fishery sectors.  

Aquaculture waste and aquaculture by-products may be vectors of diseases when and if they are 
disposed directly to the marine environment. This is a possibility when processing takes place 
on the cages (using special barges or small floating processing workshops) or in the case that 
dead fish are disposed directly to the sea – either deliberately or in the case of accident. As such, 
waste management can contribute to reducing environmental impact of aquaculture activities in 
the Baltic Sea through waste recycling as well as valorisation of wastes which may also create an 
income to the farmer or reduce disposal costs.  

This section will solely focus on the farming wastes originating from the production cycle of the 
farms and the processing of the final product, in case that this occurs on/around the cages.  

2.2.2 Waste production from mortality 

Other than nutrient emissions from fish metabolism, mortality is the principle biowaste 
generated by fish farms. Within the framework of EU legislation, aquaculture mortality is 
classified as an animal by-product (ABP). The Animal By-Products Regulation (1069/2009/EC) 
defines three categories of ABP and places restriction on their use and disposal. In most cases, 
finfish mortalities can be expected to be classified as category 2 ABPs. As such, the permitted 
options for their disposal are limited to: 

► Disposal through incineration or co-incineration  

► Disposal in a landfill site post pressure sterilisation 

► Transformation to a fertiliser or soil improver post pressure sterilisation 

► Ensiling, composting or conversion to biogas 

► Use as a fuel for combustion 

Ensiling is a commonly employed and practical method of managing aquaculture fish mortality 
as it a relatively simple and economical process that inactivates pathogens. Facilities for ensiling 
fish mortality of commonly located in land-based farm sites and at sea-based farms as floating 
structures. There are various possible economic uses for fish silage, such as the production of 
protein concentrates or protein hydrolysate for animal nutrition, protein extraction of fish oil, 
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and use as a fertiliser. However, EU regulation restricts the options for valorising fish silage to 
non-food applications, as category 2 ABPs are not permitted to enter the human food chain, 
either directly, or indirectly as inputs to animal production (1069/2009/EC). As such, silage is 
incinerated, disposed in authorised landfills, or used as a feedstock for biofuel production. 
Incineration is a frequently employed, albeit, perhaps, wasteful method to dispose of mortality 
with any previous treatment processes such as ensiling. Incineration presents the opportunity 
for energy recovery through using the heat it generates as an energy input to other economic 
processes. As the occurrence of mortality may be sporadic or otherwise of insufficient volume to 
practically supply energy recovery process, co-incineration with wastes from other industries 
might be more feasible. However, as aquaculture often takes place in remote areas, this 
approach may be logistically impractical. 

Dead and moribund fish are removed frequently to reduce the probability that predators are 
attracted to the fish farm, reduce the probability of disease spreading and to enable sampling of 
fresh tissue for veterinary examinations. Although mortality is a source of nutrients, the quantity 
of mortality accidently entering the environment is too small (ideally this should be zero) to 
warrant any concern. Mortality is sometimes retrieved by divers, although mortality collection 
systems are also used. Cultivation cages are often fitted with conical shaped bottom nets, which 
funnel dead fish into a collection device. Mortality can easily be retrieved using an airlift pump. 
Shellfish mortality that are not removed during cultivation by predators, are routinely removed 
during post-harvest processing. 

2.2.3 Waste from processing 

The post-harvest processing of farmed finfish consists of two main stages. Primary processing 
refers to slaughtering and gutting (removal of viscera), and it produces ‘Head-on-Gutted’ (HOG) 
fish. Secondary processing refers to subsequent processing, such as filleting. Other than the 
production of HOG and fillets, primary and secondary processing may produce various by-
products. These include heads, trimmings and belly flaps, skin, viscera, and blood. It may be 
more appropriate to refer to these by-products as co-products, as they have potential economic 
applications. Indeed, some of these products are utilised, although the options for doing so are 
subject to regulation within the EU. Skin, bones, blood and viscera considered unsuitable for 
human consumption are classified as category 3 ABPs (1069/2009/EC). The permitted disposal 
options for category 3 ABP are incineration, landfilling following appropriate treatment, and 
ensiling (section 12, articles 12-15). They may also be composted, converted to biogas, and used 
to produce pharmaceuticals, cosmetics, and animal feeds. Heads, trimmings and viscera are used 
to produce fishmeal and fish-oil, although the meal must not be used in aquaculture feeds. Table 
8 shows the various uses for fish processing by products. For further information describing the 
utilisation of processing by-products, see Newton et al. (2014) and Stevens et al. (2018).  

Table 8: Current and potential uses of fish processing by-products permittable within the 
framework of EU Animal By-Products Regulations (1069/2009/EC) 

By-product Valuable components Use 

Heads 
proteins, peptides, lipids, collagen, 
gelatine, minerals including calcium, 
flavour 

food, fish meal, fish oil, food grade 
hydrolysates, animal grade hydrolysates, pet 
food, nutraceuticals, cosmetics 

Frames   
(bones, flesh, 
fins) 

proteins, peptides, lipids, collagen, 
gelatine, minerals including calcium, 
flavour 

food, fish meal, fish oil, food grade 
hydrolysates, animal grade hydrolysates, pet 
food, nutraceuticals, cosmetics 
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Trimmings proteins, peptides, lipids  
food, fish meal, fish oil, food grade 
hydrolysates, animal grade hydrolysates, pet 
food 

Viscera proteins, peptides, lipids, enzymes such as 
lipase 

food grade hydrolysates, animal grade 
hydrolysates, fish meal, fish oil, fuel, fertilisers 

Skin 
(with belly flap) 

collagen, gelatine, lipids, proteins, 
peptides, minerals, flavour 

fish meal, fish oil, cosmetics, food, fish meal, 
nutraceuticals, cosmetics, leather, fuel, 
fertilisers  

Blood  proteins, peptides, lipids, thrombin & 
fibrin fuel, fertiliser, therapeutants 

Mortalities 
proteins, peptides, lipids, collagen, 
gelatine, calcium and other minerals, 
flavour 

animal feed (fur animals), zoo animal feed, 
fuel, fertilisers (in line with the REGULATION 
(EC) No 1069/2009) 

Source: Stevens et al. (2018) 

The principle biowastes from the processing of bivalve molluscs are shells, flesh, byssal threads, 
and biofouling removed from the shells during cleaning. Waste flesh, shells with waste flesh 
attached, and byssal threads are category 3 ABPs, classified as unfit for human consumption. As 
such, the permitted disposal and utilisation options are the same as those for category 3 by-
products from finfish processing. Flesh-free bivalves (shells cleaned from residual meat) can be 
used as a road and path surfacing material, as an aggregate in concrete and mortar, and they can 
be powdered and used in the liming of agricultural soils. Bivalve mollusc shells are a source of 
calcium carbonate (CaCO3) and calcium oxide (CaO), although they are not commonly exploited 
for the industrial production of these compounds.  

Wastewaters from aquaculture processing usually contain proteins, fats and oils, and blood. In 
order to reduce the impact of processing activities upon the surrounding environment, various 
wastewater treatment steps maybe employed. Fats and oils can be removed via coagulation and 
flocculation, and floatation methods. Solids, such a fish or mussel flesh, can be removed by 
mechanical filtration. Removal of dissolved nitrogen and phosphorous can be achieved via 
biological filtration, although this is usually unnecessary when processing wastewater enters 
municipal treatment facilities. The Water Framework Directive (2000/60/EC) and the Industrial 
Emissions Directive (2010/75/EU) are relevant to the regulation of wastewater emissions from 
aquaculture processing facilities within the EU. The Industrial Emissions Directive requires food 
processing facilities to obtain separate wastewater discharge permits. These permits define 
allowable limits for various quality parameters per unit of water discharged, determined based 
upon the quality levels achievable using best available technologies. 

It is possible to perform primary processing upon floating platforms located next to sea-based 
farms. This practice is uncommon and not recommended, both because of the risk of solid 
wastes and wastewater entering the environment, and because it can be less efficient than land-
based processing. 

2.2.4 BAT/BEP recommendations 

All practices and technologies must be implemented whilst observing due compliance with EU 
regulation, and, when applicable, regulations of individual HELCOM Member States. BAT/BEP 
should be implemented for mortality management and management of processing wastes. 
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Aquaculture Mortality Management 

► Dead and moribund fish should be collected regularly to prevent the spread of pathogens, 
both within the aquaculture and natural environment.  

► If mortality cannot be removed immediately from site and transported to a treatment facility, 
ensiling is preferable, both as a method of storage and partial inactivation of pathogens.  

► Prior to transportation or treatment (e.g.) ensiling, all collected mortality should immediately 
be stored within sealed containers. Contains should be thoroughly cleaned and disinfected 
after use. 

► In net-cage/pen cultivation, conical shaped bottom nets are preferable to flat bottom nets, as 
they facilitate the recovery of dead fish. 

► When possible, mortality collection systems should be installed within net-pens. These 
systems facilitate regular removal of dead fish and reduce dependency upon divers.  

► The volume of mortality production should be recorded. All stored and transported mortality 
should be clearly labelled, including the date when the dead fish are put into storage. The 
destination, date of collection and relevant details of the receiving entity should be recorded. 

 

Aquaculture processing wastes 

► Primary (including slaughtering) and secondary processing should not take place at sea, either 
upon or adjacent to sea-based farm sites. Processing at sea risks processing waste and 
wastewater from directly entering the surrounding environment. 

► When economically and logistically practical, and when regulations allow, aquaculture 
processing by-products should be utilised or otherwise valorised, rather than disposed. 

► Wastewater discharges from processing should have minimal solid and dissolved nutrient 
wastes and have an acceptable biological and chemical oxygen demand. The measured values 
of relevant parameters should be those obtainable using best available technologies. They 
should also be determined as part of an environmental impact assessment, and discharges 
should have characteristics that do not exceed the assimilative capacity of the environment. 
Wastewater quality parameters should be monitored daily and fully recorded. 

► The BAT to be implemented depend upon the case specific characteristics of waste and 
wastewater produced. Flocculation and coagulation, or flotation methods (the relative merits 
of which are a factor of specific waste characteristics, such as the quantity and size of 
suspended solids) should be employed to remove fats and oils. The use of ozonation should 
also be considered to inactivate pathogens. If dissolved nutrient levels are above that of the 
receiving environment, biological filtration should be employed.  

► Reductions in solid and dissolved nutrients, and fats and oils per unit of wastewater can be 
decreased by using a greater quantity of water in cleaning and processing activities. However, 
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increasing water consumption may incur additional financial costs and may decreases the 
sustainability of an operation if freshwater use is considered to be an environmental impact.  
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 Fish feed composition 

2.3.1 Introduction 

In general, aquaculture can be separated into three broad categories based upon the extent to 
which they depend on exogenously sourced inputs, primarily feed. Extensive systems rely upon 
natural productivity to provide nutrition for fish, which are kept at relatively low stocking 
densities. Other organisms typical of extensive systems include bivalves and seaweed, as their 
production rarely depends on any feed inputs other than what is already present in the 
surrounding environment. Intensive systems depend upon commercially produced feed, usually 
consisting of ingredients from agriculture and pelagic fisheries (fishmeal and oil). Unrestrained 
by the limits of natural productivity, fish cultivated in intensive systems are normally stocked at 
a comparatively much higher density than those in extensive systems. Consequently, in intensive 
systems additional inputs, such as oxygen, may be required. Systems that rely upon natural 
productivity as well as other feed inputs are ‘semi-intensive.’ Extra feed inputs enable stocking 
densities or growth to be higher than they would otherwise be when natural productivity is the 
only source of food. This chapter discusses feed use in relation to its impacts within the Baltic 
Sea region, and so only intensive and semi-extensive systems are of relevance. It discusses the 
guidelines for aquaculture feed proposed by HELCOM recommendation 37/2. 

HELCOM recommendation 37/3 states that best aquaculture practices and best aquaculture 
technology should: 

 ‘Promote sustainable fish feed composition to reduce pressure on wild fish and to prevent 
additional nutrient discharges by optimising nutritive requirements and encourage the use of 
regionally sourced products as fish feed ingredients with an aim to decrease the net inflow of 
nutrients into the Baltic Sea.’  

The recommendation can be separated into two related, but distinct themes: (1) the 
sustainability of feed formulations, with respect to pressures upon pelagic capture fisheries and 
to the nutrient discharges resulting from the feeding of aquaculture species; (2) although 
described somewhat ambiguously, the recommendation alludes to locally produced ingredients, 
perhaps as part of a circular economy approach.  

2.3.2 Optimising feed formulations for reducing nutrient emissions  

A basic knowledge of aquaculture feed and feeding strategies is important for understanding 
how nutrient emissions from aquaculture can be minimised (see chapter 2.1). This is because 
feed type and feeding methods influence the amount of feed that is offered to fish, the amount of 
feed remaining uneaten, and the proportion of nutrients within the feed that are undigested and 
ejected as waste. The supply of feed ingredients is associated with environmental impacts, other 
than those related to on-farm nutrient emissions. Indeed, the majority of environmental impacts 
arising from the cultivation of high-value finfish are related to the production of feed ingredients 
derived from agricultural crops (Roberts et al., 2015).  

Feed inputs to intensive aquaculture systems may account for as much as 85% of the total cost 
of production, and so there is an economic as well as an environmental prerogative for farmers 
to increase the efficiency of feed use. 

FCR is a standard metric for quantifying feed use within aquaculture production. As discussed in 
chapter 2.1, bFCR describes the quantity of feed consumed by a fish that is converted to growth. 
However, unconsumed feed and loss of biomass due to mortality, which are unaccounted for by 
bFCR, are a source of economic loss. eFCR is the measure of bFCR plus mortality and uneaten 
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feed, and it is used as a key performance indicator in aquaculture. Considering the significant 
financial cost associated with feed inputs, finfish producers strive for high feeding efficiency by 
using suitable practices and high quality, “fit for purpose” feed types. Feed producers invest 
heavily in the development of formulations that help to lower both e and bFCR, with feeds being 
developed not only for specific species but for particular life-stages as well. Diets that are 
attractive to fish in terms of appearance and palatability, whilst having properties that help 
maintain their integrity during transport and within water, maximise feed intake and lower the 
amount of nutrient wastes resulting from uneaten feed. Feed formulations that facilitate 
maximum digestibility and absorption of energy and nutrients, and support maximum 
conversion of nutrients to growth, allow producers to optimise feed use and lower the amount of 
nutrients lost through excretion. Reductions in bFCR nutrient wastes occur gradually, and 
species for which intensive cultivation is well established, usually exhibit lower bFCRS than 
those species more recently introduced. This is because reductions are achieved not only 
through the gradual improvement of feed formulations, but also selective breeding for improved 
performance of the target species. Breeding programs are particularly important and selecting 
for desirable traits, such as higher growth rate, have improved the bFCR exhibited by some 
species. For example, Finland has breeding programs for rainbow trout and European whitefish 
to increase the productivity of farms using selected strains (Natural Resources Institute Finland, 
2016). 

Under controlled laboratory conditions, bFCRs approaching 1:1 have been achieved. However, in 
practice, bFCR is increased above this by factors affecting fish metabolism, such as size and 
variation in environmental conditions. Furthermore, minimum FCR is not always the objective. 
Up until a point, feeding at rates above that required for minimum FCR can result in faster 
growth rates. Faster growth incurs the cost of greater feed inputs and greater nutrient losses, 
but it can still be a practical and financially profitable option if it allows producers to reach a 
target size within a shorter period than possible using lower feeding rates. In the market 
orientated economies typical of Europe and North America, farmers may be obliged to make 
available a set volume of fish by a predefined date. As factors such as temperature can affect 
production, farmers may need to manipulate their feeding strategy in order to maintain 
agreements with their customers. When developing recommendations pertaining to the 
regulation of feed quality and feeding strategy, it is important to consider their influence upon 
the flexibility farmers need to adequately function.  

2.3.3 Promoting fish feed compositions that reduce pressure on wild fish  

The use of wild fish to supply fishmeal and fish-oil to the aquafeed industry, began to receive 
increased negative public attention following a high-profile publication authored by Naylor et al. 
(2000). The report claimed that up to 5 kg of wild fish is used to produce 1 kg of farmed marine 
species. The data used to support this claim was based upon values from 1997, but since this 
time, there have been notable improvements. Incorrect assumptions have often resulted in 
grossly exaggerated values describing the quantity of wild fish used to produce farmed species. 
A suitable method of calculation has been offered by Jackson (1990), based upon the principle of 
‘fish-in:fish-out’ (FIFO): 

 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 =
Level of 𝑓𝑓𝑅𝑅𝑓𝑓ℎ meal in diet + Level of fish oil in diet

𝑌𝑌𝑅𝑅𝑌𝑌𝑌𝑌𝑌𝑌 𝑅𝑅𝑓𝑓 𝑓𝑓𝑅𝑅𝑓𝑓ℎ𝑚𝑚𝑌𝑌𝑅𝑅𝑌𝑌 𝑓𝑓𝑓𝑓𝑅𝑅𝑚𝑚 𝑤𝑤𝑅𝑅𝑌𝑌𝑌𝑌 𝑓𝑓𝑅𝑅𝑓𝑓ℎ + 𝑌𝑌𝑅𝑅𝑌𝑌𝑌𝑌𝑌𝑌 𝑅𝑅𝑓𝑓 𝑓𝑓𝑅𝑅𝑓𝑓ℎ 𝑅𝑅𝑅𝑅𝑌𝑌 𝑓𝑓𝑓𝑓𝑅𝑅𝑚𝑚 𝑤𝑤𝑅𝑅𝑌𝑌𝑌𝑌 𝑓𝑓𝑅𝑅𝑓𝑓ℎ 
 𝑋𝑋 𝐹𝐹𝐹𝐹𝑅𝑅 

Improvements in the FIFO ratio for a number of species have resulted from reductions in the 
dietary inclusion rate of fishmeal and fish-oil, as well as reductions in FCR. Additionally, fishery 
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by-products, such as heads and viscera, are now being used as a source of these ingredients, 
removing pressure from dedicated reduction fisheries, although this is difficult to quantify and 
does not feature in the FIFO calculation method. Reductions in the inclusion rate of fishmeal and 
oil have been achieved through partial replacement with terrestrial plant ingredients. Oilseed 
crops are now commonly used as ingredients in Atlantic salmon diets, without compromising 
their growth or health. However, the use of fishmeal and oil is not only to satisfy the nutritional 
requirements of the cultivated species. Farmed marine fish, especially oily fish such as 
salmonids, are a source of the long-chain polyunsaturated fatty acids (LC-PUFA), 
eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3), which are an 
important component of a healthy diet for humans. Terrestrial plant ingredients are lacking in 
Omega-3 (n-3) fatty acids, which temperate marine species can only acquire through their diet. 
To maintain the health benefits of oily fish, producers may use feeds based largely upon plant 
ingredients, followed by a pre-harvesting ‘finishing diet,’ that has a higher inclusion rate of fish-
oil to boost the levels of EPA and DHA within the tissue. Microalgae are the primary producers of 
LC-PUFA in the marine environment. If LC-PUFA from microalgae can be incorporated in 
aquafeeds without negative effects, they may contribute to a reduced dependency upon fish-oil. 
Commercial products are now available and are used within some feed formulations. Another 
route towards reducing dependency on wild fish is the genetic modification of oilseed crops, by 
inserting genes that code for the synthesis of LC-PUFA. However, such a strategy requires a 
significant shift in consumer perception, combined with legislative support. 

2.3.4 Locally produced ingredients 

Localised food systems are not necessarily easy to define, but the basic concept refers to the 
production, processing and consumption of food within a common geographical area. It is often 
claimed that sustainable food consumption requires the transformation from globalised to 
localised systems. Practices, such as the shipping of grain from South America to supply animal 
feed production in Europe, have received criticism, whereas reduced emissions of carbon 
dioxide equivalents (CO2-eq.), resulting from smaller transport distances, are a frequently 
described benefit of locally sourced products. At first glance this may appear inherently logical, 
but a broader analysis challenges this common assumption. Transportation of economic goods is 
measured using tonne-kilometres (tkm; distance x weight of good). It is misleading to consider 
only the distance that a good travels, because the emissions from transportation must be divided 
between all the products being carried. Long distance shipping relies upon ocean freight with 
maximum load capacities of thousands of tonnes, whereas the sourcing of local production 
involves shorter distances, but within vehicles of a much lower load capacity. The CO2-eq. 
emitted by ocean freight travelling 1 km, may well be higher than from a road-truck that travels 
the same distance. However, due to the vastly greater load capacity of ocean freight, the CO2-eq. 
per tkm can be lower. The relative sustainability of aquafeed ingredients produced locally and in 
globally distant regions is also influenced by other factors. Crops from different regions are 
grown in different climates and soils. Consequently, they have different growth rates, differing 
yields (per ha/yr), and different fertiliser requirements. As such, they can have significantly 
different environmental impacts. Overall, the concept of ‘food miles,’ or the distance travelled in 
the production of a food item (expressed as tkm), is a poor predictor of food sustainability. 
Although such considerations do not relate directly to the Baltic Sea, it is important to consider 
that actions taken to reduce localised environmental impacts can lead to an increase in the 
impacts associated with processes located elsewhere along the value chain. Improving the 
overall sustainability of food production is a critical issue, and the sustainable development of 
value-chains is an objective of EU policy (COM/2009/0162 final; COM/2003/0302 final).  
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Being greatly affected by eutrophication, the Baltic Sea requires a coherent strategy for the 
management of nutrient inputs. Making use of locally sourced ingredients may be part this 
strategy. The cultivation of blue mussels has been proposed as a method of removing nutrients 
from the sea and applying them to agricultural soils as fertiliser, in the form of mussel meat meal 
(Lindahl, 2011; Petersen et al., 2014). This is a circular economy approach towards nutrient 
remediation and valorisation, and its principles may be relevant to the sustainable procurement 
of aquafeed ingredients. As source of protein and n-3 LC-PUFA (EPA and DHA), Blue mussels 
may be a possible substitute for fishmeal. In terms of circular economy, if mussels grown in the 
Baltic Sea are used as an aquafeed ingredient, they offer no net contribution towards the 
nutrient discharges of fish grown in the local environment. If their use as a function ingredient is 
possible, a portion of the nutrients contained within the mussel-based ingredient will be 
incorporated into fish tissue, and, as such, be removed from the environment. Experimental 
substitution of fishmeal with mussel-derived protein suggest the potential for the use of mussels 
within the diets of carnivorous fish (e.g. Nagel et al., 2017), although it is yet to be thoroughly 
demonstrated.  

2.3.5 BAT/BEP recommendations 

All practices and technologies must be implemented whilst observing due compliance with EU 
regulation, and, when applicable, regulations of individual HELCOM Member States. BAT/BEP 
should be implemented when selecting feed type and composition and for feeding and feed 
management. 

Feed type and composition 

► Priority should be given to quality feeds with formulations that are easily digestible and have a 
nutrient profile that supports maximum retention efficiency. Maximum digestibility and 
retention require the use of feeds that are specific to the species being cultivated and the 
size/life stage of the stock.  

► Uniformity of individual fish size throughout the stock can improve the accuracy of size specific 
feed types and feeding regimes. Dominance hierarchies may also be more pronounced as 
uniformity decreases. This can be a problem if dominance hierarchy prevents an optimal FCR 
from being achieved. However, this relationship cannot be assumed for all situations. If size 
uniformity does become problematic, periodic grading enables the sorting of fish into cohorts 
of similar sized individuals.  

► The use of trash fish, even on a small-scale should be avoided. Trash fish is a term given to 
forage fish that are fed direct to carnivorous aquaculture species. They may be chopped or 
minced and may be fresh or frozen. Trash fish disintegrate and leach oils upon use, producing 
waste in the form of uneaten feed.  

► Neither handmade or manufactured moist feed should be used in intensive open cultivation 
systems, as they are associated with high amounts of waste and suboptimal nutrient retention 
efficiencies. Moist diets are made from various ingredients usually on the farm, and often 
contain fish-oil. 

► To reduce dependence upon capture fisheries, fishmeal and fish-oil in the diets of carnivorous 
marine species, should be partially replaced using alternative ingredients. However, this 
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cannot be recommended as a best practice if it reduces performance (such as growth, FCR and 
product quality) or leads to increased environmental impacts. ‘Finishing diets,’ with higher 
inclusion rates of fishmeal and oil, and used for a period before harvesting, should be 
permitted. Before choosing to limit inclusion of fishmeal and fish-oil, decision makers should 
be aware that alternative ingredients from terrestrial agriculture are associated with 
significant environmental impacts, such as C02 emissions, abiotic resource depletion (e.g. fossil 
fuels), and eutrophication resulting from the use of fertilisers.  

► Novel ingredients should not be prioritised until their efficacy and safety have been 
demonstrated. However, efforts to identify novel ingredients with demonstrably lower 
environmental impacts should be encouraged.  

 

Feeding and feed management 

► Feed should be stored within an appropriate environment with suitable levels of humidity and 
temperature. Feed stored incorrectly performs poorly. Nutritional quality and palatability can 
decrease, with feed being rejected by fish. 

► Feed bags should not be left open and unattended on fish farms, to prevent birds from eating 
and spilling their contents.  

► Feeding decisions should be made by knowledgeable and experienced staff. Feed 
manufacturers provide feeding tables which estimate the quantities of feed required for 
optimal FCR and growth rate. In practice, variation across and within fish and cultivation 
environments reduce the accuracy of these tables. Experienced farmers can make informed 
adjustments to feeding quantity and rate. 

► Automated systems that improve feeding efficiency and reduce waste should be prioritised in 
intensive, open cultivation systems. Handfeeding is acceptable. However, subsurface feeding 
activity and feed-pellet behaviour are difficult to observe from the surface.  

► Automated feeding systems should be equipped with underwater video technology enabling 
observation of feed pellet and fish feeding behaviour. Methods for detecting uneaten feed, 
such as infrared and doppler sensors, should also be used. Video technology and sensors can 
be used for deciding when to stop feeding. They can also be integrated into automated 
feeding systems that control the rate and frequency of feeding. 

► Integrated feeding and monitoring systems are being developed using advanced digital 
technology, artificial intelligence, and an Internet-of-Things approach. The possibility of 
automated decision making based upon a variety of data collected in real time, describing 
parameters such as fish physiology and health, and environmental conditions, offers promising 
potential to enhance the efficiency of feeding regimes and technology. These systems are, at 
the time of writing, largely within the research and development phase. However, if their 
benefits can be demonstrated at commercial scales, their implementation should be 
considered.  
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3 Proposals for BAT/BEP to avoid/minimise contamination 
by hazardous substances 

 Veterinary medicines 

3.1.1 Introduction 

Veterinary medicines are used in aquaculture production systems to treat parasites, bacterial 
and fungal infections and diseases, and as disinfectants and anaesthetics. Diseases and infections 
reported by the HELCOM countries in the survey are found in Table 9. Medicines used in 
aquaculture can be grouped into therapeutants, vaccines, anaesthetics and disinfectants. 
Prescribed antibiotics are frequently administered using in-feed treatments. Medicines from 
feeds can end up in sediments through the breakdown of un-eaten feed or expulsion by fish 
following digestion. Some treatments can bind to organic particles and sediments and can 
remain biologically active for anything between a few hours to a few months, this depends on 
environmental conditions and the half-life of the treatment used (Treves-Brown, 2013). 
Accumulation of medicines in the environment can occur when deposited sediments containing 
antibiotic or other residues, continuously become covered by new sediment or farm waste, 
which slows down degradation. Accumulation and widespread use of antibiotics can ultimately 
lead to reduced efficacy of prevention and disease treatment strategies (Santos & Ramos, 2018). 
Antiparasitics are often acutely toxic to non-target invertebrates in and around the fish farms, 
particularly for sediment dwelling organisms, micro crustaceans and decapods, and some filter 
feeders (due to organic particulate binding). Overall, the use of medicines in European 
aquaculture has decreased since the 1990s, in favour of using preventative measures, however 
substantive figures for medicine use in aquaculture in the Baltic are not currently available. In 
Germany the use of veterinary drugs in general (not exclusively for aquaculture) has decreased 
between 2011 and 2013, while in Finland, use of veterinary drugs between 2001 and 2008 
increased and after this decreased again (UNESCO and HELCOM, 2017). 

Table 9: Disease occurrence in the Baltic States 

Disease occurrence by HELCOM country, as provided in respective answers to the questionnaire (see Annex). 

Country Disease occurrence 

Denmark Red mouth disease, furunculosis vibriosis, Red Mark Syndrome, Bacterial Kidney Disease 
(BKD), PRV-3, IPN, costiasis 

Finland Flavobacteriosis, Enteric red mouth disease  

Estonia Viral Haemorrhagic Septicaemia (VHS), Infectious Haematopoietic Necrosis Virus (IHNV) 

Poland Viral Haemorrhagic Septicaemia (VHS), Infectious Haematopoietic Necrosis Virus (IHNV), 
Koi herpesvirus disease (KHVD) 

Note: Other countries did not provide data on disease occurrence. 

Impacts of veterinary medicines on the environment, especially on non-target organisms should 
be minimised. As such, it is imperative that aquaculture medicines are researched, understood 
and regulated as thoroughly as possible. This is of special importance in the Baltic Sea ecosystem 
as the low water exchange rate may result in an extended retention time for already persistent 
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substances (Zandaryaa et al., 2017) and potential for accumulation of toxic substances in 
sediments and biota. At present, there are data gaps for the source, use and application of 
veterinary medicines to aquaculture production systems in the Baltic region.  

Directive 2001/82/EC and Regulation (EC) no 726/2004 lay out the requirements and 
procedures for authorising veterinary medicinal products (EC, 2020).  

From 28 January 2022, new legislation for veterinary medicines (Regulation (EU) 2019/6) will 
be applicable in all EU countries. The new legislation has some changes. Article 114 (3a) 
specifically states that when authorising substances used in veterinary medicinal products, the 
risks to the environment if the food-producing aquatic species are treated with those 
substances, should be taken into consideration. Veterinary prescriptions will only be able to be 
issued by veterinary surgeons, although some exceptions will apply. The prescription issued will 
be valid throughout the EU and the quantity will be limited to the treatment. Importing 
medicines from other EU countries will be easier and third country medicines will also be 
applicable under some circumstances. Restrictions may apply to some antibiotics, some may be 
restricted or prohibited for animal use and preventative use will not be permitted unless in 
exceptional circumstances. On-farm and national monitoring of antibiotic use will become 
mandatory to help to combat the rise of antimicrobial resistance. A central EU database for 
authorised medicines will be set up, and accessible to all veterinarians, this will help to make 
reporting more user friendly (FVE, 2019).  

Countries follow the EU legislation also have applicable national regulations. Denmark for 
example implemented several specific national rules including maximum allowable 
concentrations for antibiotics in water, which further restrict the use and strengthen control of 
medicine use, and all medicine prescription for aquaculture animals are recorded per farm by 
the authorities in a system called VetStat (Questionnaire Denmark). In Estonia, they have a 
procedure for the use of veterinary medicines for the prevention and treatment of animal 
diseases and in Finland the use of veterinary drugs is treated under the Animal Health Act 
(Questionnaire Estonia and Finland). In Germany, only few veterinary medicines are permitted 
for fish cultured for human consumption and the use of antibiotics is regulated under the 
veterinary regulations (Questionnaire Germany). Also, in Poland, veterinary regulations are in 
place (Questionnaire Poland).  

In some countries there is a lack of availability of authorised veterinary medicines. In these 
cases, farmers can responsibly treat using a veterinary cascade. The cascade is a decision tree 
which is risk based and accommodates chemicals which are used for other species or purposed 
to be selected and applied based on clinical judgement and still following national or regional 
regulation. The risks considered as part of this cascade include animal care, operator health, 
environmental health and consumer health. For the purposes of this report, the medicines and 
treatments included below are those authorised for use or known to be currently in use for 
aquaculture in the EU. 

3.1.2 The use of veterinary medicines and chemicals  

3.1.2.1 Marine aquaculture 

The main treatment application methods to treat diseases in marine cage aquaculture are bath, 
dip and in-feed treatments. The in-feed treatments are destined to end up in sediments after 
treated fish excrete them or in uneaten feed deposition. The majority of bath treatments are 
released directly into the marine environment following the completion of treatment. Due to the 
range of environmental factors that can influence the fate of drug substances (including salinity, 
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oxygen and temperature), potential impacts of veterinary medicines used in marine 
environments depend on the local conditions (Kwon, 2016).  

Bath treatments for marine cage production are carried out by hoisting the net of the cage up to 
reduce the water volume in the net, and casting a tarpaulin around the outside of the cage to 
prevent water exchange and the escape of the medicine during treatment. Following treatment, 
the tarpaulin is removed and the water with medicine is released into the surrounding 
environment and dispersed by natural currents and tides. Alternatively, bath treatments can be 
carried out on a well boat, where the fish are removed from the cage and treated on the boat. 
Following treatment, the water containing the medicine is released from the boat directly into 
the surrounding environment.  

Although there are currently no data available for pharmaceutical inputs to the Baltic Sea from 
aquaculture (Zandaryaa, 2017) and results from the questionnaire were limited, common bath 
treatments in Europe used in marine cages include emamectin benzoate, formalin, and 
azamethiphos, which are used for the treatment of external parasites. Azamethipos has negative 
impacts on non-target crustaceans and molluscs (VMD, 2015), but despite this, azamethiphos is 
currently considered to have low toxicity at the concentrations at which it is released from 
marine cage treatments (Ernst et al., 2014) and environmental warnings on the product should 
be adhered to. Hydrogen peroxide is used as a bath treatment to treat parasites, bacteria and 
fungi, and has low persistence in the environment following release. In contrast, cypermethrin, 
which is also used for treating parasites, has the potential to negatively impact crustaceans, 
especially those associated with the sediment beneath and in the surrounding area of the cage 
(Burridge et al., 2010). This is because cypermethrin has been shown to bind to organic particles 
and solids and thus remains more persistent.  

Anaesthetics, disinfectants and biocides can have lethal or sub-lethal effects on non-target 
organisms. Benzocaine and 2-phenoxyethanol are both anaesthetics which are administered as a 
dip (a mixture of the anaesthetic diluted as directed with water) in a container on the side of the 
cage, on shore or on a boat, usually before a stress event. Because of the contained nature of the 
treatment, the dilution can be disposed of safely and should not make its way into the marine 
environment. Mebendazole is an effective anthelminthic that can be used as a bath treatment for 
worm infestations of gills. It can also be orally administered as an in-feed treatment for internal 
worm parasites. Teflubenzuron and diflubenzuron are also administered orally for the 
treatment of parasites such as juvenile sea lice. These medicines are only directly toxic to 
crustaceans that molt and are not an effective treatment against adult sea lice. Teflubenzuron 
and diflubenzuron are known to be persistent in fish faecal matter. Emamectin benzoate is also 
administered orally to treat infestations of adult sea lice, it is considered to be toxic to benthic 
invertebrates. It is authorised for use by the EU, although in some countries e.g. Germany (UBA, 
pers. Comm.) it is prohibited. 

Bacterial infections can be treated by administering in feed antibiotics such as amoxycillin, 
oxolinic acid and florfenicol. Their persistence in marine sediments following treatment varies 
depending on the availability of oxygen, sediment properties and water temperature. Oxolinic 
acid is persistent in the marine environment and a small concentration of antibiotic medications 
can even be found in sediments 6-7 months following treatment (Treves-Brown, 2013). The use 
of antibiotics to treat bacterial infections has declined because of improved husbandry practices 
and increased use of vaccines. For example, in Norway, since 1987 use of antibiotics decreased 
by more than 90%. Salmon and trout production have more than doubled in the last 10 years, 
but antibiotic use remains the same (Midtlyng et al., 2011), with an average of 657 kg per year 
(FHI, 2020). Certain circumstances still require therapeutic antibiotic treatments; especially 
during the early juvenile stages or when increased stress causes a clinical disease outbreak. 
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Good husbandry and welfare practices uphold the overall health status of the fish, which is less 
likely to become clinically challenged by a disease.  

3.1.2.2 Land-based aquaculture 

In land-based aquaculture systems, the outflow of water can be more easily controlled and 
monitored. Therefore, chemical concentrations in discharged water can also be controlled using 
measures such as dilution and reducing flow into the receiving environment, to ensure there is 
reduced potential for environmental impacts. Medication administered in baths for antifungal 
and parasite treatments, can have impacts on non-target organisms within the pond systems 
and in the surrounding environment. These non-target species can include plants, small fish, 
nematodes and crustaceans. Frequent and uncontrolled discharge into the catchment of the 
Baltic Sea could result in accumulation of some treatment chemicals.  

Flow-through tank and pond systems 

Transport and the sudden changes in environmental conditions cause stress to the fish, which 
can make them more susceptible to infection. Disinfecting the pond pre-stocking helps to 
prevent viral, bacterial and fungal infections of stock (Rogers & Furones, 2009). During 
production, chemical use is low due to the negative impacts it can have on the stock. However, 
some antimicrobials are administered as additives in feed, applied once or twice a day for a 
period of 3 to 10 days. Antifungal treatments and some antiparasitic treatments (such as 
formalin) are applied as bath treatments and dips. Bath treatments require reducing the water 
volume and administering the chemical at the recommended concentration. Bath treatments in 
ponds remove oxygen and at low temperatures formalin can form paraformaldehyde, which is 
very toxic to fish. Because of this toxic potential, the requirement for additional aeration, and the 
stress caused to fish during this type of treatment, in-feed medicine application is generally 
preferred.  

Recirculating Aquaculture Systems 

RAS can have much higher stocking densities than raceway or pond systems and require a 
greater amount of animal husbandry. This type of production system relies on the stock being 
highly managed. Preventative methods such as vaccines administered via injection are generally 
preferred in RAS because with this application method producers can be certain that every fish 
is getting a set dose. Any outbreaks that occur can be dealt with swiftly and effectively within 
complete containment. Antibiotics for outbreaks can be administered as an in-feed treatment.  

In contrast to pond systems, it is not recommended that bath treatments are used in RAS or any 
production method that use biological filtration. However, a bath treatment can be carried out in 
a separate tank or container with the flow stopped. The disposal of this water can be highly 
controlled and if disposed of correctly, poses no threat to the environment. Formalin is used to 
treat external parasites, fungi, and lesions on fish. Because formalin can form very toxic 
paraformaldehyde at low temperature, the fish are usually treated using formalin as a dip 
treatment. This treatment is very stressful for the fish and can cause mortalities. The contained 
nature of the treatment means that after treatment is complete, the solution can be disposed of 
in a safe and controlled manner. Sodium Chloride bath treatments are also used as a general 
therapeutant, and as a dip for external parasites because it causes osmoregulatory shock. 

Feed additives or medicine residues in water from RAS do not enter the external environment 
due to high levels of control over the periodic outflows of water. Water is settled and filtered 
before it is discharged. The most common is natural filtration using constructed wetlands. 
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3.1.3 Control measures by disease 

Table 10 provides a list of diseases that affect species cultured in the Baltic. This list is not 
comprehensive but outlines well-known diseases for the species in the Baltic region and 
diseases identified through the questionnaires as well as their control measures. 

Table 10:  Diseases, affected species and measures of control 

Disease Affected species Control measures 

Bacterial gill disease Rainbow trout 
(Oncorhynchus mykiss) 

Bathing in bacteriocide/fresh water and regular 
filtering of water supply to remove particles in water 

Bacterial kidney 
disease 
(Renibacterium 
salmoninarum) 

Rainbow trout 
(Oncorhynchus mykiss) 

No licensed vaccines or antibiotics so management 
includes good hygiene, stress-reduction, quarantine, 
or destruction of fish  

Costiasis Rainbow trout 
(Oncorhynchus mykiss) 

Formalin bath (Questionnaires Denmark, Finland, 
Sweden, Poland) 

Enteric red mouth 
disease (Yersinia 
ruckeri) 

Rainbow trout 
(Oncorhynchus mykiss) 

Vaccination by immersion, bath or injection (Jafaar et 
al., 2017) such as Jersi-Fishvax (Questionnaires 
Sweden and Poland) 

Flavobacteriosis Siberian sturgeon 
(Acipenser baerii) 

Treatments are available to control the development 
of this disease and vaccinations enable preventive 
action to be taken. At the larval stage, good food 
management is likely to decrease these risks by 
preventing the development of cannibalism. 

Fluke (Gyrodactylus 
salaris) 

Rainbow trout 
(Oncorhynchus mykiss) 

Formalin bath (Questionnaires Denmark, Finland, 
Sweden, Poland) 

Furunculosis vibrosis Rainbow trout 
(Oncorhynchus mykiss) 

Antibiotic mixed with food, e.g. oxytetracycline. 
Vaccination can be effective for prevention (ALPHA 
JECT® 3000) 

Infectious 
Haematopoietic 
Necrosis Virus (IHNV) 

Rainbow trout 
(Oncorhynchus mykiss) 

No effective treatment yet, isolate diagnosed cases, 
hygiene and testing procedures can help prevent 
outbreaks (Bootland and Leong, 2011).  

Infectious Pancreatic 
Necrosis (IPN) 

Rainbow trout 
(Oncorhynchus mykiss) 

No approved or effective treatments. Good hygiene 
and feed management should be implemented. 

Koi herpesvirus 
disease (KHVD) 

Common carp (Cyprinus 
carpio) 

No treatment available. Management measures 
include increase of water temperature (Ronen et al. 
2003) 

Mycobacteriosis Rainbow trout 
(Oncorhynchus mykiss) 

No approved or effective treatments. Destruction of 
infected fish and equipment disinfection (Francis-
Floyd, 2011) 

Nematode infestation European eel (Anguilla 
anguilla) 

Improved water quality; NaCl (0.5-0.9%) 

Parasitic infection 
(others) 

All cultivated species Formaldehyde, Hydrogen peroxide, Salt treatment, 
Peracetic acid (Questionnaires Denmark, Finland, 
Sweden, Poland) 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/renibacterium-salmoninarum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/renibacterium-salmoninarum
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Disease Affected species Control measures 

Piscine orthoreovirus 
subtype 3 (PRV-3) 

Rainbow trout 
(Oncorhynchus mykiss) 

No treatment available (Vendramin 2019) 

Photobacterium 
damselae 

Rainbow trout 
(Oncorhynchus mykiss) 

Antimicrobials, good site hygiene, in some cases 
vaccination (Fadel et al. 2017) 

Phosthodiplostomosis European eel (Anguilla 
anguilla) 

Antibiotics  

Red mark syndrome Rainbow trout 
(Oncorhynchus mykiss) 

Antibiotics 

Salmonid alphavirus  Rainbow trout 
(Oncorhynchus mykiss) 

DNA-based and virus-inactivated vaccines against 
SAV are both commercially available. 
Disinfection for fertilised ova from SAV positive 
broodstock (Kongtorp et al., 2010) 
General good site hygiene and good husbandry. 
(Deperasińska et al., 2018) 

Salmon anemia Rainbow trout 
(Oncorhynchus mykiss) 

No treatment once fish are infected, eradication of 
fish stock.  

Saprolegniosis (water 
mould) 

European whitefish 
(Coregonus lavaretus) 

Formalin bath (Questionnaire Finland) 

Vibrio anguillarum 
 
 

Rainbow trout 
(Oncorhynchus mykiss) 

Antibiotics, tetracycline, and quinolones (Tan et al., 
2014) 

Viral Haemorrhagic 
Septicaemia (VHS) 

Multiple species e.g. 
Rainbow trout 
(Oncorhynchus mykiss),  

No vaccines or immunostimulants are available. 
Management includes increase in temperature, 
restricted feeding, reduced fish density and restricted 
handling to reduce mortality (OIE 2019) 

3.1.4 BAT/BEP recommendations 

The BAT/BEP for the use of veterinary medicines in aquaculture is always to utilise preventative 
methods first. In the case of culturing fish stock, there can be risks associated with treatments, 
not just from the medicines but also the stress experienced by the fish during treatment, which 
can lead to mortalities. Medicines should therefore only be used as a last resort. Best 
preventative methods depend on the species being cultured and the production system being 
used.  

Preventive health management 

► Apply good management practices to reduce the stress experienced by fish, and therefore 
their susceptibility to infections.  

 Ensure water quality control parameters such as dissolved oxygen, salinity, temperature, 
and pH are maintained 

 Stock only healthy fish at correct densities (varies by species and size) in the first instance 
reducing the likelihood of infections.  
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 Welfare and hygiene procedures should be carried out to minimising the risk of infection, 
such as regular net washing and drying, removing mortalities, and ensuring food is stored 
correctly and disposed of if it gets contaminated or becomes mouldy or stale. 

► Careful planning and permitting of new farms should be done in order to reduce the need for 
veterinary medicines. Site selection criteria should include water flow/exchange, distance from 
other farms, and encourage production methods that allow for adequate fallow periods 
between growth cycles, and careful planning of growth cycle timing (seasonal/temperature 
dependent), ensuring that the site has adequate water quality to sustain healthy fish 
production and installing predator deterrents to help reduce stress to the fish.  

► If available, use vaccination against relevant diseases to improve fish specific immunity. 
Vaccinations are an extremely effective preventative measure utilised in aquaculture. Vaccines 
contribute to the success of salmon production and the use of vaccines results in a decline in 
antibiotic use. In the Baltic region, vaccines (e.g. Yersi-Fishvax (Questionnaires Sweden and 
Poland)) are available for fin fish such as salmon and trout.  

► Another alternative and preventative therapy are immunostimulants added to fish feeds. 
Immunostimulants work by stimulating the immunological response of fin fish species, 
therefore increase their resistance against pathogen diseases (Dawood et al., 2017). 

 

Treatments 

► Only use medicines as they are prescribed, in the correct dosage and application method. 

► Regularly train staff to ensure that medicines are administered, and the treatment is recorded 
correctly. 

► For health problems that arise seasonally, a treatment strategy should be developed, and 
regional co-ordination can also take place.  

► Alternative treatments such as cleaner fish for the control of external parasites can also be 
explored, reducing the need for medicinal treatment. Cleaner fish such as lump sucker fish are 
produced in large scale aquaculture systems specifically for use as cleaner fish, and readily 
feed on sea lice parasites in marine cages.  

► Unused or expired veterinary medicines should be disposed of properly to avoid 
contamination of fresh water and marine ecosystems. Standards for disposal methods should 
be in place and enforced. A simple waste disposal method for veterinary medicines is ‘take-
back’ schemes, where unused pharmaceuticals are returned to the pharmacy. Some countries 
have waste collection points for medicines. 

► Integrated management in areas where aquaculture is taking place could prove effective 
especially in the case of contagious infections and external parasites. If neighbouring farms 
communicate any issues and co-ordinate their treatments it could also reduce the number of 
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treatments required to treat fish, which reduces the stress for the fish and the loading of 
medicines into the environment.  

► Bath treatments are associated with the direct discharged of therapeutants into the 
surrounding environment. As such, alternative methods of administration should be given 
priority. Dip-treatments can be used with a much reduced, or even eliminated discharge of 
therapeutants, when treatment water is disposed of properly.  

► Considerations should be made for land-based aquaculture to allocate allowed discharge 
concentrations, durations, and frequency, managed by catchment area. 

 

Regulation 

► Veterinary medicines that pose an environmental risk should be included in initial permitting. 
This means assessing the use of veterinary medicines as part of the planning stages of an 
aquaculture production site. Regulators and producers can carry out modelling to predict the 
behaviour of different treatments in the environment before a site is permitted to begin 
production. 

► Treatment frequency and spatial impacts should be regulated. This means maximum allowable 
concentrations should be set for different time spans following treatment and for multiple 
distances on the seabed from the farms.  

► Regular monitoring and audits of record keeping, and medicine storage should be carried out 
to ensure compliance and good practice. As part of these audits, data collation about 
treatment frequency, treatment type, dosage, and treatment dates and duration can be 
carried out by the regulator. Aquaculture producers should collect this information and can 
submit it to regulators on a regular basis.  
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 Antifouling 

3.2.1 Introduction 

Biofouling, defined as “the growth of unwanted organisms on the surfaces of man-made 
structures immersed in the sea, which has economic consequences” (Woods hole oceanographic 
institution, 1952), has profound effects on different branches of the maritime industry and 
notably on aquaculture. Different antifouling strategies have been developed, yet the economic 
consequences of antifouling control in marine aquaculture remain significant. Biofouling control 
is not applicable to land-based aquaculture and the following section is mainly applicable to 
marine aquaculture in the Baltic Sea.  

Marine fish farming can be impacted by a very diverse fouling community depending on the 
geographical location of the farm itself, the environmental parameters (e.g. water flow, depth 
and salinity) and species present in these locations, but also on the type, mesh size and colour of 
nets used. Biofouling has a direct impact on fish farming practices as fish farmers need to invest 
substantial time and money to combat fouling growth. In cage culture systems the fouling 
biomass can increase hydrodynamic forces on the net, stress mooring, cage and infrastructure, 
and reduce cage buoyancy (Fitridge, 2012). Fouling also causes physical damage to the nets and 
significantly decreases mesh size. The latter decreases water flow and may negatively impact 
fish health by reducing dissolved oxygen levels, potentially creating anoxic conditions, and 
restricting nutrient exchange and waste removal (Braithwaite, 2005). Moreover, the presence of 
fouling can induce disease and increase the presence of parasites.  

Farmed shellfish species such as mussels and oysters can also be impacted by biofouling. It can 
affect the quality, yield and commercial value of the shellfish, reducing the crop’s condition index 
(CI=meat weight/shell weight x 100) by space and food competition, predation, or shell erosion, 
and impact infrastructure (through weight and drag increase), and obstruct industry processes 
such as harvesting (Forrest & Atalah, 2017). Biofouling can also reduce the growth rate of 
cultivated organisms and result in significant financial costs. 

The Baltic Sea is a brackish sea with strong vertical and horizontal salinity gradients and low 
biodiversity. Most organisms live in the presence of stressors such as hypoxia (Conley et al., 
2011), eutrophication (HELCOM Eutrophication, 2018), osmotic stress and contaminants 
(HELCOM hazardous substances, 2018). The fouling pressure in the Baltic Sea is relatively low 
and greatly depends on the salinity. Coastal hard-bottom communities present the highest 
species richness and there are two keystone species: the bladderwrack (Fucus vesiculosus) and 
the blue mussel (Mytilus edulis) (Bighiu, 2017). Alien species are abundant and even dominant in 
shallow-benthic and fouling communities. Nine alien species have caused measurable damage 
(Ojaveer et al., 2010). Notably, the estuarine barnacle Balanus improvisus, present in the Baltic 
Sea since the mid-19th century, can cause considerable damages to blue mussels and oyster 
production stock as well as finfish cages (Leppäkoski, 1999). The fouling bivalve Dreissena 
polymorpha (zebra mussel) is well established in the Eastern Gulf of Finland, the Curonian and 
Vistula lagoons. Also, the freshwater hydroid Cordylophora caspia can grow on bivalve shells and 
floats.  

Different strategies have been used to control biofouling growth, with varying levels of 
environmental risks. There are three major strategies to combat fouling growth: a) antifouling 
coatings to combat initial settlement and prevent fouling development, b) cleaning and 
c) biological control to remove the biofouling. 

Antifouling products including those used for aquaculture are biocidal products and fall under 
the Biocidal Products Regulation (BPR, Regulation (EU) 528/2012). Biocidal net coatings 
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contain active ingredients and therefore need to obtain approval from the national authorities 
(and where appropriate from the European Commission) before they can be put on the market. 
Besides the EU regulation, national laws and regulations are also applicable. 

In Finland, provisions regarding biocides that supplement the Biocidal Products Regulation are 
included in the legislation on chemicals. In Denmark, antifouling practices for marine nets are 
regulated in Environmental Order no. 1625 (Danish Environmental Protection Agency, 2017). 
The maximum concentration for copper in the water according to this regulation is 
4.9 µg/l (Questionnaire Denmark). 

In Germany, general regulations are applicable, mainly stemming from the national water act (in 
combination with the water acts of the “Bundesländer”) which is based on the transposition of 
EU-Directives related to water quality into national law, in particular WFD and MSFD 
(Questionnaire Germany SH). In Mecklenburg-Vorpommern, local regulation according to the 
Decree of 1998 regarding net cage aquaculture in coastal waters is applicable which does not 
allow antifouling agents (Questionnaire Germany, MV). Instead, fouling should be minimised by 
frequent exchange of nets and mechanical cleaning measures.  

The Russian Federation has implemented a mandatory state registration of potentially 
hazardous chemical and biological substances (RPOHV, 2020), in accordance with the RF 
Government's Decree about “State Registration of Potentially Hazardous Chemical and Biological 
Substances” No 869 (1992).  

3.2.2 Antifouling coatings 

The use of coatings to repel, kill or prevent settlement of organisms is a very effective antifouling 
method and can also be combined with mechanical removal. 

Biocidal coatings 

In finfish aquaculture, nets are often coated with biocides. Biocidal net coatings work through 
the release of biocides into the seawater that deters and/or kills fouling organisms. Most 
biocidal coatings are waterborne, incorporate a main active substance, mostly Copper Oxide 
(Cu2O), in combination with a booster biocide such as DCOIT, Zinc pyrithione, or dichlofluanid. 
However, the efficacy of copper alone is somewhat limited against soft fouling and the 
incorporation of booster biocides is necessary to widen the activity spectrum of the coating. 
Biocides recently approved for use as antifouling agents such as tralopyril and medetomidine 
are effective at very low concentration, so the quantity of copper can be reduced. Copper free 
formulations have also been recently commercialised.  

Leaching rates of biocides vary depending on environmental conditions, especially temperature 
and salinity. Since the Baltic Sea presents varying levels of salinity, the leaching rate of copper 
from biocidal coatings will differ depending on the production location. An increase in salinity 
(e.g. an increase in chloride ions) increases the dissolution rate of Cu2O (Lagerstrom et al., 
2018). Regions of the Baltic Sea with low levels of salinity might not need antifouling coatings 
with high concentrations of copper since the copper dissolution rate is then lower.  

Concern about the effect of copper in the marine environment (water column and sediment) 
near fish farms is primarily based on the use of antifouling coatings and their effect on the 
benthic environment. Mechanical cleaning of biocidal coatings increases biocidal leaching and 
contamination of the water column and sediments.  

Currently, copper is the most commonly used biocide. In Denmark, copper is the only antifouling 
technology used (Questionnaire Denmark). Copper is also used in Finland (Questionnaire 
Finland), while Sweden did not indicate which antifouling technologies are used in their farms. 
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In the Baltic Sea, low concentrations of copper can negatively impact germination of the 
keystone species Fucus vesiculosus (Andersson & Kautsky, 1996). The bioavailability of copper is 
heavily dependent on water characteristics. PH, hardness salinity and dissolved organic carbon 
(DOC) content all play key roles in copper toxicity. In brackish water, copper is sequestered by 
forming complexes with organic ligands upon reaching water of increasing salinity. Copper is 
actively regulated in fish, decapod crustaceans and algae but stored in bivalves (Kiaune et al., 
2011). PH increase, lower DOC and lower salinity increase bioavailability and risks of toxicity 
and bioaccumulation. Since the Baltic Sea displays a salinity gradient, risks of bioaccumulation of 
copper in bivalves is higher in regions with lower salinity levels.  

The major antifouling biocides used in aquaculture infrastructure are described in Table 11. 

Table 11:  Main antifouling biocides used in aquaculture and their toxicity effect on aquatic 
organisms 

Common name Application Mode of action Phylum Effect 

Copper pyrithione (CuPT) Microbiocide Multi-site 
inhibitor 
(metabolic 
processes) 

Crustacean Inhibition of Na/K 
ATPase and Mg2+ 
ATPase enzyme 
activities 

Molluscs Inhibition of Na/K 
ATPase and Ca2+ 
ATPase enzyme 
activities 

Teleosts Alterations in gills 
osmoregulation,  

Dichlofuanid Fungicide Inhibitor of PS II 
electron 
transport 

Echinoderms Embryotoxicity 

DCOIT Herbicide Inhibitor of PS II 
electron 
transport 

Crustacean Larva mortality 

Molluscs Embryo-larva 
immobility and 
embryotoxicity 

Echinoderms Embryotoxicity 

Tunicates Embryotoxicity 
and larval 
settlement 
inhibition 

Teleosts Mortality 

Zinc pyrithione Microbiocide Multi-site 
inhibitor 
(metabolic 
processes) 

Teleosts Embryotoxicity 

Zineb Fungicide Multi-site 
inhibitor 
(metabolic 
processes) 

Teleosts Embryotoxicity 
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Common name Application Mode of action Phylum Effect 

Copper Oxide Fungicide, 
pesticide 

Osmoregulation 
inhibitor 

Teleosts Neurotoxicty to 
fish olfaction 

Bivalves Bioaccumulation, 
gill homeostasis 
disruption 

Source: Information condensed from Guardiola et al. (2012). 

 
New coating development 

There are several novel biocide free coatings that can either repel or lower the adhesion of 
fouling. Fouling release or non-stick coatings are often made of silicone and have low surface 
energy. Originally developed for the shipping industry, the technology has not yet successfully 
been transferred to aquaculture. The application is complex, cost is high and mechanical 
cleaning is still required, although greatly facilitated (Gevaux et al, 2019, Tettelbach et al, 2014). 
Recently, coatings using nanotechnology to manipulate surface properties and create 
superhydrophobic surfaces have been developed, and laboratory scale trials have been 
successful. Also, copper biocides embedded in polymer coating has been successfully explored in 
research trials (Bannister et al., 2019) as a way to prevent biofouling growth with a lower 
biocidal release, but the concept is not yet commercialised.  

3.2.3 Cleaning practices 

There are different methods used to clean infrastructure: 

► Air drying of infrastructure 

► In situ mechanical cleaning (disk cleaners) 

► Onshore washing of nets  

► Jet washing (shellfish trays, nets) 

► Manual cleaning (shellfish trays) 

These methods can be combined and provide different levels of effectiveness at different levels 
of cost. Mechanical removal is usually labour intensive but has a lower environmental impact 
than the use of biocides. Contaminated water and coating residues resulting from the onshore 
washing of biocidal nets can contaminate the marine environment if not collected and disposed 
of appropriately.  

Mechanical cleaning of the nets at high pressure can have a negative impact on fish production 
as small particles of the removed fouling organisms are mixed in the water and can come in 
contact with fish. Commercially available net washers have been developed which effectively 
remove fouling organisms whilst minimising disturbance of cultivated species (e.g. using a 
vacuum pump). Fouling particles of hydroids and other organisms of the phylum Cnidaria may 
contain cnidocysts which can release venoms (Stachowicz et al, 2000), and have toxic effects 
upon fish, increasing likelihood of disease outbreaks. Also, removed fouling organisms such as 
algae can release spores and larvae during mechanical removal, increasing fouling growth and 
the frequency of cleaning required. In situ cleaning without waste retention in locations 
sustaining high fouling pressure can release organic material into the surrounding environment 
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and should be avoided at sites with low flow and where the benthic environment is anoxic or 
hypoxic (Bannister et al., 2019). Permits to discharge organic matter in the local environment 
must be acquired when applicable. Automated continuous cleaning strategies have been recently 
commercialised where fouling particles are removed at an early developmental stage, reducing 
then the negative impact on benthic communities as well as the health impacts on finfish stocks.  

In the Baltic, washing, drying and mechanical cleaning of nets is practiced, however the exact 
methods are not known (Questionnaire Finland, Germany). 

Shellfish are also cleaned from fouling. Cleaning of farmed species is easier and more efficient 
when biofouling organisms are freshly settled and small. Repeated cleaning treatments can then 
be more profitable as the overall labour time is reduced. There are different methods used to 
clean shellfish during production; high pressure washing, dipping in freshwater, chemical 
treatment, hot water immersion, and manual and mechanical cleaning. None of these methods 
should be used in the Baltic since they are not appropriate to the specific conditions in the Baltic 
Sea or are not environmentally or financially sustainable.  

3.2.4 Biological control 

Biological control uses predatory or grazing animals to control biofouling growth. A few trials 
have been performed and grazing animals have potential for controlling biofouling on 
infrastructures and upon shellfish stock. Bivalve production can be enhanced using marine snail, 
crabs, fish or urchins. More research, however, is needed. 

In selecting an animal for use in the control of biofouling it is important to consider:  

► The influence on stock mortality – does the presence of the control animal produce 
increased mortality?  

► The influence on stock productivity – are growth rates decreased in the presence of the 
control animal?  

► The influence on quality of produce – reduction in value from lower presentation quality of 
the stock. 

► The possible impact of the introduced grazer on the environment 

3.2.5 Emerging strategies 

Polymer netting 

Traditionally, nettings are made of nylon, which is a resistant material, though its fibrous 
structure enhances fouling growth. Complex and highly resistant polymers have been 
commercialised in the last 10 years which require less antifouling treatment, reducing the 
leaching of biocides into the marine environment.  

Copper alloy mesh 

Copper alloy nets have been developed for use within finfish production. The leaching of copper 
from these nets occurs at a fairly constant rate, producing an antifouling effect. Although, the 
initial cost is more than double compared to traditional coated nylon nets, the method displays 
equal or superior antifouling efficacy properties in the long run. This method presents a lower 
environmental risk compared to biocidal coatings, since the copper sedimentation rates 
underneath production cages are lower and the overall leaching rate due to reduced cleaning 
frequency (Kalantzi et al., 2016). It must be noted, however, that copper leaching is higher with 
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copper mesh compared with biocidal coatings during the first 6 months after immersion 
(Kalantzi et al., 2016). 

Colour of infrastructure 

Colour has a significant impact on biofouling growth, but research has mainly focused on the 
impact it has on barnacle and algae settlement. Colours promoting barnacle cyprid settlement 
are red and black, while blue, green, yellow or white may reduce their settlement (Taki et al., 
1980). Antifouling coatings for nets are reddish/brown, due to their high concentration of 
copper and trays used in shellfish production are often black. The growth of macroalgae, such as 
Ulva, is inhibited on darker surfaces, with decreased reflected light (Finlay et al., 2015).  

Enzyme technology and natural products 

Food-grade enzyme that can degrade bio-adhesives can remove hard fouling species growing on 
shellfish production (Hangler et al, 2008; Quian et al, 2010, Pettitt et al, 2004). This technology is 
not well developed and presents significant issues, such as toxicity to shellfish crop.  

Natural products from marine and terrestrial sources such as marine organism metabolites or 
marine surface associated microorganisms, are also a promising strategy but present a few 
challenges (Quian et al, 2010, Almeida et al, 2015). Natural products generally breakdown 
rapidly in the environment and are not easy to incorporate in paint formulations (requiring 
efficacy stability over time). Also, the toxicity of natural products on non-target organisms in the 
marine ecosystem needs to be analysed before commercial applications (Satheesh et al., 2016). 

Electrochemical antifouling 

The approach is applicable to finfish nets with metal structures or conductive coatings. Care 
must be taken not to damage stocks. This method is still in its infancy (Crab project, 2007).  

3.2.6 BAT/BEP recommendations 

To reduce environmental impacts, biocide free antifouling strategies should be implemented. 
Biocidal antifouling strategies must be considered only when needed due to a significant fouling 
pressure. National or regional regulation have to be considered and followed. 

Biocide free antifouling strategies 

► Management of antifouling should be coordinated by experienced staff. Knowledge of 
biofouling season, in addition to monitoring of plankton and spat-fall, enables appropriate net 
changing and infrastructure cleaning regimes. The most important factor in managing 
biofouling is the possibility to accurately predict the incidence of fouling episodes, such as 
mussel spat-fall. 

► Cleaning of nets and other infrastructures should be done on land. On land net cleaning sites 
must have suitable effluent treatment systems in place. Biological waste must be stored 
and/or disposed of appropriately.  

► The colour of netting should be selected depending on the local conditions and presence of 
fouling species. 

► Mussels should be cleaned as part of post-harvest processing or the use of biological control 
should be explored. 
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Biocidal antifouling strategies 

► Only approved antifouling agents should be used. Cage farms using biocidal antifoulants have 
to obtain all necessary authorizations for their use. Land-based farms shall obtain any required 
discharge permits from government agencies. 

► Use of antifouling agents should follow suppliers’ instructions to avoid bioaccumulation in fish 
and aquatic organisms.  

► Nettings made of novel materials requiring less or no antifouling treatment should be 
preferred, but only if they offer effective treatment and demonstrably reduced environmental 
impacts. 

► Emerging antifouling strategies should be preferred when relevant. Copper free or antifouling 
treatment with lower concentrations (<7%) of di-copper oxide should be preferred (HELCOM, 
2018c). 

► In situ mechanical cleaning of biocidal coatings should be avoided, to prevent contamination 
of marine sediments. Blasting technologies are not recommended on biocidal coatings. When 
in situ cleaning is necessary, methods (using vacuum system) must be applied to ensure 
retention of the materials.  

► Nets coated with biocidal antifouling products should be stored and disposed of properly to 
avoid environmental contamination.  

► Where copper (treated) nets are used, monitoring of copper levels outside the Allowable Zone 
of Effect (AZE) must be undertaken and within acceptable limits. 
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 Cleaning and disinfection agents 

3.3.1 Introduction 

Cleaning and disinfection are important to reduce pathogen risk and control diseases in the 
aquaculture industry. Cleaning and disinfection agents are used for personal hygiene, reduction 
of feed spoilage, pest and odours, water treatment, routine sanitary measures and disease 
eradication (Georgiades et al., 2016).  

Cleaning and disinfection are related, but distinct processes. Whilst cleaning can be defined as 
the removal of various unwanted, foreign material such organic debris, disinfection refers more 
specifically to the process of rendering pathogens inactive. Cleaning is usually performed prior 
to disinfection, so to remove material that may reduce the efficacy of disinfectants. The terms 
‘disinfection’ and ‘sterilisation’ are often used interchangeably, although the latter is sometimes 
used to describe a more complete destruction of pathogens.  

The necessity for cleaning and disinfection has been highlighted by disease outbreaks linked to 
inadequate biosecurity. Notable are the outbreaks of Infectious Salmon Anaemia (ISA), which 
occurred in Europe (Scotland and Norway), North America (Canada), and more recently, South 
America (Chile). In 2007, a rapidly spreading ISA outbreak took the Chilean Atlantic salmon 
industry to the brink of collapse. The ensuing mass fish mortality loss might have been 
prevented by the implementation of adequate biosecurity measures. Amongst those practices 
identified as lacking, but now being more stringently applied, is the disinfection of clothing, 
equipment, and of eggs. To minimise the risk of pathogen transfer, footbaths, handwash points, 
and facilities for disinfecting equipment such as nets and tanks, and for vehicles such as boats 
and trucks, should be ubiquitous features of aquaculture farms and processors. Thorough 
cleaning and disinfection of equipment used for the storage and treatment of mortality is 
essential. Rancidity and spoilage of feed can have various causes, but cleaning of facilities in 
which feed is stored can help prevent its occurrence. Disinfectant handwashes are probably the 
most obvious and effective means of preventing staff from contracting disease through their 
working environment.  

Cleaning agents and disinfectants released into aquatic environments may have lethal or sub-
lethal effects on natural populations. The occurrence of such impacts depends upon the 
persistence, quantity, and solubility of the product, as well as the characteristics of the 
environment itself.  

In the European Union, the use of disinfectants is subject to the Biocidal Products Regulation 
(EC 528/2012). Their use in aquaculture falls with the definition of product-type 3 and product-
type 4 disinfectants. Type-3 products are those used for veterinary hygiene, such as corporal 
hygiene products and those used to disinfect surfaces and material associated with the housing 
and transportation of animals. Type-4 products are those used for the disinfection of equipment, 
containers, surface, and pipework associated with the production of transport storage and 
consumption of food or feed by humans or animals. The regulation provides a framework for the 
authorisation of active biocidal substances, and criteria for their exclusion. Substances subject to 
exclusion include carcinogens, mutagens, endocrine disrupters and persistent, bioaccumulative 
and toxic substances, although there may be exemptions. As of February 2020, 144 biocidal 
products are authorised for veterinary hygiene and 79 type-4 products (ECHA 2020). 

National regulations also apply. Denmark has disinfectants listed under order no. 1625 (2017) 
which also states the maximum allowed concentrations in freshwater/inland and 
marine/brackish water bodies (Questionnaire Denmark). Finland and Estonia have similar 
regulations in place to protect surface waters from pollutants and dangerous substances 
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(Questionnaire Finland, Questionnaire Estonia). Poland states in its questionnaire that generally 
no use of hazardous substances in aquaculture is allowed and in Sweden it is regulated and 
controlled through licensing of aquaculture (Questionnaire Sweden). In Germany and Russia, the 
same legislation applies as for the use of biocides mentioned in chapter 3.2 on Antifouling. 

3.3.2 Application of cleaning and disinfection agents 

The choice of disinfection agents depends on the size and type of materials or facilities to be 
disinfected and on products legally available in the country. Detergents, formaldehyde, chlorine 
products, alcohols, hydrogen peroxide, phenol derivatives and iodophors are the most widely 
used cleaning and disinfection substances for aquaculture in Europe (GAA 2017, Yanong & 
Erlacher-Reid, 2012). There is a difference in use of agents used in routine sanitary procedures 
and disinfectants used in emergency situations, for example after occurrence of a disease. Day-
to-day use of disinfectants for sanitation may pose a larger risk to the environment than those 
used in occasional emergency situations. 

Cleaning and disinfection agents are used in RAS, raceways, and flow-through farms 
(Questionnaire Denmark). No disinfectant agents are used on cages employed in the sea. Cages 
are usually cleaned on land and therefore, no immediate hazard to the marine environment is 
posed. More information about the cleaning of nets can be found in chapter 3.2 on Antifouling. 

The most commonly used agents are chemicals for water treatment, herbicides, and 
disinfectants. In RAS, UV and Ozone are utilised for disinfection of water instead of chemicals 
(Tucker & Hargreaves, 2008). However, disinfectants are used for cleaning tanks, materials, and 
equipment. Disinfection agents are also applied in hand sprays, foot baths and laboratories. 
When not managed correctly, these can be a point source of pollution. 

Table 12 provides a list of the most commonly used cleaning and disinfection agents in 
aquaculture for the Baltic area, their application and potential environmental impact.  

Table 12:  Cleaning and disinfection agents used in closed and open-cycle aquaculture. 

AGENT APPLICATION POTENTIAL ENVIRONMENTAL IMPACT 

Sodium hydroxide (Caustic 
soda) 

• Disinfection of pipelines, tanks, 
nets, boots and clothing 

• Treatment of effluent water 
• Disinfection of water and 

facilities (questionnaire 
Denmark) 

• Harmful to crustacea and fish 
(LabChem, 2018) 

• Groundwater pollutant (LabChem, 
2018) 

Chlorine  • Disinfection of pipelines, tanks, 
nets, boots, and clothing 

• Treatment of water 

• Inhibits photosynthesis and 
respiration of phytoplankton 

• Affects attachment ability of 
shellfish 

• Causes chemical burns on fish 

Sodium hypochlorite & 
Calcium hypochlorite 

• Disinfection of clean surfaces, 
water, net-pens, tanks, floors 
and walls 

• Dip treatment of absorbent 
material 
 

• Toxic effects on microalgae  
• In case of spillage in the sea, low 

concentrations can kill aquatic 
organisms (Yanong & Erlacher-Reid, 
2012) 

Virkon® Aquatic (potassium 
peroxymonosulfate 

• Disinfection of equipment and 
facilities 

• Toxic to aquatic life (DuPont, 2014) 
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AGENT APPLICATION POTENTIAL ENVIRONMENTAL IMPACT 

(24.41%) and sodium 
chloride (1.5%)) 

• Footbaths 
 

 

• Lethal effects if aquatic animals are 
exposed at the source of a spill 
(Stockton-Fiti & Moffitt, 2017) 

• Acute toxicity for Atlantic salmon at 
24.6 mg/l (DuPont, 2014) 

Iodophors  • Disinfection of pipelines, tanks, 
nets, boots and clothing 

• Treatment of water 
• Footbaths 
• Disinfection of eggs 

• 4-nonylphenol can cause endocrine 
disruption and iodine is toxic for 
aquatic animals (Denning, 2008) 

Formic acid and acetic acid • Ensiling fish waste • May be harmful to aquatic 
organisms and hazardous for 
environment (ThermoFisher, 2018) 

Detergent  • Disinfection of recirculating 
aquaculture facilities, concrete 
raceway systems and all non-
porous tanks 

• Represents minimal or no toxicity 
to the environment (Teepol, 2017) 

• Toxicity to daphnia and other 
aquatic invertebrates (Teepol, 
2017) 

• Sodium Dodecylbenzene 
Sulphonate bioaccumulates in 
bluegill (Lepomis macrochirus)  

Formaldehyde, Formalin • Water treatment 
(questionnaire Denmark) 

• Treatment of infectious agents  
• Bath treatments 
 

• If released into small, stagnant 
water bodies, may cause death of 
phytoplankton and zooplankton 
because decrease in oxygen 

• Affects nitrification process 
• Toxic effects on fish 
• Damage in gills and alterations in 

mucous cells (Leal et al., 2016) 

Alcohol 
(ethanol and isopropyl 
alcohol) 

• Hand and work surface 
disinfection  

• Eradicate mycobacteria 

• No known harmful effects 

Hydrogen peroxide • Bath treatment against many 
different disease-causing 
organisms 

• Water treatment 
(questionnaire Denmark) 
 

 

• Breaks down in oxygen and water 
and is considered environmentally 
safe (Yanong & Erlacher-Reid, 2012) 

• Toxicity to certain fish species 
(northern pike) (Yanong, 2008) 

• Reduced growth of fish and gill 
damage (with high dosages) 

Peracetic acid • Disinfectant with a wide 
spectrum of antimicrobial 
activity 

• Treatment of porous surfaces 
• Water treatment 

(questionnaire Denmark) 
 

• Safe for the environment, degraded 
into harmless, neutral residuals 
(Pedersen et al., 2009). 
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AGENT APPLICATION POTENTIAL ENVIRONMENTAL IMPACT 

Lime (Calcium oxide (CaO) 
or Calcium hydroxide 
(Ca(OH)2)) 

• Disinfection of grow-out ponds • Causes significant changes in 
bacterial population 

• Calcium oxide and hydroxide can 
cause a very high pH in surrounding 
waters 

• If high quantities are used or a 
spillage occurs this can cause 
toxicity in aquatic animals and 
plants 

Virocid® (based on 
quaternary ammonium) 
 

• Multi-purpose disinfectant with 
bactericidal, viricidal, fungicidal 
and sporicidal effect. 

• Disinfection of common 
aquatic pathogens 

• Footbaths 
• Dip treatment 

• Very toxic to aquatic organisms (a 
dosage of 1-10 mg/l is toxic after 96 
hours for fish and after 48 hours for 
Daphnia) (CIDLINES, 2019) 

 

In Sweden, formalin, chloramine, and salt are used for disinfection of equipment (Questionnaire 
Sweden). In Denmark, formaldehyde, hydrogen peroxide, peracetic acid and sodium hydroxide 
are used for water disinfection (questionnaire Denmark). Estonia indicated only to use calcium 
oxide (Questionnaire Estonia) while in Finland hydrogen peroxide, peracetic acid, lime and 
sodium hydroxide are used as disinfectants (Questionnaire Finland). Additionally, Virkon is used 
in all these countries (Questionnaire Sweden, Denmark, Estonia, and Finland). The other states 
have not indicated which cleaning and disinfection agents are used in their countries. 

3.3.3 BAT/BEP recommendations 

Foremost, national, or regional regulation have to be considered and followed. To reduce 
environmental impact BAT/BEP should be implemented during storage, use and disposal of 
agents. 

Storage 

► Containers must be properly labelled with expiry date, use instruction and risk indicators 
(explosive, toxic etc.). 

► Cleaning and disinfection agents should be stored in a safe and responsible manner in a dry, 
well-ventilated, and lockable store to prevent direct or indirect danger to the environment. 

► The store area should be clearly marked. 

 

Use of agents 

► Only use products that are legally registered for the intended application.  

► Only use cleaning and disinfectant agents when necessary. Reduce volume used as much as 
possible. 
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► Use the most appropriate type of product for the situation. 

► Products with less environmentally hazardous properties should be chosen (eco-label if 
applicable): 

 For cleaning, use biodegradable soaps 

 Use disinfectants that have no or minimal impact on the environment, such as products 
containing chlorine products, hydrogen peroxide or peracetic acid. 

► Use appropriate application method and dosage, amount or concentration as specified on the 
label. 

► When using commercial biocides, aquatic test strips are mostly available and can be used to 
determine the concentrations within a given solution. 

► Potential residues of cleaning and disinfectant agents on surfaces should be avoided. Surfaces 
should be rinsed and dried after cleaning and disinfection. 

 

Spills 

► Precautions should be taken to prevent spills. Procedures and containment plans should be in 
place for managing spills of cleaning and disinfection agents. Supplies needed for cleaning up 
spills should be available.  

 

Disposal 

► Do not discharge soaps or disinfectants directly into the aquatic environment. 

► Follow manufacturers recommendation for disposal of disinfectants. 

► Empty containers should be turned over to a waste management company. 

► Disposal of unused chemicals should be done according to applicable national regulations. 

 

Staff training 

► Staff should be trained on the proper use of cleaning and disinfection agents. 

► Staff should be trained to manage spills. 

3.3.4 References 
Bruins, G.; Dyer, J.A. (1995): Environmental considerations of disinfectants used in agriculture. In: Scientific and 
Technical Review of the Office International des Epizooties, 14 (1), p. 81-94. 
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4 Monitoring and documentation 
To make sure that all the BAT/BEP are implemented correctly by farm employees, practices and 
methods of implementation should be written down in the form of company policies and 
procedures. Policies and procedures are used as a reference for management and staff, and 
should also be used for staff training. Examples of policies and procedures related to 
environmental impact of aquaculture are procedures for cleaning and sanitising, collection and 
disposal of waste, water quality management, feed management, and harvest and post-harvest 
management. Policies and procedures should also include monitoring, recording and 
documentation. Just as BAT/BEP, policies and procedures need to be regularly reviewed and 
updated. 

 Monitoring 
There should be periodical monitoring of environmental impacts associated with all aquaculture 
production sites. For new aquaculture sites, a baseline study as part of the Environmental 
Impact Assessment (EU Directive 2011/92) needs to be conducted before the farm is 
established. 

When applicable, monitoring should occur during peak production or any other time when 
impacts are expected to be greatest. Monitoring should consist of measurements (e.g. from 
samples) and visual observations taken from across transects running in the direction of the two 
most predominant flows (if applicable). 

Results of monitoring activities can be verified by sampling carried out by inspectors. The 
development of a clear regulatory framework should identify the roles of responsible authorities 
and applied national standards should reflect existing international standards and guidelines. 
This information should be made public, preferably through a designated information system 
that includes information about authorised medicines and guidelines for management practices 
and medicine use. The regulatory framework in turn, forms the basis of the monitoring activities.  

4.1.1 Frequency of monitoring 

Water quality is usually measured on a daily basis. However, less frequent records such as 
weekly or monthly records are also accepted for the purpose of monitoring environmental 
impact. Sediment quality measurements should be conducted at least biannually coinciding with 
peak feeding (Holmer et al., 2008). Stocking, feeding, waste collection, veterinary medicines, 
antifouling, cleaning and disinfection and harvest activities are monitored and recorded every 
time they occur or are used. 

4.1.2 Sampling 

Samples should be taken as follows (Holmer et al., 2008): 

► Under the cages 

► Up-current from cages (25-50 m) 

► Down-current from cages (25-50 m)  

► Control (100 m from cages down current) 
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Water samples should be collected at different depths, at the surface, intermediate and near the 
bottom. Distances mentioned are indicative and should be adjusted depending on the 
characteristics of the location (current speed, depth etc.). 

For use of veterinary medicines, implementation of National monitoring disease programs 
should be adhered to. These programs specify the number of samplings a year per site to check 
for relevant pathogens and also specify reporting requirements. Regular environmental 
sampling before and after treatment can help environmental regulators to understand the 
persistence of the medicine in the area local to the farm. Treatment frequency and dosing can be 
regulated by applying an allowable zone of effect with maximum allowable concentrations. 

4.2 Recording 
Record keeping is necessary to verify if staff are following the company procedures, to evaluate 
farm performance and determine environmental impacts. Records may be kept on paper or in an 
electronic format. Records have to be maintained for a certain period according to international 
standards or national legislation. In Table 13 the record requirements are provided needed to 
verify if BAT/BEP are implemented (not a conclusive list). 

Table 13: Farm recording requirements 

Category Record types Parameters Description 

Nutrient 
discharge 

Biomass Date & time Date and time of sampling or scanning 
(alternatively a biomass measurement 
frame can be used: e.g. 
https://vardaquaculture.com/en/produkt
/biomass-estimator/) 

  Species Local, English, and Latin name of fish 
species 
 

  Number of fish Total amount of fish (calculated) 

  Weight of fish Total weight of fish in kilogram (number 
of fish x average weight) 

 Water quality  Ammonia Total Ammonia Nitrogen (TAN) 

  Phosphorous content  

  Carbon content Total Organic Carbon (TOC) 

  Solids Total suspended solids (TSS) 

  Dissolved oxygen  

 Sediment 
quality 

Sulphide content Total dissolved sulphide (µM) 

  Redox potential Eh, mV 

  Nitrogen content Mg/g 

  Phosphorous content Mg/g 
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Category Record types Parameters Description 

  Carbon content Total Organic Carbon (TOC) 

  Benthic granulometric 
properties 

Grain size (fine, course etc) 

  Benthic faunal 
community structure 

e.g. Shannon-Wiener Index, Infaunal 
Trophic Index 

  Visual inspection Presence of microbial mats, uneaten 
feeds, and general appearance (litter) 

Waste from 
mortalities 

Stocking Date & time Date and time of stocking 

  Species Local, English, and Latin name of fish 
species 
 

  Location Cage number 

  Number of fish Amount of fish stocked in the cage 

  Weight of fish Average or total weight of fish in 
kilogram 

 Harvesting Date and time Date and time of stocking 

  Species Local, English, and Latin name of fish 
species 
 

  Origin Cage number 

  Number of fish Amount of fish harvested from the cage 

  Weight of fish Average or total weight of harvested fish 
in kilogram 
 

  Destination Name and location of buyer or fish 
processing plant 

  Authorisation Name and signature of staff 

 Mortality Date & time Date and time of stocking 

  Species Local, English, and Latin name of fish 
species 
 

  Location Cage number 

  Number of fish Amount of dead fish collected 
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Category Record types Parameters Description 

  Weight of fish Total weight of dead fish collected in 
kilogram 

  Disposal method Description of method used for disposal 

  Destination Name and location of buyer or location 
of fish processing plant 

  Authorisation Name and signature of staff 

Waste from 
processing on 
site 

Harvest As written above  

 Processing Type  Cleaning, gutting, filleting etc. 

  
Method of processing 

 

Description of method and tools used for 
processing 

  Method of waste 
collection 

Description of method and equipment 
used for waste collection 

  Methods of wastewater 
collection 

Description of method and equipment 
used for wastewater collection 

  Delivery of waste and 
wastewater to land 

Vessel number, time and date, 
destination 

  Authorisation Name and signature of staff 

Feed 
management 

Feeding Date and time Date and time of stocking 

  Species Local, English, and Latin name of fish 
species 
 

  Location Cage number, coordinates, size, and 
volume 

  Feed supplier Name and contact details 

  Feed type Name of feeds and ingredients 

  Batch number Lot and bag numbers 

  Feed amount Amount of feed given in kilogram 

  Feeding ratio Percentage of body weight fed 

  Expiry date Expiry date as giving on the label 

  Authorisation Name and signature of staff 
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Category Record types Parameters Description 

Hazardous 
substances 

Veterinary 
medicines 

Treatment date Date and time of application 

  Species Local, English, and Latin name of fish 
species 

  Age class Fry, fingerlings, juveniles, grow-out, 
broodstock 

  Stocking date The date that the fish were stocked in 
the cage 

  Location Cage number, coordinates, size, and 
volume 

  Diagnosis and symptoms Description of disease and symptoms by 
expert 

  Authorisation for 
diagnosis 

Name of veterinarian/fish health expert 

  Application method Describe method of application 

  Product name Trade name of the veterinary drug 

  Supplier Supplier of drugs 

  Dosage The amount and frequency administered 

  Batch number Batch or lot number as given on the label 

  Expiry date Expiry date as giving on the label 

  Withdrawal period Withdrawal period as given on the label  

  Date safe to harvest The date when the withdrawal period is 
completed 

  Maximum residue level MRL at harvest 

  Authorization Name and signature of veterinarian/fish 
health expert 

 Antifouling 
agents 

Application date Date that the substance was applied 

  Deployment date Date when infrastructure with substance 
is deployed in the sea 

  Location Location of deployment (cage number, 
coordinates) 

  Type Type and name of substance used  

  Supplier Supplier of substance 
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Category Record types Parameters Description 

  Quantity Amount used 

  Immersion time  Period of deployment in the sea (in days 
or weeks) 

  Disposal method Describe method of disposal  

  Authorisation Name and signature of staff 

 Cleaning and 
disinfection 
agents 

Application date Date that the substance was applied 

  Location Location of use  

  Type Type and name of substance used  

  Supplier Supplier of substance 

  Quantity/dosage Amount used 

  Purpose  Reason for application 

  Disposal method Describe method of disposal of waste 

  Authorisation Name and signature of staff 

4.3 Reporting and documentation 
Policies and permits should be stored and available at all times for management, staff and 
auditors. 

It is recommended to develop a centralised record keeping system, where marine farmers can 
input records that are required by HELCOM and relevant authorities to evaluate these farms on 
compliance with regulation and implementation of BAT/BEP. Information can also be used as a 
reference system for aquaculture. It can be correlated to environmental assessment data to 
determine environmental impact from aquaculture. The data can also be used to identify actions 
needed to update BAT/BEP. 

It is recommended that aquaculture farms are required to prepare an annual report regarding 
environmental impact. This report should include data on permits, description of the farm, 
production data, FCR calculations (bFCR, eFCR) and a summary of the records mentioned in 
section 4.2. 

 References 
EU (2011): Directive 2011/92/EU of the European Parliament and of the Council of 13 December 2011 on the 
assessment of the effects of certain public and private projects on the environment. 

Holmer, M.; Hansen, P.K.; Karakassis, I.; Borg, J.A.; Schembri, P.A. (eds.) (2008): Monitoring of Environmental 
Impacts of Marine Aquaculture. In: Holmer, M.; Black, K.; Duarte, C.M.; Marbà, N.; Karakassis, I. (eds) (2008): 
Aquaculture in the Ecosystem. Springer, Dordrecht, p. 47-85.  
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Appendix 

A.1 Questionnaire  

Questionnaire to collect data from HELCOM States to develop a proposal for BAT/BEP in 
sustainable aquaculture in the Baltic Sea area. 

Country:  

Name of respondent:  

Institute of respondent:  

Address of respondent:  

Email of respondent:  

 

The purpose of this survey is to collect country (or regional) specific data describing aquaculture 
practices within the Baltic Sea region. These data are being collected in order to better 
understand aquaculture practices within this region to help develop recommendations for best 
available technologies and best environmental practices. If the respondent prefers, links to files 
or reports containing these data can be provided, or otherwise attached to the report. Additional 
information can be included for every question. In case the provided data is based on 
estimations, please indicate this accordingly. 

For the specific purposes of this survey, the following terms have been used to define different 
types of aquaculture (please note, that for finfish, only fed aquaculture is being considered and 
no natural ponds are taken into account). 

 

Marine 
aquaculture: 

Cultivation located directly in the Baltic Sea (e.g. sea-based net-pens/cages, 
bivalves, and seaweeds)  

Inland aquaculture: Facilities within in the catchment area of the Baltic Sea, such as land-based 
aquaculture. It also includes aquaculture based in lakes, such as net-pens/cages. 
Excluded are facilities with a production not exceeding 1000 kg fish/year. 

Land-based 
aquaculture: 

Facilities located on land (e.g. recirculation aquaculture systems, flow-through 
systems etc.) 
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1. What kind of aquaculture systems are present in your country and for which species?  

System category System type Species  

Marine - Finfish ☐ Net-pens/cages  

☐ Semi-enclosed bays  

☐   

Marine - Bivalves ☐ Raft systems  

☐ Long lines  

☐ Bouchot systems  

☐  

Marine - Seaweed ☐ Raft  

☐ Longline  

☐  

Inland aquaculture ☐ Net-pens/cages in lakes  

☐ Flow-through systems (tanks & 
raceways) 

 

☐ RAS  

☐ Ponds (intensive)  

☐ Ponds (extensive)  

☐ Coastal ponds  

☐  

 

2. What kind of species are cultivated? If yearly production volumes are not available for 
the past 5 years, please indicate current production volumes (2018 or latest). 
(If available and preferable by respondent, this data can be provided as an existing 
report/database). 

Group Species Freshwater/ 
marine/brackish 

Yearly production volumes (tonnes 
liveweight/yr) 

2014 2015 2016 2017 2018 

Finfish        

       

       

Bivalves        
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Group Species Freshwater/ 
marine/brackish 

Yearly production volumes (tonnes 
liveweight/yr) 

2014 2015 2016 2017 2018 

        

        

Seaweed        

       

 

3. Is there national regulation/legislation relating to the following topics? 
(Please provide links/document name/attach file. If the documents are not available in 
English, please provide shortly some details of the content.) 

Topic Details, comments & links, document names 

☐ Nutrient discharge limits & 
mitigation measures of 
aquaculture facilities 

 

☐ Slaughtering practices  

☐ Fish feed composition  

☐ Mussel & seaweed 
cultivation/IMTA 

 

☐ Fish welfare and health 
management (e.g. maximum 
stocking densities) 

 

☐ Veterinary medicines used in 
aquaculture 

 

☐ Hazardous substances (medicines, 
chemicals, metals etc)  

- permittable concentrations/levels 
of within the water/sediments 

- discharge limits from aquaculture 
facilities 
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Topic Details, comments & links, document names 

☐ Antifouling practices for marine 
net-pens/cages 

 

☐ Use of cleaning and disinfection 
agents 

 

 

4. Can you give specific values for nutrient discharge limits (e.g. g N/ml)? (Please add the 
reference regulation/legislation) 

Marine systems Land-based systems 

  

 

5. What measures are utilised to manage nutrient discharges from marine net-pen/cage 
systems in your country? 

Measure Description 

☐ Site rotation schemes to 
allow seabed 
rehabilitation 

 

☐ Fallowing periods – 
frequency & duration 

 

☐ Zonal management (e.g. 
limitation of biomass per 
area) 

 

☐   

 

6. For net-pen/cage systems, where does fish slaughtering take place?  

Measure Description 

On-site (such as floating platform at cage site)  

On-land (slaughtering facility)   
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7. Which main types of feed are used (e.g. commercial pellet, homemade feed, trash-fish)? 

Feed type Species Aquaculture system 

   

   

   

   

 

8. Please provide information regarding cultivation practices for mussels/seaweed. 
What practices are applied? 

Practice  Details 

☐ Protective socks  

☐ Cultivation trays  

☐ Natural spat collection  

☐ Mechanical harvesting  

☐ Manual harvesting  

☐   

 

9. What veterinary medicines are used, what are the application methods (bath 
treatments/in feed treatments) and for which fish species are they used?  

Antibiotics 

 Type Application methods Fish species 

☐ Florfenicol   

☐ Oxyetracycline   

☐ Chlortetracycline   

☐ Amoxicillin   

☐ Flumequine   

☐ Sulfadiazine-trimethoprim   

☐ Oxolinic acid   

☐    
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Antiparasitics 

 Type Application methods Fish species 

☐ Azamethiphos   

☐ Teflubenzuron   

☐ Diflubenzuron   

☐ Emamectin benzoate   

☐ Deltamethrin   

☐ Cypermethrin   

☐ Hydrogen Peroxide   

☐ Formaldehyde   

☐ Malachite green   

☐ Ivermectin   

☐ Freshwater treatment    

☐    
 

Fungicides 

 Type Application methods Fish species 

☐ Bronopol   

☐ Formalin   

☐    

 

10. Are there any diseases/health problems common in your country/region? Have there 
been any notable health-related events which have significantly affected production of 
certain species? 
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11. Which are dominant fouling species groups in your country on submerged aquaculture 
infrastructure (mussel, macroalgae, barnacles etc)? 

 

 

12. What type of antifouling practices are currently applied (for marine finfish, mussels 
and seaweed systems)? 

Antifouling practices Application details/substance use Frequency of 
application/cleaning 

☐ Copper alloy   

☐ Biocidal coatings   

☐ (Mechanical) net cleaning 
technologies 

  

☐ Washing    

☐ Drying (e.g. raising nets 
out of water) 

  

☐    

 

13. What cleaning and disinfection agents are used for the cleaning and disinfection of 
marine and inland aquaculture equipment and facilities? 

Cleaning/disinfection agents Application 
details/substance use 

Frequency of 
application/cleaning 

☐    

☐    

☐    

☐    
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