
CHEMICAL USE IN SALMON AQUACULTURE: A REVIEW OF CURRENT 

PRACTICES AND POSSIBLE ENVIRONMENTAL EFFECTS  

 

Les Burridge
1
, Judith Weis

2
, Felipe Cabello

3
 and Jaime Pizarro

4
 

 

 
1
Fisheries and Oceans Canada 

St. Andrews Biological Station 

St. Andrews, New Brunswick Canada 

E5B 2H7 

 
2
 Department of of Biological Sciences 

Rutgers University, 

Newark, New Jersey 

 07102 

 
3
 Department of  Microbiology and Immunology,  

New York  Medical College,  

Valhalla, New York 

10595 
 

4
Facultad de Ingeniería 

Universidad de Santiago de Chile 

Alameda 3363 

Santiago, Chile 

 

 

 

 

 

 

 

 

 

 

 

 

 

March 20, 2008 

 

 

 

 



 1 

Executive Summary 

 

Chemical inputs to the marine environment from aquaculture activities generally fall into two 

categories: intentional and unintentional inputs. Intentional inputs include pesticides, drugs, 

antifoulants, anaesthetics and disinfectants. Unintentional inputs include contaminants from fish 

feeds additives and so-called inert ingredients in pesticide and drug formulations. This report 

addresses the current status of intentional chemical inputs, regulation and research in the salmon 

aquaculture industry in Norway, Scotland, Canada and Chile. Research gaps are identified and 

recommendations presented.   

Antibiotics  

Antibiotics in salmon aquaculture, as in other industrial husbandry of food animals 

including cattle and poultry, are used in the control of infections. A veterinary prescription is 

required to use these compounds and veterinarians are ethically bound to respond to disease 

outbreaks in fish under their care. Antibiotics are characterized by low toxicity to vertebrates. 

Some compounds are persistent in sediments and can therefore affect the microbial community 

near aquaculture sites. One of the major concerns with use of antibiotics (from any source) is the 

potential for bacteria to develop resistance to the compounds and for the resistance traits to be 

manifested in other bacteria including human pathogens. 

 

Use of antibiotics in livestock production represents the major use of antibiotics 

worldwide. Municipal wastewater treatment plants are a source of antibiotic residues from human 

sources. Quantities of antibiotics used in salmon aquaculture are small compared to other forms 

of food production and published data show the use of antibiotics in salmon aquaculture has been 

diminishing in some areas. Despite the low relative usage of antibiotics in aquaculture compared 

to other food production systems their use remains an issue of concern as aquaculture is often 

practiced in relatively pristine environments and the exact quantities applied directly to water is 

not available in some jurisdictions.  Available data show that large quantities of antibiotics have 

been applied in Chile over a generally small geographic area. In Canada the quantity of 

antibiotics prescribed per metric ton of production is also high compared to Norway or Scotland.  

Use of large quantities may indicate disease problems related to husbandry or to resistance 

buildup in fish. It has also been suggested that this use of large volumes of antibiotics can be 

explained by excessive and prophylactic use.  Excessive and prophylactic use of antibiotics in 

animal husbandry is in general the result of shortcomings in rearing methods and hygienic 

conditions that favor animal stress, and opportunistic infections and their dissemination. It has 

been extensively shown that excessive and prophylactic use of antibiotics in animals has a 

negative influence on antibiotic therapy of animal and human bacterial infections because 1) 

zoonotic antibiotic-resistant bacteria are able to infect animals and human beings; and 2) animal 

and human pathogens can share genetic determinants for antibiotic resistance as the result of 

horizontal exchange of genetic information. Regardless of the reasons for prescribing antibiotics 

the application of large quantities can pose risks. 

 

Antibiotic treatment in aquaculture is achieved by medicated baths and medicated food. In 

both cases, the likelihood exists for antibiotics to pass into the environment, affecting wildlife, 

remaining in the environment for extended periods of time and exerting their antibiotic effects. 

Concerns regarding the use of large amounts of antibiotics in aquaculture are multiple. They 

include selection of antibiotic-resistant bacteria in piscine normal flora and pathogens as well as 
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effects due to the persistence of antibiotics and antibiotic residues in sediments and water 

column. These persistent antibiotics select for antibiotic-resistant free-living bacteria thereby 

altering the composition of normal marine and freshwater bacterial flora. Evidence suggests that 

these antibiotic-resistant organisms in the marine environment will, in turn, pass their antibiotic 

resistance genes to other bacteria including human and animal pathogens.  

 

Because of their toxicity to microorganisms, antibiotics may also affect the composition 

of the phytoplankton community, the zooplankton community and even the diversity of 

populations of larger animals. In this manner, potential alterations of the diversity of the marine 

microbiota produced by antibiotics may alter the homeostasis of the marine environment and 

affect complex forms of life including fish, shellfish, marine mammals, and human beings.  

 

Use of large quantities of antibiotics in aquaculture thus has the potential to be 

detrimental to fish health, to the environment and wildlife, and to human health. For all these 

reasons, excessive antibiotic use in aquaculture should be of high concern to the aquaculture 

industry and its regulators, to public officials dealing with human and veterinary health and with 

the preservation of the environment, and to non-governmental organizations dealing with these 

issues.  

Norway, Scotland, Chile and some Canadian provinces require yearly reporting of the 

antibiotics used and the quantity applied. In Scotland these data include details of stocking 

density, antibiotic applied and timing of treatments. Data from Norway and some Canadian 

provinces is presented in the form of summaries and lacks spatial and temporal details. In 

Scotland, Norway and British Columbia (Canada) the data are available to the public. The 

governments of Chile and eastern Canadian provinces require salmon farmers to report antibiotic 

use but this information is not released to the public.  

 

 The available data show the trend in Europe during the past decade has been towards a 

reduction in the quantity of antibiotics used in salmon aquaculture. The most recent data show a 

consistent level of antibiotic use in Europe with minor fluctuations presumably as the result of 

localized disease out breaks. Data from British Columbia (Canada) indicates a reduction in 

antibiotic use in that province as well. While reviewers of this document have suggested that the 

use of antibiotics in Chile is also being reduced with time, no data are available to the authors to 

support this contention. Although it is very difficult to easily access data on antibiotic use in 

Chile, it is clear that the Chilean salmon aquaculture industry has, in the past applied quantities of 

antibiotics that are orders of magnitude larger than that applied in Europe. The Canadian 

aquaculture industry also appears to have, in the recent past used considerably more antibiotics 

per metric ton of production than either Scotland or Norway. 

 

Metals 

Copper and Zinc have been measured in sediments near aquaculture sites at 

concentrations in excess of sediment quality guidelines. These elements can be lethal to aquatic 

biota and persist in sediments. 

 

Copper-based antifouling paints are applied to cages and nets to prevent the growth of 

attached marine organisms on them. The buildup of these organisms (ñepibiotaò) would reduce 

the water flow through the cages and decrease dissolved oxygen. The buildup would also 



 3 

decrease the durability of the nets, and reduce their flotation. The rate of release of chemicals 

from the paint is affected by the toxic agent, temperature, water current speed and physical 

location of the structure. The active ingredients in these paints will leach out into the water and 

may exert toxic effects on non-target local marine life both in the water column and in the 

sediments below the cages, where the chemicals tend to accumulate. Currently copper-based 

paints are the most prevalent antifoulant in use. Copper has been measured in sediments near 

aquaculture sites at concentrations higher than the recommended sediment quality guidelines.  

 

The toxicity of copper in water is greatly affected by the chemical form of the copper 

(speciation), and to what degree it is bound to various ligands that may be in the water that make 

the copper unavailable to organisms. The salinity and pH also affect toxicity of copper. Metals 

such as copper have relatively low solubility in water and tend to accumulate in sediments. The 

critical issue regarding toxicity of copper (and other metals) in sediments is what fraction of the 

copper is actually bioavailable, that is, how much can be taken up into organisms and therefore 

be able to produce toxic effects. As sediments under fish farms tend to be reducing, have high 

oxygen demand, and high sulfide from the animal wastes and uneaten feed, these sediments 

should bind metals to a high degree. 

 

The Scottish Environmental Protection Agency (SEPA) requires annual reporting of use 

of antifoulant paints from each site and these data are available to the public. 

 

Metals are also present in fish feed and are either constituents of the meal from which the 

diet is manufactured or are added for nutritional purposes. The metals in feed include copper, 

zinc, iron, manganese, and others. Copper and zinc are the only metals that have been shown to 

be significantly elevated near aquaculture sites.  

 

Zinc is used in salmon aquaculture as a supplement in salmon feeds, as it is an essential 

metal. Zinc, like copper, binds to fine particles and to sulfides in sediments, and even when it is 

bioavailable, is much less toxic than copper. Issues of speciation, bioavailability in the water 

column and in the sediments are similar to those for copper. Like copper, zinc has been measured 

in sediments near salmon aquaculture sites at concentrations which exceed sediment quality 

guidelines. Given the nature of sediments under salmon cages, zinc is generally considered to be 

unavailable to most aquatic organisms. Some feed manufacturers have recently changed the form 

of Zn to a more available form (zinc methionine) and consequently have decreased the amount of 

Zn in feed to minimum levels necessary for salmon health. Levels of Zn in some diets are now 

extremely low. This should, with time, significantly reduce inputs to the marine environment.  

 

Most research, and all regulations, pertaining to metal release from salmon aquaculture 

operations is focused on near-field concentrations.   Very little research has been done on the 

resuspension of near-field sediments. It is known that fallowed sites have reduced sulfide and 

organic content in these sediments. The question of where metals are transported and what effect 

this may have in the far-field environment has not been addressed and deserves investigation.  

 

Parasiticides 

Cultured salmon are susceptible to epidemics of parasitic diseases.  Sea lice are the most 

prevalent ectoparasites of cultured salmon and have been a problem for salmon aquaculture 
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industries.  The species that infest cultured Atlantic salmon are Lepeophtheirus salmonis and 

Caligus elongatus in the northern hemisphere and Caligus teres and Caligus rogercresseyi in 

Chile. Infestations result in skin erosion and sub-epidermal haemorrhage which, if left untreated, 

result in significant fish losses, probably as a result of osmotic stress and other secondary 

infections.  Sea lice are natural parasites of wild Atlantic and Pacific salmon, and infestations 

have occurred wherever salmonid aquaculture is practiced.  Effective mitigation, management 

and control of sea lice infestations requires good husbandry.  

 

 Chemicals are used in the treatment of sea lice infestations, and are subsequently released 

to the aquatic environment and may have impacts on other aquatic organisms and their habitat. 

These compounds are lethal, especially to aquatic invertebrates. Concerns with their use are 

mainly with the potential of these compounds to affect non target organisms.  

 

Parasiticide use is regulated in all countries where salmon aquaculture is practiced. A 

veterinary prescription is required to use these compounds. Norway, Chile and the UK have a list 

of 5-10 compounds registered for use to combat infestations of sea lice, however the majority of 

these are not used today. Canada has only two registered products, neither of which has been 

prescribed in the recent past. The registration procedure or the authorization of a permit to apply 

a therapeutant includes an assessment of the potential risk of its use. In most cases the 

information provided to regulatory authorities by registrants includes proprietary information, not 

accessible by the general public. The absence of these data from the public domain has the 

unfortunate consequence that neither its quality nor its nature can be debated by those scientists 

and non-scientists with interests in these areas. 

 

Although a number of products appear to be available to veterinarians and salmon farmers 

to combat infestations of sea lice, only a few are prescribed.  Only one compound, the in-feed 

therapeutant emamectin benzoate (EB), is used in all jurisdictions. It is, in fact, the only product 

used in Canada (under Emergency Drug Release) and the US (INAD). Overuse or over-reliance 

on any single compound can lead to the development of resistance to the compound in the 

parasite. Not surprisingly, evidence of resistance has recently been reported in Chile. Canada 

limits the number of sea lice treatments with EB during a grow-out cycle to 3, up to 5 treatments 

may take place during the grow out cycle in Norway and the UK and in Chile between 4 and 8 

treatments may take place. In addition, only one EB-based product is used in Norway, Scotland 

and Canada. Several are used in Chile and it appears as though treatment doses may be different.  

 

Cypermethrin, a pyrethroid pesticide, is applied as a bath treatment in Norway, and the 

UK. Scotland treats with this compound relatively more often than elsewhere.  

 

The use of the organophosphate azamethiphos and the chitin synthesis inhibitor 

teflubenzuron has ended. Development of resistance in lice is known to occur with 

organophosphate pesticides. Teflubenzuron apparently is no longer produced as an anti-louse 

treatment.  

 

Interestingly, hydrogen peroxide, which has been considered a rather poor product for sea 

lice control, is used in Scotland and has recently been applied in Chile. Hydrogen peroxide is 

considered the most ñenvironmentally friendlyò product so its use may be related to the 
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sensitivity of the receiving environment. It could also be an indication that other products are 

failing in terms of efficacy of louse control and support for the contention that there are limited 

treatment options available.  

 

The apparent movement to the use of fewer products and the fact that there are few 

products being developed for sea lice treatment should raise concerns within the industry. Even 

drug manufacturers stress the benefits of the availability of a suite of compounds and of the 

rational application of these products to avoid resistance development.   

 

Anti-lice treatments lack specificity and therefore may affect indigenous organisms in the 

vicinity of anti-lice treatments.  Sea lice therapeutants not only have the potential to negatively 

impact the environment through effects on sensitive non-target organisms they may alter the 

population structures of the fauna in the immediate environments. 

 

Data collected to date generally suggest that negative impacts from anti-louse treatments, 

if they occur, are minor and will be restricted in spatial and temporal scale.  However, published 

field data are rare. Field studies must be undertaken in most jurisdictions as part of the 

registration process and drug manufacturers must provide extensive environmental monitoring 

data to regulators. However, as stated earlier, these data are often considered confidential and 

most publicly available information regarding the biological effects of the various compounds is 

generated for single-species, lab-based bioassays.  

 

Farms are located in waters with different capacities to absorb wastes, including 

medicinal chemicals, without causing unacceptable environmental impacts. Risks therefore have 

site-specific component, and management of these risks may therefore require site-specific 

assessments of the quantities of chemicals that can safely be used at each site. In the European 

Union, Maximum Residue Levels (MRL) are set for all therapeutants applied to food fish. Health 

Canada and the Canadian Food Inspection Agency have similar guidelines.  In Scotland a 

medicine or chemical agent cannot be discharged from a fish farm installation unless formal 

consent under the Control of Pollution Act has been granted to the farm concerned by (in 

Scotland) SEPA.  SEPA also requires annual reporting of therapeutant use from each site and 

these data are available to the public. This regulatory scheme provides an example of a risk 

management plan that should be adopted in all areas that use sea lice therapeutants.  

 

As is the case with antibiotic use, salmon farmers are required to report use of 

antiparasitic compounds. Summarized or detailed reports are available from Norway, Scotland 

and British Columbia (Canada). Data from Chile and the eastern Canadian provinces are at 

present not available to the public.  

 

Disinfectants 

Biosecurity is of paramount importance in aquaculture operations. The presence of 

infectious salmon anemia (ISA) and the prevalence of bacterial infections in some jurisdictions 

have resulted in protocols being developed to limit transfer of diseases from site to site. These 

protocols involve the use of disinfectants on nets, boats, containers, raingear, boots, diving 

equipment, platforms and decking. Unlike parasiticides, there appear to be no regulations 

regarding the use of disinfectants. Thus, in areas around wharves or in small sheltered coves 
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disinfectant input could be significant. There is no information on the amounts of disinfectants 

used by the salmon aquaculture industry or by the processing plants and the food industry, 

making it very difficult to determine precisely the quantities of these products used. In most cases 

the disinfectants are released directly to the surrounding environment.  The effects of 

disinfectants in the marine environment appear to be poorly studied. In addition, only the UK 

requires reporting of quantities of disinfectants being used in aquaculture activity. All of the 

compounds used are quite water soluble and should be of low toxicity depending on quantities 

used. Risk of aquatic biota being exposed to the disinfectant formulations is dependent not only 

on how much is being used but where it is being released.  

 

Disinfectant formulations often contain surfactants. The actual compounds used as 

surfactants may not be part of the label information. Some of these compounds are known 

endocrine disruptors and are known to affect salmon as well as other marine organisms. Without 

information on what compounds are being used and in what quantities it is extremely difficult to 

assess risk to salmon and to non-target organisms. 

 

Malachite green is a triphenylmethane dye (4-[4-trimethylaminophenyl)-phenyl-methyl]-

N,N-dimethyl-aniline. It is readily soluble in water (110 gȚL
-1

).  In the past malachite green was 

used as an anti-fungal agent in salmon aquaculture. Malachite green and its metabolite 

leucomalachite green are suspected of being capable of causing gene damage and cancer. Its use 

as a therapeutant in fish destined for human consumption has been banned and a zero tolerance 

level for food fish is in place in most countries. Despite the fact that the use of malachite green is 

banned in salmon farming several reports identify instances of misuse in aquaculture in the US 

and internationally. In addition, a recent preliminary study shows that some free ranging wild fish 

(eels) in Germany have detectable levels of LMG in their edible tissues, albeit at very low 

concentrations. The suggestion that malachite green may be a ubiquitous contaminant in 

industrialized areas is troubling and calls into question the ability to enforce zero tolerance 

guidelines. 

 

Anaesthetics 

Anaesthetics are used operationally in aquaculture when fish are sorted, vaccinated, 

transported or handled for sea lice counts or stripping of broodstock. Compounds available for 

use are regulated in all jurisdictions. They are used infrequently and in low doses, thus limiting 

potential for environmental damage. Only Scotland and Norway require yearly reporting of 

anaesthetic compounds and the quantities used.  

 

The use of anaesthetics is generally considered to be of little risk to the environment. It is 

likely that most of the anaesthetic used in aquaculture is used in freshwater and in transport of 

fish.  

Conclusions 

The key conclusion of this report is that the availability of verifiable data on chemical use 

in salmon aquaculture is variable. Chemical use data are available from Norway, Scotland and 

parts of Canada. The government of Chile and some provinces of Canada, while requiring that 

farmers report disease occurrence, compounds prescribed and quantities used, do not make this 

information available to the public.  This makes it exceedingly difficult to prepare general 

recommendations and to comment on risk associated with chemical usage. Even comments from 
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reviewers and Salmon Aquaculture Dialogue steering committee members show a variety of 

opinions regarding what compounds are being used and for what purposes. Several reviewers 

have suggested that salmon aquaculture is held to a higher standard than other food producing 

industries. The authors are not in a position to make this judgement. It is the conclusion of this 

working group, however, that public release of available data would eliminate much of the 

disagreement and contention that exists. The fact that these data are available from regulatory 

agencies in Scotland and Norway adds pressure for other jurisdictions to follow suit. Data such as 

these are essential in order to conduct research in field situations. Differences between samples 

collected near aquaculture sites and those collected from reference sites cannot be realistically 

interpreted, or discussed, without knowledge of activities at those sites. Scotland reports full data 

sets from individual farms including biomass on site and data regarding quantities all compounds 

used at that site and when they were applied.  

 

Table 1 is a summary of the quantities of chemicals used in salmon aquaculture in 

Norway, Chile, Scotland and Canada in 2003.  While the authors acknowledge that these data are 

several years old, they represent the only data set available for which comparisons can be made 

between jurisdictions. More recent data are available for the UK, Norway and for some 

compounds in Canada but none are available from Chile. Chemical use shown is relative to FAO-

reported production value for Atlantic salmon only. The authors recognize that other salmon 

species are cultured in some jurisdictions and that therapeutants are applied to salmon during 

their first year in cages, i.e. to salmon that do not contribute to the production values.   

 

Reporting antibiotic use is a condition of operating an aquaculture site in nearly all 

jurisdictions. Despite this, reported antibiotic use in Chile is an estimate provided by researchers, 

not by regulatory agencies.  

 

Individual compounds have specific characteristics in terms of toxicity, modes of action 

and potential to affect marine environments. The authors also recognize that therapeutants have 

specific targets and dosage rates and that may change according to environmental conditions. The 

antiparasitic products, for example, are much more lethal to most aquatic species than antibiotics. 

Excess use of antibiotics, however, may affect human health. Comparing quantities of antibiotics 

used to quantities of antiparasitics is of no value. This table is of most value in comparing, 

between jurisdictions, the quantities of each class of product (antibiotic, antiparasitics, etc.). 

While the caveats mentioned above limit the ability to compare jurisdictions in an absolute way, 

the authors believe, from the data available, that the trends shown by these data are an accurate 

reflection of the chemical use patterns in the aquaculture industry. 

 

The rate of application (Kg/metric ton (MT)) of antibiotics in Chile and in Canada in 

2003 was high compared to Scotland and Norway. In addition, data indicates that some 

antibiotics used in human health (quinolones) are used in the salmon aquaculture industry in 

Chile and Norway, a practice forbidden in other jurisdictions. 
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Table 1. Classes of chemical compounds used in Atlantic salmon aquaculture, quantities used in 

2003 and quantities applied relative to production. 

 

UCountryU 

Salmon 

ProductionU 

(Metric Ton)
a

U
 

TherapeutantU 

TypeU  

Kg (activeU 

ingredient)UsedU 

Kg Therapeutant/U 

Metric Ton producedU 

Norway 509544 Antibiotics 805 0.0016 

  Anti-louse 98 0.0002 

  Anaesthetics 1201 0.0023 

Chile 280,481 

 

Antibiotics 133800   0.477 

  Anti-louse 136.25 0.0005 

 

  Anaesthetics 3530  0.013 

 

UK 145609 Antibiotics 662 0.0045 

  Anti-louse 110 0.0007 

  Anaesthetics 191 0.0013 

  Disinfectants 1848 0.013 

Canada 

(includes data 

from Maine, 

USA) 

111,178
b
 Antibiotics 30,373

c
 0.273 

  Anti-louse 12.1
 

0.00011 
 

 

a
 Data accessed at FAO 

(HUhttp://www.fao.org/fi/website/FIRetrieveAction.do?dom=collection&xml=global-aquaculture-

production.xml&xp_nav=1UH) 
b
 Data accessed at     HUhttp://www.dfo-mpo.gc.ca/communic/statistics/aqua/index_e.htmUH and 

New Brunswick Salmon Growers Association (personal communication). 
c
 Source: Government of British Columbia 

(HUhttp://www.al.gov.bc.ca/ahc/fish_health/antibiotics.htmUH and New Brunswick Salmon Growers 

Association (NBSGA, personal communication) 

http://www.fao.org/fi/website/FIRetrieveAction.do?dom=collection&xml=global-aquaculture-production.xml&xp_nav=1
http://www.fao.org/fi/website/FIRetrieveAction.do?dom=collection&xml=global-aquaculture-production.xml&xp_nav=1
http://www.dfo-mpo.gc.ca/communic/statistics/aqua/index_e.htm
http://www.al.gov.bc.ca/ahc/fish_health/antibiotics.htm
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Research gaps 

The authors recognize the site specificity associated with near-shore salmon aquaculture 

and that jurisdictional differences in the physical, chemical and regulatory environment may 

make it difficult to develop standard metrics for all. In addition, individual chemicals used in the 

salmon aquaculture industry are currently regulated to a significant extent in all jurisdictions. 

 

 Research is needed to develop safe and effective vaccines against bacterial and viral 

pathogens. In particular development of an effective vaccine against Piscirickettsia 

salmonis would dramatically reduce reliance on antibiotics in Chile. 

 There is lack of data from field situations. Field studies are needed to determine if lab-

based, single species bioassays are predictive of biological effects in operational 

situations. Research into the presence, fate and effects of compounds and mixtures from 

ñreal worldò situations can provide data regarding cumulative effects and when coupled 

with data on the use of compounds, numbers of fish, etc. can result in realistic risk 

assessments. Cause and effect questions can only be addressed if data collected in situ 

includes detailed information about aquaculture activity.    

 Research is needed to clearly establish the link between use of antibiotics in salmon 

aquaculture and the presence of antibiotic-resistant bacteria near salmon aquaculture 

activities. The spatial and temporal extent of the problem should also be defined. 

 Research is needed to determine the consequences of application of large quantities of 

antibiotics. The effects on fish (farmed and indigenous) and  human health and on the 

microflora in the sediments and the water column should be investigated. 

 Research is needed to develop non-toxic forms of antifoulants. 

 Research is needed to determine the biological effects on local organisms, either at 

individual or population level, of copper and zinc at concentrations above regulatory 

limits  

  Research is needed to determine the potential effects of chronic exposure to elevated 

copper and zinc in sediments near salmon aquaculture sites 

 Research is needed to develop more, or (preferably) alternative, products for sea lice 

control. With a limited number of treatment options, it is likely that resistance will 

develop in sea lice populations. 

 Management and husbandry practices that reduce the number of anti-louse treatments 

should be documented and shared amongst jurisdictions. Canada, for example, only 

allows three emamectin benzoate treatments in a grow-out cycle, while up to eight 

treatments have been reported in Chile. The reasons for this difference may be related to 

lice biology and other biotic or abiotic factors. There may, however, be management 

practices that reduce infestation pressure. 

 There are very few data available regarding the presence of disinfectants, and 

particularly of formulation products, in the marine environment.  Studies need to be 

conducted to document the patterns of use and the temporal and spatial scales over which 

compounds can be found.  

 There are very few data available regarding the use patterns of anaesthetics in salmon 

aquaculture. Collection and analysis of these data may help determine if more studies are 

required to determine if any products pose a risk to aquatic biota. 
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Recommendations 

 

 Regulatory agencies in nearly all jurisdictions require reporting of the quantities of 

antibiotics and, parasiticides applied during normal operations of salmon aquaculture 

sites. Reporting should be expanded to cover all jurisdictions and use of antifoulant, 

disinfectants and anaesthetics should be included. Details of use including timing and 

area of application should be included and these data be made available to the public. 

The model used by the Scottish Environmental Protection Agency is the most thorough 

currently in use.  

 The regulatory regimes in all jurisdictions require that manufacturers conduct field trials 

with antiparasitic compounds. These data, where they exist, should be made more 

accessible to the public. 

 There is some discussion and contention regarding the occurrence of antibiotic 

application for prophylaxis. If prophylactic use of antibiotics takes place in any 

jurisdiction, this practice should be stopped. 

 That classes of antibiotic compounds used for treatment of human diseases should not be 

used (or should be used with extreme reluctance) in aquaculture production of salmon. 

 While it remains unclear whether or not the practice continues in any jurisdiction, nets 

and cages should never be washed in the ocean or estuaries, where considerable amounts 

of toxic antifoulants could be released into the marine environment. 

 That all antifouling agents, regardless of whether or not they are considered to contain 

biocides, should be tested for toxicity to different taxa of marine organisms. 
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This report was commissioned by the Salmon Aquaculture Dialogue. The Salmon Dialogue 

is a multi-stakeholder, multi-national group which was initiated by the World Wildlife Fund 

in 2004. Participants include salmon producers and other members of the market chain, 

NGOs, researchers, retailers, and government officials from major salmon producing and 

consuming countries. 

 

The goal of the Salmon Aquaculture Dialogue is to develop and implement verifiable 

environmental and social performance levels that measurably reduce or eliminate key 

impacts of salmon farming and are acceptable to stakeholders. The group will also 

recommend standards that achieve these performance levels while permitting the salmon 

farming industry to remain economically viable. 

 

The Salmon Aquaculture Dialogue focuses their research and standard development on 

seven key areas of impact of salmon production including: social; feed; disease; escapes; 

chemical inputs; benthic impacts and siting; and, nutrient loading and carrying capacity. 

 

Funding for this report and other Salmon Aquaculture Dialogue supported work is provided 

by the members of the Dialogueôs steering committee and their donors. The steering 

committee is composed of representatives from the Coastal Alliance for Aquaculture 

Reform, Fundación Terram, Marine Harvest, the Norwegian Seafood Federation, the Pew 

Environment Group, Skretting, SalmonChile, Salmon of the Americas, and the World 

Wildlife Fund. 

 

More information on the Salmon Aquaculture Dialogue is available at 

Uhttp://www.worldwildlife.org/aquadialogues. 

 

The authors wish to acknowledge the efforts of Ms. Katherine Bostick of WWF-US who 

helped organized the various technical working groups on behalf of the Salmon 

Aquaculture Dialogue and provided valuable guidance and advice to the members of the 

Chemical Inputs working group throughout preparation of this document. We also wish 

acknowledge the comments and contributions of the Salmon Aquaculture Dialogue steering 

committee and several anonymous reviewers.  
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CHAPTER 1 

 

Introduction/Backgro und 

 

Aquaculture is the fastest growing food production system on the planet. From 1970 to 

2005, aquacultureôs share of global fisheries landings increased from 5 percent to approximately 

one-third of all products. Salmon is one of the most popular food fish species in the United 

States, Europe, and Japan, and salmon aquaculture has increased dramatically over the past few 

decades to meet this demand. In 1980 farmed salmon made up a negligible percentage of world 

salmon supply, but by 2003 approximately 60% of global salmon supply was farmed.  

 

According to the United Nations Food and Agriculture Organization (FAO), salmon is 

farmed in 24 countries. The major producers of salmon are Norway, Chile, the United Kingdom, 

and Canada, though Chile and Norway account for close to 75% of farmed salmon production 

(FAO 2007 and ICES 2006). The three most common species of cultured salmon are the Atlantic 

salmon (Salmo salar) the chinook salmon (Oncorhynchus tshawytscha), and the coho salmon 

(Oncorhynchus kisutch). In aquaculture the Atlantic salmon represents 90% of production and is 

by far the most economically important cultured salmonid. 

 

Farmed salmon are most commonly grown in cages or pens in semi-sheltered coastal 

areas such as bays or sea lochs. The cages are designed to hold salmon but are open to the marine 

environment. These tend to be large, floating mesh cages. This type of open system allows for 

free exchange of nutrients, disease, and chemicals inputs into the salmon culture system with the 

marine waters.  

 

Chemical inputs to the marine environment from aquaculture activities generally fall into 

two categories: intentional and unintentional inputs. Intentional inputs include pesticides, drugs, 

antifoulants, anaesthetics and disinfectants. Unintentional inputs include contaminants from fish 

feeds additives and so-called inert ingredients in pesticide and drug formulations.  

 

As is the case in all animal food production systems, it is often necessary to treat farmed 

fish for diseases and parasites. The types of therapeutants available for use and the treatment 

protocols are tightly regulated in all jurisdictions and therapeutants can only be used under 

presciption from a licensed veterinarian. Management practices have evolved as these health 

threats appear and fish husbandry has greatly improved over the past 20 years resulting in a 

reduction in the use of some chemicals, particularly antibiotics in most jurisdictions. However, 

fish farmers still rely on aggressive use of chemotherapeutants to combat infestations of 

ectoparasites as well as disinfectants to manage spread of diseases. In the 1990s several reviews 

were prepared regarding chemical inputs (see for example Zitko 1994 and GESAMP 1997). 

Unfortunately, some of the issues raised by these authors remain of concern a decade later while 

public awareness has increased significantly.  

 

As a result, there is a significant potential for salmon farms to impact local waters, 

especially if poorly sited or poorly managed. Of particular concern is the potential for chemical 

inputs to affect local fauna commonly referred to as non-target organisms.This report examines 

the current state of knowledge of impacts on marine ecosystems from salmon farms due to 



 13 

chemical inputs to the marine environment. Discussion is limited to known (intentional) chemical 

inputs. This report does not address the issue of chemical contaminants in fish feeds as this is 

addressed in another report. 

 

 

 

CHAPTER 2 

 

Antibiotics  

 

2.1 Introduction 

 

Antibiotics are designed to inhibit the growth and kill pathogenic bacteria. They generally 

act in one of three ways: By disrupting cell membranes, by disrupting protein or DNA synthesis 

or by inhibiting enzyme activity. Compounds with antibiotic activity are selected for use in 

human and veterinary medicine because of their selective toxicity to cell membranes, ribosomal 

activity or enzyme activity in prokaryotic cells. As a result of these selective traits they show now 

or very low toxicity in higher organisms (Todar 2008). 

 

Despite their low toxicity, there are significant environmental concerns with widespread 

use of antibiotics. Many antibiotics are stable chemical compounds that are not broken down in 

the body, but remain active long after being excreted. At present, antibiotics make a considerable 

contribution to the growing problem of active medical substances circulating in the environment. 

Persistence in the environment contributes to the development of antibiotic resistant strains of 

microorganisms. Resistance to antibiotics results from selection of spontaneous mutants by the 

antibiotic and by transfer of genetic resistance traits among bacteria of the same or of different 

species. In general, the more a specific antibiotic is used, the greater the risk of emergence and 

spread of resistance against it, thus rendering the drug increasingly useless.  

 

The most severe consequence is the emergence of new bacterial strains that are resistant 

to several antibiotics at the same time. In human health infections caused by such multi-drug 

resistant pathogens present a special challenge, resulting in increased clinical complications and 

the risk of serious disease that previously could have been treated successfully, longer hospital 

stays and significantly higher costs to society. The worst scenario which, unfortunately, is not an 

unlikely one, is that dangerous pathogens will eventually acquire resistance to all previously 

effective antibiotics, thereby giving rise to uncontrolled epidemics of bacterial diseases that can 

no longer be treated (European Commision, 2008) 

 

Antibiotics in salmon aquaculture, as in husbandry of terrestrial food animals including 

cattle and poultry, are used as therapeutic agents in the treatment of infections (Alderman and 

Hastings 1998, Angulo 2000, Grave et al. 1999, Cabello 1993, Sørum 2000, Pillay 2004, Cabello 

2004). There is no evidence that antibiotics are used as growth promoters in aquaculture as is the 

case in the industrial raising of cattle, poultry and hogs in some countries (Alderman and 

Hastings 1998, Angulo 2000, Grave et al. 1999, Cabello 1993, Sørum 2000, Pillay 2004, Cabello 

2004, Davenport et al. 2003). Excessive and prophylactic use of antibiotics in animal husbandry 

is in general the result of shortcomings in rearing methods and hygienic conditions that favor 
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animal stress, and opportunistic infections and their dissemination (Anderson et al. 2003, Angulo 

et al. 2004, Greenlees 2003, Mølbak 2004, Wassenaar 2005, Teuber 2001).  

 

It has been extensively shown that excessive and prophylactic use of antibiotics in 

animals has a negative influence on antibiotic therapy of animal and human bacterial infections 

because 1) zoonotic antibiotic resistant bacteria are able to infect human beings; and 2) animal 

and human pathogens can share genetic determinants for antibiotic resistance as the result of 

horizontal exchange of genetic information (Cabello 2003, Cabello 2004, Angulo et al. 2004, 

2004, Mølbak 2004, Wassenaar 2005, Teuber 2001, Harrison and Lederberg 1998, McEwen and 

Fedorak-Cray 2002, OôBrien 2002, Wierup 2001, Nester et al. 1999). These findings have 

resulted in regulations directed at curtailing the use of antibiotics in industrial terrestrial animal 

farming in Europe and North America (Grave et al. 1999, Cabello 2003, Anderson et al. 2003, 

Harrison and Lederberg 1998, McEwen and Fedorka-Cray 2002, Wierup 2001). The 

implemented restrictions of antibiotic use in animal husbandry in many countries has not resulted 

in increased costs to the industry and has been shown to be compatible with profitable industrial 

animal farming (Grave et al. 1999, Cabello 1993, Wierup 2001). 

 

0B2.3 Physical and Chemical Properties of Antibiotics  

 

Amoxicillin is a broad spectrum antibiotic from the ɓ-lactam class. It is effective against 

gram positive and gram negative bacteria. It is used in the aquaculture industry to treat fish with 

infections of furunculosis (Aeromonas salmonicida). It acts by disrupting cell wall synthesis 

(Todar (2008). The recommended treatment is 80-160 mg/Kg for 10 days presented on medicated 

food. There is a 40-150 degree day withdrawal period in Scotland. The ɓ-lactams should be 

susceptible to biological and physiochemical oxidation in the environment since they are 

naturally occurring metabolites. (Armstrong et al. 2005) 

 

Florfenicol is also a broad spectrum antibiotic used to treat salmon against infections of 

furunculosis. It is part of the phenicol class of antibiotics which act by inhibiting protein 

synthesis (Todar 2008). The recommended treatment regime is 10 mg/Kg for 10 days presented 

on medicated food. The withdrawal period for flofenicol is 12 days in Canada, 150 degree days in 

Scotland and 30 days in Norway. The 96h LC50 of florfenicol is  >330 mg/L (daphnia) and  

>780 mg/L (R. trout). This product is not generally considered a problem for persistence in the 

environment or for resistance development in microorganisms (Armstrong et al. 2005). 

 

Tribrissen (sulfadiazine: trimethoprin (5:1)) is a sulphonamide broad spectrum 

antibacterial agent used to treat salmon infected with gram negative bacteria such as furunculosis 

and vibrios (Vibrio anguillarum, for example). It acts by inhibiting folic acid metabolism (Todar 

2008). The recommended treatment regime is 30-75 mg/Kg  for 5-10 days presented on 

medicated food. The withdrawal period is 350-500 degree days in Scotland and 40-90 days 

Norway.  The environmental impact of use of this product is unknown (Armstrong et al. 2005). 

This product is rarely used in salmon aquaculture due to problems with palatability (M. Beattie 

personal communication). 

 

Oxolinic acid and flumequin are quinolone antibiotics used to treat organisms  against 

infections of gram negative bacteria such as Piscirikettsia salmonis. The effectiveness of oxolinic 
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acid against this bacterium, however, is reported to be marginal (Powell 2000). They are also 

used to combat furunculosis and vibrio infections. These products inhibit DNA replication (Todar 

2008). The recommended dose of these compounds for Atlantic salmon is 25mg/Kg for 10 days 

(applied on medicated food) and a withdrawal period of 500 degree days has been set for 

Scotland, although these products are no longer used in that country. In Norway the withdrawal 

period ranges from 40-80 days depending on water temperature. These products are highly 

effective but persistent (Armstrong et al. 2005). The importance of this class of antibiotics in 

human medicine has led to a prohibition of their use for treating salmon in Scotland and Canada. 

 

Oxytetracycline is a broad spectrum antibiotic active against infections of furunculosis 

and vibrio (Powell 2000). This tetracycline antibiotic is delivered on medicated food at dosages 

ranging from 50-125 mg/Kg applied over 4 to 10 days. Tetracyclines act by inhibiting DNA 

replication (Todar 2008). The withdrawal time prior to marketing fish is 400-500 degree days in 

Scotland and 60-180 days in Norway (Armstrong et al. 2005). The compound has a low toxicity 

(96 h LC50 for fish is >4 g/Kg). It has relatively high solubilty in water however; as it is bound to 

food pellets it can become bound to sediments and may be persistent for several hundred days 

(Armstrong et al. 2005). The combination of low toxicity and broad spectrum effectiveness has 

led to the widespread overuse and misuse in human and animal health and therefore to 

development of resistance and reduced effectiveness (Todar 2008). This is shown in use data 

reported from Norway where there was no use of oxytetracycline in 2005 (see Table 2.1 below). 

 

Erythromycin is a macrolide antibiotic useful in combating gram positive and non-enteric 

gram negative bacteria. It is presented on medicated food at dosages ranging from 50-100 mg/Kg 

for 21 days. It is used to combat Bacterial Kidney Disease (BKD) (Powell 2000). Erythromycin 

inhibits genetic translation, therefore protein synthesis (Todar 2008). It has a low toxicity to fish 

(96h LC0 > 2 g/Kg) but can accumulate in sediments and organisms and is a concern in terms of 

antibiotic resistance. This antibiotic is not approved for salmon aquaculture use in countries 

which belong to International Council for the Exploration of the Seas (ICES). This includes 

Norway, Scotland and Canada. It is, however listed as an approved compound in Chile (Pablo 

Forno personal communication).  

 

A more detailed discussion of the potential environmental impacts of antibiotics is 

presented later in this chapter. 

 

1B2.2 Use and Regulation of Antibiotics in Salmon Aquaculture  

 

2.2.1 Norway  

 

The country with the worldôs largest salmon aquaculture industry and largest producer of 

farmed salmon is Norway.  The following antimicrobial products are identified as having been 

used in Norway oxytetracycline, florfenicol, oxolinic acid, trimethoprim+sulfadiazine, 

furazolidone. 
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Table 2.1. Antibiotic use for Atlantic salmon aquaculture in Norway 2003-2005. Quantities in 

Kg. Kjell Maroni (pers communication 2008) 

 

UAntimicrobialU U2003U U2004U U2005U 

Oxytetracycline 0.04 1.16 0 

Florfenicol 105.3 83.08 85.28 

Oxolinic acid 252.4 189.13 188.4 

 

Total antibiotic use in the salmon aquaculture industry in 2006 was estimated to be 340 

Kg (Kjell Maroni pers communication 2008). 

 

Strong regulation of antibiotic use in aquaculture has led to a drastic reduction in the 

classes and volumes of antibiotics used for this purpose most jurisdictions (Grave et al. 1999, 

Sørum 2000, 2006, Grave et al. 1996, Lillehaug et al 2003, Markestad and Grave 1997). These 

regulations were implemented as the result of extensive research in Norway and other countries 

which indicated that the excessive use of antibiotics was deleterious to many aspects of 

aquaculture, the environment, and potentially to human health as discussed above (Grave et al. 

1999, Sørum 2000, 2006, Grave et al. 1996, Lillehaug et al 2003, Markestad and Grave 1997).  

 

While some authors suggest only antibiotics that are not considered relevant for human 

medicine can be used in aquaculture (Grave et al. 1999, Sørum 2000, 2006, Grave et al. 1996, 

Lillehaug et al 2003, Markestad and Grave 1997), oxolinic acid, a quinolone, is used in salmon 

aquaculture in Norway. The use of quinolones and fluoroquinolones is a concern as these wide-

spectrum antibiotics are highly useful in human medicine. They do not readily degrade; remain in 

the environment for long periods of time (Gorbach 2001, Wegener 1999). Thus, use of this group 

of antibiotics may negatively affect human health and environmental diversity of the microbiota, 

especially because some resistance determinants against this group of antibiotics originate in 

marine bacteria such as Shewanella and Vibrio (Gorbach 2001, Wegener 1999, Poirel et al. 

2005a, Robicsek et al. 2005, Li 2005, Poirel et al. 2005b, Saga et al. 2005, Nordmann and poirel 

2005, Robicsek et al 2006). 

 

The volume of antibiotic use is closely monitored by centralized regulatory bodies dealing 

with aquaculture and fish health through monitoring of veterinary prescriptions originating from 

aquaculture sites (Grave et al. 1999, Sørum 2000, 2006, Grave et al. 1996, Lillehaug et al 2003, 

Markestad and Grave 1997). This links antibiotic use to defined geographical areas, references 

timing of application and permits rapid detection of any increases in use (Grave et al. 1999, 

Sørum 2000, 2006, Grave et al. 1996, Lillehaug et al 2003, Markestad and Grave 1997). The end 

effect of this effort is not only the control of antibiotic use but also detection of misuse in 

prophylaxis, and most importantly, detection of preliminary signs of emergence of potentially 

epizootic salmon infections (Grave et al. 1999, Sørum 2000, 2006, Grave et al. 1996, Lillehaug et 

al 2003, Markestad and Grave 1997). It decreases excessive use of antibiotics by correcting 

misuse and by promptly detecting infectious disease problems that can be dealt with by hygienic 

measures such as isolation, fallowing of sites, quarantine and vaccines (Grave et al. 1999, Sørum 

2000, 2006, Grave et al. 1996, Lillehaug et al 2003, Markestad and Grave 1997). The control of 

antibiotic use in aquaculture in Norway, the use of hygienic measures in fish rearing, and the 

introduction of vaccines has permitted the Norwegian aquaculture industry to reduce its use of 
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antibiotics to negligible amounts despite its increasing output (Grave et al. 1999, Sørum 2000, 

2006, Grave et al. 1996, Lillehaug et al 2003, Markestad and Grave 1997).  

 

2.2.2 Chile  

 

Chile is the second largest producer of farmed salmon in the world. Bravo (personal 

communication) reports that the following antimicrobial products are registered for use in Chile: 

oxolinic acid, amoxicillin, erythromycin, flumequine, florfenicol and oxytetracycline. Producers 

are required to report incidence of disease, the products prescrived fro treatment and quantities 

used.  The government agencies do not, however make this information public. Bravo (2005) 

reports total antibiotic use in salmon aquaculture in 2003 to be 133,000 Kg. Depending on which 

production numbers are used, this is equivalent to between 0.27 and 0.47 Kg of antibiotics 

applied for every metric ton of fish produced.   

 

The lack of publicly available information has led to accusations that all classes of 

antibiotics are used in animal husbandry and in aquaculture without restrictions (Cabello 2003, 

2004, Rep. de Chile 2001, Bravo et al. 2005, Buschmann et al. 2006a, 2006b, Buschmann 2001, 

Gobierno de Chile 2005, Buschmann and Pizarro 2001) Unofficial information indicates that. 

Enrofloxacine and sarofloxacine have been reported to have been used in the past in Chile but are 

not authorized by the Servicio Agricola Ganadero (SAG), the Chilean agency responsible for 

regulating the use of antimicrobials (S. Bravo personal communication). Environmental 

regulations for salmon aquaculture in Chile do not discuss the potential environmental 

repercussions of antibiotic use (Cabello 2003, 2004, Rep. de Chile 2001). The Chilean Ministry 

of Agriculture Law No. 19283, Decree 139, 1995, concerning control of veterinary drugs, does 

not regulate the use of antibiotics in aquaculture either. Table 1 (above)  shows that, in the past,  

the Chilean industry uses between 170 and 270 times as much antibiotic as Norway despite 

producing less marketable salmon (Cabello 2003, 2004, Rep. de Chile 2001, Bravo et al. 2005, 

Buschmann et al. 2006a, 2006b, Buschmann 2001, Gobierno de Chile 2005, Buschmann and 

Pizarro 2001). There is widespread disagreement whether or not all of the applications are 

therapeutic. The disagreement regarding the purpose for which a prescription is written is 

inconsequential in terms of the potential environmental effects of large quantities of antibiotics 

reaching the marine environment.   

 

Information collected by Professor Julio Dolz, Universidad Austral de Chile, indicates 

that approximately 10 metric tons of quinolones and fluoroquinolones are used per year in human 

medicine in Chile, while approximately 100 metric tons of these compounds are reported to have 

been used in veterinary medicine per year (Bravo et al. 2005; J. Dolz, personal communication). 

It is believed that most of this use is in salmon aquaculture as this use is unaccounted for by the 

Ministry of Agriculture which has control of veterinary drug usage (Bravo et al. 2005; J. Dolz, 

personal communication).  

 
Several studies by Miranda and Zemelman have demonstrated emergence of resistant 

bacteria in the environment of many salmon aquaculture sites (Miranda and Zemelman 2002a, 

2002b, 2002c, Miranda et al. 2003). Some of these bacteria contain novel (not previously 

identified) tetracycline resistance determinants underlining the fact that antibiotic use in 

aquaculture in Chile may be selecting for new antibiotic resistance factors with the potential to 
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spread to pathogens of human beings and terrestrial animals (Miranda and Zemelman 2002a, 

2002b, 2002c, Miranda et al. 2003). The potential of these resistance determinants to spread is 

amplified by the fact that coastal and estuarine waters and fish and shellfish in Chile are already 

widely contaminated with human and animal pathogens which display antibiotic resistance and 

contain genetic elements that facilitate horizontal gene transfer among bacteria as a result of the 

release of untreated sewage into the sea in urban and rural areas (Silva et al. 1987, Miranda and 

Zemelman 2001, Montoya et al. 1992, Miranda and Castillo 1998, Martinez et al.1994, Rosen 

and Belkin 2001). Moreover, there is no monitoring for antibiotics or antibiotic residues in the 

environment of aquaculture sites in Chile, and residual antibiotics/antibiotic residues in 

domestically consumed or exported salmon meat are not regularly monitored by the Servicio 

Nacional de Pesca (Gobierno de Chile 2005, Servico Nacional de Pesca 2005). Antibiotics have 

also been detected in the meat of free-ranging wild fish living around aquaculture sites (Fortt et 

al. 2007), and residual antibiotics above the permitted levels have been detected in the meat of 

salmon lots exported to Japan and the United States (Ecoceans 2006 (electronic citation)). All 

these problems increase the potential for passage of antibiotic resistance bacteria to terrestrial 

animals and humans and of antibiotic resistance determinants to human pathogens (Silva et al. 

1987, Miranda and Zemelman 2001, Montoya et al. 1992, Miranda and Castillo 1998, Martinez 

et al.1994, Rosen and Belkin 2001, Servico Nacional de Pesca 2005, Fortt et al. 2007, Weber et 

al. 1994). 

 

There are several reports that indicate the emergence of fish pathogens in Chile that are 

now widely resistant to many antibiotics, including Vibrios and Streptococcus (Salud de Peces 

2004). As stated earlier the use of quinolones and fluoroquinolones is a matter of great concern as 

this group of wide-spectrum antibiotics are highly useful in human medicine, and because they 

are not readily biodegradable, remain in the environment for long periods of time (Gorbach 2001, 

Wegener 1999).  

 

 Application of large quantities of antibiotics in the aquaculture industry in Chile has been 

partially justified by the presence of pathogens that do not pose problems in other countries such 

Piscirickettsia salmonis (Brocklebank et al. 1993, Branson qand Diaz-Munoz 1991, Olsen et al. 

1997, Perez et al. 1998, Fryer and Hedrick 2003, Gaggero et al. 1995, Mauel and Miller 2002, 

Reid et al. 2004). P. salmonis in an intracellular emergent pathogen that infects salmon smolt 

after they are moved from fresh water to the marine environment (Brocklebank et al. 1993, 

Branson qand Diaz-Munoz 1991, Olsen et al. 1997, Perez et al. 1998, Fryer and Hedrick 2003, 

Gaggero et al. 1995, Mauel and Miller 2002, Reid et al. 2004). The stress of this move appears to 

play a role in the susceptibility of salmon to infection. (Brocklebank et al. 1993, Branson qand 

Diaz-Munoz 1991, Olsen et al. 1997, Perez et al. 1998, Fryer and Hedrick 2003, Gaggero et al. 

1995, Mauel and Miller 2002, Reid et al. 2004, Barton and Iwama 1991). Infections by this 

pathogen produce large economical losses in the Chilean aquaculture industry (Brocklebank et al. 

1993, Branson and Diaz-Munoz 1991, Olsen et al. 1997, Perez et al. 1998, Fryer and Hedrick 

2003, Gaggero et al. 1995, Mauel and Miller 2002, Reid et al. 2004), and to date there is no 

effective commercially available vaccine to prevent these infections. However, this pathogen has 

been detected in the United States, Canada, Ireland, Scotland and Norway (Brocklebank et al. 

1993, Branson and Diaz-Munoz 1991, Olsen et al. 1997, Perez et al. 1998, Fryer and Hedrick 

2003, Gaggero et al. 1995, Mauel and Miller 2002, Reid et al. 2004), where outbreaks of disease 

that it produce appear to be small, sporadic and readily controlled by primarily sanitary measures 
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without any use of antibiotics (Brocklebank et al. 1993, Branson and Diaz-Munoz 1991, Olsen et 

al. 1997, Perez et al. 1998, Fryer and Hedrick 2003, Gaggero et al. 1995, Mauel and Miller 2002, 

Reid et al. 2004). Moreover, there are no studies indicating that P. salmonis is in fact susceptible 

to all the  antibiotics (including quinolones) used in salmon aquaculture in Chile to forestall 

infections by this pathogen (Olsen et al. 1997, Perez et al. 1998, Fryer and Hedrick 2003). The 

fact that P. salmonis is able to live in seawater and that its major targets are stressed juvenile 

salmon strongly suggests that this pathogen may be an opportunist (Brocklebank et al. 1993, 

Branson qand Diaz-Munoz 1991, Olsen et al. 1997, Perez et al. 1998, Fryer and Hedrick 2003, 

Gaggero et al. 1995, Mauel and Miller 2002, Reid et al. 2004). In human public health and in the 

husbandry of terrestrial animals it has been extensively shown that the prevention of infections by 

opportunistic pathogens is better achieved by hygienic measures than by the excessive use of 

antibiotics as prophylactics (Cabello 2003, McEwan and Fedorka-Cray 2002, Levy 2001, 

Wheatley et al. 1995). As stated before, the application of large quantities of antibiotics in 

Chilean salmon aquaculture also appears to have generated  antibiotic resistance among other fish 

pathogens including Vibrio and Streptococcus (Salud de Peces 2004), indicating that in the long 

run this use may be detrimental to the health of the industry itself. A situation can be predicted 

where this use of large quantities of antibiotics may lead to the appearance of new fish pathogens 

resistant to all antibiotics which would decimate a large segment of the industry. 

 

In sum, the application of large quantities of antibiotics in the aquaculture of salmon in 

Chile has the potential to generate as yet undetermined environmental and public health impacts 

over a wide area. It is important to comment here that the areas in Chile where salmon 

aquaculture takes place, Regions X and XI, are experiencing toxic red tides and epidemics of 

Vibrio parahaemolyticus in the summer months, suggesting a decrease of the biodiversity in 

these areas (Cabello 2005, Hernandez et la. 2005). These marine changes have the potential to 

affect human and animal health and drastically limit development in Chile of different types of 

aquaculture activities (Angulo 2000, Cabello 2003, 2006, Benbook 2002).  

 

Recently the National Fisheries Service Sernapesca, announced its initiation of a 

monitoring program regarding the use of antibiotics in salmon production. The hope is to 

diminish the use of fluoroquinolones since they are antibiotics of the latest generation and needed 

most importantly in human medicine and to reduce the possibility of development of antibiotic 

resistance (www.fishfarmingxpert.no). 

 

 

2.2.3 Antibiotic use in the UK  
 

The following antimicrobial products have been reported to have been used in the UK: 

oxytetracycline, florfenicol, amoxicillin trihydrate, trimethoprim/sulphadiazine,  

 

Table 2.2 shows the products and volumes used in the salmon aquaculture industry in 

Scotland from 2003 to 2006. Quantities reported are Kg of active ingredient. 
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Table 2.2. Antibiotic use in Scotland 2003-2005. Quantities in Kg. Source SEPA 

 

UAntimicrobialsU U2003U U2004U U2005U U2006U 

Oxytetracycline 

Hydrochloride 662.8 38 1643 

 

5406 

Florfenicol  6 10.2 38.4 

Amoxicillin     55.2 

 

 As is the case in Norway, an elaborate regulatory framework, successful use of vaccines 

and implementation of good husbandry practices has resulted in use of relatively small quantities 

of antibiotics per metric ton of production. While overall trend has been to a reduced reliance on 

antibiotics it is clear that use varies from year to year. The strength of the reporting system in 

Scotland is evident in the 2006 data where details provided show that despite a significant 

increase in antibiotic use, the bulk of the antibiotic use reported is contributed by one company 

and that the increased use is not widespread throughout the industry (SEPA 2007). 

 

2.2.4 Antibiotic use in Canada 

 

The following products are registered for use as antibiotics in Canada:  Oxytetracycline, 

trimethoprim80%/sulphadiazine20%, sulfadimethoxine80%/ormetoprim20%, florfenicol. Table 

2.3 shows the quantities of antibiotic actually applied in Canada (2003) and British Columbia 

(BC) from 2004 through 2006. While BC produces the majority of Atlantic salmon grown in 

Canada, there is a significant salmon aquaculture industry on Canadaôs east coast.  

 

Table 2.3. Total antibiotic use in Canada
a
 or for British Columbia only

b
  

 

 U2003U

a
 U2004U

b
 U2005U

b
 U2006U

b
 

Total antibiotics 30,343 Kg* 18,530 Kg 12,103 Kg 7,956 Kg 

 

* Includes data from the US state of Maine. 

 

These data show the quantity applied per ton of production in 2003 was lower than that 

reported for Chile but larger than reported for Norway or Scotland. The table, howeve,r shows a 

consistent trend to lower rates of use of antibiotics in British Columbia. Aquaculturists in Canada 

have access to and routinely use vaccines known to be effective against a number of bacteria. 

Since so few compounds are available in Canada and even fewer are actually applied (M. Beattie 

personal communication) there may be reason for concern regarding resistance development. 

Without data about what compounds are applied, and where, it is difficult to make such 

judgements or to assess risk. Recently the province of New Brunswick, on Canadaôs east coast, 

instituted regulations wherein incidence of disease, products applied to combat disease and 

quantities used must be reported monthly. It is anticipated that in 2009 edited summaries of these 

reports will be available to the public (Mike Beattie, personal communication). This will provide 

data on therapeutant usage with temporal and spatial context. Unfortunately, data in this form is 

not available from other provinces on Canadaôs east coast or from British Columbia (NBSGA 

and Mark Sheppard personal communication) 
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2B2.4 Problems Resulting from Use of Large Quantities of Antibiotics in Salmon Aquaculture 

 

2.4.1 Environmental 

  

Antibiotic treatment in aquaculture is achieved by medicated baths and medicated food 

(Cabello 1993, Pillay 2004, Davenport et al. 2003, Boxall et al. 2004, Black 2001). In both cases, 

the potential exists for antibiotics to pass into the environment, remaining there for extended 

periods of time, affecting wild life and exerting their antibiotic effects (Boxall et al. 2004, Black 

2001, Coyne et al. 1997, Hansen et al. 1992, Hektoen et al. 1995, Holten-Lützhøft et al. 1999, 

Christensen et al. 2006, Haya et al. 2000, Burka et al. 1997). Concerns regarding the use of large 

quantities of antibiotics in aquaculture are multiple. They include selection for antibiotic-resistant 

bacteria in piscine normal flora and pathogens (Cabello 1993, Sørum 2000, Pillay 2004, 

Davenport et al. 2003, Black 2001, Hansen et al. 1992, Burka et al. 1997, Huys et al. 2000, Kerry 

et al. 1996) as well as effects due to the persistence of antibiotics and antibiotic residues in 

sediments and water column (Cabello 2003, Sørum 2000, Pillay 2004, Davenport et al. 2003, 

Black 2001, Hansen et al. 1992, Burka et al. 1997, Huys et al. 2000, Kerry et al. 1996). These 

persistent antibiotics select for antibiotic-resistant free-living bacteria thereby altering the 

composition of normal marine and freshwater bacterial flora (Cabello 2003, Sørum 2000, Pillay 

2004, Davenport et al. 2003, Black 2001, Hansen et al. 1992, Burka et al. 1997, Huys et al. 2000, 

Kerry et al. 1996). Because of their toxicity, they also affect the composition of the 

phytoplankton, the zooplankton and even the diversity of populations of larger animals (Boxall et 

al. 2004, Holten-Lützhøft et al. 1999, Christensen et al. 2006). In this manner, potential 

alterations of the diversity of the marine microbiota produced by antibiotics may alter the 

homeostasis of marine environment and affect complex forms of life including fish, shellfish, 

marine mammals, and human beings (Boxall et al. 2004, Holten-Lützhøft et al. 1999, Christensen 

et al. 2006, Samuelsen et al. 1992, Samuelsen et al. 1994, Schmidt et al. 2000). Marine microbial 

diversity is considered essential not only for the health of the marine habitat but also for the 

whole ecosphere (Hunter-Cevera et al. 2005). 

 

2.4.2 Animal and Human Health.  

 

Antibiotic-resistant bacteria and resistance genes selected by these antibiotics in the 

marine and freshwater environments have the potential of reaching terrestrial animal and human 

populations either by being passively transported (bacteria) or by horizontal gene transfer (genes) 

which then can compromise antibiotic therapy in these populations (Angulo 2000, Cabello 2003, 

Anderson et al. 2003, Harrison and Lederberg 1998, McEwen and Fedorka-Cray 2002, Schmidt 

et al. 2001a, Alcaide et al. 2005, Bushman 2002b, Davison 1999, Guardabassi, 2000, Hastings 

2004, Kruse and Sørum 1994, LôAbee-Lund and Sørum 2001, Petersen 2002, Rhodes et al. 

2000a, Sandaa et al. 1992, Rhodes et al. 2000b, Sßrum and LôAbee-Lund 2002, Sørum 2006, 

1998). Widespread use of large quantities of antibiotics also has the potential of contaminating 

free-ranging (wild) fish and shellfish near aquaculture sites as a result of fish and shellfish 

ingestion of medicated feed and of antibiotics leaching from uningested medicated feed in 

sediments (Coyne et al. 1997, Samuelsen et al. 1992, Cabello 2006, Bjorlund et al. 1990, 

Husevåg et al. 1991, Levy 2001, Rosser and Young 1999, Furushita et al. 2005 Schmidt et al. 

2001b). This contamination can thus indirectly affect the safety of human food. 
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The safety of human food can also directly be affected by the presence of residual 

antibiotics in farmed fish for human consumption which have been dosed with antibiotics (Grave 

et al. 1999, Cabello 2003, Hunter-Cevera et al. 2005, Schmidt et al. 2001a, Alcaide et al. 2005, 

McDermott et al. 2002, Ecoceans 2006 (electronic citation)). Furthermore, application of large 

quantities of antibiotics can also affect the health of workers employed in feed mills and in 

raising in fish pens as a result of dust aerosols containing antibiotics that have been created in the 

process of medicating and distributing the feed to fish (Cabello 2003, Cabello 2004). Inhalation, 

ingestion and contact of the skin of workers with these aerosols will alter their normal flora, 

select for antibiotic-resistant bacteria and potentially generate problems of allergy and toxicity 

(Cabello 2003, Cabello 2004, Salyers et al. 2004, Anderson 1992).  

 

Widespread use of large quantities of antibiotics in aquaculture thus has the potential to 

be detrimental to fish health, to the environment and wild life, and to human health (Cabello 

2003, Cabello 2004, Holten-Lützhøft et al. 1999, Christensen et al. 2006, Levy 2001, McDermott 

et al. 2002, Ecoceans 2006(electronic citation), Salyers et al. 2004, Anderson 1992). For all these 

reasons, excessive antibiotic use in aquaculture should be of high concern to the aquaculture 

industry and its regulators, to public officials dealing with human and veterinary health and with 

the preservation of the environment, and to non-governmental organizations dealing with these 

issues. (Cabello 2003, Cabello 2004, Holten-Lützhøft et al. 1999, Christensen et al. 2006, Levy 

2001, McDermott et al. 2002, Ecoceans 2006(electronic citation), Salyers et al. 2004, Anderson 

1992). 

 

3B2.5 Research needs  

 

Slaughtering of fish close to the aquaculture site and excessive movement of farm 

personnel between different sites are also related to the appearance of infections and their 

dissemination (Stead and Laird 2002, Beveridge 2004, Austin and Austin 1999). Furthermore, 

some aquaculture sites in Chile exceed their production quotas, perhaps generating stressful 

conditions and mechanical damage to the fish that favors infections. Fish stress also appear to be 

produced in Chile by shortcomings in the transport of smolt from fresh water sites to marine 

pens, and this coincides with the appearance of P. salmonis infections in the marine sites (Stead 

and Laird 2002, Beveridge 2004, Austin and Austin 1999).    

 

Most of the investigations proposed above have been carried out extensively in other 

countries with salmon aquaculture industries. Their results have been pivotal to stimulate the 

regulated use of antibiotics. These studies have repeatedly shown that excessive and heavy use of 

antibiotics is detrimental to fish health and to the environment, and has the potential of negatively 

impacting therapy of bacterial infections in human beings and terrestrial animals.  

 

Application of knowledge of the causes and effects of excessive antibiotic usage could be 

readily applied to decrease the apparently excessive use of antibiotics in the Chilean salmon 

aquaculture industry and would yield enormous benefits to all stakeholders. It is relevant to 

mention here that according some authors (Stead and Laird 2002, Beveridge 2004, Austin and 

Austin 1999), an animal husbandry industry that uses excessive antibiotics and other chemicals to 

fend off infectious diseases is an industry in permanent crisis. Excessive antibiotic use in 

industrial animal rearing ultimately has the potential of backfiring and negatively affecting all the 
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aspects of the industry including its economic health. Aquaculture of salmon in Norway and 

other animal rearing industries in Europe has shown that negligible antibiotic use is highly 

compatible with an economically sound industry. Bravo and Midtlyng (2007) have reported the 

use of fish vaccines in Chile. Their data show a trend towards use of vaccines compared to 

antibiotic treatment. Unfortunately, the recently marketed vaccine against P. salmonis that 

constitutes the major problem in the Chilean industry has its effectiveness still unproven in the 

field.  

 

 Research must continue into the development of safe and effective vaccines 

against bacteria of concern and in particular P. salmonis. Safe and effective 

vaccines eliminate the need to apply antibiotics. 

 In Chile and Canada, where larger quantities of antibiotics are used than in 

Europe in salmon aquaculture an epidemiological assessment of the volumes and 

classes of antibiotics used should be undertaken. The effect of the application of 

large quantities of antibiotic sediments and the water column should also be 

investigated. 

 The presence of residual antibiotics/antibiotic residues, antibiotic resistance in 

marine bacteria and in fish pathogens, and effects on the diversity of 

phytoplankton and zooplankton in areas surrounding aquaculture sites should 

also be ascertained. Investigation of the presence of residual antibiotics/antibiotic 

residues in free-ranging (wild) fish and shellfish around aquaculture sites and in 

the meat of marketable salmon is necessary. The passage of antibiotic resistance 

determinants from bacteria in the marine environment to human and terrestrial 

animal pathogens should also be investigated. Centralized epidemiological studies 

of fish infections should be implemented and their results related to antibiotic 

usage and antibiotic resistance. The potential for exposure of aquaculture workers 

to antibiotics should be determined and the potential effects of this exposure 

should be ascertained. 

 As data available from Chile and Canada is limited and indicates higher 

application rates than Europe. Methods and technology of salmon husbandry in 

these countries should be analyzed and compared to those in use in countries 

where antibiotic use has been drastically curtailed such as Norway. Siting issues, 

in Chile, for example, may allow for rapid dissemination of pathogens and may 

explain  the emergence and rapid dissemination of P. salmonis infections to 

several aquaculture sites in Chiloe Island (Region X) when this pathogen first 

emerged in the area. Siting net pens very close to other ( human and animal) 

inputs may aggravate pathogen problems. It is not clear if aquaculture sites in 

Chile where infections are diagnosed are left fallow to avoid infection of new fish 

reared in the place or whether different generations of fish are mixed and reared 

in the same site.  
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CHAPTER 3 

 

Antifoulants and other metal use in salmon cage culture 

 

3.1 Introduction 

 

Antifouling paints are applied to cages and nets to prevent the growth of attached marine 

organism. The buildup of these organisms (ñepibiotaò) would reduce the water flow through the 

cages and decrease dissolved oxygen. The buildup would also decrease the durability of the nets, 

and reduce their flotation. Braithwaite et al. (2007) report that use of antifoulants significantly 

reduced biomass accumulation of biofouling organisms. Antifouling paints are formulated to 

have biocidal activity against these organisms to prevent their settlement. At the surface covered 

by the paint, a solution that is toxic to the spores or larvae of the organisms prevents their 

settlement. Antifouling paints have a matrix (resin) an active compound (the toxic biocide), 

auxiliary compounds and solvents. The matrix determines the leaching rate of the biocide. In the 

past, TBT paint was available with a co-polymer formulation which had slower releases to the 

environment. However, co-polymer formulations do not appear to be as effective for copper-

based paints which are the major ones in use today. The rate of release is also affected by the 

toxic agent, temperature, water current speed and physical location of the structure. The active 

ingredients in these paints will leach out into the water and may exert toxic effects on non-target 

local marine life both in the water column and in the sediments below the cages, where the 

chemicals tend to accumulate. Greater amounts of antifoulants can be released when the paint is 

stripped during net cleaning. 

 

3.2 Use of Antifoulants 

 

Scotland is the only jurisdiction which requires companies involved in salmon 

aquaculture to report the quantities of antifoulant paints used on an annual basis. Copper oxide is 

the active ingredient in all paints currently used in Scotland. The quantities of copper oxide used 

in 2003, 2004 and 2005 are reported in Table 3.1. As the various paints are use different 

concentrations of active ingredient and in some cases a range of possible concentrations, the 

numbers reported in this table represent the maximum amount of copper oxide used. 

 

Table 3.1. Reported antifoulant use (Kg of copper oxide) in salmon aquaculture in Scotland from 

2003 - 2005.  

 

UAntifoulantsU U2003U U2004U U2005U 

 Copper Oxide 18,996ï26,626 11,700-29,056 34,000-84,123 

 

3.3 Copper 

 

3.3.1Chemical Characteristics 

 

Copper is an essential metal, but can be toxic at higher concentrations. Though far less 

toxic than TBT, it is nevertheless quite toxic to some marine biota, especially algae and mollusks, 
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at fairly low levels. In addition to its use as an antifoulant, copper may also be a constituent of the 

food fed to farmed salmon. 

 

Copper in water ï bioavailability  

 

The toxicity of copper in water is greatly affected by the chemical form of the copper 

(ñspeciationò), and to what degree it is bound to various ligands that may be in the water that 

make the copper unavailable to organisms. The salinity and pH also affect toxicity of copper. In a 

recent study Grosell et al. (2007) showed that killifish are most sensitive to copper in freshwater 

and in full seawater than in intermediate salinities. They also showed that the size of the fish is 

important in terms of the sensitivity of this species.  The toxic effect of copper on cell division 

rate of the alga Monochrysis lutheri was greatly decreased with increasing amounts of natural 

organic ligands in the water which would bind the copper. The toxicity was directly proportional 

to the concentration of free cupric ion (Sunda and Lewis 1978).  The toxicity of copper to 

Ceriodaphnia dubia (freshwater) decreased with increasing dissolved organic matter (DOM) 

(mostly humic acid) in the water, and was correlated to the free ion concentration (Cu 
2+

) rather 

than to the total Cu in the water (Kim et al. 1999). The presence of chelators (either naturally 

occurring DOM or added EDTA) in the water reduced the toxicity of copper to embryos of the 

oyster Crassostrea gigas (Knezovich et al.1981). In a study of toxicity of copper from mining 

operations, it was found that the copper in the water was not toxic to the diatom Nitzschia 

closterium because the copper was not taken up into the cells but rather became bound to organic 

matter on the outside of the cell membrane (Stauber et al. 2000). 

 

Copper in sediments ï bioavailability  

 

Metals such as copper have relatively low solubility in water and tend to accumulate in 

sediments. The critical issue regarding toxicity of copper (and other metals) in sediments is what 

fraction of the copper is actually bioavailable, that is, how much can be taken up into organisms 

and therefore be able to produce toxic effects. It is important to examine exchange of metals in 

the sediment-water interface. Copper in sediments binds to fine particles and to sulfides, so the 

higher the levels of fine particles (silt and clay) and the higher the amount of sulfide in the 

sediments, the less bioavailable the copper (and other metals) will be.  Hansen et al. (1996) 

demonstrated that sediment toxicity was not related to dry weight of metals, but rather to the ratio 

of simultaneously extracted metal (SEM) and acid-volatile sulfide (AVS). If this ratio was less 

than 1, toxicity would be absent, but when the SEM/AVS ratios were greater than 1, toxicity was 

observed.  The combination of acid volatile sulfide (AVS) and total organic carbon (TOC) can 

explain much of the toxicity of Cu in sediments (Correia and Costa, 2000). However, data 

suggest that there are additional binding components for Cu that need to be included to explain 

bioavailability and toxicity of sediment copper. As sediments under fish farms tend to be 

reducing, have high oxygen demand, and high sulfide from the animal wastes and uneaten feed, 

these sediments should bind metals to a high degree. 

 

3.3.2. Biological Effects 

 

Despite the existence of various ligands in sea water, many studies have found toxic 

effects of low concentrations of copper (low µgȚL
-1

 concentrations) in a variety of taxa.  
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Algae 

 

Among the most sensitive groups to copper are the algae, since copper has been used as 

an algicide and many studies have examined its toxicity to various groups of microalgae (the 

phytoplankton that are the most important primary producers in the ocean).  

 

The diatom Phaeodactylum tricornutum showed 50% growth reduction and reduced 

photosynthesis when exposed to 0.1 mgȚL
-1

 Cu. The copper seemed to interfere with the cellular 

pool of ATP and affected pigment patterns of chlorophyll (Cid et al., 1995).  

 

Copper levels of 3-126 nM induced oxidative stress in the diatom Ditylum brightwellii, as 

indicated by a decrease in reduced glutathione (GSH). It also caused a decrease in chlorophyll a 

and cell division rates; the decrease was accentuated in cultures that also contained zinc in 

addition to copper (Rijstenbil et al 1994). Using flow cytometry, Franklin et al. (2001) found that 

cell division, chlorophyll a fluorescence, cell size and enzyme activity in the marine alga 

Phaeodactylum tricornutum were significantly inhibited by copper at 10 µgȚL
-1

. Another species, 

Dunaliella tertiolecta, was highly tolerant to copper. Ultrastructural changes were observed in 

Dunaliella minuta after exposure to 4.9 x 10 
-4

 M copper (Visviki and Rachlin 1992). The cell 

volume increased, while the pyrenoid and chloroplast volume decreased. Copper altered volume 

regulation ability in the dinoflagellate Dunaliella marina (Riisgard et al. 1980). It appeared to 

increase cell permeability to Na
+
 which entered the cells and made them swollen. The effects 

could be prevented with EDTA, which bound the copper and made it unavailable. The 

dinoflagellate, Amphidinium carterae, was studied by flow cytometry (Lage et al., 2001). Cell 

mobility and cell proliferation were reduced at levels below 3.13 M labile copper. The Na
+ 
/H

+
 

antiporter system seemed to be affected by copper, thereby affecting cell membrane permeability 

and pH. Studies have also been performed on communities of phytoplankton. LeJeune et al. 

(2006) added   80 ɛgȚL
ī1

 and 160 ɛgȚL
ī1

 of copper (below and above the water complexation 

capacity), to mesocosms. They found that the phytoplankton biomass recovered within a few 

days after treatment. The higher copper concentration caused a decrease in phytoplankton 

diversity and led to the development and dominance of nanophytoplanktonic Chlorophyceae. 

Both concentrations affected cyanobacterial biomass and caused changes in the size-class 

structure and composition of phytoplankton communities. 

 

Copper can also be quite toxic to pelagic developmental stages of macroalgae (seaweeds). 

Concentrations lower than 10 µgȚL
-1

 affected long term reproductive endpoints such as 

sporophyte production and growth, and germ tube growth in microscopic stages of the giant kelp 

Macrocystis pyrifera (Martin et al. 1990). Similar findings were reported by Contreras et al 

(2007) on early developmental stages of the brown alga Lessonia nigrescens, in which 7.8 µgȚL
-1

 

interfered with development of spores after they settled. This led to a failure to develop male and 

female gametophytes, and disruption of the complete life cycle of the kelp. Similar results were 

obtained by Andersson and Kautsky with the brown alga Fucus vesiculosis. 

 

Microbes 

 

The microbial community is particularly sensitive to copper. Acute toxicity was observed 

in the estuarine microbial community exposed to 10 µgȚL
-1

 total copper. Bacterial abundance was 
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reduced by 60%, and amino acid turnover rate was reduced by 30%. Since only 0.5% of the 

added copper was in the free cupric ion form, this reflects sensitivity to very low levels of free 

copper ion (Jonas 1989). Microorganism that are symbiotic in sponges are also highly sensitive to 

copper exposure, with counts of the dominant species decreasing significantly at copper 

concentrations of 1.7 µgȚL
-1

 and above (Webster et al., 2001).  

 

Crustaceans 

 

Copepods are the most numerous type of zooplankton in the worldôs oceans, and are 

critical components in food webs. The copepod Tisbe furcata was used in toxicity tests with 

copper (Bechmann 1994). The LC50 was 2.8 ɛM copper (178 µgȚL
-1

). One-third of this 

concentration caused significant effects on reproduction and life span, and 18% of the LC50 

caused negative trends in all the demographic parameters. Natural copepod assemblages 

exhibited sublethal responses, such as changes in fecal pellet production, and egg production, 

when exposed to copper levels in the 1-10 µgȚL
-1

 range (Reeve et al., 1977). The estuarine 

copepod, Acartia tonsa, was exposed to metals in ion buffer systems and appeared to be more 

sensitive than two species of diatoms. Survival of nauplii was more sensitive than survival of 

adults, being reduced by cupric ion activities of 10 
-11

 M, while adult survival was not affected 

within the activity range of 10 
-13

 to 10 
-11

 (Sunda et al. 1987). There can be seasonal as well as 

life history differences in sensitivity to copper. The acute toxicity of copper to coastal mysid 

crustaceans was much greater in the summer than in the winter (Garnacho et al. 2000). 

 

Amphipods are also important in marine food webs. Ahsanullah and Williams (1991) 

found that the minimal effect concentration of copper for affecting weight, survival and and 

biomass of the amphipod Allorchestes compressa was 3.7 µgȚL
-1

. Hyalella azteca was able to 

regulate copper concentration and not bioaccumulate it under chronic exposure conditions 

(Borgmann et al. 1993). Barnacle nauplii (Balanus improvisus) were studied for potential 

sublethal behavioral effects of copper exposure in the water (Lang et al 1980). At 50 µgȚL
-1

 

swimming speed was reduced, and at 30 µgȚL
-1

 the phototactic response was reduced. In 

treatments with 20-50 µgȚL
-1

 copper (which contained >7 µgȚL
-1

 labile Cu) most larvae of the 

coon stripe shrimp Pandanalus danae died while in the first zoeal stage. Copper toxicity at less 

than 1 µgȚL
-1

 labile Cu was demonstrated by molting delay (Young et al. 1979). Physiological 

responses in the decapod crab, Carcinus maenas, to copper were measured (Hansen et al 1992). 

Activities of the enzymes hexokinase, phsophofructokinase, and pyruvate kinase were greatly 

reduced after one week in 10 mgȚL
-1

 copper chloride.  

 

Direct effects of copper-based antifouling paints themselves on brine shrimp nauplii were 

studied by Katranitsas et al. (2003). They examined sublethal responses (ATPase) when brine 

shrimp larvae were exposed to paint-coated (formulation of copper oxide with chlorothalonil as a 

booster) surface areas of 400-1000 mm
2
 in static vessels containing 20 ml sea water. They found 

that as little as 50 mm
2
 of painted surface decreased enzymatic activities of the brine shrimp but 

did not measure the actual concentrations of Cu in the water. 
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Mollusks 

 

Embryos of the Pacific oyster, Crassostrea gigas, were exposed to copper and silver salts 

alone and in combination. Copper concentrations of up to 12 µgȚL
-1 

produced decreasing 

percentages of normal embryonic development, and interactions with silver were additive 

(Coglianese and Martin 1981). Paul and Davies (1986) investigated effects of Cu-based 

antifoulants on growth of scallops and oysters. With the copper oxide treatment there was some 

increase in the growth of scallop spat, but no effect on the growth of adult scallops or Pacific 

oysters. The copper-nickel treatment, however, caused high mortalities and inhibited growth in 

adult scallops, but had no effect on oysters. 

 

Echinoderms 

 

Sea urchin embryos and larvae are frequently used in bioassays. Fernandez and Beiras 

(2001) incubated fertilized eggs and larvae of the sea urchin Paracentrotus lividus in seawater 

with single metals and combinations of mercury with other metals. The ranking of toxicity was 

Hg> Cu > Pb > Cd. The EC50 for Cu was 66.8 gȚL
-1

, and combinations of metals tended to be 

additive. 

 

Chordates 

 

Sublethal effects of Cu on the sperm viability, fertilization, embryogenesis and larval 

attachment of the tunicate Ciona intestinalis were studied by Bellas et al. (2001). The EC50 for 

reducing embryogenesis and larval attachment was 46 µgȚL
-1

 (0.72 µM). 

 

Larval topsmelt, Atherinops affinis, were exposed to copper chloride for 7 days. Copper 

was more toxic at lower salinities, with an LC50 of ~200 µgȚL
-1

 at high salinity and of ~40 at 10 

ppt salinity (Anderson et al. 1995). The authors suggested that the increased sensitivity at low 

salinity was due to the increasing physiological stress of osmoregulation and/or the increased 

availability of free ion at lower salinity. 

 

Burridge and Zitko (2002) found that copper leaching from freshly treated nets (treated 

with Cu2O) was lethal to juvenile haddock (Melangrammus aeglefinus L.), and calculated the 48-

hr LC50 to be about 400 µgȚL
-1

. It was not stated if the netting had been dried before use in the 

experiments. 

 

Toxic effects of copper in sediments 

 

Despite the binding of copper in sediments, it can be toxic. Sediments under salmon cages 

in the Bay of Fundy and at various distances away from the cages were evaluated for toxicity 

using an amphipod toxicity test, the Microtox® (bacterial luminescence) solid phase test and a 

sea urchin fertilization test (Burridge et al. 1999). The Microtox® and urchin survival were very 

sensitive indicators of pore water toxicity. In addition to elevated levels of copper (above the 

threshold effects level), the sediments also had elevated zinc, other metals, ammonia nitrogen, 

sulfide, TOC, and other organic compounds, so the toxicity cannot be attributed solely to copper. 

Sediments enriched in copper, zinc and silver caused decreased reproduction in the clam Macoma 




