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A B S T R A C T

Sea lice are a major challenge for the Norwegian aquaculture, and to cope with sea lice infections, several
physical, biological and chemical treatments are applied. This study presents data on the use of anti-sea lice
agents for Norwegian farmed fish from 1992 to 2017, and results from the surveillance of residues of such agents
in samples collected from 2002 to 2017. In the period 2002–2007 the use of anti-sea lice agents included
emamectin, cypermethrin and deltamethrin. Azamethiphos and flubenzurons were introduced in 2008 and
2009, respectively. In the ongoing surveillance of Norwegian farmed fish, more than 3000 pooled samples have
been examined for residues of anti-sea lice agents in the period from 2002 to 2017. Residues were detected in 3%
of the samples. Emamectin was detected in 5.0% of the samples analyzed for emamectin, while cypermethrin
was detected in 2.1% of the samples analyzed for cypermethrin. Furthermore, residues of diflubenzuron and
teflubenzuron were detected in 1.2 and 0.1% of the samples analyzed for these compounds, respectively. None of
the other anti-sea lice agents were detected. No measurements were above the respective maximum residue limit
(MRL) set by the EU.

1. Introduction

Sea lice (Lepeophtheirus salmonis) are ectoparasitic copepods natu-
rally occurring in the sea. Their lifecycle involves eight stages (Hamre
et al., 2013). Each stage is separated by a moult (Johnson and Albright,
1991). During the two first naupliar stages and the following infectious
copepodid stage, the sea lice are planktonic: they cannot swim direc-
tionally against the current but are able to adjust their vertical depth.
For the two next stages, the chalimus stages, the lice are attached to the
fish. Thereafter follows two pre-adult stages and one adult stage, where
the lice are able to move around on the surface of the fish (Hamre et al.,
2013). During the last decade, sea lice have become one of the main
challenges in the Norwegian fish farming industry. Sea lice feed on the
mucus, skin and blood of the hosts, and their impact varies from mild
skin damage to stress-induced mortality of individual fish. Lice-infested
fish can exhibit reduced appetite, growth rate and food-conversion ef-
ficiency (Pike and Wadsworth, 2000). Sea lice also affect wild salmo-
nids, the extent of the impact of aquaculture on sea lice infestation on
wild fish is fiercely debated in countries where wild salmonids and
farmed salmonids coexist (Krkosek, 2008).

In recent years, several strategies involving physical, biological and
chemical approaches have been developed to cope with sea lice in
salmon farms. Although the use of cleaner fish, that prey on sea lice
(Imsland et al., 2014), and numerous physical treatments (Powell et al.,
2015; Stien et al., 2016) has increased, chemical treatment is still an
important tool to control the level of infestation. Anti-sea lice agents
can be administered by bath treatment or as additives in the feed
(Urbina et al., 2019). Since 1992, the chemicals used as bath treatment
in Norwegian aquaculture comprise the organophosphates; me-
trifonate, azamethiphos and dichlorvos, the pyrethroids; pyrethrins,
cypermethrin and deltamethrin, and hydrogen peroxide. The aver-
mectin; emamectin, and the flubenzurons; teflubenzuron and di-
flubenzuron have been used as additives in the feed.

The anti-sea lice agents differ in their mode of action and efficacy.
The organophosphates are acetylcholinesterase inhibitors, they are ef-
fective against adult and pre-adult stages of sea lice (Roth et al., 1996).
The pyrethroids disrupt the sodium channel function, and are effective
in both chalimus, preadult and adult stages of sea lice (Burka et al.,
1997). Hydrogen peroxide is a strong oxidizing agent and cause sea lice
to separate from its host (Thomassen, 1993), and is most effective
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against lice in their mobile life stages (Treasurer and Grant, 1997).
Emamectin blocks nerve transmission, causing paralysis and death of
the sea lice (Arena et al., 1995; Vassilatis et al., 1997). Emamectin has a
high efficacy against all parasitic stages of sea lice on farmed salmon,
and treatment also prevents recruitment of new lice for approximately
10 weeks (Stone et al., 2000). Flubenzurons inhibit chitin synthesis, and
their efficiency are therefore restricted to the moulting stages of sea
lice, and no effect is thus perceived on adult lice that has already
formed their final exoskeleton (Branson et al., 2000; Burka et al., 1997).

Norway is one of the main producers and exporters of marine
farmed fish (FAO, 2016). In 2017, approximately 1.3 mill tons of
farmed fish, mainly Atlantic salmon (Salmo salar) were produced. The
scope of the present study is to delineate the use of anti-sea lice agents,
and assess their possible impact on food safety. Prior to market au-
thorization in Norway any veterinary drug requires approval by the
European Commission (EU 37/2010) and The Norwegian Medicines
Agency (NoMA). Drugs intended for therapeutic use in farmed fish re-
quire prescriptions from veterinarians or fish health biologists. From
1989, it has been mandatory for both prescribing veterinarians and feed
mills to send a copy of each prescription, first to the Norwegian Gov-
ernment Fish Inspection and Quality Control Service (NFCS) and
thereafter from 2004 to the Norwegian Food Safety Authority (NFSA).
Further, to ensure food safety, a systematic surveillance system is ob-
liged under the current EU regulations (European Commision, 1996).

The aim of this study is to describe the amount of anti-sea lice
agents used in Norwegian aquaculture and using data on residues from
the Norwegian monitoring program on farmed fish, to describe the
possible implications in regards to food safety.

2. Materials and methods

2.1. The use of veterinary drugs in Norway

Statistics on drugs sold for use in Norwegian farmed fish were ob-
tained from the Norwegian Institute of Public Health (NIPH). To cal-
culate the annually treated biomass, the amount of active substance was
adjusted using the dosage described in the package leaflets (Table 1).
The treatment ratio was calculated from the relation between the an-
nually treated biomass and the biomass slaughtered (Directorate of
Fisheries, 2019).

2.2. Sampling and sample preparation

Data was obtained from the ongoing surveillance of Norwegian
farmed fish according to council directive 96/23/EC, on measures to
monitor certain substances and residues thereof in live animals and
animal products (European Commision, 1996). The total number of
samples collected in the surveillance is dependent on the production
volume (European Commision, 1996). From 2002 to 2017 the pro-
duction of Norwegian farmed salmonids increased from 546,000 t to
1,285,000 t, leading to an increase in the total number of samples to be
monitored. The number of samples examined for each veterinary drug
is set by the Norwegian Food Safety Authority (NFSA). The priorities
are mainly based on the prescription of pharmaceuticals used in the
industry. The samples were collected annually from 2002 to 2017,
throughout the season in all fish-producing regions in Norway. The
samples were collected at processing plants by inspectors from the Di-
rectorate of Fisheries until 2004, and by inspectors from the NFSA from
2005. The samples include salmonid species in Norwegian aquaculture,
primarily Atlantic salmon (Salmo salar) (n = 2993), and to a lesser
extent rainbow trout (Oncorhynchus mykiss) (n = 219) and Arctic char
(Salvelinus alpinus) (n = 2). Standardised muscle samples, the Norwe-
gian Quality Cut (NQC) (Johnsen et al., 2011), were collected from five
fish from the same net pen, and frozen (−20 °C) in sealed plastic bags
before sent in a frozen state to The Institute of Marine Research (IMR).
Upon arrival at IMR, composite samples were prepared by pooling
equal amounts of muscle from five individual fish. The samples were
stored at −20 °C prior to analysis. For all samples, a back-up sample
was stored. From 2014, the skin was included in the back-up sample.
The MRL for fish is set for muscle and skin in natural proportions
(European Commision, 2010), where the proportions between muscle
and skin is 9:1. Therefore, any detection of anti-sea lice agents in the
muscle sample led to reanalysis of the back-up sample where skin was
included. For these samples the reported results are from muscle and
skin.

2.3. Analyses

The samples were analyzed for the anti-sea lice agents emamectin,
diflubenzuron, teflubenzuron, cypermethrin, deltamethrin, azamethi-
phos or/and dichlorvos. From 2002, both sample preparation and in-
strumentation have improved, and the methods used have been
amended. Hence, the limit of quantification has been modified for
several of the methods (Supplement table 2). In addition, there has been
a development from single analyte methods, towards including several
analytes in the same method, giving more results for each sample. A
blank sample and control sample have been included together with
standards for all methods.

2.3.1. Analysis of emamectin
From 2004 to 2014, samples analyzed for emamectin were prepared

as described in Skilbrei et al. (2008) and determined by LC-MS (Hamre
et al., 2011). From 2015, emamectin was analyzed by two methods.
Most of the samples were analyzed by using emamectin-d3 as internal
standard, before acetonitrile was used for extraction. The extract was
evaporated and resolved in a mix of methanol and water. Emamectin
was determined by LC-MS/MS using electrospray ionization (ESI) in a
positive MRM mode. For a part of the samples, a mix of acetonitrile and
water were used for extraction. Petroleum ether was used to remove fat,
and the samples were analyzed by LC-MS/MS using electrospray ioni-
zation (ESI) in a positive MRM mode.

2.3.2. Analyses of teflubenzuron and diflubenzuron
From 2002 to 2014, diflubenzuron was analyzed by LC-MS (Hamre

et al., 2013). Teflubenzuron was determined by a similar method as
diflubenzuron as described earlier (Samuelsen et al., 2014). From 2015,
diflubenzuron and teflubenzuron were analyzed by two methods. Most

Table 1
Biomass fish treated per kilo drug.

Chemical Dosage bath
treatment

Dosage feed Biomass fish treated
per kilo drug

(g/m3) (mg/kg fish
per day)

(kg fish/k drug)

Metrifonate 50 1000
Dichlorvos 1 50,000
Pyrethrins 0.1 500,000
Azamethiphos 0.1 500,000
H2O2 1500 33
Diflubenzuron* 3 23,810
Teflubenzuron** 10 14,285
Cypermethrin (until

1998)
0.005 10,000,000

Cypermethrin (after
1998)

0.015 3,333,333

Deltamethrin 0.003 16,666,667
Emamectin** 0.05 2,857,143
*daily for 14 days
**daily for 7 days

The dosage used in the calculations are specifies for each anti-sea lice drug.
For bath treatments it is estimated that each m3 contains 50 kg salmonids.
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of the samples were analyzed by a method using diflubenzuron-d4 as
internal standard for both diflubenzuron and teflubenzuron. The flu-
benzurons were extracted by acetone, and the extract were purified by
solid phase extraction (SPE) before analysis by LC-MS/MS using ESI in a
negative MRM mode (Olsvik et al., 2015). For a part of the samples, a
mix of acetonitrile and water were used for extraction. Petroleum ether
was used to remove fat, and the samples were analyzed by LC-MS/MS
using electrospray ionization (ESI) in a positive MRM mode.

2.3.3. Analyses of cypermethrin and deltamethrin
From 2002 to 2014, cypermethrin and deltamethrin were extracted

by acetone. A liquid-liquid extraction was performed to purify the ex-
tract. Additional sample clean-up was performed by gel permeation
chromatography (GPC) followed by solid phase extraction (SPE). The
sample was analyzed by GC–MS with electron impact (EI) ionization.
From 2015, the pyrethrins were soxhlet extracted using methyl-tert-
butyl ether. Thereafter sample clean-up was performed by gel per-
meation chromatography (GPC) followed by a clean-up process using
primary secondary amine. The sample was analyzed by analyzed by
GC–MS/MS.

2.3.4. Analyses of azamethiphos and dichlorvos
From 2004 to 2006, azamethiphos was extracted by ethyl acetate. A

liquid-liquid extraction was used to purify the extract. Additional
sample clean-up was performed by SPE. The sample was analyzed by
HPLC-FLD. In the same period, dichlorvos was extracted by a mix of
acetone and cyclohexane. Sample clean-up was performed by SPE. The
sample was analyzed by GC–MS with EI ionization. From 2010 to 2014,
azamethiphos and dichlorvos were extracted by acetone. The extract
was purified by GPC and analyzed by GC-FLD. From 2015, azamethi-
phos and dichlorvos were extracted by a mix of acetonitrile and water,
petroleum ether was used for samples clean-up, and the samples were
analyzed by LC-MS/MS using electrospray ionization (ESI) in a positive
MRM mode.

3. Results

3.1. Use of anti-sea lice agents in Norwegian farmed fish

Anti-sea lice agents used in Norway in the period 1992 to 2017
include metrifonate, pyrethrins, dichlorvos, azamethiphos, cyperme-
thrin, deltamethrin, emamectin, teflubenzuron, diflubenzuron and hy-
drogen peroxide (Table 2). In 1992, only metrifonate and dichlorvos
were used against sea lice, however, the following years several other
compounds were included in the treatments. From 2002 to 2007 the
drugs used comprised of cypermethrin, deltamethrin and emamectin. In
2008, azamethiphos was also used. From 2009 and onwards, treatments
also included use of hydrogen peroxide, teflubenzuron and di-
flubenzuron. Until 1998, the total amount of anti-sea lice agents used
(in kilograms) were high, ranging between 2000 and 700,000 kg
(Table 2). Between the years 1999 to 2008, the use of anti-sea lice
agents was lower, ranging from 98 to 329 kg active compound. From
2008 to 2009 the amount used increased from 218 kg to 314,000 kg
active compound and continued to increase to 43 million kg active
compound in 2015. Thereafter, the amount decreased to 9 million kg in
2017.

The estimated biomass fish (tonnes) treated with anti-sea lice agents
in the period from 1992 to 2017 is shown in Fig. 1a. From 1992 to
2008, the treatment rate; biomass salmonids (tonnes) treated per bio-
mass salmonids (tonnes) produced, was rather stable, varying from 0.6
to 1.5 times per year (Fig. 1b). Since 2008, the biomass produced of
farmed salmon, rainbow trout and arctic char were lower than the
biomasses treated, implicating that the annual treatment ratio is above
one (Grave et al., 2004). In 2014, the ratio between produced and
treated biomass peaked with an annual treatment ratio of 5.7. From
2015, the treated biomass declined reaching an annual treatment ratio

below 1.0 in 2017.

3.2. Residues of veterinary drugs

From 2002 to 2017, more than 3000 pooled samples were examined
for residues of anti-sea lice agents (Supplement table 1). The analyses
include dichlorvos, azamethiphos, diflubenzuron, teflubenzuron, cy-
permethrin, deltamethrin or/and emamectin. During this period, re-
sidues of emamectin, cypermethrin, diflubenzuron and teflubenzuron
were detected, but no residues were detected at concentrations above
the EU maximum residue limit (European Commission, 2010) (Fig. 2).
However, the two highest measured levels of emamectin corresponded
to 94% and 34% of the MRL. The highest level detected of cypermethrin
was 30% of the MRL, whereas the highest concentration of di-
flubenzuron and teflubenzuron were 1% and 3% of the MRL, respec-
tively.

4. Discussion

Sea lice represent a major challenge for marine aquaculture. Here,
we assess the use of anti-sea lice drugs from 1992 to 2017 and the
presence of medical residues in farmed salmonids from 2002 to 2017.
Although a severe increase in the use of anti-sea lice agents during the
last two decades was observed, we did not detect residue levels above
the MRL in the fillet of the farmed fish.

4.1. Use of anti-sea lice agents in Norwegian farmed fish

While the amount of anti-sea lice agents used decreased in the end
of the 90s and remained low until 2009, the biomass treated were re-
latively stable from 1992 to 2008. The reason for this discrepancy is the
shift from therapeutics with low potency, like metrifonate, dichlorvos
and hydrogen peroxide towards more potent compounds like cyper-
methrin, deltamethrin and emamectin. Hence, the amount of active
compound used, but not the amount biomass treated is reduced in this
period. From 2008 to 2009, we observed a steep increase in the use of
anti-sea lice agents. However, the dosage of the different anti-sea lice
agents varies greatly and in 2009 treatment also included hydrogen
peroxide. Whereas 1 kg deltamethrin is used to treat 17 million kg fish,
1 kg hydrogen peroxide is used to treat only 33 kg fish. In order to
adjust for the differences in dosage for the various anti sea lice agents
the biomass fish treated were calculated using the prescription data.
Hence, use that are not in accordance with the prescription data will
therefore not be identified. Due to problems with resistance, off-label
use including increasing dosage level and use of combination treat-
ments of two or more therapeutics have been conducted (Jackson et al.,
2018). Such use will lead to an overestimation of the biomass treated.

The observed increase in both the amount of therapeutics used, and
biomass treated from 2009 and onwards, is most likely due to reduced
sensitivity or resistance to the therapeutics used. Reduced sensitivity or
resistance towards azamethiphos, the pyrethroids, emamectin and hy-
drogen peroxide is documented, but so far, no cases with confirmed
insensitivity towards teflubenzuron or diflubenzuron are reported
(Aaen et al., 2015). One major cause of the rapid spread of resistance
towards azamethiphos, the pyrethroids, emamectin and hydrogen per-
oxide may relate to the lack of available alternative treatments when
resistance emerged in 2008–2009. Hence, the fish health services used
the same compounds in combination or at escalating doses to attain the
required regulatory limit of 0.5 adult female lice per fish. When re-
sistance towards a drug is emerging, any application of the drug will
rapidly exaggerate the resistance situation. As this was a widespread
practice after 2008, the problems escalated, resulting in an increase in
doses and frequency of treatments, a dramatic increase in total use of
the different compounds is observed. An official annually monitoring of
resistance to anti-sea lice agents in salmon lice has been conducted
since 2013 (Helgesen et al., 2018). The observed decreased treatment
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ratio between 2014 and 2017, relate to the increased use of non-che-
mical approaches (Overton et al., 2018; Helgesen et al., 2018). In 2014,
various forms of mechanical treatment were performed 176 times. The
use of mechanical treatments increased the following years and reached
1665 in 2017 (Barentswatch, 2018). In addition, cleaner fish added to
the net pens has been used to reduce the number of sea lice in the farms.
The number of cleaner fish increased from 26 million in 2014 to 51
million in 2017 (Directorate of Fisheries, 2017).

Sea lice is also a major problem in other salmonid producing
countries. In Chile, the second largest producer of salmonids, data from
2007 to 2012 showed that the biomass of salmonids treated had been
higher than the slaughter volume for the hole period, in 2012 the
biomass of salmonids treated was more than nine times the slaughter
volume (Helgesen et al., 2014). In Scotland, treatment rate, calculated
as the number of treated sites divided by the number of occupied sites,
increased from approximately 1.88 treatments per year in 2005 to 3.39
treatments per year in 2011 (Murray, 2016). Data from the USA showed
that in Washington, with an annual production of around 5000 t, no
anti sea lice agents were used from 2012 to 2017. However, in Maine,
with an annual production of around 15,000 t, emamectin was used in
13 of 21 production cycles from 2014 to 2017, also hydrogen peroxide
was used for treatment, but no further anti sea lice agents were used
(Love et al., 2020).

4.2. Residues of veterinary drugs

Until 2006, no residues of anti-sea lice agents were detected in the
samples analyzed (Fig. 2). From 2006 and onwards residues of ema-
mectin have been found in samples each year. Residues of cypermethrin
was detected for the first time in 2010, since then it has been found
most years. Residues of diflubenzuron were detected in 2015 to 2017,
while residues of teflubenzuron was found in one sample in 2016. The
highest numbers of positive samples were detected in 2015 and 2016.
In 2015, residues of anti-sea lice agents were detected in 21 samples,
co-occurring with the highest registered use of anti-sea lice agents (in
kilograms). In 2016, the use (in kilograms) declined, and a steep de-
crease was registered in 2017, but a co-occurring decrease in number of
positive samples was not observed. Of note, however, emamectin re-
presented a high fraction of the positive samples in 2016 and 2017, and
the reduction in use of emamectin was not as pronounced as the re-
duction in total use. For diflubenzuron, the LOQ was lowered from
10 μg/kg to 1.0 μg/kg in 2015 (Supplement table 2). Since eight of the
ten detections of diflubenzuron were within the interval of 1.0 to 10 μg/
kg, introduction of this new LOQ could explain the increased detection
of diflubenzuron after 2015 (Supplement table 3). Moreover, results
from cypermethrin monitoring suggests a steady detection rate
throughout the years of analyses. However, the lowering of the LOQ for
cypermethrin from 10 μg/kg to 5.0 μg/kg in 2015 suggest a higher
detection rate of this compound before 2015 could be masked, since six

Table 2
Chemicals used against sea lice from 1992 to 2017.
Year Cypermethrin Deltamethrin Emamectin Pyrethrins Metrifonate Dichlorvos Azamethiphos Diflubenzuron Teflubenzuron Hydrogen peroxide

1992 1,946            3,115           

1993 1,779            2,470           7,10,000       

1994                32 1,227            1,147           389                    2,90,000       

1995                26 395              738                    3,40,000       

1996 23                                     9 161              606                    160                    610                     1,60,000       

1997 28                                   18 36                315                    361                    1,510                  20,000          

1998 3                      19                   182                    437                    1,334                  

1999 19                    11                   4                   14                      50                      231                     

2000 73                    23                   30                 12                      62                       

2001 69                    19                   12                 28                       

2002 62                    23                   20                 

2003 59                    16                   23                 

2004 55                    17                   32                 

2005 45                    16                   39                 

2006 49                    23                   60                 

2007 30                    29                   73                 

2008 32                    39                   81                 66                      

2009 88                    62                   41                 1,884                 1,413                 2,028                  3,08,000       

2010 107                   61                   22                 3,346                 1,839                 1,080                  30,71,000     

2011 48                    54                   105               2,437                 704                    26                       31,44,000     

2012 232                   121                 36                 4,059                 1,611                 751                     25,38,000     

2013 211                   136                 51                 3,037                 3,264                 1,704                  82,62,000     

2014 162                   158                 172               4,630                 5,016                 2,674                  3,15,77,000  

2015 85                    115                 259               3,904                 5,896                 2,509                  4,32,46,000  

2016 48                      43                     232                1,269                  4,824                  4,209                  2,65,97,000  

2017 8                        14                     128                204                     1,803                  293                      92,77,000      

Chemicals used against sea lice from 1992 to 2017 (kg active substance).
Data are presented by numbers and data bars. For each compound the databars are normalized to maximum use. Colors visualize different ranges of use, based on the
maximum use. Green:> 0–500; Yellow;> 0–10,000; red:> 0–50,000,000.
Source: Norwegian Institute of Public Health.
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out of nine samples, post 2015, were within the interval of 5 to 10 μg/
kg (Supplement table 3).

Data on residues of anti-sea lice agents in fish is scarce. However,
monitoring data from the EU (European Commission, 1996) shows that
in 2016, residues of emamectin above the MRL were detected in three
of 562 targeted samples analyzed (EFSA, 2018). While no residues of
anti-sea lice agents above the MRL were detected in 2017 (EFSA, 2019).
Data on results of residues above the LOQ but below the MRL were not
available. Violation data from EU, United States, Canada and Japan
from 2002 to 2009 shows that 3% of the drug violations in finfish in
Canada were caused by avermectins (Love et al., 2011). However, most
of the violations in both the EU, United States, Canada and Japan were
caused by compounds that are not authorized to use in the EU and
residues of antibiotics.

4.3. Food safety

Residues of emamectin, cypermethrin, diflubenzuron and te-
flubenzuron have been detected in the samples of fish, however, none of
the samples had residue levels above the MRL set by the EU. The most
commonly found anti-sea lice agent was emamectin. The highest level

measured was 94 μg/kg, and hence, emamectin was the anti-sea lice
agent that had residues closest to the MRL. In order to ensure consumer
safety, EU has determined an acceptable daily intake (ADI) value of
0.5 μg/kg body weight per day for emamectin (European Food Safety
Authority, 2012). For a person, with a body weight of 60 kg, con-
sumption of 200 g of salmon, with the maximum measured emamectin
level of 94 μg/g, would contribute to 63% of the ADI. During medica-
tion, anti-sea lice agents can be distributed around the farms, and re-
sidues may be found in the wild fauna (Wang et al., 2019; Samuelsen
et al., 2015). In addition, emamectin is also approved as a pesticide.
Therefore, it cannot be excluded that intake of farmed fish, with ema-
mectin level close to the MRL, together with other food sources con-
taining emamectin residues could lead to an exposure that will exceed
the ADI. However, the ADI is based on chronic exposure, therefore, it
will be more appropriate to compare the intake with the acute reference
dose (ARfD). The European Food Safety Authority (EFSA) has estab-
lished an ARfD for emamectin of 10 μg/kg bw (European Food Safety
Authority, 2012). An intake of 200 g salmon, with emamectin level
close to the MRL, will only contribute to 3% of the ARfD.

Since all samples represent fish ready for human consumption, fish
that received any veterinary drugs have had a withdrawal period before
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Fig. 1. The biomass of salmonids treated with different anti-sea lice agents from 1992 to 2017. A. Biomass of salmonids treated with anti-sea lice agents. B. Treatment
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slaughtering. The withdrawal period is established to ensure that the
food do not contain residues of veterinary drugs in excess of the es-
tablished MRL. The absence of data above the corresponding MRL va-
lues indicates that the established withdrawal periods are appropriate.

The MRL set by the EU is established based on the knowledge
available at the time being. New data can lead to a review of the MRL.
For diflubenzuron, concern has been raised regarding p-chloroaniline, a
possible impurity and metabolite of diflubenzuron. After a re-evalua-
tion (Committee for Medicinal Products for Veterinary Use, 2018), the
MRL for diflubenzuron will be reduced from 1000 μg/g to 10 μg/g
(European Commission, 2019). From 2002 to 2017, residues of di-
flubenzuron above 10 μg/g were detected in two pooled samples. An
increase in withdrawal time should be considered to avoid residue

levels above the MRL.

5. Conclusion

This study presents the use of anti-sea lice agents in Norwegian
aquaculture from 1992 to 2017, and the presence of residues of these
agents in farmed fish from 2002 to 2017. The amount of anti-sea lice
agents used increased from 1992 to 2015 but decreased in 2016 and
2017. All samples studied demonstrated compliance to EU regulations.
Based on the established MRLs, the use of veterinary drugs against sea
lice does not seem to affect the food safety of Norwegian farmed fish.
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Fig. 2. The number of samples, and the level of residues of anti-sea lice agents detected in salmonids from 2002 to 2017. Colors visualizes percentage of MRL. Light
grey:< LOQ, grey:> LOQ – 50% of MRL, black:> 50% of MRL. A. Emamectin. B. Cypermethrin. C Diflubenzuron. D. Teflubenzuron.

R. Hannisdal, et al. Aquaculture 521 (2020) 735044

6



Funding

The Norwegian Food Safety Authority funded the analyses and was
responsible for the collection of samples.

Declaration of Competing Interest

None.

Acknowledgement

The authors would like to thank personnel at the Sample reception
unit and the Chemistry and contaminant lab, at The Institute of Marine
Research, for sample preparation and analyses.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.aquaculture.2020.735044.

References

Aaen, S.M., Helgesen, K.O., Bakke, M.J., Kaur, K., Horsberg, T.E., 2015. Drug resistance in
sea lice: a threat to salmonid aquaculture. Trends Parasitol. 31 (2), 72–81.

Arena, J.P., Liu, K.K., Paress, P.S., Frazier, E.G., Cully, D.F., Mrozik, H., Schaeffer, J.M.,
1995. The mechanism of action of Avermectins in Caenorhabditis-Elegans - correla-
tion between activation of glutamate-sensitive chloride current, membrane-binding,
and biological-activity. J. Parasitol. 81 (2), 286–294.

Barentswatch, 2018. https://www.barentswatch.no/en/download/fishhealth/
treatments.

Branson, E.J., Ronsberg, S.S., Ritchie, G., 2000. Efficacy of teflubenzuron (Calicide®) for
the treatment of sea lice, Lepeophtheirus salmonis (Kroyer 1838), infestations of
farmed Atlantic salmon (Salmo salar L.). Aquac. Res. 31 (11), 861–867.

Burka, J.F., Hammell, K.L., Horsberg, T.E., Johnson, G.R., Rainnie, D.J., Speare, D.J.,
1997. Drugs in salmonid aquaculture - a review. J. Vet. Pharmacol. Ther. 20 (5),
333–349.

Committee for Medicinal Products for Veterinary Use, 2018. MRL summary opinion. In:
Diflubenzuron.

Directorate of Fisheries, 2017. Key Figures From Aquaculture Industry. pp. 21.
Directorate of Fisheries, 2019. https://www.fiskeridir.no/Akvakultur/Tall-og-analyse/

Biomassestatistikk/Biomassestatistikk-etter-fylke.
EFSA (European Food Safety Authority), 2018. Report for 2016 on the Results From the

Monitoring of Veterinary Medicinal Product Residues and Other Substances in Live
Animals and Animal Products (EFSA supporting publication 2018:EN-1358. 75pp).
https://doi.org/10.2903/sp.efsa.2018.EN.

EFSA (European Food Safety Authority), 2019. Report for 2017 on the Results From the
Monitoring of Veterinary Medicinal Product Residues and Other Substances in Live
Animals and Animal Products (EFSA supporting publication 2019:EN-1578. 88 pp).
https://doi.org/10.2903/sp.efsa.2019.EN-15781358.

European Commission, 1996. Council Directive 96/23/EC of 29 April 1996 on Measures
to Monitor Certain Substances and Residues Thereof in Live Animals and Animal
Products.

European Commission, 2010. Commision Regulation (EU) no 37/2010 of 22 December
2009 on Pharmacologically Active Substances and their Classification Regarding
Maximum Residue Limits in Foodstuffs of Animal Origin.

European Commission, 2019. Commission Implementing Regulation (EU) 2019/1881 of 8
November 2019 Amending Regulation (EU) no 37/2010 to Classify the Substance
Diflubenzuron as Regards its Maximum Residue Limit.

European Food Safety Authority, 2012. Conclusion on the Peer Review of the Pesticide
Risk Assessment of the Active Substance Emamectin.

FAO, 2016. The State of World Fisheries and Aquaculture 2016. pp. 200.
Grave, K., Horsberg, T.E., Lunestad, B.T., Litleskare, I., 2004. Consumption of drugs for

sea lice infestations in Norwegian fish farms: methods for assessment of treatment
patterns and treatment rate. Dis. Aquat. Org. 60 (2), 123–131.

Hamre, L.A., Lunestad, B.T., Hannisdal, R., Samuelsen, O.B., 2011. An evaluation of the
duration of efficacy of emamectin benzoate in the control of Caligus curtus Muller
infestations in Atlantic cod, Gadus morhua L. J. Fish Dis. 34 (6), 453–457.

Hamre, L.A., Eichner, C., Caipang, C.M.A., Dalvin, S.T., Bron, J.E., Nilsen, F., Boxshall, G.,
Skern-Mauritzen, R., 2013. The Salmon louse Lepeophtheirus salmonis (Copepoda:
Caligidae) life cycle has only two Chalimus stages. PLoS One 8 (9).

Helgesen, K.O., Bravo, S., Sevatdal, S., Mendoza, J., Horsberg, T.E., 2014. Deltamethrin
resistance in the sea louse C aligus rogercresseyi (B oxhall and B ravo) in C hile:
bioassay results and usage data for antiparasitic agents with references to N orwegian
conditions. J. Fish Dis. 37 (10), 877–890.

Helgesen, K.O., Jansen, P.A., Horsberg, T.E., Tarpai, A., 2018. The Surveillance
Programme for Resistance to Chemotherapeutants in Salmon Lice (Lepeophtheirus
salmonis) in Norway 2017. (ISSN 1894-5678).

Imsland, A.K., Reynolds, P., Eliassen, G., Hangstad, T.A., Foss, A., Vikingstad, E.,
Elvegard, T.A., 2014. The use of lumpfish (Cyclopterus lumpus L) to control sea lice
(Lepeophtheirus salmonis Kroyer) infestations in intensively farmed Atlantic salmon
(Salmo salar L). Aquaculture 424, 18–23.

Jackson, D., Moberg, O., Stenevik Djupevåg, E.M., Kane, F., Hareide, H., 2018. Effects of
feed, feeding regime and growth rate on flesh quality, connective tissue and plasma
hormones in farmed Atlantic salmon (Salmo salarL.). Journal of Fish Diseases 41 (6),
927–933. https://doi.org/10.1111/jfd.12705.

Johnsen, C.A., Hagen, Ø., Adler, M., Jönsson, E., Kling, P., Bickerdike, R., Solberg, C.,
Björnsson, B.T., Bendiksen, E.Å., et al., 2011. Effects of feed, feeding regime and
growth rate on flesh quality, connective tissue and plasma hormones in farmed
Atlantic salmon (Salmo salar L.). Aquaculture 318 (3–4), 343–354. https://doi.org/
10.1016/j.aquaculture.2011.05.040.

Johnson, S.C., Albright, L.J., 1991. Development, growth, and survival of Lepeophtheirus-
Salmonis (Copepoda, Caligidae) under laboratory conditions. J. Mar. Biol. Assoc. U. K.
71 (2), 425–436.

Krkosek, M., 2008. Declining wild salmon populations in relation to parasites from farm.
Science 322 (5909), 1790.

Love, D.C., Rodman, S., Neff, R.A., Nachman, K.E., 2011. Veterinary drug residues in
seafood inspected by the European Union, United States, Canada, and Japan from
2000 to 2009. Environ. Sci. Technol. 45 (17), 7232–7240.

Love, D.C., Fry, J.P., Cabello, F., Good, C.M., Lunestad, B.T., 2020. Veterinary drug use in
United States net pen Salmon aquaculture: implications for drug use policy.
Aquaculture 518, 734820.

Murray, A.G., 2016. Increased frequency and changed methods in the treatment of sea
lice (Lepeophtheirus salmonis) in Scottish salmon farms 2005–2011. Pest Manag. Sci.
72 (2), 322–326.

Olsvik, P.A., Samuelsen, O.B., Agnalt, A.L., Lunestad, B.T., 2015. Transcriptional re-
sponses to teflubenzuron exposure in European lobster (Homarus gammarus). Aquat.
Toxicol. 167, 143–156.

Overton, K., Dempster, T., Oppedal, F., Kristiansen, T.S., Gismervik, K., Stien, L.H., 2018.
Salmon lice treatments and salmon mortality in Norwegian aquaculture: a review.
Rev. Aquac. 1–20. https://doi.org/10.1111/raq.12299.

Pike, A.W., Wadsworth, S.L., 2000. Sealice on salmonids: their biology and control. Adv.
Parasitol. 44 (44), 233–337.

Powell, M.D., Reynolds, P., Kristensen, T., 2015. Freshwater treatment of amoebic gill
disease and sea-lice in seawater salmon production: considerations of water chem-
istry and fish welfare in Norway. Aquaculture 448, 18–28.

Roth, M., Richards, R.H., Dobson, D.P., Rae, G.H., 1996. Field trials on the efficacy of the
organophosphorus compound azamethiphos for the control of sea lice (Copepoda:
Caligidae) infestations of farmed Atlantic salmon (Salmo salar). Aquaculture 140 (3),
217–239.

Samuelsen, O.B., Lunestad, B.T., Farestveit, E., Grefsrud, E.S., Hannisdal, R., Holmelid, B.,
Tjensvoll, T., Agnalt, A.L., 2014. Mortality and deformities in European lobster
(Homarus gammarus) juveniles exposed to the anti-parasitic drug teflubenzuron.
Aquat. Toxicol. 149, 8–15.

Samuelsen, O.B., Lunestad, B.T., Hannisdal, R., Bannister, R., Olsen, S., Tjensvoll, T.,
Farastveit, E., Ervik, A., 2015. Distribution and persistence of the anti sea-lice drug
teflubenzuron in wild fauna and sediments around a salmon farm, following a
standard treatment. Sci. Total Environ. 508, 115–121.

Skilbrei, O.T., Glover, K.A., Samuelsen, O.B., Lunestad, B.T., 2008. A laboratory study to
evaluate the use of emamectin benzoate in the control of sea lice in sea-ranched
Atlantic salmon (Salmo salar L.). Aquaculture 285 (1–4), 2–7.

Stien, L.H., Dempster, T., Bui, S., Glaropoulos, A., Fosseidengen, J.E., Wright, D.W.,
Oppedal, F., 2016. ‘Snorkel’ sea lice barrier technology reduces sea lice loads on
harvest-sized Atlantic salmon with minimal welfare impacts. Aquaculture 458,
29–37.

Stone, J., Sutherland, I.H., Sommerville, C., Richards, R.H., Varma, K.J., 2000. Field trials
to evaluate the efficacy of emamectin benzoate in the control of sea lice,
Lepeophtheirus salmonis (Kroyer) and Caligus elongatus Nordmann, infestations in
Atlantic salmon Salmo salar L. Aquaculture 186 (3–4), 205–219.

Thomassen, J.M., 1993. A new method for control of salmon lice. In: Reinertsen, H.,
Dahle, L.A., Jørgensen, L., Tvinnereim, K. (Eds.), Fish Farming Technology. Balkema,
Rotterdam, pp. 233–236.

Treasurer, J.W., Grant, A., 1997. The efficacy of hydrogen peroxide for the treatment of
farmed Atlantic salmon, Salmo salar L infested with sea lice (Copepoda: Caligidae).
Aquaculture 148 (4), 265–275.

Urbina, M.A., Cumillaf, J.P., Paschke, K., Gebauer, P., 2019. Effects of pharmaceuticals
used to treat salmon lice on non-target species: evidence from a systematic review.
Sci. Total Environ. 649, 1124–1136.

Vassilatis, D.K., Elliston, K.O., Paress, P.S., Hamelin, M., Arena, J.P., Schaeffer, J.M.,
VanderPloeg, L.H.T., Cully, D.F., 1997. Evolutionary relationship of the ligand-gated
ion channels and the avermectin-sensitive, glutamate-gated chloride channels. J. Mol.
Evol. 44 (5), 501–508.

Wang, D., Han, B., Li, S., Cao, Y., Du, X., Lu, T., 2019. Environmental fate of the anti-
parasitic ivermectin in an aquatic micro-ecological system after a single oral ad-
ministration. PeerJ 7, e7805.

R. Hannisdal, et al. Aquaculture 521 (2020) 735044

7

https://doi.org/10.1016/j.aquaculture.2020.735044
https://doi.org/10.1016/j.aquaculture.2020.735044
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0005
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0005
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0010
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0010
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0010
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0010
https://www.barentswatch.no/en/download/fishhealth/treatments
https://www.barentswatch.no/en/download/fishhealth/treatments
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0020
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0020
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0020
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0025
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0025
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0025
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0030
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0030
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0035
https://www.fiskeridir.no/Akvakultur/Tall-og-analyse/Biomassestatistikk/Biomassestatistikk-etter-fylke
https://www.fiskeridir.no/Akvakultur/Tall-og-analyse/Biomassestatistikk/Biomassestatistikk-etter-fylke
https://doi.org/10.2903/sp.efsa.2018.EN
https://doi.org/10.2903/sp.efsa.2019.EN-15781358
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0055
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0055
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0055
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0060
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0060
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0060
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0065
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0065
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0065
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0070
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0070
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0075
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0080
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0080
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0080
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0085
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0085
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0085
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0090
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0090
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0090
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0095
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0095
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0095
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0095
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0100
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0100
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0100
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0105
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0105
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0105
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0105
https://doi.org/10.1111/jfd.12705
https://doi.org/10.1016/j.aquaculture.2011.05.040
https://doi.org/10.1016/j.aquaculture.2011.05.040
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0110
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0110
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0110
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0115
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0115
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0120
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0120
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0120
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0125
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0125
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0125
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0130
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0130
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0130
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0135
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0135
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0135
https://doi.org/10.1111/raq.12299
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0145
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0145
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0150
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0150
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0150
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0155
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0155
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0155
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0155
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0160
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0160
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0160
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0160
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0165
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0165
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0165
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0165
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0170
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0170
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0170
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0175
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0175
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0175
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0175
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0180
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0180
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0180
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0180
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0185
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0185
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0185
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0190
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0190
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0190
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0195
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0195
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0195
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0200
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0200
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0200
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0200
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0205
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0205
http://refhub.elsevier.com/S0044-8486(19)32205-7/rf0205

	Anti-sea lice agents in Norwegian aquaculture; surveillance, treatment trends and possible implications for food safety
	Introduction
	Materials and methods
	The use of veterinary drugs in Norway
	Sampling and sample preparation
	Analyses
	Analysis of emamectin
	Analyses of teflubenzuron and diflubenzuron
	Analyses of cypermethrin and deltamethrin
	Analyses of azamethiphos and dichlorvos


	Results
	Use of anti-sea lice agents in Norwegian farmed fish
	Residues of veterinary drugs

	Discussion
	Use of anti-sea lice agents in Norwegian farmed fish
	Residues of veterinary drugs
	Food safety

	Conclusion
	Funding
	mk:H1_19
	Acknowledgement
	mk:H1_22
	Supplementary data
	References




