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Abstract

Diflubenzuron, a chitin synthesis inhibitor, is ramtly being used as a parasiticide for sea lice
infections in farmed salmonid species. It is adstared orally via medicated feed pellets.
The bioavailability in Atlantic salmon, the mairrdgat species, has been estimated to 31 % of
the recommended dose when administered at a vesigrerature of 6 °C (EMEA, 1999).
Furthermore, the main route of excretion in Atlarsialmon is via bile. After administration

of radiolabelled diflubenzuron, 39 % of the actniit the bile contents was found to originate
from the parent compound (Horsberg and Hagy, 1981¢.low bioavailability combined with
biliary secretion of the active drug leads to aculation of diflubenzuron in the intestine, and
substantial amounts of active compound are releasedhe water column adsorbed to
organic particles in faecal matter. Feed spillsaedse a source of contamination into the
environment during medication periods. Diflubenzui® considered stable in acidic and
neutral solution, and the half life in sediment basn estimated from 3-4 weeks at a water
temperature of 15 °C, up to 3 months at 5 °C (I&,1). Consequently, there is a risk that
non-target organisms could consume diflubenzuromdwand after treatment periods via

organic particles from sea pens.

Little is known about the pharmacokinetics of dogunzuron in other fish species. In this
study, the standard diflubenzuron treatment (3 gofkce daily for 14 days) has been
administered to Atlantic cod with a mean weighi164 g (lower and upper bounds 65 and
165 g) at a water temperature of 7.7 °C, and sagiléllet and skin in natural proportions,
liver, terminal colon and bile have been colleadedng and in the period following the
medication period (day 4, 8, 12, 15, 18, 22, 29a36 44). The primary objective has been to
determine the tissue levels of diflubenzuron olgdim Atlantic cod, as well as the depuration
half lives in the different tissues. The analyticedthod has been developed at NIFES for the
analysis of diflubenzuron residues in Atlantic sainfillet and skin, and uses a reversed-
phase HPLC system coupled to an MS detector wiglatinee-ion electrospray ionization. The
LOD is 10 ng/g, and the LOQ is 20 ng/g for thisteys.

p-Chloroaniline (PCA), which is a minor metabolitediflubenzuron in some species, has
tested positive in severa vitro andin vivo carcinogenicity assays, and acts as a potent
methaemoglobinemia inductor in toxic doses. A sdaoyobjective of this study was to
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evaluate whether PCA is a metabolite of diflubennun Atlantic cod, and what the
implications are in terms of consumer safety. Timaysis of PCA content is qualitative,

based on a quantitative method that was under dgvent at NIFES at the time of this

study. The fillet and skin samples from the medaraperiod were analyzed using a reversed-
phase HPLC system coupled to a tandem MS deté&idi@ method is not accredited, but
based on previous analyses of spiked samples adf@bDout 2 ng/g is expected.

During the medication period, the calculated tidswels in fillet and skin and liver showed
high variability. This is probably due to individudifferences in feed consumption, and to a
lesser extent differences in absorption. The metiksne levels obtained in fillet and skin and
liver were 36.1 and 106 ng/g, respectively. Thigasy low compared to Atlantic salmon, in
which a mean concentration of 2240 ng/g in fillet &kin has been found at 6 °C 1 day after
standard treatment. Furthermore, no fillet and skimples throughout the medication period
exceeded the MRL value of 1000 ng/g. The tissuel$equickly dropped below the LOD in

all tissues after treatment, and although thereamaigh uncertainty associated with the
calculated depletion rates in the different tisdussause of the few data points available, the
calculated half lives were less than 1 day fotisflue types. PCA was not detected in any of
the fillet and skin samples throughout the medacaperiod; this, however, does not rule out
the possibility that PCA could be a metabolite ifiudenzuron in Atlantic cod, because the
obtained tissue concentrations of diflubenzuroneveer low that the fraction of PCA that may

be formed probably would be below the detectiontloh2 ng/g.

In terms of consumer safety, there is little risk@ciated with the consumption of wild caught
Atlantic cod that may have fed on spills of medeckteed from sea pens during
diflubenzuron treatment, because diflubenzuron sderhave a low gastrointestinal uptake in

Atlantic cod, and the toxic metabolite PCA was detected in fillet and skin samples.
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Chapter 1 Introduction

Parasitic sea lice constitute the most severe skspablem in Norwegian aquaculture today,
causing an annual economic loss which has beanatstl to 131 million €, based on
production statistics from 2006 (Costello, 2008v&al species within the Salmonidae
family are farmed in Norway, of which Atlantic sadm Salmo salay and rainbow trout
(Oncorhynchus mykissre produced in the highest quantities. At the @011, a biomass
of approximately 676 and 79 million kg, respectyealf these two species was held in

Norwegian aquaculture (DoF, 2012).

The pathogens commonly found are the salmon Idiegepphtheirus salmoniand various
Caligusspecies. As the salmon louse is the cause of tds¢ serious infections in Atlantic
salmon farms in the Northern Hemisphere (Pike amdi$Worth, 1999), the following
background information will focus on the salmondeuThe salmon louse is a crustacean of
the copepod group. It is a host specific ectoptaalseing dependent on salmonids to
complete its life cycle, and occurs naturally ia seater on the Northern Hemisphere
(Boxaspen, 2006). Its life cycle consists of 1@et as illustrated in Figure 1.1, with
moulting of the cuticula between each stage. Tis¢ fivo stages, nauplius | and Il, are free
swimming. The third, infective stage is the copaedpahich attaches itself to the salmonid
and feeds on the skin, mucus and blood of the fibst.chalimus stages remain attached to
the host, while the preadult and adult stages atalenon the host. Each adult female can
release 200-500 eggs every 10 days during the synimeenumber and interval depending on
sea temperature (Heuehal, 2000). The fertilized eggs are hatched from egggs which

are attached to the host.

The damage inflicted on the host depends on thébeuand stage of the parasitic lice, with
the mobile stages causing more severe damage (Weigalk 2008), as well as the size and
condition of the host (Finstagt al, 2000). The tissue damage predisposes the fish to
secondary infection, as well as disturbing the dsmregulation. Additionally, increased
cortisol levels due to stress response in therfial lead to immunosuppression and further
increase the susceptibility to secondary infec{Pickering and Pottinger, 1989). Atlantic
salmon post-smolt do not seem to survive infectuth more than 10 mobile lice (Holst

al., 2003).
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Figure 1.1  Life cycle of the salmon louséépeophtheirus salmonisAdapted from
Schram (1993)

Salmon louse parasitism not only represents a ncaglienge in terms of fish welfare and
economy in salmonid aquaculture, it may also preaéhreat to the wild salmonid
population, as both wild and farmed salmonids atenial hosts to the salmon louse. The
free stages of the salmon louse can spread passivet a distance up to 100 km (Aspéin
al., 2004), spreading the infestation bilaterally begtw farming facilities and the wild
population of salmonids. The infectious pressut@esproduct of the number of fish in the
system, and the number of lice per fish (HeuchMo@d2001). An increased biomass in
salmonid farming might thus directly increase thiectious pressure to the wild population,

if the number of lice is not effectively kept atrénimum in the sea pens.



In order to reduce the number of adult lice, thassesl(abridag are being used as cleaner

fish in sea pens. When the number of lice per idd&l reaches a threshold, chemical agents

are used. The different chemical treatments aVailate bath treatments with organo-

phosphorus compounds, pyrethroids or hydrogen pmpand in-feed treatment with

avermectins or benzoylureas (Veterinaerkatalogelh? 2Braveet al, 2004). Strict

regulations are in place regarding the use of bb#mical and biological measures. The goal

is to keep louse levels at a minimum while at @#i@e time minimizing the development of

resistance towards any agent. An overview of tleealigach chemical agent over the last few

years is given in Table 1.1. The utilized amouritditberent drugs are however not directly

comparable, as potency differences between diffeherys are not taken into account.

Table 1.1  Use of chemical agents against sea lice in Noristed as kg of active
substance (NIPH, 2011b)
2005| 2006| 2007| 2008| 2009| 2010| 2011
Benzoylurea Diflubenzuron - - - - 1413 1839| 704
compounds Teflubenzuron - - - - 20281080| 26
Organo-phosphorus | Azamethiphos 66| 18843346| 2437
compounds
Pyrethroids Cypermethrin 45 49 30 32 88 107 48
Deltamethrin 16 23 29 39 62 61 54
Avermectins Emamectin 39 60 73 81 41 22 105
Chemical disinfectant | Hydrogen 308 | 3071 3144
peroxide (tonnes)

As can be seen in Table 1.1, the number of cherageahts and the amount of each agent

used rose steeply in 2009 and 2010 in particuldh, thhe exception of emamectin, which was

used to a lesser extent in these years. Thesestvegr@ most likely due to increasing reports

of reduced sensitivity to emamectin and the pymtisrdeltamethrin and cypermethrin

(NIPH, 2011a), as well as new regulations lowethmthreshold number of lice per fish

requiring mandatory delousing treatment of aquaceiltacilities (FKD, 2009). Note that

emamectin and the pyrethroids are more potent caedga the other chemical agents, this

means that a relatively small reduction or increaghe use of emamectin or pyrethroids will

have a large impact on the consumption of othentag®/eterinaerkatalogen, 2012). While



there has been some reduction in 2011 compardgk tizvo previous years, the use is still
very high compared to 2005-2008 levels. The redaan 2011 is probably due to improved
resistance control, but could also partly be exgdiby natural fluctuations in sea lice
number and infectious pressure (NIPH, 2012) as agelin increase in the use of emamectin

compared to 2010.

Due to the increasing development of resistancadsvother chemical agents, the
benzoylurea insecticides diflubenzuron and teflzioeon (Figure 1.2) have recently come
back into use. Their exact mechanism of actiorotsully understood, but they inhibit chitin
synthesisn vivo (Matsumura, 2010), thus disrupting the normal dgiveglof the cuticula and
hindering the ecdysis process between growth stBggsoylureas act as parasiticides when
they are administered over a period which incluety/sis. They are thus ineffective against
the adult stages of the salmon louse, but exhptol®0 % mortality in the earlier stages
(Horsberg, 2000).

F F
o
4 C/f
o
N jO | p: F 1
N—0LC MN—2C
F L F L F
H T | H |
H H
1
Diflubenzuron Teflubenzuron

Figure 1.2  The molecular structures of the benzoylureas loifhzuron and teflubenzuron

Diflubenzuron [1-(4-chlorophenyl)-3-(2,6-difluorobzoyl)-urea] currently does not have a
general marketing authorization in Norway, busitiailable through application to the
Norwegian Medicines Agency as Rele®rneedicated feed pellets manufactured by Ewos. It
is administered orally in a standard dose of 3 mddk 14 days. It is poorly absorbed from

the gastrointestinal tract of Atlantic salmon, watioavailability of approximately 31 % of



the recommended dose when administered at a vesigrerature of 6 °C (EMEA, 1999). In
the same study the mean peak plasma level wasagafter 24 hours (EMEA, 1999).

In order to achieve successful treatment of sallnose infection, a minimum concentration
of 900 ng/g in fillet and skin tissue is assumebeaaequired by the industry (pers.comm.,
Hege Hovland at Ewos). Tissue levels obtainedstudy of Atlantic salmon following

standard treatment at 6 and 15 °C can be seerie T2.

Table 1.2  Tissue levels of diflubenzuron in Atlantic salm@®0 to 1346 g) following
standard treatment (EMEA, 1999)
Days Mean diflubenzuron residues found (ng/g)
after Fillet and skin in natural proportions Liver
treatment +6 °C + 15 °C +6°C +15°C
1 2240 1550 3190 2170
7 400 200 730 260
14 100 40 120 40
21 40 30 30 20

Due to the low bioavailability of diflubenzuron gltoncentration in faeces will be higher
compared to the original in-feed concentratiomusients are more readily absorbed from
the gut lumen. In a study &fC-diflubenzuron in Atlantic salmon by Horsberg athely
(1991), diflubenzuron was found to be excreted igaiia the biliary route in Atlantic
salmon, and 6 hours after administration 39 % efrtdioactivity in bile was the
unmetabolized parent compound. Thus enterohepatidation also contributes to a high
concentration of diflubenzuron in the faeces obAtic salmon.

As can be seen in Table 1.1, a considerable anwuhfiubenzuron was used in 2009 and
2010. However, a substantial recent reductiones sand during the second half of 2011
diflubenzuron was hardly applied. During treatmentpnsiderable amount of active
substance is released into the environment. A giegblestimate is that 31 % of the dose is
absorbed from the gut, and 39 % of this is excratedetabolized in faeces. Based on these
data, and assuming that all of the medicated feednsumed by the target salmonids within
the sea pens, approximately 81 % of the adminidtéose will still be released into the water

column as the active substance. Diflubenzuron g sparingly soluble in water (Table 1.3),
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and the concentration in the surrounding water bellow. The majority of the active
substance will enter the environment adsorbeddaroc particles, either from spills of
medicated feed pellets or in faeces.

These organic particles can spread over a large anel potentially be consumed by non-
target organisms. The half life of diflubenzurommarine sediment has been estimated to be
3-4 weeks at 15 °C, and up to 3 months at 5 °C (IRIR.1). Half life estimations of
diflubenzuron in the water column and sedimentsvarg variable, depending on the
experimental design. However, for the purpose isfstudy it is sufficient to know that the
diflubenzuron content of organic particles releafseth sea pens during and after delousing

treatment remains stable for a relatively long time

Table 1.3 Physico-chemical properties of diflubenzuron (JMREB02) and teflubenzuron
(JMPR, 1996).

Diflubenzuron | Teflubenzuron
Mw 310.7 g/mol 381.1 g/mol
Water solubility (20 °C) 0.2 mg/l 0.02 mg/l
Acetone solubility 6.98 g/l 10 g/l
Hexane solubility 63 mg/l 50 mg/l
Dichloromethane solubility 1.8 g/l 1.8 g/l
Log Pow 3.83 4.56

Diflubenzuron is considered relatively non-toxichmmans, with an acceptable daily intake
(ADI) limit of 0.02 mg/kg body weight (JMPR, 2001 high doses, diflubenzuron has been
shown to cause haematotoxicity in various spewiéh,dose-related formation of
methaemoglobin and sulfhaemoglobin (JMPR, 2001¢. drial LDy, levels in mice and rats
are >4500 mg/kg body weight (FAO/WHO, 1996), anelitlb observable adverse effects
level (NOAEL) for haematotoxicity after long-termposure in mice, rats and dogs has been
found to be 2.4, 2.0 and 2.0 mg/kg body weightpeetvely (FAO/WHO, 1996). No
evidence has been found for carcinogenicity, mui@ig or teratogenicity for either
diflubenzuron or its main metabolites (FAO/WHO, 62Diflubenzuron has been classified
by the WHO as a substance “unlikely to presentcabeshazard in normal use” (WHO,
2004), but in 2009 the classification was changelightly hazardous” (WHO, 2009).
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Nevertheless, diflubenzuron is approved by the WbtQuse in drinking water to reduce the
growth of disease spreading vectors such as maskmtae (WHO, 2008). After treatment
with diflubenzuron, salmonids must be withheld frefaughter for a minimum of 105 degree-
days (°CD) (Veterinaerkatalogen, 2012). The maximesidue limit (MRL) is 1000 g/kg, or
1000 ng/g (JMPR, 2001, Veterineerkatalogen, 2012).

Figure 1.3 illustrates the major metabolic pathwafydiflubenzuron in animals. There is
some concern regarding a possible mutagenic effgethloroaniline (PCA), which is a
minor metabolite of diflubenzuron. Note that onlgraall fraction of thg-chlorophenylurea

is transformed to PCA (IPCS, 1996), and that tmmé&dion of this metabolite is species
dependent. PCA is known to be a metabolite of déhzuron in pigs and rats. After oral
administration of radiolabelled diflubenzuron tpig, the PCA concentration recovered in
urine represented about 0.06 % of the absorbedbdifizuron dose (Opdyclet al, 1982). In

a study of diflubenzuron metabolism in rats, at no81 % of the absorbed diflubenzuron
dose was converted to PCA, estimated by the coratent in urine (IPCS, 1996). PCA has
not been detected in Atlantic salmon treated wiflluloenzuron. It is not known whether PCA

is formed as a metabolite of diflubenzuron in Atlarcod.

PCA is carcinogenic in rats and mice, and hastalsted positive in severil vitro
mutagenicity assays (IPCS, 1996). If this metabaditpresent in wild population Atlantic cod
which has fed on medicated feed spills, it woulchbeessary to evaluate the implications for

consumer safety.

A PCA mutagenicity study in mice and rats has hqmsnformed by the US NTP (1989). At a
dose of 200 and 400 mg/kg per day, all rats ane mhied within 6 days. In groups
administered 25, 50 and 100 mg/kg daily for 16 daysargement of the spleen was observed
in rats. In mice, liver and spleen lesions were alsserved at these dose levels. In a 13 week
study of groups of rats administered up to 80 mgakgl mice administered up to 120 mg/kg,
there were no deaths related to the PCA adminmtrapleen enlargement and dose related
secondary anemia due to methaemoglobinemia wasvelosén a 103 week study, groups of
mice and rats were administered a dose of 3 and/Rgnrespectively, for 5 days a week.
Fibrosis of the spleen was observed at this das#, Ibut survival did not appear to be
negatively affected compared to control groups. Austration of 18 and 30 mg/kg to rats

and mice, respectively, for 103 weeks increasedum®r incidence in both species.
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PCA also displays acute toxicity in high dosest &sa potent methaemoglobin inductor
(IPCS, 1996). It is used in large volumes as aidiggmediate (NTP, 1989), and exposure to
toxic levels has lead to life-threatening metherabgiemia in humans, as demonstrated by
several case studies from dermal and inhalatioosxe to occupational workers (Pizein

al., 2009).

For practical reasons, systemic treatment of lggmntities of fish is usually administered via
feed when this is possible. However, this meansitignot possible to control the amount of
drug consumed by individuals. The individual dosk @epend on appetite as well as the
overall condition of the fish. Sick individuals lexeduced appetite, making it less likely that
they will receive a sufficient dose to benefit frone treatment. However, with today’s low
infection threshold levels for treatment with cheatiagents (FKD, 2009) as well as
improved preventive husbandry practices, sea lmisetions heavy enough to significantly

reduce the appetite of the fish are unlikely touncc

After consumption of medicated feed, the exteralforption of diflubenzuron, which has a
moderate to low bioavailability, will depend on gasemptying and intestinal passage time.
These factors are affected by the formulation effded, as well as the physiology of the
species and the individual. Other physiologicatdex are also important, such as the
gastrointestinal surface area available for absmrpand the activity of any active uptake

mechanism.

Differences in drug consumption as well as absonptiontribute to a wide inter-individual
variability in drug levels after oral administratito fish, and consequently the range of
residue levels normally found between individualeg the same treatment is wider for fish
compared to mammals (NicGabhaiinal, 1996). This necessitates a higher number of
samples, with ten or more samples at each intgesarally regarded as a minimum (Treves-
Brown, 2000). For Atlantic cod, which is a terridrspecies, aggressive individuals may
dominate during feeding and consume a relativetyelamount of the available feed.
Additionally, Atlantic cod display irregular eatifgbits, and may eat a large portion on one
day and perhaps not any food on the following geeyg.comm., Hari Rudra at IMR). These

factors may further contribute to wide interindiva variability.

There is currently considerable interest in theettgyment of Atlantic cod farming. The stock

of Atlantic cod in Norwegian farming facilities necent years is shown in Table 1.4. If the
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biomass of farmed Atlantic cod should increaséneftiture, the increase in host individuals
could potentially lead to an increase in the infecpressure of parasitic copepods on Atlantic
cod, similarly to the effect that has been propdsedtlantic salmon (Heuch and Mo, 2001).

Table 1.4  Stock of Atlantic cod (1000 individuals) in Norweg aquaculture at the end
of each year (DoF, 2011).

2002|2003 2004 2005/ 2006| 2007 2008/ 2009 2010
Cod, hatched 1512| 5546|8642 12176/ 15382 16652 24685 17893 11461
Cod, wild caught| 301| 240 219, 177 72 27| 206 3 1
Total 1813|5786/ 8861 12353 15454 16679 24891 17896 11462

Atlantic cod is known to be a host to several capkegpecies, exemplified by the cod worm
(Lernaeocera branchial)swhich infects the gills and is considered to hgotential problem

in cod-farming (Kharet al, 1990),Clavella aduncawhich infects skin, fins and gills, and
several sea lice of tiealigusfamily (C. curtus C. elongatuswhich infect the skin and have
been reported cause disease problems in farmedti&tzod in Norway (Johnsoet al,

2004).

If parasitic copepod infections in Atlantic cod shibescalate in parallel with a possible
future increase in the farming of this speciesjatild be necessary to evaluate the efficacy of
the available parasiticides in Atlantic cod.
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Aim of this study

The primary aim of this study is to determine tipgalke, distribution and elimination rates of
diflubenzuron in Atlantic cod based on data fromtiple dose oral treatment with
diflubenzuron, equivalent to the regime used tattnefection with sea lice in Atlantic

salmon.

Additionally, the study aims to qualitatively deténe any presence pfchloroaniline in the
fillet and skin samples, in order to determine veetiflubenzuron is metabolized po
chloroaniline to any extent in Atlantic cod.

The results will be used to evaluate the potetakity for humans through consumption of
wild Atlantic cod which has fed on medicated fepdls from salmonid farming.

Diflubenzuron will also be evaluated as a poterdrdlparasitic agent for use in Atlantic cod.
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Chapter 2 Materials and methods

2.1 Chemicals

The medicated feed used was Rel&drem Ewos. The feed consists of pellets which aimnt
diflubenzuron at a final concentration of 0.6 g/kge benzocaine preparation used to kill the

fish was Benzodkfrom ACD Pharmaceuticals, 200 mg/mL.

Acetonitrile HPLC grade, heptane HPLC grade, atetane HPLC grade were all from

Sigma-Aldrich. Diethyl ether analytical grade, &dtydrofuran HPLC grade, 25 % aqueous
ammonium solution HPLC grade and formic acid 98-%®purity HPLC grade were all from
Merck. Dichloromethane HPLC grade was from RiedeHhén. 18.0 M purified water was

used for all analytical purposes.

Diflubenzuron (CAS number 35367-38-5) and tefluhaon (CAS number 83121-18-0) for

calibration curve and internal standard were botidical grade from Aldrich.

2.2 Preparation of standard solutions

Three separate stock solutions were prepared, gatiflelbenzuron for standard curve,
diflubenzuron for control samples and teflubenzurinternal standard, by dissolving 10.00
+ 0.04 mg in 10 mL tetrahydrofuran, to a conceiaraof 1.0 mg/mL. These solutions were

stored in amber glass vials at fridge temperatireC)), with a durability of one year.

Working solutions of 10 pg/mL diflubenzuron for steard curve, diflubenzuron for control
samples and teflubenzuron for internal standarewespared by dilution of the stock
solutions in two steps with acetonitrile:distillecter (1:1). First 100 pL of the stock
solutions were diluted to 10 mL, and then 500 pthefdiluted solutions were further diluted

to 10 mL. The working solutions were durable faethdays at fridge temperature (4 °C).
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2.3  Experimental conditions

2.3.1 Fish and holding conditions

Triploid Atlantic cod Gadus morhupwas used, with a mean length of 22.4 +1.2 cmaand
mean weight of 104 + 20 g (upper and lower bourgdsand 65 g), delivered from the
Parisvatnet field station of the Institute of M&iResearch. The water temperature was 7.7
°C (x 0.2 °C) throughout the period.

2.3.2 Feeding

A controlled experimental study was conducted, adstering medicated feed pellets to
Atlantic cod for a period of 14 days. The feed gislicontained 0.6 g of diflubenzuron per kg,
and the administered dose was 0.5 % of the tot@jhwef the fish per day based on the
average weight of the fish at the beginning oftteatment period. This gives a total dose of 3
mg diflubenzuron per kg fish per day. The feed adinisteredd libitum which means

that the actual dose varies according to the fggloiemaviour of the individual fish. All of the
medicated feed was however consumed each day. tA&eanedication period was completed

at day 14, the fish were not fed for a few dayoiehormal feeding was resumed.

2.3.3 Sample collection

Samples of 10 fish from the medicated group andl6ffom the control group were collected

during and after the treatment period, as indicatethble 2.1.
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Table 2.1  Intervals of sampling in relation to the medicatg®riod, counted in days from
commencement and cessation of the medicated pamodaumbering of samples collected
from the medicated group on each day.

Sample collection 1 2 3 4 5 6 7 8 9
Medication, start 4 8 12 15 18 22 29 36 44
Medication, end 1 4 8 15 22 30
Samples 110-| 120- | 130- | 140-| 150-| 160- | 170- | 180- | 190-
119 | 129 | 139 | 149 | 159 | 169 | 179 | 189 | 199

The fish from the medicated group and the controlg were collected from separate tanks
into separate containers, and killed with a letttae of benzocaine solution added to the
containers. Samples of fillet and skin in naturagortions, liver, and terminal colon were
taken from both groups. Additionally, bile samplesre collected when available. The
samples from the medicated group were all colleatetlanalyzed individually, with the
exception of the bile samples which were accumdlat® one or two group samples for each
sample day, depending on the amount of sample ialedwailable. The control group
samples for each tissue type were collected ingooep sample for each sample day. All

sample material was stored at -20 °C between sacofiction and further analysis.

2.3.4 Sample preparation

The crude samples were homogenized using a Polfa100. To prevent cross-
contamination between samples, the apparatus wased with soap, water and acetone
between samples. The samples were also grounddgxreasing order of concentration,
starting with the control group samples and subsetiyicounting backwards from sample
collection 9 (day 44/30). Due to loss of sampleenat in the apparatus, the Polytron could
not be used for small samples such as the indivVickes and colon samples. These samples
were instead roughly homogenized using a scalpél avilisposable blade.
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2.4  Analytical method

The method for extraction and detection of diflungnon that is utilized in this study has been
developed by NIFES for analysis of diflubenzurosidaes in samples of fillet and skin in
natural proportion from salmonids, using teflubewznuas internal standard (IS), and is
accredited by NA for this purpose (NIFES, 2004)e Thethod has not previously been
validated for samples of different matrix typedrom different species, but experience has

shown that the method is robust against variatiomsatrices.

To extract diflubenzuron and IS from the samplerioes, acetone was used, in which
diflubenzuron and teflubenzuron are both highlybt# (Table 1.3). As the solubility of both
compounds is higher in more polar organic solvemtipuble extraction with heptane was
performed in order to remove fat-soluble contamisdom the acetone solution without
removing the analytes. The samples were furthafipdiby automated solid-phase extraction
(SPE) before separation of diflubenzuron and tefhzinron by reversed-phase high-
performance liquid chromatography (HPLC) combinethwnass spectrometry (MS)

detection and quantification.

A method for qualitative and quantitative deterniima of p-chloroaniline content is currently
under development at NIFES, but at the time of shusly it has not yet been available for
guantitative determination @kchloroaniline content. It has however been posdibl
reanalyze the samples of fillet and skin from trexlmoation period on the HPLC/MS/MS
instrument intended for this method, and althoughachloroaniline response cannot be
guantified, it is possible to qualitatively detemmiwhether this metabolite is formed to any

extent in Atlantic cod.

2.5  Sample extraction

From the sample material, 1 g wet weight (+ 0.04v@$ measured out for extraction. Where
the sample mass was less than 1 g, the resultaveected to g after quantification. The
samples were put in 25 ml plastic centrifuge tudoes internal standard was added, 50 ng/g
teflubenzuron (100 ul 0.5 pg/ml teflubenzuron ietaaitrile:water (1:1)). After allowing 10
minutes for the internal standard to be absorbtxtire sample matrices, 5 ml of acetone was

added to the tubes. The samples were stirred fmoapnately 1 minute on a whirl mixer,
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and sonicated for 10 minutes. The tubes were thetrituged at 3500 rpm (relative
centrifugal force of 246§) for 3 minutes, and the supernatant was transfead0 ml glass
centrifuge tubes. Fat was extracted from the swiuby adding 1 ml of heptane, stirring the
tubes for approximately 30 seconds on a whirl miaad centrifuging the tubes at 2500 rpm
(relative centrifugal force of 125§ for 2 minutes. The upper heptane layer was disxzhr
and the process was repeated. The acetone sola®then evaporated to dryness under a
gentle stream of nitrogen gas at 40 °C.

The method was originally developed for salmorefiind skin matrix, which is more lipid

rich compared to cod fillet and skin. Despite thiie cod fillet and skin samples did pass the
measures of internal validity. There were howewene problems in the extraction steps for
both the colon and liver matrices. Some but nota@lbn samples separated into the acetone
and heptane phase, which means that it was nobpo§s extract fat from all colon samples.
This could be due to low fat content in some ofsamples. The colon samples that did
separate were extracted twice with heptane asidedaabove. None or very few of the liver
samples separated into the acetone and heptane, pinaswhere there was a phase separation
emulsion was visible between the phases. For fe@nmoving the analyte in the process,
heptane was not removed from any of the liver samplhe following steps of the method

were conducted as described below for the liveramoin samples.

The bile samples were fully soluble in acetone,updn addition of heptane a viscous layer
formed in the bottom of the tubes, with no phagmeaion between acetone and heptane. The
bottom layer probably consisted of insoluble bdéis After vigorous stirring on a whirl

mixer and centrifugation at 2500 rpm (1258the soluble fraction was collected and
evaporated to dryness before further purificatind analysis as described below. This did not
give good results, and a further attempt was madessolving the bottom fraction in
dichloromethane, in which diflubenzuron and IS larewn to be readily soluble (Table 1.3).
After thorough mixing, the bile fraction was cefiiged to the bottom as described above,

and the dichloromethane fraction was collectederaporated to dryness before proceeding

with the following steps.
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2.6  Automated solid-phase extraction (ASPEC)

Reversed-phase solid-phase extraction is usedlar ¢w purify samples by separating
different molecules in a mixture based on diffeesnin polarity. The dissolved sample is
passed through a solid silica column and elutet ihon-polar solvent. The silica column
retains polar molecules, while non-polar molecylass through the column and are
discarded. By gradually increasing the polarityhef solvent, the purified analyte is finally

flushed through the column and collected (Henni®@®9).

In this study, a Gilson ASPEC XL4 system with Agilsilica columns was used. Heptane
was used as the non-polar solvent, and the sopaatity was increased by mixing heptane
with a gradually increasing proportion of diethtter.

The dried samples were dissolved in 5 ml of heptand transferred to 20 ml glass tubes for
purification by automated solid-phase extractiome Tolumns were initially eluted with pure
heptane, and then heptane:diethyl ether 5:95, 1dh8010:60 v/vThe collected eluate was
evaporated to dryness under a gentle stream ofgeitr gas at 40 °C, and dissolved in 250 pl
of 75:25 acetonitrile:water solution. The sampleserthen filtered through a 0.45 pm syringe

filter, and transferred to 2.0 ml HPLC sample vialth 250 pl glass inserts.

2.7 Calibration curve

For each analysis run of the fillet and skin, lia@d colon samples, a 5-point calibration
curve was prepared by spiking control samples N& with 20, 35, 50, 60 and 75 ng/g of
diflubenzuron (0.5 pg/ml diflubenzuron in acetoitely. In order to assess method validity,
two control samples were also spiked at LOD and LU&®@Is, 10 and 20 ng/g, respectively,
from a separate control solution of 0.5 pg/ml diBazuron in acetonitrile. A blank control

sample and a blank sample without matrix were afsailyzed.

For the bile samples, too little sample and contraterial was available to make the standard
curve as described above. The analysis of theshilgples was thus initially considered
gualitative. It was however decided to attempt difiaation by making a reduced 3-point
standard curve using the LOQ sample of 20 ng/gesotvest point, with two additional

points at 50 and 75 ng/g respectively. This left gnough control material for an additional

blank sample. The standard curve thus obtainedwilbe ideal as the standard curve and
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LOQ sample should be independent, but it could giveugh estimate of the diflubenzuron

content of the bile samples.

2.8 High-performance liquid chromatography (HPLC) separation with mass
spectrometry (MS) detection

2.8.1 High-performance liquid chromatography (HPLC)

High-performance liquid chromatography is a higéfificient method for separation of
compounds. The sample is dissolved in a liquid tegtinase, and a pump provides high
pressure as the mobile phase passes through arcatbith contains the stationary phase.
The HPLC column is tightly packed with uniformlygsed particles (10 m), which allow
high-resolution separation, but require a high guesin order to drive the mobile phase
through (Miller, 2005).

Different compounds are separated based on thegsitref their interactions with the
stationary phase, which leads to characteristent&in times. In reversed-phase HPLC, the
stationary phase is non-polar and the mobile plzas®derately polar (Miller, 2005). This
leads to a fast elution of polar molecules, andeasing retention times for less polar

molecules.

Finally, a detector is connected to the systenrdeioto monitor the eluate and allow direct

identification and quantification of the analytbat are separated by the column.

2.8.2 Electrospray ionization mass spectrometryi-(#S)

Mass spectrometry is used to detect, identify arahtjfy the analyte after separation in the
HPLC column. When the dissolved analyte is elutethfthe column, it must be ionized prior
to detection. Electrospray ionization is used ams$form the dissolved analyte to gaseous
molecular ions. A small flow of the mobile phasat@ining the analyte is passed through a
capillary needle, and a potential difference of Bv6is applied between the needle and a

cylindrical electrode nearby (Williams and Flemi2§08). The potential difference
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transforms the liquid to a fine mist of highly cbad droplets, the charge depending on the
sign of the voltage. A drying gas is passed thraihghspray to remove the solvent and release
the molecular ion. The molecular ion is then sulggd¢o a magnetic field in the MS detector,
which separates the ions based on their mass-tge€lfa/2 ratios. For the quantitative

analysis of diflubenzuron, negative-ion ESI couphath a quadrupole MS detector is used.

A quadrupole detector consists of four parallelahetids, with a direct voltage superimposed
on a radio-frequency potential between the two sgpgairs (Williams and Fleming, 2008).
lons are injected in the center, in the directibthe rods. The ions travel at a constant
velocity, in a wave pattern determined by the fhating potential, such that under a given set
of conditions ions of only one/zvalue are transmitted to the detector (Williamd an
Fleming, 2008).

2.8.3 Tandem MS

Tandem MS or MS/MS is a two-stage system. In tist §tage the ion of interest is isolated
based on its mass-to-charge ratio, and daughtsramnformed which are then separated in an
MS detector in the second stage (Miller, 2005). fifeeher compound can be identified based
on its characteristic daughter ions. In this stdirjple quadrupole system is used. The first
guadrupole transports the molecular ion into tle®sd quadrupole, which contains an inert
gas and functions as a collision cell for the sdcstage of ionization, without any mass
selection (Miller, 2005). The daughter ions arentbelected and detected in the third

guadrupole.

2.8.4 Equipment for quantitative analysis of ditazuron

The samples were separated by reversed-phase Héth§aiHewlett-Packard HP-1100
autosampler, quaternary pump (G1311A) and colunateinevith an Asahipak ODP-50 4D
column measuring 4.6 x 150 mm packed with C-17yioly alcohol octadecyl 5 um particle

size packing material.
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The mobile phase was 25 % 10 mM aqueous ammonigmokige and 75 % acetonitrile at a
flow rate of 0.7 ml/min, with an expected retenttone of approximately 5 and 6 minutes for
diflubenzuron and teflubenzuron, respectively. ifection volume was 20 pl.

The MS detector was a Hewlett-Packard Agilent 1MED quadrupole, coupled with

negative-ion electrospray ionization.

The software used to control the HPLC/MS systemmndess the acquired data was Agilent
ChemStation for LC and LC/MS systems, revision A38.To ensure that the chromatogram
peaks are assigned correctly to diflubenzuron efidiienzuron, qualifier ions are assigned to
each peak. For diflubenzuron, the quantified i08749,0 m/z and the qualifier ion at 359,0
m/z should appear at the same retention time wibak value in the range of 32-48 % of the

guantified peak.

For this system, the detection limit (LOD) of difienzuron is 10 ng/g, and the quantification
limit (LOQ) is 20 ng/g.

2.8.5 Equipment for qualitative analysispa€hloroaniline

For the detection gf-chloroaniline, HPLC-MS/MS with electrospray ioniwen was used.
The samples were separated by reversed-phase Héh@an Agilent 1200 series system,
with an Agilent Eclipse Plus C18 column measuririg@100 mm packed with dimethyl-n-
octadecylsilane 1.8 um particle size packing makeri

The mobile phase was 75 % acetonitrile and 25 %ifoacid (1 % aqueous solution) at a
flow rate of 0.20 ml/min, with an expected retenttone of approximately 1.8 minutes for

chloroaniline. The injection volume was 5 pl.

Positive-ion ESI was used at the retention timgsdiloroaniline and diflubenzuron, while
negative-ion ESI was used at the retention timefldibenzuron, as this combination has been
found to produce the smoothest peaks for eacheohialytes. The MS detector was an
Agilent 6410 triple quadrupole. For identificatiohthe compounds, the characteristic
transitions were 128 111, 315 141, and 379 158 forp-chloroaniline, diflubenzuron

and teflubenzuron, respectively. The software adimg the HPLC/MS/MS system was
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Agilent MassHunter Workstation, and the data preicgsprogram was Agilent MassHunter
Quantitative Analysis.

For this system, spiked samples down chloroaniline level of roughly 2 ng/g have been
found to be clearly detectable. Therefore 2 ngipissidered the LOD gd-chloroaniline in

this study.

2.9 Method validation

2.9.1 Validation criteria

Criteria for acceptance of analytical results aasda on those applied to the NIFES
accredited method (NIFES, 2004). The retention fionaliflubenzuron and teflubenzuron in
samples should not be more than 10 % differemn fitee retention times in spiked samples.
The standard curve should have a correlation coeffi of 0.95. Diflubenzuron should not

be detected in the blank sample. The LOD samplaldhme positive for diflubenzuron, and

the LOQ sample should show retrieval within = 3®£the expected value, or 20.0 + 6.6

ng/g. The qualifier ion peaks are also verifieduaiy for each data point. There are no set
limits for the slope of the standard curve, butdhkulated slope has been observed over time
for the accredited analysis at NIFES and valuglkerrange of 0.91-1.69 are expected for
analysis of salmon fillet samples.

2.9.2 Analytical validation series

Prior to analysis of the sample material, the me#wad skill of the analyst was evaluated by
performing the previously described method usimghi@nk samples of fillet from Atlantic
salmon spiked with a known concentration of 20.@rmliflubenzuron. The results were

assessed according to the aims of validity statesgction 2.9.1.
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Chapter 3 Results

3.1 General considerations

Concentrations below LOQ level cannot be regardealcaurate measurements. However, to
achieve consistency, it was decided to classifysmeanents below 5 ng/g as negative, while
measurements between 5-10 ng/g were assigned itnarivalue of 10 ng/g. Measurements
between LOD and LOQ level are reported without rficaliion.

The standard curve linearity has only been ac@ddit the range of 20-75 ng/g, but
experience has shown that the linear correlationicoes in a higher concentration range.
However, any error in the calculated slope will @@avprogressively higher impact as the

concentration rises.

3.2 Results from analytical validation series

The results from the spiked blank validation seréssdescribed in Section 2.9.2, are shown in
Table 3.1.

Table 3.1  Results from analytical validation series

Sample| Diflubenzuron (ng/g)| Error (%)
1 16.3 -18.50
2 17.4 -13.00
3 21.5 7.50
4 19.6 -2.00
5 16.3 -18.50
6 17.1 -14.50
7 21.1 5.50
8 194 -3.00
9 18.7 -6.50
10 19 -5.00

Mean 18.64 -6.80
SD 1.85

SD (%) 9.9
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The mean retrieved concentration was 18.64 ng/g;hwik equivalent to -6.80 % of the
expected value. The standard deviation was 1.8par.9 %. The individual results are all
within the expected range of error of the method@®) level, which is £33 % or £6.6 ng/g.

3.3 Validation criteria for each series

While the validation criteria, as described in 8t2.9.1., are considered to be met by all
analytical series from the fillet and skin mattixere are some validation problems with
results from both the liver and colon matrices. Buthe small sample mass available, it was
not possible to run a reanalysis of the two s€Beand 8) which did not meet the validation

criteria.

In the first attempt to analyze liver samplessalinples were weighed in at 1 g wet weight.
This resulted in very high noise levels in the M®drum. In an attempt to resolve this issue,
the sample size was reduced to 0.5 g. This galeaaer result in the MS spectrum, and all
liver samples were subsequently weighed in at 0Foge of the colon samples were less
than 1 g. The calculated concentration for all dasweighing less than 1 g was corrected to
ng/g after analysis.

As can be seen in Table 3.2, the standard cureelestd for series 5 (liver samples) has a
slopem of 1.805, which is quite high compared to the exge range of 0.91-1.69 for salmon
fillet samples as described in Section 2.9.1, aodreelation coefficienR of 0.915 which is
well below the limit of 0.95 for the accredited mmetl. However, as the calculated LOQ
concentration falls within the expected range résilts from this series are included in the
present study. Series 6 (liver samples) yielded l@dasurements at LOQ level, which is
twice the expected value. However, as the othedatibn criteria are met, this series is also

included.

Series 8 (colon samples) did not give a clear stahdurve, as the estimated slopef

34.071 reflects. The LOD and LOQ samples are asolut of range. This means that the
estimated concentrations in this series cannosberaed to be accurate, and the results from
this series will not be included in the presentigtiBeries 9 (colon samples) has a slope of
1.767, which is higher than expected. Howeverhasther calculated values are within

range and the correlation coefficient is high, geses is included. Series 10 (colon samples)
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has one LOD parallel of 22.4 ng/g, but as all ottréeria are met the results of this series are

also included.

Validity parameters for the analysis of bile samspee not presented here, as the analysis
failed to yield any usable results due to pooriaednsistent retrieval of internal standard and
no detection of diflubenzuron in any samples. Té¢wilts obtained are however presented in
Section 3.6. Experimental data for the other magrigre given in Appendix 1, and standard

curves for each analytical series are given in Appe2.

Table 3.2  Validation of analytical series: values markedead are not in accordance with
the validation criteria, and are discussed in éx¢ t

Matrix |Series | Samples m R LODa| LODb | LOQa | LOQb
1 110-159 1.154 0.997 6.6 8.2 232 225
Fillet and 2 160-179 1.241 0.999 10.0| 11.3] 21.1] 21.9
skin 3 180-189 1.102 0.997, 10.3] 11.4| 20.1] 20.8
4 190-199 1.239 0.991 9.7/ 10.4| 19.2] 194

110-139,
Liver 5 163-169 1.805 0.915( 13.7/ 16.0f 18.6] 20.2
6 140-162 0.99F7 0.999 21.1] 21.4| 24.2| 19.7
7 170-199 1.405 0.998 9.8 54/ 17.7) 17.3
8* 1110-149 | 34.071] 0.926| 43.7| 50.1] 51.7] 62.2

150-159,

165-169,

175-179,

Colon 185-189,
9 195-199 1.767| 0.998 13.00 17.1| 19.7| 25.3

160-164,

170-174,

180-184,
10 |190-194 1.180 0.999 11.9] 224 19| 19.3

* Series not included in the present study
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3.4  Diflubenzuron concentration in fillet and skin liver and colon samples

As a normal distribution cannot be assumed fopttygulation, the data are presented using
median points and a 25-75 percentile distributildms is a robust model which reduces the
impact of any potential outliers. The raw data, rmegboints and interquartile range for fillet
and skin and liver tissue at all sample dates epécted graphically in Figure 3.1 and 3.2. The
analysis of the colon samples from day 4, 8, 18, Emnwas rejected because the standard
curve and calculated LOD and LOQ concentrationsididmeet the validation criteria, but

the raw data, median points and interquartile rdoged on the rest of the sample days are
shown in Figure 3.3. Additionally, the diflubenzarMS response for each sample day is
shown in Figure 3.4, but this figure does not givg precise quantitative data because the
MS response has not been quantified by a standave or corrected according to the

internal standard response.
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Figure 3.1  Diflubenzuron in fillet and skin samples
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Figure 3.4  Diflubenzuron MS response in colon samples througthe study

3.5 Depletion rates of diflubenzuron

In order to calculate the depletion half-life ofiadibenzuron in various tissues, a steady state
model followed by one-phase exponential decayesius a study of oral administration of
diflubenzuron to Atlantic salmon at 6 °C, the meaak plasma level was obtained after
approximately 24 hours (EMEA, 1999). Assuming timé is comparable to the
pharmacokinetics in Atlantic cod, as the bioavalighis low in both species, the steady state
should persist up to day 15, which is 24 hours dlffte last administered dose. In order to test
whether the samples taken on day 4, 8, 12 andelSignmificantly different, a Kruskal-Wallis
one-way analysis of variance was performed. Thésnsn-parametric test of variance, and
the obtainegb value gives the probability that the compared data originate from a

population with the same median value (Kruskal @fadlis, 1952).

In order to prove that the sample populations #ferdnt with a 95 % confidence level, the
value must be 0.05.
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Figure 3.5 Kruskal-Wallis analysis of variance for fillet aslin and liver samples

As can be seen in Figure 3.5, fhealue for the fillet and skin samples is 0.170RisTis not
sufficiently low to reject the steady state moaeig the half-life will be calculated based on a

steady state through day 4 to 15.

For the liver samples in Figure 3.5, however,gh&lue is 0.0065, which means that the
sample populations are too different to assumeadsgtstate model. This appears to be due to
the higher levels measured on day 15. Rather thamg the initial concentration of drug on a
steady state throughout the medication periodd#yel5 measurements are taken as the

initial concentration, as the highest levels wenenid on this date.

As the day 18 measurements are the only dataif@liconcentration available, the depletion
half-life in colon is based on day 18 as the ihdgt@ady state concentration.

Note that the half-life calculation is based ontiean concentration, which is why the graphs
in Figures 3.7-3.9 do not follow the median poihiat are marked on the sample days. The
mean is easily affected by the presence of outlgesause of this, it was necessary to
evaluate any potential outliers in the data setsl is calculate the initial steady state

concentrations.
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There are three extreme values in the colon sanopleay 18 (23 542, 19 163 and 11 429
ng/g), as shown in Figure 3.3. Even though previngasurements are not available, these
are included in the calculation of the steady stateentration based on the higher MS

response seen in previous samples during the mextigaeriod (Figure 3.4).

The liver samples on day 15 are quite evenly distad, but with two measurements some
distance from the 75 percentile limit, as can msge Figure 3.2. However, when these
values are included, the mean concentration iscxppately equal to the median
concentration, as can be seen in the graph in &ig@:. Therefore these values were not
considered as outliers, and all samples from dayér® included in the steady state

calculation.

As the steady state for the fillet and skin sam@essumed to persist throughout days 4-15,

these data were pooled and a median and interiguaatige calculated for the pooled data set,
as shown in Figure 3.6. The calculated median val36.1 ng/g, and the mean concentration
is 82.6 ng/g when all data points are included. dim#ier interval is defined with a minimum

of

75 percentile limit + (outlier coefficient x intexgrtile range)
and a maximum of

75 percentile limit + (2 x outlier coefficient rterquartile range)

Because the population is skewed, there is no tzeddtermine a lower outlier interval. An
outlier coefficient of 3 is applied. Looking at thew data in Figure 3.6, there is one outlier at
329.1 ng/g (day 4), as well as two extreme valu&33a.3 ng/g (day 12) and 744.8 ng/g (day
15), which exceed the defined outlier interval.
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Figure 3.6  Distribution of fillet and skin samples on day 8-1

Removing the outlier and extreme values in Figuéefidm the data set used to calculate the
depletion half-life gave a steady state concemtnatif 43.8 ng/g, which is closer to the
median value of 36.1 ng/g, and improved the goosinéfit (F).

By removing outliers in the high concentration ramgring the steady state, the mean steady

state concentration is reduced, leading to an aserén the estimated half-life.

Even though the median concentration is zero osaatiple days from day 18 and onwards
for fillet and skin and liver samples, and from @&and onwards for colon samples, none of
the positive samples in the data sets after thialisteady state are treated as potential
outliers. This is because the individual positiadues are relatively low and have a small
impact on the mean concentration, as the majofith@samples are negative. Furthermore,

using the mean concentration with the single positalues included was found to give a
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narrower 95 % confidence interval and improve tbedness of fit (B for the calculated

half-life compared to a model using the median eotration of zero.

The data used to calculate the depletion halfilifeach tissue are given in Table 3.3.

Table 3.3  Data for calculation of steady state concentraioth depletion half life
Fillet and skin samples — steady state
Day Diflubenzuron concentration (ng/g)
4 0 329.1*| 15.2 | 77.8| 153.00 44.2 50.3 10.0 10.0 10.8
8 0 10.0 0 19.8/ 10.0 15.6 58.8 73.4 10.0 14.1
12 | 221.1| 45.3| 13.1 0 633.3* 18.6 48.6 49.9 74.3 1388
15 | 86.0 35.0| 37.2 10.0 104 110.2 744.8*83.7 33.0 0
Fillet and skin samples — depletion rate

Day Diflubenzuron concentration (ng/g)
18 0 0 0 0 0 0 0 46.5 0 0
22 0 0 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0
36 0 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0

Liver samples — steady state
Day Diflubenzuron concentration (ng/g)

15 | 111.4] 186.8] 111.4132.0] 178.6 | 274.6] 308.4 170.6 214.424.6
Liver samples — depletion rate

Day Diflubenzuron concentration (ng/g)
18 | 10.0 52.8 0 0 0 0 0 0 94.0 0
22 0 0 0 0 0 0 0 0 0 16.8
29 0 0 0 0 0 0 0 0 0 0
36 0 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0

Colon samples — steady state

Day Diflubenzuron concentration (ng/g)

18 | 23542 407.6 | 35.1] 493.7 12.2 | 11429 0 | 19163| 390.§ 78.6
Colon samples — depletion rate

Day Diflubenzuron concentration (ng/g)
22 0 20.7 0 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0
36 0 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0

* Omitted values
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Table 3.4

Depletion rates in different tissues

Half-life (days) R° 95 % confidence All negative at day
Fillet and skin 0.9 0.79 0.21-+ 22
Liver 0.8 0.84 0.54-1.91 29
Colon 0.4 0.25 0.00 - + 29

The calculated depletion half-lives are given ibl€s3.4. They are quite similar in fillet and
skin and liver, in the range of 0.8-0.9 days. la ¢tblon, the calculated depletion rate is faster,
but there is also a higher uncertainty associai#tthis rate as illustrated by the lowef R
value and wider 95 % confidence interval. The daled depletion rates are fast compared to
the known pharmacokinetics in Atlantic salmon, whiakes more than 21 days for the mean
concentration to reach LOQ levels (Table 1.2). €hsthowever a high degree of uncertainty
associated with all the depletion rates calculaedllustrated by the 95 % confidence
intervals listed in Table 3.4. This is probably &ese the initial steady state concentrations
were low, and the tissue concentrations quicklygdea below the detection limit. The high
variability in the calculated tissue concentrationseach sample day may also contribute to

the uncertainty of the depletion rate estimate.

Table 3.4 shows that fillet and skin tissue isftte to have all negative samples, on day 22,
which is 8 days after the last administered doseé li@er and colon samples are all negative
on day 29, or 15 days after the last administeosd dHowever, the liver sample size was
reduced to 0.5 g due to high noise in the MS spattand the calculated concentration
subsequently corrected to ng/g. Because of tHisib@inzuron concentrations close to LOQ
level in liver samples could go undetected, anddigi@etion half-life estimation in liver tissue

could be too short.
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3.6  Analysis of bile samples

As described in Section 2.5, upon addition of hept@ the acetone solution the bile samples
formed a poorly soluble layer in the bottom of thkes. Analysis of the soluble fraction was
completed, and showed retrieval of internal stashdi@m 5 of the 12 samples from the
medicated group, but all samples were negativdifubenzuron. There was retrieval of both

diflubenzuron and internal standard in the spikad@es for the 3-point standard curve.

A second attempt was made at extraction of diflabesn from the bile fraction with
dichloromethane. This time the spiked samples wegative for diflubenzuron, but the
teflubenzuron peaks were still present. The saseniples from the medicated group were
positive for internal standard. Diflubenzuron was detected in any samples. Results from

extraction with both solvents are shown in Tabke 3.

Table 3.5  Data from analysis of bile samples

Heptane Dichloromethane
MDIF | Area | MIS M DIF M IS

Sample | Area DIF| (ng/qg) IS (ng/g) | Area DIF| (ng/g) | Area IS| (ng/g)

Blank 0 0 0 0 0 0 0 0

Blank

matrix 0 0| 16103 50.0 0 0| 50032 50.0

LOQ a 8229 17.5| 21886 50.0 0 0| 52827/ 50.0

LOQb 7950 17.7| 20952 50.0 0 0| 58627/ 50.0
N1 (50 ng) 18405 41.7) 20591 50.0 1968 0| 48756/ 50.0
N2 (75 ng) 26415 79.2] 15564 50.0 3529 0| 53518 50.0
1:110-119 0 0 0| 50.0 0 0 0| 50.0
2:130-139 0 0 0| 50.0 0 0 0/ 50.0
3: 140-149 0 0 0| 50.0 0 0 0/ 50.0
4:150-154 0 0| 25692 50.0 0 0| 49552 50.0
5: 155-159 0 0| 16015 50.0 0 0| 51231 50.0
6: 160-169 0 0| 16153 50.0 0 0| 58351 50.0
7:170-174 0 0| 9026/ 50.0 0 0| 34380 50.0
8:175-179 0 0 0| 50.0 0 0 0/ 50.0
9: 180-184 0 0 0| 50.0 0 0 0/ 50.0
10: 185-189 0 0 0| 50.0 0 0 0/ 50.0
11: 190-194 0 0| 12054 50.0 0 0| 56451 50.0
12:195-199 0 0 0| 50.0 0 0 0| 50.0
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3.7  paraChloroaniline in fillet and skin samples

The HPLC sample vials from series 1 (fillet anchskamples 110-159) were kept at -20 °C
after HPLC/MS analysis, and reanalyzedgarhloroaniline in the HPLC/MS/MS system at a
later time. All samples were negative fechloroaniline. This means that if there is any
presence gp-chloroaniline in the fillet and skin samples, ttwcentration must be lower

than 2 ng/g.
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Chapter 4 Discussion

4.1  Validity of analysis in relation to differentmatrices

As can be seen in Table 3.2, the validity of thalyrcal series seems to depend on the matrix
type that is analyzed. This could be due to diffgilevels of contaminants that may raise the
noise level in the HPLC/MS spectrum, or due to gatsan or complex formation between
components in the matrix and diflubenzuron or adstaddard. In order to illustrate this, the
internal standard response for each sample typletied against the sample number in Figure
4.1. Each sample is added the same amount of atitetandard (50 ng), therefore the internal

standard response ideally should be independemhich matrix type is analyzed.
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Figure 4.1 Internal standard response in different matrices
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It is clear that the fillet and skin samples giveoasistently much higher internal standard
response compared to liver and colon samples, @od samples have the lowest and most
variable internal standard response. This corredptmthe results on the validity parameters
presented in Table 3.2, in which analysis of fidletl skin samples show the highest validity,
liver samples are intermediate and colon samples tiee poorest validity. This must be

taken into account when interpreting the resutisifthe liver and colon samples.

In the bile samples, presented in Table 3.5, thppears to be a significant interaction
between the matrix and the added diflubenzuronitednal standard. This is clear because
several samples do not yield any internal standihl upon extraction with either solvent.
The internal standard signal is also relatively.lévternal standard response is depicted

graphically for both solvent types in Figure 4.2.
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Figure 4.2 Internal standard response in bile samples

It appears that although the samples were extraatbcheptane prior to dichloromethane, the

dichloromethane samples still show a larger intestendard response. The diflubenzuron
37



response in the spiked control samples for thedstahcurve, as seen in Table 3.5, is however
almost gone in the dichloromethane samples. Thikddoe due to a weaker interaction
between diflubenzuron and the matrix componentspesad to that between teflubenzuron
and the matrix, leading to diflubenzuron being atrmmpletely removed from the matrix in
the first extraction with heptane, while tefluberaucould be retained to a higher extent and
subsequently available at a higher concentratiadgharsecond extraction with
dichloromethane. The higher teflubenzuron respaifiee the second extraction could also be
due to a higher level of noise in the heptane M&Bpm compared to the dichloromethane
spectrum, as contaminants could have been remowedthe sample in the preceding
heptane extraction step. The latter theory is stpddoy the example spectra in Appendix 3
(Figure A.23-A.28). The baseline noise levels & $pectra from the heptane extraction lie
approximately in the region of 20 000-30 000, whiile corresponding levels from the

dichloromethane extraction lie around 2 300-2 700.

4.2  Bioavailability

In order to compare the bioavailability of diflulzemon in Atlantic cod to that of Atlantic
salmon, the main target species, Table 4.1 prefiemtmedian concentration in samples of
fillet and skin and liver from day 15 and followimgrelation to the corresponding mean data
for Atlantic salmon, as previously shown in Tabl2.1

Table 4.1  Median tissue levels obtained in Atlantic cod {6365 g) compared to mean
tissue levels in Atlantic salmon (600 to 1346 geraétandard treatment (EMEA, 1999)

Days Diflubenzuron residues found (ng/g)
after Fillet and skin in natural proportions Liver
treatment | Atlantic cod Atlantic salmon Atlantic cod | Atlantic salmon
+7.7°C +6°C| +15°C +7.7°C| +6°C+15°C
1 34 2240 1550 106 3190 217
7 0 400 200 0 730 260
14 0 100 40 0 120 40
21 0 40 30 0 30 20
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The median levels in Atlantic cod fillet and skimddiver are 1.5 and 3.3 %, respectively, of
the corresponding mean levels in Atlantic salmothatclosest water temperature (6 °C).
There is however a large size difference betweenwo groups of fish, which may
contribute to the differing tissue levels. Anotlsérdy with Atlantic salmon in a smaller
weight class (391 to 870 g) given standard treatgigavage at 15 °C found somewhat
lower concentrations in samples of fillet and skiamely 389, 99.6 and 21.4 ng/g at 1, 4 and
7 days post treatment, respectively (EMEA, 1998hl& 4.2 compares these data to the fillet

and skin concentration obtained in Atlantic codhie present study.

Table 4.2  Median concentration of diflubenzuron in Atlantied (65 to 165 g) fillet and
skin samples compared to corresponding tissuedenditlantic salmon (391 to 870 g) after
standard treatment (EMEA, 1999)

Days Diflubenzuron residues found (ng/g)
after Atlantic cod Atlantic salmon
treatment T 77°C 15 °C
1 34 389
4 0 99.6
7 0 21.4

At day 1 post treatment, the diflubenzuron conaiun in Atlantic cod is 8.7 % of the
concentration in Atlantic salmon. The data in Tah are not directly comparable to the
present study, as the Atlantic salmon were he@dragher temperature (15 °C) and would
probably obtain higher tissue levels at 6 °C. Femttrore, unlabeled diflubenzuron was
administered to the Atlantic salmon up until th&t lmedication day, when the radilabeled
compound was administered (EMEA, 1999). This melatthe actual tissue concentration
of diflubenzuron may have been higher, because thelyadiolabeled compound was
detected through radio-HPLC. In view of this, tipparent difference in bioavailability
between Atlantic salmon and Atlantic cod is tocagte be accounted for by size differences

alone.

The bioavailability of diflubenzuron has been foundrary depending on the administered
dose in several species. In Atlantic salmon, tlevailability ranges from only 3.7 % 12
hours after oral administration of 75 mg/kg by ggvat a water temperature of 8 °C
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(Horsberg and Hgy, 1991), up to 31 % which is thleudated bioavailability of the
recommended dose of 3 mg/kg at 6 °C (EMEA, 1998kd8l on these values, the uptake
mechanism in Atlantic salmon is considered dosendegnt and saturable (EMEA, 1999).
The low tissue levels obtained in Atlantic codhiststudy compared to Atlantic salmon
reference levels could thus be due to species depedifferences in the capacity of the
uptake mechanism, with a lower saturation concaatraf the uptake mechanism in Atlantic
cod. An alternative explanation is a higher metsbolcapacity in Atlantic cod compared to
Atlantic salmon. A higher first pass metabolismIdaeduce the bioavailability of the dose,
leading to lower steady state levels, and highgabwism and/or excretion rates could lead

to quick depuration of diflubenzuron from Atlantiod during and after treatment.

Looking at Figure 3.1, it is clear that while thedman concentration of diflubenzuron in fillet
and skin samples is very low (36.1 ng/g) duringttkatment period, there are four samples in
the range of 200-750 ng/g. Knowing that Atlanticl¢® a territorial species, where
dominating individuals may compete for more thagirthare of the administered feed, and
that the feed intake of Atlantic cod may vary gefibm day to day (pers.comm., Hari Rudra
at IMR), it is possible that the high extreme valogay be more representative for the actual
uptake of diflubenzuron in Atlantic cod than thevlmedian concentration. All of the
administered medicated feed was consumed quickly éay, and it is possible that there was

competition for feed between individuals during thedication period.

The calculated median steady state concentratiihehand skin samples throughout the
treatment period is 36.1 ng/g. This is only 4 %h& minimum tissue concentration that is
assumed to be required for efficacy against salimennamely 900 ng/g (pers. comm., Hege
Hovland at Ewos). If the bioavailability of diflebzuron in Atlantic cod is controlled by a
dose dependent saturable mechanism, it is higHilyalyjthat an increase in dose can mediate
the low tissue levels, and diflubenzuron will prblyabe ineffective as a treatment for
parasitic copepods in Atlantic cod. Furthermorés gnvironmentally undesirable to increase
the dose of diflubenzuron, as most of the admirestelose will reach the environment as the
unaltered parent compound. From an environmentappetive, an alternative agent with a

higher bioavailability in Atlantic cod is likely tbe a better choice.
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4.3 Tissue distribution

As can be seen in Figure 4.3, there is a consigteigther diflubenzuron concentration in
liver tissue compared to fillet and skin. These soeaments are however grouped together,
and do not show the distribution in the individfish. To illustrate the distribution within
individual fish, the fraction of diflubenzuron imeh tissue was calculated by dividing the
measured concentration in fillet and skin with il concentration in both tissues in each
sampled fish. This relationship is illustrated igl¥e 4.4, showing the median fraction of
diflubenzuron in fillet and skin tissue to be ab20t25 % of the total. This means that, in

individual samples, the median liver concentrat®oa-5 times higher than the median fillet

and skin concentration.
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Atlantic cod fillet is lean compared to Atlantids@n fillet. This is because Atlantic cod have
their main fat stores in the liver and not in thiet, as is the case for Atlantic salmon.
Horsberg and Hay (1991) however found a higher eotmation in the liver of Atlantic
salmon compared to fillet at all sample dates, tvisoccomparable to the distribution found in

Atlantic cod, as shown in Figure 4.4.

From Figure 4.3, it is clear that there is a highiability in both the fillet and skin and the
liver samples during the treatment period, evenighaa steady state should theoretically
occur throughout sample days 4-15, such that alpses taken within this period should
originate from a group with the same median valle variance tests in Section 3.5 (Figure
3.5) show that there is a 17 % chance that the lmgamples in this period originate from a
steady state population with the same median. Hewav fish a wide range of residue levels
between individuals given the same treatment izinoommon (NicGabhainet al, 1996).
This is particularly true for orally administereduds. The main reason is variation in feed
intake, but interindividual variation in absorptioray also contribute, particularly for drugs

with low bioavailability such as diflubenzuron (Ves-Brown, 2000).
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For the liver samples however, the probability senples from day 4-15 originate from a
population with the same median value is only @&5he lowp-value appears to be due to
the high concentrations measured on day 15. Teare overlap between the 25-75
percentiles on day 15 compared to both day 4 apd #8aA possible explanation is that the

fish were not fed anything for a few days followitlg treatment. With no new nutrients

added to the gastrointestinal system, there coelléds competition for the absorption surface
or transport mechanism in the small intestine,ifgatb an increase in the amount of drug
absorbed and transported to the liver. Anotheriptesexplanation could be an increase in the
relative concentration of diflubenzuron in livesdue due to fasting, as no other nutrients were
absorbed and transported to the liver at this timout any change in the absolute amount

of diflubenzuron.

4.4 Accumulation in colon

While it is regrettable that the analytical seésolon samples taken during the treatment
period did not yield reliable results, diflubenzaiis well known to have a low bioavailability
and accumulate in faeces in other species, inaudtfantic salmon (Horsberg and Hay,
1991), and exact measurements of drug concentratithre colon during treatment are of
limited interest in terms of consumer safety. Télatively low concentrations obtained in

fillet and skin and liver tissues compared to fksue levels obtained in Atlantic salmon after
the same standard treatment (see Table 4.1) iedilcat accumulation in faeces occurs to an
even greater extent in Atlantic cod compared taAtit salmon. Because many colon
samples hardly contained any faecal matter, itmedgpossible to analyze faecal matter alone,
and the presence of colon tissue in the weighadmples leads to a lower measured

concentration compared to the actual concentratié@ecal matter.

On day 18, the highest calculated concentratioear542, 19 163 and 11 429 ng/g (Table
3.3), which is equivalent to 23.5, 19.1 and 11kggrespectively. Comparing this to the
original in-feed concentration of diflubenzuron,iafhwas 0.6 g/kg, diflubenzuron appears to
have been concentrated up to 40 times in the aflétlantic cod. However, Figure 3.4
shows that the median diflubenzuron MS responselon samples on each day during the

medication period was more than twice that of tighést sample on day 18. This could be
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expected, as the day 18 samples were taken 4 ttayshe last administered dose, and shows
that the diflubenzuron accumulation in the colonmythe treatment period probably far
exceeded the measured concentrations on day 18.

There is a higher uncertainty associated with tlercsamples compared to samples from the
other matrices, as described in Section 4.1, asdstamplified by the inherent uncertainty
associated with values far exceeding the 75 ngig bf the accredited linear range of the
standard curve. Due to this, the highest conceatr&in colon samples should be regarded as

rough estimates rather than accurate measurements.

4.5 Excretion

All bile samples are negative for diflubenzurong(3@ble 3.5). This is surprising, considering
that the biliary route has been suggested as tive nmate of excretion for diflubenzuron in
several species (IPCS, 1996). Enterohepatic ctionlaf diflubenzuron has been
demonstrated in several other species. In Atlasatimon, high levels of radioactivity were
found in the bile after oral administration’8€-labelled diflubenzuron, and 6 hours after
administration 39 % of the radioactivity was comfed by thin layer chromatography to
originate from the parent compound (Horsberg ang, H891). In Sprague-Dawley rats,
unconjugated diflubenzuron was found to represealedit 7 % of the radiolabel in bile

samples 24 hours after administration of the ratheled parent compound (JMPR, 2001).

From the data in Table 3.3, it is clear that albocsamples are below LOD level at day 29,
which is 15 days after the last administered déhduron dose. The gastrointestinal transit
time of rainbow trout weighing about 80 g at 9 “&lbeen found to average at 68 hours, and
for rainbow trout weighing about 140 g the meangiatime was 56 hours at 10 °C
(Fauconneaet al, 1983). As rainbow trout and Atlantic cod aretbcarnivores, with
comparable gastrointestinal tract physiology, fingbably accurate to assume a
gastrointestinal transit time of approximately sléor the Atlantic cod in this study, with a
mean weight of 104 g and being held at 7.7 °C. Weans that if the oral dose is the only
route by which diflubenzuron enters the colon, nodshe ingested diflubenzuron should be
evacuated from the colon by day 4. Looking at Fegai8 and the data set in Appendix 1,
there is only one negative sample on day 18, 4 dfgsthe last oral dose, and furthermore
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several of the samples on this date have a vetydifiubenzuron concentration. Therefore it

is probable that diflubenzuron is reentering thiecdhrough excretion via the biliary route.

The lack of diflubenzuron response in the bile s@sipould be due to complex formation
with insoluble bile salts, or due to metabolisnit@ parent compound. Another possibility is
poor MS detection due to the presence of impuritidke sample which could mask the

diflubenzuron signal.

Conjugation of the active substance with glucurauicl could explain the failure to detect
the parent compound in bile, while still detectimgh levels in colon. Bacteria in the colon
produce enzymes with beta-glucuronidase activityictvhydrolyze the glucuronide
conjugate back to glucuronic acid and free parentgound. However, diflubenzuron is
hydroxylated prior to glucuronide conjugation. Thajor metabolic pathway of
diflubenzuron in rats and cows, as illustratediguFe 1.3, is the hydroxylation of the parent
compound to 4-chloro-2-hydroxydiflubenzuron, 4-¢bl@-hydroxydiflubenzuron, and 2,6-
difluoro-3-hydroxydiflubenzuron. These metabolitas be conjugated with glucuronic acid
and excreted via bile, but hydrolysis catalyzedbgterial enzymes in the colon will

regenerate the hydroxylated metabolite of difluheom and not the parent compound.

4.6  Consumer safety

At no time during the treatment did any of theefiland skin samples exceed the MRL value
of 1000 ng/g. Furthermore, the likelihood that anlg fish outside the pens should consume

an amount of medicated feed equivalent to or exngdtie standard treatment dose is low.

p-Chloroaniline was not detected in any of the filad skin samples from the treatment
period, with a LOD of 2 ng/g.

In this study, the median concentration obtainedtlantic cod fillet and skin during the
treatment period was 36.1 ng/g, and the LOD i9b & this concentration. Based on data
from pigs (Opdyckest al, 1982) and rats (IPCS, 1996), in which about @@ 0.01 %,
respectively, of the absorbed diflubenzuron doseldeeen found to be converted to PCA ,
much less than 1 % of the absorbed diflubenzurse dolikely to be converted to PCA in
Atlantic cod. Due to the low obtained median coriion of diflubenzuron, the potential

PCA concentration would most likely be undetectablgs means that PCA cannot be ruled
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out as a metabolite of diflubenzuron in Atlantiddmsed on the data from this study, but
even though the metabolic pathway could be prasehtiantic cod, the potential PCA
concentration would be extremely low due to the gastrointestinal diflubenzuron uptake of

Atlantic cod.

46



Conclusion

The median concentration obtained in samples let #ind skin throughout the treatment
period was 36.1 ng/g, which is only 1.5 % of theameoncentration obtained in Atlantic
salmon fillet after the same treatment. This shthas diflubenzuron probably has a lower
gastrointestinal uptake in Atlantic cod comparedtiantic salmon. Higher concentrations
are however recorded in some fillet and skin samfstam the treatment period (329.1, 633.3
and 744.8 ng/g), and it is possible that theseemérvalues come from dominant individuals
who have consumed a relatively high proportiorhefinedicated feed. There was a high
variability in the obtained results, this may intgae caused by dominant individuals, but it
could also be due to a high variation in the dagdy food intake of Atlantic cod. It seems
that voluntary oral administration may be a poanaustration route for substances with a

low gastrointestinal uptake in Atlantic cod duetsofeeding behaviour.

A comparison of tissue levels of diflubenzuron itlaétic salmon and Atlantic cod shows that
diflubenzuron is unlikely to be effective againsti$e infection in Atlantic cod because the
obtained median steady state concentration irt &itel skin during the treatment (sample
days 4-15) is only 36.1 ng/g, compared to the mimmeffective tissue concentration of 900
ng/g that is assumed by the industry, and the mtsady state levels of 2240 and 1550 ng/g
that have been obtained in fillet and skin sampféestlantic salmon at 6 and 15 °C,

respectively.

para-Chloroaniline was not detected in samples of fdllet! skin from the treatment period at
a LOD level of 2 ng/g. This however does not rulé the formation of this metabolite in
Atlantic cod, because the tissue level of difluhenn was so low that the fraction of PCA
which may be formed would most likely be undetelgtalm terms of consumer safety
however, there does not seem to be any risk ofaxpdo PCA from consumption of wild
caught Atlantic cod which may have fed on medicéed spills from salmon farming
facilities.

a7



Proposal for further studies

While the analytical method was satisfactory fanpkes of cod fillet and skin in natural
proportions, problems were encountered in the jgatibn and quantification steps for the
other matrices, colon and bile samples in particdlbe choice of solvents for extraction
clearly is not ideal for these matrices, and optipuaification of the samples was not
achieved. This in turn resulted in a high noiselen the MS spectra, making the

guantification of diflubenzuron difficult in thesamples.

In the study by Horsberg and Hgy (1991), purifizatof bile samples was achieved through
1:5 dilution with methanol in order to precipitatricus and proteins, and subsequent
centrifugation before the supernatant was collectds purification method may be more
suitable prior to HPLC/MS analysis of bile samples.

In order to accurately determine the gastrointastiptake of diflubenzuron in Atlantic cod, a
study design applying oral administration by gavisgarobably more appropriate, due to the

periodical feeding and territorial behavior of Attec cod.
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Fillet and skin samples

Sample| DIF (ng/g) | Area DIF | Area IS | Sample| DIF (ng/g) | Area DIF | ArealS
110 0 10929, 186094| 155 0 0| 112294
111 329.1 1610144, 206829 156 0 7738 289896
112 15.2 58273| 162555 157 46.5 181248| 164789
113 77.8 384731 208968 158 0 7425| 157461
114 153.0 795752| 219886| 159 0 0| 152411
115 44.2 192287 184010] 160 0 0| 284980
116 50.3 376786| 316888 161 0 0| 217646
117 10.0 27712| 178563 162 0 0| 243895
118 10.0 27937 210378 163 0 0| 305258
119 10.8 43977 171695 164 0 0| 283249
120 0 8402| 169339 165 0 0| 219285
121 10.0 47056| 223714| 166 0 0| 240480
122 0 18874| 238268 167 0 0| 177659
123 19.8 99848| 213705 168 0 0| 284471
124 10.0 51332| 247171] 169 0 0| 223791
125 15.6 70111| 189633] 170 0 0| 245084
126 58.8 298028, 214189 171 0 0| 208787
127 73.4 422658 243318] 172 0 0| 267884
128 10.0 36891 192728 173 0 0| 207009
129 14.1 72457| 216570 174 0 0| 226612
130 221.1 1248541 238781 175 0 0| 203527
131 45.3 243553 227286| 176 0 0| 269097
132 13.1 60310 194339| 177 0 0| 217839
133 0 10136 187424| 178 0 0| 201428
134 633.3 3460357 230987 179 0 0| 188865
135 18.6 95384| 216416/ 180 0 0| 218508
136 48.6 218344, 189784| 181 0 0| 156552
137 49.9 211247, 178945, 182 0 0| 192565
138 74.3 526259, 299580, 183 0 0| 195617
139 138.8 668911 203708 184 0 0| 197518
140 86.0 528316/ 259832 185 0 0| 170588
141 35.0 194296| 234922 186 0 0| 169351
142 37.2 164955| 187245 187 0 0| 193984
143 10.0 39658| 183763| 188 0 0| 185930
144 10.4 51257| 208686| 189 0 0| 180498
145 110.2 611494 234573| 190 0 0| 199874
146 744.8 2460284 139650 191 0 0| 197845
147 83.7 463048 233929 192 0 0| 207492
148 33.0 155623 199541| 193 0 0| 211689
149 0 15393| 231261 194 0 0| 167200
150 0 15941 154561 195 0 0| 182061
151 0 5462| 203580 196 0 0| 234236
152 0 6947| 216143] 197 0 0| 208671
153 0 0| 176883 198 0 0| 204231
154 0 0| 156420 199 0 0| 145382
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Liver samples

Sample| DIF (ng/g) | Area DIF | Area IS | Sample| DIF (ng/g) | Area DIF | ArealS
110 19.0 27224 79496 155 0 2164 76562
111 86.4 121226 77664| 156 0 0 76247
112 124.8 169963 75481 157 0 0 71970
113 457.4 424208 51385| 158 94.0 63580 67817
114 113.4 162634 79471| 159 0 0 65896
115 77.4 109462 78378 160 0 0 70521
116 72.2 106646 81731| 161 0 0 67919
117 19.6 11980 33949| 162 0 0 69045
118 75.2 106743 78557| 163 0 0 69025
119 95.6 136452 79047 164 0 0 39633
120 53.8 74643 76850| 165 0 0 66894
121 148.8 135404 50411| 166 0 0 70807
122 72.4 91309 69950, 167 0 0 65030
123 48.2 66599 76559| 168 0 0 74537
124 50.6 70035 76820 169 16.8 24711 81544
125 - - 8604| 170 0 0 79430
126 106.0 143499 75023 171 0 0 84702
127 163.6 207108 70121 172 0 0 78173
128 152.8 207956 75392 173 0 0 88315
129 68.6 38714 31290| 174 0 0 79731
130 14.6 19262 72993| 175 0 0 82676
131 100.6 137250 75590| 176 0 0 78384
132 27.0 35190 72414 177 0 0 87327
133 0 1934 24593| 178 0 0 80418
134 122.8 156664 70635 179 0 0 84932
135 128.4 171746 74136/ 180 0 0 70866
136 63.4 81427 71150 181 0 0 74556
137 191.2 119979 34776| 182 0 0 83666
138 51.2 66979 72423| 183 0 0 72800
139 49.6 57128 63782| 184 0 0 82229
140 111.4 160150 144171] 185 0 0 76880
141 186.8 251065/ 134790, 186 0 0 76313
142 111.4 151268 136203| 187 0 0 73689
143 132.0 177097 134471 188 0 0 82291
144 178.6 214166, 120246/ 189 0 0 70866
145 274.6 312662 114132 190 0 0 81332
146 308.4 361757, 117576 191 0 0 80181
147 170.6 201804 118585/ 192 0 0 69477
148 214.6 204061 95340| 193 0 0 84401
149 124.6 116813 94063| 194 0 0 79327
150 10.0 10411 110579 195 0 0 88782
151 52.8 42449 80545| 196 0 0 77534
152 0 0 83103| 197 0 0 86876
153 0 0 52670| 198 0 0 85401
154 0 0 73368| 199 0 0 82077
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Colon samples

Sample| DIF (ng/g) | Area DIF | Area IS | Sample| DIF (ng/g) | Area DIF | ArealS
110 -| 42635440  40477| 155 11429.0] 4545397 7382
111 - | 44621144  42374| 156 0 0 57859
112 - | 33914016] 36655| 157 19163.0] 11474969 12828
113 -| 28675238 24129| 158 390.6 115205 5323
114 -| 46021168  54207| 159 78.6 82836 21140
115 -| 23082896/ 41007, 160 0 0 46754
116 -| 30101072 39722| 161 20.7 34922 71442
117 -| 23321662 53867, 162 0 0| 149441
118 -| 30461382 38865| 163 0 0| 110211
119 -| 48901928  40208| 164 0 0| 132865
120 -| 33915928  40564| 165 0 0 24560
121 -| 34211316 39927| 166 0 0 27811
122 -| 24844100 23366 167 0 0 8205
123 -| 28239496 30328| 168 0 0 75815
124 -| 33133834 25033| 169 0 0 22099
125 -| 12621338  11864| 170 0 0 60253
126 -| 33841440  22308| 171 0 0 53606
127 - | 22944286/ 20306| 172 0 0| 143314
128 -| 40599224 66833| 173 0 0| 131811
129 -| 29312130 27834 174 0 0| 232587
130 -| 562727200 60513| 175 0 0 42452
131 - | 40065604 47906| 176 0 0 22189
132 -| 32298348  32140| 177 0 0 23309
133 - - -] 178 0 0 18659
134 - - -1 179 0 0 8473
135 - - -] 180 0 0 46722
136 - - -] 181 0 0 63538
137 -| 25154706/ 18535| 182 0 0| 110210
138 -| 41081928  40646| 183 0 0| 261123
139 -| 26345868 « 52240| 184 0 0 36206
140 -| 21309280 16769| 185 0 0 13816
141 -| 20945866/ 16752| 186 0 0 20814
142 - | 32334454 23704| 187 0 0 51239
143 - | 32494974 36049| 188 0 0 9950
144 -| 36434108  43468| 189 0 0 28599
145 -| 34801600 27304| 190 0 0| 249121
146 -| 25985430 18411 191 0 0| 277513
147 -| 31386668 36691 192 0 0| 295062
148 -| 32831320 25222 193 0 0 80515
149 -| 28675944 31735] 194 0 0 56533
150 23542.0] 15699389 19998 195 0 0 53907
151 407.6 395900 27491 196 0 0 58482
152 35.1 29558 21805| 197 0 0 87042
153 493.7 489730 28072| 198 0 0 41675
154 12.2 15102 28346| 199 0 0 55823
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Appendix 2 Standard curves for each analytical sees
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Appendix 3 Sample spectra from all matrices
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Figure A.5 Fillet and skin, sample 111
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Figure A.6 Fillet and skin, sample 120

Figure A.7 Fillet and skin, sample 123

62



Figure A.8 Fillet and skin, sample 130

Figure A.9 Fillet and skin, sample 140
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Figure A.10Fillet and skin, sample 157

Figure A.11Liver, sample 110
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Figure A.12 Liver, sample 120

Figure A.13Liver, sample 130
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Figure A.14 Liver, sample 140

Figure A.15Liver, sample 151
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Figure A.16 Liver, sample 158

Figure A.17 Liver, sample 169
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Figure A.18 Colon, sample 110

Figure A.19 Colon, sample 120
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Figure A.20 Colon, sample 130

Figure A.21 Colon, sample 140
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Figure A.22 Colon, sample 150

Figure A.23Bile, samples 110-119 — heptane extraction
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Figure A.24 Bile, samples 130-139 — heptane extraction

Figure A.25Bile, samples 140-149 — heptane extraction
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Figure A.26 Bile, samples 110-119 — dichloromethane extraction

Figure A.27 Bile, samples 130-139 — dichloromethane extraction
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Figure A.28Bile, samples 140-149 — dichloromethane extraction
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Appendix 4 Weight fluctuation of sampled fish
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Appendix 5 HPLC/MS and HPLC/MS/MS method settings
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