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1 Introductie

De Nederlandse Voedsel- en Warenautoriteit (NVWA) bewaakt de gezondheid van dieren en planten, het
dierenwelzijn en de veiligheid van voedsel en consumentenproducten, en handhaaft de natuurwetgeving.
De drie kerntaken van de NVWA zijn handhaving (zowel toezicht als opsporing), risicobeoordeling en
risicocommunicatie. Het systeem van toezicht omvat de hele keten, van boer tot consument.
De NVWA werkt aan structurele verbetering van toezicht. Door Bureau Risicobeoordeling & Onderzoek
(NVWA-BuRO) worden hiervoor ketengerichte risicobeoordelingen uitgevoerd die tot doel hebben het
toezicht van de NVWA risicogerichter te maken. Er zijn 12 grote productieketens geïdentificeerd op het
werkterrein van de NVWA. De risico’s die per keten beoordeeld worden zijn die risico’s die de publieke
waarden volksgezondheid (voedselveiligheid en productveiligheid), diergezondheid, dierenwelzijn,
plantgezondheid en -in beperkte mate- natuur bedreigen. De risicobeoordeling van NVWA-BuRO moet
leiden tot een openbaar advies, voorzien van aanbevelingen aan toezicht en eventueel beleid om
risicoreducties te bewerkstelligen.
NVWA-BuRO vraagt een aantal kennisinstellingen kennis aan te leveren voor de verschillende publieke
waarden. RIKILT is gevraagd een bijdrage te leveren aan de prioritering van de chemische gevaren in
kweekvis (exclusief schaal- en schelpdieren).
De volgende vragen staan in dit onderzoek centraal:
1.

Wat zijn de specifieke chemische gevaren die zich in kweekvis kunnen voordoen?

2.

In welke schakels van de ketens doen die gevaren zich voor c.q. worden ze geïntroduceerd? Hierbij
wordt ook de aanvoer van viszaad, kuit en larven meegenomen.

Doel van dit onderzoek was een screening – middels een literatuurstudie - van de chemische gevaren
voor voedselveiligheid die zich in de verschillende schakels van de kweekvisproductie kunnen voordoen,
en mogelijk een volksgezondheidsrisico kunnen vormen. NVWA-BuRO gebruikt de uitkomsten van dit
onderzoek als startpunt om de chemische gevaren te kunnen prioriteren.
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2 Materialen en methoden
2.1 Aanpak project

Binnen de beperkte tijd en budget van dit project, werd een literatuurscreening uitgevoerd met
zoektermen die vooraf met BuRO waren afgestemd. Het gevolgde stappenplan en de afbakening van het
project zijn hieronder weergegeven.

2.1.1 Stappenplan

Het project was als volgt opgedeeld:
1.
2.
3.
4.

5.

Een startgesprek werd gevoerd met de deskundigen van NVWA-BuRO over de afbakening van
het onderzoek d.d. 13 februari 2018;
Er werd een literatuurscreening uitgevoerd zoals weergegeven in paragraaf 2.2.
De eerste resultaten van deze screening werden besproken met de deskundigen van NWVABuRO d.d 27 maart 2018;
De resultaten werden vervolgens samengevat in dit document waarbij de gebruikte zoektermen,
literatuurdatabanken en zoekmachines zijn weergegeven (zie paragraaf 3.1.1) en een overzicht
van relevante artikelen in tabelvorm met:
a. een lijst met relevante artikelen/rapporten
b. per artikel/rapport een beperkte set steekwoorden om aan te geven waar het
artikel/rapport over gaat,
c. per artikel/rapport de regio en de diersoort,
d. per artikel/rapport een lijst met genoemde gevaren;
e. per gevaar in welke stap van de keten dit gevaar voorkomt (indien bekend)
Naar aanleiding van dit rapport kan er nog een eindbespreking met NVWA-BuRO plaatsvinden.

2.1.2 Afbakening
•

•

•
•

Het ging om verse vis (inclusief kuit, zaad en larven) en producten, halffabrikaten of
grondstoffen voor kweekvis die in Nederland op de markt zijn en dus ook om invoer/import uit
andere landen. Het ging hierbij niet om halffrabrikaten of grondstoffen voor visvoeder.
Daarnaast ging het om productie en 1e aanlanding (vis) op Nederlands grondgebied die
consequenties hebben voor een van de publieke waarden die in het onderzoeksplan genoemd
zijn.
Verse vis, producten, halffabrikaten of grondstoffen uit deze keten zullen soms rechtstreeks door
de consument gekocht worden, soms in bewerkte vorm en soms in een vorm van een
samengesteld product. Deze samengestelde producten (bijvoorbeeld pizza met gekweekte zalm)
bestaan uit productdelen afkomstig van meerdere productieketens. Deze producten werden niet
meegenomen in deze beoordeling. Sport (put and take) vissen wordt wel meegenomen in de
ketenbeoordeling.
Alleen artikelen in de Engelse en Nederlandse taal werden meegenomen worden.
Voor screening op chemische gevaren werd niet gezocht worden op
o
specifieke chemische gevaren, bijvoorbeeld de zoekterm dioxine gebruiken.
o
gespecialiseerde artikelen of rapporten van EFSA (bv. een opinie over bepaalde
antibiotica in zalm).

2.2 Literatuurscreening

2.2.1 Literatuurscreening kweekvis algemeen

Er is literatuur gezocht in ASFA (Aquatic Sciences and Fisheries Abstracts) en SCOPUS voor de periode
2007-2018. De volgende zoektermen zijn gebruikt om relevante literatuur te zoeken m.b.t. chemische
gevaren in kweekvis in deze literatuurdatabanken:
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ASFA zoektermen:
#1 kweekvis:
MAINSUBJECT.EXACT.EXPLODE(“Fishery products”) OR MAINSUBJECT.EXACT.EXPLODE(“Aquaculture”)
OR MAINSUBJECT.EXACT.EXPLODE(“Fish culture”) OR MAINSUBJECT.EXACT.EXPLODE(“rearing”) in
Anywhere
AND #2 chemische gevaren:
(MAINSUBJECT.EXACT.EXPLODE("Food contamination") OR MAINSUBJECT.EXACT.EXPLODE("Chemical
pollutants”) OR “chemical hazard*” OR contamina* OR Toxin* OR “toxic substance*” OR “toxic
compound*” OR pollutant* OR “agricultural chemical*” OR “chemical compound*” OR “chemical
substance*” OR residu*) in Anywhere
AND #3 volksgezondheid:
(MAINSUBJECT.EXACT.EXPLODE("Public health") OR MAINSUBJECT.EXACT.EXPLODE("HACCP") OR
MAINSUBJECT.EXACT.EXPLODE("Consumer protection") OR
MAINSUBJECT.EXACT.EXPLODE("Consumers") OR MAINSUBJECT.EXACT.EXPLODE("Food safety") OR
“risk assessment*” OR “risk analys*” OR “hazard analys*” OR “Human health*” OR “Health impact” OR
“health risk*”) In Anywhere
NOT #4 exclusietermen:
(salmon OR shrimp* OR Oyster* OR mussel* OR clam* OR scallop* OR crab* or lobster* or broiler* or
chicken* or poultry or mice or mouse OR vibrio OR legionella OR salmonella OR listeria OR virus OR
Escherichia OR fung* OR method* OR experiment* OR analytic* OR model* OR sustainab* or alga* or
seaweed*) in TI

SCOPUS zoektermen:
#1 kweekvis:
(“fishery products OR “fish products” OR aquaculture OR “fish culture” OR rearing or aquafarming OR
aquafarming OR fishfarming OR “fish farming” OR aquafish* OR seafarming OR “sea farming” OR
mariculture OR “indoor reproduction” OR “outdoor reproduction” OR “farming freshwater” OR “aquatic
system” OR hatchery OR nursery OR “farmed fish” OR “cultured fish” OR “farmed common sole” or
“farmed pangasius” OR “farmed tilapia” OR “farmed perch” OR “cultured common sole” or “cultured
pangasius” OR “cultured tilapia” OR “cultured perch”) in TI
AND #2 chemische gevaren:
("Food contamination" OR “Chemical pollutant*” OR “chemical hazard*” OR contamina* OR Toxin* OR
“toxic substance*” OR “toxic compound*” OR pollutant* OR “agricultural chemical*” OR “chemical
compound*” OR “chemical substance*” OR residu*) in TI-KEY-ABS
AND #3 volksgezondheid:
("Public health" OR "HACCP" OR "Consumer protection" OR Consumer* OR "Food safety" OR “risk
assessment*” OR “risk analys*” OR “hazard analys*” OR “Human health*” OR “Health impact” OR
“health risk*”) In in TI-KEY-ABS
NOT #4 exclusietermen:
(salmon OR shrimp* OR Oyster* OR mussel* OR clam* OR scallop* OR crab* or lobster* or broiler* or
chicken* or poultry or mice or mouse OR vibrio OR legionella OR salmonella OR listeria OR virus OR
Escherichia OR fung* OR method* OR experiment* OR analytic* OR model* OR sustainab* or alga* or
seaweed*) in TI
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De referenties die met deze combinaties zoektermen gevonden werden in beide databanken, zijn
opgeslagen in een Endnote bestand, waarna dubbele referenties werden verwijderd.
Daarnaast is m.b.v. Google gezocht in een aantal websites. Gezien eerdere ervaringen met
literatuuronderzoek in zeevis en schaal- en schelpdieren werd besloten te zoeken in de websites van de
FAO (www.fao.org) en de voedselveiligheidsinstituten van Ierland (www.fsai.ie en www.marine.ie). Er is
een initiële screening uitgevoerd met de zoektermen aquaculture, mariculture en fish culture in
combinatie met food safety in de websites van voedselveiligheidsinstituten in Noorwegen
(www.mattilsynet.no), Schotland (http://www.foodstandards.gov.scot/) en Nieuw-Zeeland
(www.mpi.govt.nz) om te bepalen welke van deze websites de meeste relevante hits opleverde. Hieruit
bleek dat Noorwegen de meeste relevante rapporten opleverde, gevolgd door Nieuw-Zeeland. Deze twee
websites werden dan ook gebruikt om te zoeken naar relevante rapporten over kweekvis.
In Google kan geen gebruikgemaakt worden van combinaties van zoektermen. Daarom is hiervoor
gezocht op 4 zoektermen voor kweekvis: aquaculture, mariculture, “fish culture” en “fish farming”. De
resultaten van “fish farming” zijn vergeleken met “sea farming” en omdat “fish farming” meer hits en
meer relevante hits opleverde dan “sea farming” is deze zoekterm als 4e term ingevoegd. De 4
zoektermen voor kweekvis werden gecombineerd met 4 zoektermen voor chemische gevaren: food
safety, contaminant, residue en “hazard and risk assessment” analoog aan eerder onderzoek in zeevis.
Er is in eerste instantie gezocht in alle jaren. Indien er meer dan 100 hits werden verkregen is gezocht in
de periode 2007-2018. Wanneer dit nog steeds meer dan 100 hits gaf, werd er alleen gezocht naar
rapporten met de extensie .pdf (via Google settings, advanced search, file type: .pdf). Additioneel
werden nog de exclusietermen gebruikt die hierboven staan weergegeven. De relevante rapporten die
via Google gevonden zijn, werden opgenomen in een tabel met een voetnoot waarin de link naar het
rapport is weergegeven.
In de literatuurscreening werd een driestappenprocedure gevolgd:
1.
2.
3.

Relevantie werd beoordeeld o.b.v. titel. Artikelen/rapporten die niet over chemische gevaren
gingen of die niet over kweekvis bleken te gaan, werden als niet relevant beschouwd.
Voor referenties die in stap 1 beoordeeld werden als relevant, werden de abstract, en keywords
gelezen en beoordeeld op relevantie.
Voor de referenties die in stap 2 als relevant werden beoordeeld, zijn de materiaal en methoden
gelezen evenals de conclusies. De mogelijke chemische gevaren zoals genoemd in de referentie
werden genoteerd evenals de regio waar de gevaren gevonden werden, de betreffende vissoort
en de plaats in de keten waar de gevaren kunnen voorkomen. De resultaten zijn weergegeven in
een tabel (Tabel 2).

2.2.2 Literatuurscreening zalmketen

Voor de zalmketen is uitgegaan van een eerdere literatuurstudie die eind 2016 voor EFSA is uitgevoerd
door RIKILT Wageningen Research en NOFIMA, Noorwegen binnen het project ‘Vulnerabilities and drivers
of change for emerging risks in the aquaculture food chain (Acronym: Aquarius)’, EFSA project
OC/EFSA/SCER/2015/02. Hierbij zijn de acht stappen van een systematische literatuurstudie volgens
EFSA (2010) doorlopen:
1.
2.
3.
4.
5.
6.
7.
8.

preparing a review
searching for studies
selecting studies for inclusion
collecting data from included studies
assessing the methodological quality of included studies
synthesising data from the studies
presenting data and results
interpreting the results and drawing conclusions

Een set zoektermen werd zodanig vastgesteld dat vooraf geselecteerde benchmarkreferenties werden
teruggevonden. Deze set zoektermen werd vervolgens in 3 literatuurdatabanken ingevoerd: Web of
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Science, CAB Abstracts en Scopus voor de periode 2005-2016. De artikelen die via deze databanken
werden verkregen, werden opgeslagen in een Endnotebestand en dubbele referenties werden verwijderd.
Het software programma DistillerSR Web-Based Systematic Review Software (Evidence Partners, Ottawa,
Canada) is vervolgens gebruikt om de opgeslagen referenties te evalueren op relevantie.

2.2.3 Literatuurscreening gekweekte schaaldieren

In aanvulling op een eerder literatuuronderzoek naar schaal- en schelpdieren is in dit onderzoek specifiek
gezocht op artikelen over gesloten systemen voor schaaldieren met behulp van de volgende zoektermen
voor de jaren 2007-2018:
ASFA zoektermen:
#1 schaaldieren
(shellfish OR shrimp*) in Title
AND #2 gesloten kweeksystemen
aquaculture AND ("indoor system*" OR "closed system*" OR "closed recirculating seawater system*" OR
pond* OR tank* OR "recirculating aquaculture system*") in Anywhere
AND #3 chemische gevaren:
(MAINSUBJECT.EXACT.EXPLODE("Food contamination") OR MAINSUBJECT.EXACT.EXPLODE("Chemical
pollutants”) OR “chemical hazard*” OR contamina* OR Toxin* OR “toxic substance*” OR “toxic
compound*” OR pollutant* OR “agricultural chemical*” OR “chemical compound*” OR “chemical
substance*” OR residu*) In Anywhere
AND #4 volksgezondheid:
(MAINSUBJECT.EXACT.EXPLODE("Public health") OR MAINSUBJECT.EXACT.EXPLODE("HACCP") OR
MAINSUBJECT.EXACT.EXPLODE("Consumer protection") OR
MAINSUBJECT.EXACT.EXPLODE("Consumers") OR MAINSUBJECT.EXACT.EXPLODE("Food safety") OR
“risk assessment*” OR “risk analys*” OR “hazard analys*” OR “Human health*” OR “Health impact” OR
“health risk*”) In Anywhere

SCOPUS zoektermen:
#1 schaaldieren
(shellfish OR shrimp*) in TI-ABS-KEY
AND #2 gesloten kweeksystemen
(aquaculture AND ("indoor system*" OR "closed system*" OR "closed recirculating seawater system*"
OR pond* OR tank* OR "recirculating aquaculture system*") in TI-ABS-KEY
AND #3 chemische gevaren:
("Food contamination" OR “Chemical pollutant*” OR “chemical hazard*” OR contamina* OR Toxin* OR
“toxic substance*” OR “toxic compound*” OR pollutant* OR “agricultural chemical*” OR “chemical
compound*” OR “chemical substance*” OR residu*) in TI-KEY-ABS
AND #4 volksgezondheid:
("Public health" OR "HACCP" OR "Consumer protection" OR Consumer* OR "Food safety" OR “risk
assessment*” OR “risk analys*” OR “hazard analys*” OR “Human health*” OR “Health impact” OR
“health risk*”) In in TI-KEY-ABS
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3 Resultaten

Dit hoofdstuk beschrijft het aantal hits en het aantal relevante hits die met de zoektermen gevonden zijn
voor kweekvis in het algemeen, voor gekweekte zalm en voor gekweekte schaaldieren in gesloten
systemen evenals een korte beschrijving van de relevante artikelen. Dit onderzoek pretendeert niet een
volledig beeld te geven van alle mogelijke chemische gevaren in kweekvis. Het is slechts een beknopte
screening van de literatuur met behulp van de zoektermen die in hoofdstuk twee zijn beschreven. De
gevaren die genoemd werden in de relevante artikelen zijn opgenomen in tabelvorm en dienen als
startpunt voor NVWA-BuRO om de chemische gevaren in kweekvis te kunnen prioriteren.

3.1 Aantal relevante hits kweekvis algemeen
3.1.1 Literatuurdatabanken

Met behulp van de zoektermen zoals aangegeven in de materiaal- en methodensectie is gezocht naar
relevante literatuur m.b.t chemische gevaren in kweekvis. De combinatie zoektermen in ASFA leverde
991 hits op en in SCOPUS 318 hits. Deze hits werden opgeslagen in Endnote en de dubbele referenties
verwijderd. In totaal leverde dit 1197 hits op. Op basis van de titel werden deze hits verdeeld in 3
groepen: relevant, misschien relevant en niet relevant. Dit leverde 230 relevante hits, 226 misschien
relevante hits en 742 niet relevante hits op. De niet relevante hits gingen over microbiologische gevaren
(pathogenen, parasieten), andere diersoorten (varken, rat, lam etc.), biodiversiteit, dierenwelzijn, algen,
duurzaamheid, moleculaire studies of artikelen over nutritionele aspecten of waterkwaliteit (grondwater,
oppervlaktewater etc.).
De relevante artikelen werden verder beoordeeld op relevantie obv abstract en keywords. Dit resulteerde
in totaal 107 relevante artikelen. Artikelen werden als niet relevant beschouwd als ze over (trends in)
kweekvismanagement gingen, over dierexperimenten, modellen, methode-ontwikkeling of als uit het
artikel duidelijk werd dat het niet over gekweekte vis ging of over het voorkomen van chemische
gevaren in water of visvoer. Van de 107 relevante artikelen werd de materialen en methodesectie
gelezen en de conclusies. De resultaten zijn verwerkt in Tabel 2. Daarna zijn de misschien relevante
artikelen gescreend om te zien of daar nog artikelen in stonden die aanvullende informatie vermeldden
die nog niet in Tabel 2 waren verwerkt. Dit waren nog 3 artikelen, die ook zijn verwerkt in Tabel 2.

3.1.2 Websites

De zoektermen in Google zijn in eerste instantie gezocht voor alle jaren. Dit leverde in sommige gevallen
meer dan 100 hits op. In die gevallen is de tijdsperiode verkleind naar de periode 2007-2018 en werd
gezocht naar pdf’s. Additioneel werden nog de exclusietermen toegevoegd die vermeld zijn in 2.2. Het
aantal hits en het aantal relevante hits is weergegeven in Tabel 1. Wanneer dezelfde relevante hits
werden gevonden bij meerdere zoektermen, werden deze slechts 1 keer vermeld. Bijvoorbeeld indien
een relevant rapport werd gevonden met de zoekterm “food safety” and aquaculture en hetzelfde rapport
werd ook gevonden met de zoekterm contaminant and aquaculture, dan werd dit rapport alleen
meegeteld bij de relevante hits van de eerste zoekterm, zodat in de tabel geen dubbele resultaten
werden opgenomen.
Rapporten werden als niet relevant beschouwd indien ze over klimaatverandering gingen, over guidelines
en standaarden (CODEX, kweekvismanagement, code of practice etc.), microbiologische gevaren en
antibioticaresistentie, dierziekten, ecologische effecten, duurzaamheid, labelling, statistiek en trends
(consumptie, handel, productie), training, consumentenperceptie etc.
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Tabel 1. Aantal relevante hits met de gebruikte zoektermen in Google
Zoektermen

#hits
(April 2018)

# hits relevant
o.b.v. keywords,
abstract, titel

“food safety” Site: fao.org

18200

NA1

2007-2018

2890

NA1

+ filetype:pdf

917

NA1

+ NOT (shrimp* OR Oyster* OR mussel* OR clam* OR
scallop* OR crab* or lobster* OR shellfish)

643

NA1

64

0

“food safety” Site: fsai.ie

1380

NA1

2007-2018

55

1

“food safety” Site: marine.ie

2050

NA1

2007-2018

66

1

“food safety” Site: mpi.govt.nz

3230

NA1

2007-2018

369

NA1

+ only pdf

73

2

“food satety” Site: mattilsynet.no

453

NA1

2007-2018

44

5

Contaminant Site: fao.org

1510

NA1

2007-2018

278

NA1

+ filetype:pdf

117

NA1

+ NOT (shrimp* OR Oyster* OR mussel* OR clam* OR
scallop* OR crab* or lobster* OR shellfish)

60

1

Contaminant Site: fsai.ie

30

0

Contaminant Site: marine.ie

326

NA1

2007-2018

7

0

Contaminant Site: mpi.govt.nz

200

2007-2018

28

1

Contaminant Site: mattilsynet.no

10

3

Aquaculture

+ NOT (vibrio OR legionella OR salmonella OR listeria OR
virus OR Escherichia OR fung* OR method* OR
experiment* OR analytic* OR model* OR sustainab* or
alga* or seaweed*)

8

Residue Site: fao.org

11200

NA1

2007-2018

2400

NA1

+ filetype:pdf

444

NA1

+ NOT (shrimp* OR Oyster* OR mussel* OR clam* OR
scallop* OR crab* or lobster* OR shellfish)

296

NA1

32

0

Residue Site: fsai.ie

884

NA1

2007-2018

33

0

Residue Site: marine.ie

990

NA1

2007-2018

46

0

Residue Site: mpi.govt.nz

1720

2007-2018

58

0

Residue Site: mattilsynet.no

60

3

Hazard and “risk assessment” Site: fao.org

3430

NA1

2007-2018

274

NA1

+ filetype:pdf

132

NA1

+ NOT (shrimp* OR Oyster* OR mussel* OR clam* OR
scallop* OR crab* or lobster* OR shellfish)

74

1

Hazard and “risk assessment” Site: fsai.ie

65

2

Hazard and “risk assessment” Site: marine.ie

102

NA1

2007-2018

3

0

Hazard and “risk assessment” Site: mpi.govt.nz

1600

NA1

2007-2018

29

0

Hazard and “risk assessment” Site: mattilsynet.no

24

3

“food safety” Site: fao.org

1490

NA1

2007-2018

116

NA1

+ filetype:pdf

55

1

“food safety” Site: fsai.ie

0

-

“food safety” Site: marine.ie

158

NA1

+ NOT (vibrio OR legionella OR salmonella OR listeria OR
virus OR Escherichia OR fung* OR method* OR
experiment* OR analytic* OR model* OR sustainab* or
alga* or seaweed*)

Mariculture

9

2007-2018

4

0

“food safety” Site: mpi.govt.nz

16

0

“food safety” Site: mattilsynet.no

0

-

Contaminant Site: fao.org

780

NA1

2007-2018

25

0

Contaminant Site: fsai.ie

0

-

Contaminant Site: marine.ie

161

NA1

2007-2018

4

0

Contaminant Site: mpi.govt.nz

19

0

Contaminant Site: mattilsynet.no

0

-

Residue Site: fao.org

1230

NA1

2007-2018

72

0

Residue Site: fsai.ie

0

-

Residue Site: marine.ie

113

NA1

2007-2018

3

0

Residue Site: mpi.govt.nz

6

0

Residue Site: mattilsynet.no

0

-

Hazard and “risk assessment” Site: fao.org

3420

NA1

2007-2018

278

NA1

+ filetype:pdf

136

NA1

+ NOT (shrimp* OR Oyster* OR mussel* OR clam* OR
scallop* OR crab* or lobster* OR shellfish)

77

0

Hazard and “risk assessment” Site: fsai.ie

65

0

Hazard and “risk assessment” Site: marine.ie

102

NA1

2007-2018

3

0

Hazard and “risk assessment” Site: mpi.govt.nz

1600

NA1

2007-2018

29

0

Hazard and “risk assessment” Site: mattilsynet.no

20

0

“food safety” Site: fao.org

662

NA1

2007-2018

34

0

“Fish culture”

10

“food safety” Site: fsai.ie

0

-

“food safety” Site: marine.ie

5

1

“food safety” Site: mpi.govt.nz

3

0

“food safety” Site: mattilsynet.no

0

-

Contaminant Site: fao.org

851

NA1

2007-2018

10

0

Contaminant Site: fsai.ie

0

-

Contaminant Site: marine.ie

5

0

Contaminant Site: mpi.govt.nz

4

0

Contaminant Site: mattilsynet.no

0

-

Residue Site: fao.org

1610

NA1

2007-2018

66

0

Residue Site: fsai.ie

0

-

Residue Site: marine.ie

6

0

Residue Site: mpi.govt.nz

2

0

Residue Site: mattilsynet.no

0

-

Hazard and “risk assessment” Site: fao.org

628

NA1

2007-2018

18

0

Hazard and “risk assessment” Site: fsai.ie

0

-

Hazard and “risk assessment” Site: marine.ie

2

0

Hazard and “risk assessment” Site: mpi.govt.nz

9

0

Hazard and “risk assessment” Site: mattilsynet.no

0

-

“food safety” Site: fao.org

2360

NA1

2007-2018

147

NA1

+ filetype:pdf

94

0

“food safety” Site: fsai.ie

9

0

“food safety” Site: marine.ie

90

6

“food safety” Site: mpi.govt.nz

33

0

“food safety” Site: mattilsynet.no

9

0

Contaminant Site: fao.org

2340

NA1

“fish farming”

11

2007-2018

92

0

Contaminant Site: fsai.ie

5

0

Contaminant Site: marine.ie

111

NA1

2007-2018

2

0

Contaminant Site: mpi.govt.nz

50

0

Contaminant Site: mattilsynet.no

3

0

Residue Site: fao.org

2250

NA1

2007-2018

118

NA1

+ filetype:pdf

79

0

Residue Site: fsai.ie

3

0

Residue Site: marine.ie

98

1

Residue Site: mpi.govt.nz

15

0

Residue Site: mattilsynet.no

2

0

Hazard and “risk assessment” Site: fao.org

781

NA1

2007-2018

15

0

Hazard and “risk assessment” Site: fsai.ie

6

0

Hazard and “risk assessment” Site: marine.ie

26

0

Hazard and “risk assessment” Site: mpi.govt.nz

23

0

Hazard and “risk assessment” Site: mattilsynet.no

4

0

NA: Niet geanalyseerd, omdat er meer dan 100 hits waren

1

3.2 Overzicht van chemische gevaren in kweekvis

De relevante referenties zijn in onderstaande tabel samengevat (Tabel 2) en terug te vinden via de
bijgeleverde Endnote file of de voetnoten in de tabel. De meeste artikelen in de literatuur gingen over
gekweekte tilapia, karper, (regenboog)forel, meerval (incl pangasius), zeebaars en zeebrasem. Ongeveer
een derde van de artikelen ging over gekweekte vis in China. Andere veel genoemde landen waren Italië,
Portugal en Maleisië. Net als in andere visketens werden zware metalen (incl kwik) het meest genoemd
als chemisch gevaar in gekweekte vis (ongeveer de helft van de artikelen), gevolgd door dioxines en
PCB’s (18 artikelen), organochloorpesticiden (OCP’s; 12 artikelen) en vlamvertragers (7 artikelen).
Gevaren die specifiek van belang zijn voor kweekvis zijn diergeneesmiddelen (16 artikelen) en hormonen
(7 artikelen). De meeste rapporten die via de websites werden gevonden, gaan ook over (verboden)
diergeneesmiddelen. Andere gevaren die in de literatuur genoemd werden, zijn malachietgroen,
mycotoxines (aflatoxines, zearalenon), marine toxines (ciguatoxines, saxitoxines, tetrodotoxine),
polyaromatische koolwaterstoffen (PAK’s), bisfenolen en anti-oxidant. Via de website van het Noorse
voedselveiligheidsinstituut werden nog rapporten gevonden over radionucliden en perfluorcomponenten.
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Tabel 2: Overzicht van relevante referenties in kweekvis en de daarin vermelde chemische gevaren.
Referentie

Titel

(2013)

Investigation
into levels of
dioxins,
furans,
polychlorinat
ed biphenyls
and
brominated
flame
retardants in
fishery
produce in
Ireland.

(2015b)

Human food
safety and
environment
al hazards
associated
with the use
of
methyltestos

Omschrijving
referentie
(steekwoorden)
Contaminants
levels in farmed
salmon. Results
from a
surveillance study
conducted by the
Food Safety
Authority Ireland
2004 - 2005

Use of
methyltestosteron
e to produce
unisex-cultures of
male tilapia for
economical
reasons

Genoemde
relevante
gevaren
Dioxins, furans,
polychlorinated
biphenyls and
brominated
flame retardants

Concentratie
Table 4 outlines
the levels of
PCDD/Fs,
dioxon-like
PCBs.

Vissoort
(Latijnse
naam)
Salmon

Regio

Ketenstap

Opmerkingen

Ireland

Not
indicated

“Levels of PCDDs and
PCDFs in Irish fish and
fishery products available
on the Irish
market were well below
existing EC legal limits....
The levels found were also
below the new limits for
dioxin-like PCBs...
Concentrations of
brominated flame
retardants were also low.”

Table 6 outlines
the PBDE levels.
Table 8 outlines
the HBCD levels.

Steroid
Methyltestostero
ne (MT)

Nile tilapia
(Oreochromis
niloticus)

Not
indicated

“Significant differences
(p<0.003) in dioxin
concentrations were
observed
between wild and farmed
salmon samples in this
study, with wild salmon on
average showing 40%
lower
dioxin levels than its
farmed counterpart. Even
larger differences were
observed for dl-PCBs with
levels
being on average about
70% lower in wild
salmon.”
“General speaking, the
MT-treated fish are safe
for human consumption as
compared to other sources
of steroids to human life.”
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(2014a)

(2015a)

terone and
other
steroids in
production
of all-male
tilapia
Assessment
and
management
of
seafood
safety and
quality Current
practices
and
emerging
issues

Heavy
metals levels
in fish from
aquaculture
farms and
risk
assessment
in Lhasa,
Tibetan
Autonomous
Region of
China

Environmental aspects
should be further
researched.

Generic
description of
potential chemical
hazards in
Seafood, also
related to
aquaculture

Veterinary
drugs/antimicrob
ial agents,
Industrial
organic
contaminants
(DTT, PCB,
PBDE, PCDD,
PCDF, BFR)

Table 40
outlines the
antimicrobial
use in
aquaculture
(appearing in
OIE list,
approved by US
FDA and EU)

Not
indicated

Environmental
inorganic
contaminants
(selenium,
iodine, fluoride,
iron,
phosphorous,
mercury,
cadmium, lead,
aluminium,
arsenic, tin)
Heavy metal
concentration in
aquacultured fish
species in the
Lhasa Region in
China

Heavy metals
(Cr, As, Cd, Pb,
Cu, Ba, Co, Mn
and V)

Table 2 – 5 of
the article
outline the
heavy metal
concentrations
in muscle, gill,
heart and liver
tissues of the
fish species

big-head carps,
grass carps,
carps and
tilapias

Lhasa
Region,
China

Inland

“Based on our study, the
aquaculture fish farms
around Lhasa were not
serious polluted by heavy
metals. Generally, toxic
metals (As, Cd and Pb)
contents in the liver were
higher than those in other
tissues, heavy metal levels
in muscle were the lowest
among the different
tissues. Besides, we found
that Cr, Ba, Co, Mn and V
were prone to accumulate
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(Adhikari et
al., 2009)

Metal
concentratio
ns in water,
sediment,
and fish
from
sewage-fed
aquaculture
ponds of
Kolkata,
India

Metal
concentration in
fish species in a
sewage-fed pond
water

Lead, cadmium,
chromium,
copper, zinc

Table 4 and 5 of
the article
indicates the
mean
concentration of
trace elements
in the fish
species

Labeo rohita
(rohu), Catla
catla (catla),
Cirrhinus
mrigala
(mrigal),
Oreochromis
mossambicus
(tilapia), and
C. carpio
(common carp)

Kolkata,
India

Pond

(Ahmed et
al., 2015)

Dietary
intake of
trace
elements
from highly
consumed
cultured fish
(Labeo
rohita,

Trace elements in
cultured fish
species highly
consumed by the
Bangladesh
population and
collected from
different markets
occupying 30

cadmium (Cd),
arsenic (As),
lead (Pb),
chromium (Cr),
nickel (Ni), zinc
(Zn), selenium
(Se), copper
(Cu),
molybdenum

Table 1 of the
article outlines
the mean
concentration of
trace elements
in the fish
species

Rui (Labeo
rohita), Pangas
(Pangasius
pangasius) and
Tilapia
(Oreochromis
mossambicus)

Banglades
h

Not
indicated

in the gill, and Cu was
highly accumulated in the
hearts of fish. Compared
to the national standards,
As content in the tilapia
samples was ~2–4 times
higher than the MLs by the
national standard, other
metals were all lower than
the MLs. By estimating the
daily intake of As, Cd and
Pb through fish
consumption by the local
inhabitants, we concluded
that daily intake of these
metals in this area did not
exceed the TDI
recommended by FAO.”
“Concentrations
of these metals in the
muscle tissue of L.
rohita, C. catla, C.
mrigala, O. mossambicus,
and
C. carpio were far below
than the consumption
safety tolerance in fish set
by WHO/FAO. Thus,
from these metal points of
view, all the five fish
species cultured in Kolkata
sewage-fed ponds are
safe and suitable for
human consumption.”
“The results obtained for
trace elements (essential
and toxic) in analyzed fish
species were acceptable to
human consumption at
nutritional and toxic levels
except O. mossambicus in
case of arsenic content...
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(Airaksinen
et al.,
2015)

(Ali, Hazrat
et al.,
2016)

Pangasius
pangasius
and
Oreochromis
mossambicu
s) and
human
health risk
implications
in
Bangladesh
Levels and
Congener
Profiles of
PBDEs in
Edible Baltic,
Freshwater,
and Farmed
Fish in
Finland

agro-ecological
zones

(Mo),
manganese
(Mn), antimony
(Sb), barium
(Ba), vanadium
(V), and silver
(Ag)

PBDE
concentration in
farmed fish in
Finland

polybrominated
diphenyl ethers
(PBDEs)

An
assessment
of chemical
and
biological
product use
in
aquaculture
in
Bangladesh

Use of chemical
products in
aquaculture farms
in Bangladesh

Water and
sediment
treatment
compounds,
disinfectants,
antibiotics,
pesticides,
fertilizer, feed
additive,
probiotics
Table 4 of the
article outlines
chemical
products used by
aquaculture
farmers in
Bangladesh

Therefore, O.
mossambicus would be
considered as a potential
threat to human health in
terms of arsenic toxicity in
the rural areas of
Bangladesh.”

Table 1 and
Figure 1 of the
article outline
the PBDE
concentrations
in the fish
species

rainbow trout
(Oncorhynchus
mykiss), arctic
charr
(Salvelinus
alpinus), and
whitefish

Finland

Not
indicated

See Table 1 of
the article

Banglades
h

Mostly
freshwat
er ponds
(see
Table 1)

“In all of the samples, the
Σ15PBDE varied between
0.029 and 73 ng/g fw. The
most abundant congeners
were BDE-47 (average
proportion 42%), -99
(8.4%), -100 (11%), -154
(5.6%), and -209 (27%)...
The levels in farmed
whitefish were slightly
higher than in wild
whitefish.”
“The study shows that,
despite rapid expansion of
commercial aquaculture in
Bangladesh, use of
chemical and biological
products is still relatively
low compared to other
aquaculture producing
countries in Asia...
This study identified a
wide range of chemical
and biological products
used in aquaculture in
Bangladesh. The
widespread and
continuous use of some of
the chemicals identified
can potentially pose a risk
to aquatic animal health,
the surrounding
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(Amlund et
al., 2007)

Accumulatio
n and
elimination
of
methylmercu
ry in Atlantic
cod (Gadus
morhua L.)
following
dietary
exposure

Bioaccumulation
of methylmercury
in cod and
salmon after
exposure to a 3
month
methylmercuryenriced fish diet

Methylmercury

Table 4 of the
article outlines
the distribution
of mercury
between lipid
and protein
fraction of
muscle tissue

Atlantic cod,
Atlantic salmon

Norway

Feed
Cod from
tank

environment and human
health. Further research
should focus on assessing
their environmental
discharge and impacts,
particularly for koi,
pangas, shrimp and
prawn.”
“After three months, the
final concentration in
muscle was
0.38 ± 0.04 μg Hg/g ww
(n = 6), where
methylmercury constituted
90–95% of the mercury
present. The elimination of
methylmercury from
muscle was slow and
incomplete (within the
three months of
depuration) with an
estimated elimination halflife (t1/2) of 377 days.
The transfer of
methylmercury from feed
to Atlantic cod, described
by the estimated
absorption efficiency, was
38%. In muscle more than
99% of the mercury was
found in the protein
fraction. These results
suggest that Atlantic cod
readily takes up dietary
methylmercury, which is
efficiently accumulated
into muscle, where it is
incorporated into larger
peptides or proteins.
Comparable results were
found for Atlantic salmon
(Salmo salar L.). After
three months of exposure
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(Anater et
al., 2016)

Mycotoxins
and their
consequence
s in
aquaculture:
A review

Review on
occurrence and
effect of
mycotoxins in
aquaculture

Mycotoxins

Table 2 and 3 of
the article
indicate previous
performed
studies on the
toxic effect of
mycotoxins in
feed on various
fish species
Table 4 outlines
studies reporting
residues of
mycotoxins in
tissues and
organs of fish

(Angel
Fonseca et
al., 2017)

The impact
of
microplastics
on food
safety: the
case of
fishery and

FAO Aquaculture
Newsletter 2017
on microplastics
in fish

Microplastics
(plastic
polymers,
additives)

Nile tilapia
(Oreochromis
niloticus),
Rohu (Labeo
rohita),
Juvenile
rainbow trout,
Sea bass
(Dicentrarchus
labrax L. and
Sparus aurata)

Not
indicated

Feed

to dietary methylmercury
the final concentration in
muscle was
0.33 ± 0.01 μg Hg/g ww
(n = 3), where nearly all
(>99%) mercury was
found in the protein
fraction. This further
supports that
methylmercury is
accumulated in fish
muscle, where it is
incorporated into larger
peptides or proteins.”
“Mycotoxins in feeds of
fish cannot be neglected,
due to reports of
outbreaks and irreversible
or harmful diseases....
The toxic effects and
safety levels of
mycotoxins in the different
species of fish are
superficially still known...
There is a need to define
safe levels of mycotoxins
in the flesh of fish...
Fish consumption has
been increasing worldwide
and residues could be
present in putting into a
risk human...”

“Microplastics have been
recorded in twelve out of
the twenty-five most
important species and
genera that contribute to
global marine fisheries
(Lusher, Holmann &
Mendoza, 2017).
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aquaculture
products

Therefore, they pose an
emerging food safety
concern because the
toxicity of plastic and its
components (polymerized
monomers, additives and,
possibly, adhered
contaminants from the
oceans) has not been
evaluated by relevant
international expert
scientific committees such
as the Joint FAO/WHO
Expert Committee on Food
Additives (JECFA ). Some
plastic monomers are
known to be carcinogenic
or toxic if ingested...
Even in the worst case
scenario it can be
concluded that the intake
of plastic additives (e.g.
phthalates, bisphenol A,
alkylphenol, and
brominated flame
retardants), and adhered
contaminants (e.g.
polychlorinated biphenyls,
polyaromatic
hydrocarbons, dichlorodiphenyl-trichloroethane)
present in the microplastic
particles ingested by
aquatic organisms is
negligible. Nonetheless,
there are many knowledge
gaps such as toxicological
data of commonly
ingested plastics, the
potential impact on the
toxicity of microplastics of
cooking or processing at
high temperature, and the
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(Antunes et
al., 2007)

(Balshaw et
al., 2012)

Evidence for
higher
biomagnifica
tion factors
of lower
chlorinated
PCBs in
cultivated
seabass

Risk-benefit
analysis of
fish
consumption
: Fatty acid
and mercury
composition
of farmed
southern
bluefin tuna,
Thunnus
maccoyii

PCBs
concentration in
seabass

Effect of farming
on mercury
concentration in
bluefin tuna

PCBs

Mercury

Table 1 of the
article outlines
total PCB
concentration of
muscle and liver
of seabass

Figure 5 of the
article outlines
the relationship
between fatty
acids
concentrations
and mercury
concentration in
the marketed
tissue of tuna

Sea bass
(Dicentrarchus
labrax)

Bluefin tuna,
Thunnus
maccoyii (SBT)

South of
Portugal

Not
indicated

Semiintensive
fish farm

Not
indicated

specific pathways for
translocation, distribution
and absorption of
nanoplastic particles
within the tissues and
organs of the human
body.”
“Water and suspended
particulated matter (SPM)
showed higher
concentrations of lower
chlorinated PCBs, whereas
fish tissues and food
showed higher
concentrations of CB153
and CB138”
“Accumulation of PCBs in
this farmed species
depends not only on the
different sources of
contamination but also on
interaction between added
food and abiotic
compartments...
In this work it was proved
that to reduce fish
contamination the quality
of the water should be
controlled and if necessary
improved.”
“Farming improved the
flesh quality of SBT by
increasing EPA and DHA
content and decreasing
mercury concentration...
Rapid lipid accumulation
during culture resulted in
a net reduction in mercury
concentration of SBT
composite tissues and an
increase in the
concentration of the
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(Barani and
Tajik, 2017)

Malachite
green
residue in
farmed fish
in northwest part of
Iran

Malachite green
residue in farmed
fish in north-west
part of Iran
purchased from
local markets in
north-west of
Iran in 2014 and
2015

Malachite green
(MG)

Table 2 of the
article indicates
the malachite
green
concentrations
in farmed fish
“ MG was
detected in 108
fish samples,
corresponding to
61.0% of the
total examined
samples,
ranging between
0.35 and 7.12
µg/kg. Most of
the
contaminated
samples
(28.8%)
contained MG at
the level of 0.3–
1 µg/kg.
Altogether, 18
out of 177
samples
contained
residue of MG
higher than 2
µg/kg.”

carp (Cyprinus
carpio) and
rainbow trout
(Oncorhynchus
mykiss)

Iran

Not
indicated

dietary essential fatty
acids...
Results highlight the
potential for farming to be
used as a tool to improve
the flesh quality of fish
species which might
otherwise provide limited
dietary essential fatty
acids to consumers and
potentially have elevated
contaminant levels.”
“ The results indicated
that the usage of MG in
Iranian fish farms is
frequent. It is alarming
and could be a potential
hazard for public health...
It is also indicated that the
usage of MG dye in this
part of Iran is increasing
per year.”
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(Bilandzic
et al.,
2012)

(Campora
et al.,
2010)

Malachite
green
residues in
farmed fish
in Croatia

Evaluating
the Risk of
Ciguatera
Fish
Poisoning
from Reef
Fish Grown
at Marine
Aquaculture
Facilities in
Hawai'i

Malachite green
residues in
farmed fish in
Croatia collected
from 2009 - 2011

Ciguatoxins in
aquacultured fish

Malachite green

Ciguatera fish
poisoning/
ciguatoxins

Table 2 of the
article outlines
the malachite
green
concentration in
fish muscle
“Concentrations
ranged from 0.1
to 0.3 μg kg−1 in
68.1% of all fish
samples. The
measured
concentrations
exceeded
1 μg kg−1 in only
two samples and
the highest
concentration
(1.07 μg kg−1)
was measured in
rainbow trout
muscle.”
Table 2 of the
article outlines
the results from
ELISA and NB
assay test for
ciguatoxin
detection

carp (Cyprinus
carpio) and
rainbow trout
(Oncorhynchus
mykiss)

Croatia

Not
indicated

“ Concentrations of
malachite green above the
limit of detection of the
method were determined
in 18.1% of samples
tested. In conclusion, in
the three-year period of
monitoring fish samples,
the malachite green
residues measured were
below the minimum
required performance limit
(MRPL) of 2 μg kg−1 set by
the legislation. Since this
study is limited to
malachite green residues,
further investigation is
required to determine the
presence of
leucomalachite green
metabolites.”

almaco
jack/kahala
(Seriola
rivoliana);

Hawai

Openocean
aquacult
ure

“Despite the presence of
Gambierdiscus spp. on the
cages and a slight false‐
positive rate when testing
fish for CTX using a new
immunological technology,
the low dinoflagellate cell
counts on several open
ocean cages combined
with dual assay results
indicate that none of the
aquacultured fish tested
were found to contain
even subclinical picogram
levels of ciguatoxin. The
results obtained
demonstrate that the risk
of cultured fish becoming
ciguatoxic is extremely
remote.”

Pacific
threadfin/moi
(Polydactylus
sexfilis)
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(Chatta et
al., 2016)

Heavy metal
(Cadmium,
lead, and
chromium)
contaminatio
n in farmed
fish: A
potential risk
for
consumers’
health

Heavy metal
concentration in
farmed fish from
Pakistan

Cadmium,
chromium, lead

Table 1 of the
article outlines
the mean heavy
metal
concentration

Carp
(Labeo rohita,
Cirrhinus
mrigala,
Hypophthalmic
hthys
molitrix, and
Ctenopharyngo
don idella)

Chenab
River,
Pakistan

Not
indicated

“ These findings indicate
that ciguatoxin is
prevented from entering
the culture process for
both S. rivoliana and P.
sexfilis raised in open
ocean aquaculture
facilities even when
Gambierdiscus spp. is
present.”
“The highest accumulation
among heavy metals in
farmed carps was
recorded
for Pb (0.3316 ± 0.0143
μg g–1), followed by Cr
(0.0488 ± 0.0063 μg g–1)
and Cd (0.0094 ± 0.0011
μg g–1). Mean Pb
concentrations found
in Labeo rohita (0.3316 ±
0.0143 μg g–1) and
Hypophthalmichthys
molitrix (0.3246 ± 0.0496
μg g–1), collected from
the local market,
were beyond the
permissible limits of the
WHO for fish (0.123 μg g–
1), while the
concentrations of Cr
(0.0488 ± 0.0063 μg g–1)
and Cd
(0.0094±0.0011 μg g–1)
were found to be below
the WHO permissible limits
(0.100 μg g–1). Cd was
significantly higher in
Labeo rohita
when compared with other
species, while among
distribution points Cr was
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(Chen et
al., 2018)

Tissue
distribution,
bioaccumula
tion
characteristi
cs and
health risk of
antibiotics in
cultured fish
from a
typical
aquaculture
area

Antibiotics
concentration in
cultured fish from
China

Antibiotics
(9 sulfonamides
(SAs), 1
tetracyclines
(TCs), 5
fluoroquinolones
(FQs), 4
macrolides
(MLs), and 2
others)

Figure 1 of the
article outlines
the mean
antibiotic
concentration in
different tissues
of freshwater
cultured fish

Grass carp,
crucian carp,
Tilapia, mud
carp, mugilidae

Panyu,
Guangzho
u region,
China

Freshwat
er pond
culture

(Chen et
al., 2015)

Antibiotics in
typical
marine
aquaculture
farms
surrounding
Hailing
Island,
South China:
Occurrence,
bioaccumula
tion and

Antibiotics in
cultured fish
samples from
China

Antibiotics
(13 sulfonamides
(SAs), 5
tetracyclines
(TCs), 10
fluoroquinolones
(FQs), 6
macrolides (MLs)
and 3 ionophores
(Ips))

Table S5 and S6
of the article
outline the
concentration of
antibiotics in the
fish samples

Snapper
(Lutjanus
russelli (LR),
Lutjanus
erythopterus
(LE)), and
pompano (
Trachinotus
ovatus (TO))

Hailing
Island,
Guangdon
g
Province,
China

Pond
culture
(closed
culture),
cage
culture
(open
culture)

significantly higher in
fishes sampled from the
local fish market....
This study concludes that
farmed fish produced in
the Head Qadirabad area
along the Chenab River
are not safe for human
consumption
due to the presence of Pb,
beyond acceptable limits.
Eating farmed fish from
this area may pose health
hazards for humans.”
“EFX had the highest
mean and median values
of log BAFs in all the fish
tissues...
CFX and EFX showed high
transportability to bile,
liver and muscle of grass
carp...
Based on the calculated
hazard quotients, human
health risk evaluation of
antibiotic exposure by fish
consumption indicated
that the consumption of
these cultured fish posed
low risks to human
health.”
“For aquatic organisms,
the residual antibiotics in
fish, mollusks and crabs
were low...
TMP (trimethoprim) was
bioaccumulative in fish
muscles.”
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(Cheng et
al., 2016)

(Cheng et
al., 2013)

human
dietary
exposure
Food wastes
as fish feeds
for
polyculture
of lowtrophic-level
fish:
bioaccumula
tion and
health risk
assessments
of heavy
metals in the
cultured fish

Trophic
relationships
and health
risk
assessments
of trace
metals in the
aquaculture
pond
ecosystem of
Pearl River
Delta, China

Heavy metal
concentration in
fish species fed
with food waste
(A: with cereals;
B: with cereals
and meat
products)

Heavy metals

Table 3 of the
article outlines
the
concentration of
heavy metals in
fish

bighead carp
(Hypophthalmi
chthys nobilis),
grass carp
(Ctenopharyng
odon idellus),
mud carp
(Cirrhina
molitorella)

Hong
Kong

Experime
ntal
ponds

Trace elements in
freshwater fish
species collected
from an
aquaculture pond
ecosystem

Trace elements

Table 1 of the
article indicates
the mean
concentration of
metals in
aquaculture fish

northern
snakehead
(Channa
argus),
mandrarin fish
(Siniperca
chuatsi),
largemouth
bass
(Micropterus
salmoides),
bighead carp
(Aristichthys

Pearl
River
Delta,
China

Aquacult
ure pond
ecosyste
m

“Heavy metal
concentrations in all of the
fish species fed with food
waste pellets and
commercial pellets in Sha
Tau Kok fish ponds were
all below the local and
international maximum
permissible levels in food.
Health risk assessments
indicated that human
consumption of the fish
fed with food waste feed
pellets was safe for the
Hong Kong residents. The
present results revealed
that recycling of food
waste for cultivating lowtrophic-level fish (mainly
herbivores and detritus
feeders) is feasible, and at
the same time will ease
the disposal pressure of
food waste, a common
problem of densely
populated cities like Hong
Kong.”
“Northern snakehead had
higher concentrations of
all metals (except Zn),
than other fish species
(p < 0.05). The lowest
concentrations of Cd
(0.08 ± 0.01 mg kg−1 ww)
, Pb
(0.12 ± 0.02 mg kg−1 ww)
, Cu
(0.58 ± 0.05 mg kg−1 ww)
and Ni
(0.15 ± 0.03 mg kg−1 ww)
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nobilis) and
grass carp
(Ctenopharyng
odon idellus)

(ChengMoM
an et al.,
2015)

Environment
al mercury
concentratio
ns in
cultured lowtrophic-level
fish using
food wastebased diets

Mercury
concentration in
freshwater fish
species fed with
food waste

Mercury

Table 4 of the
article outlines
the
concentration of
THg and MeHg
in freshwater
fish

Bighead carp
(BH;
Hypophthalmic
hthys nobilis),
grass carp
(GC;
Ctenopharyngo
don idellus),
mud carp (MD;
Cirrhina
molitorella)

were detected in bighead
carp (p < 0.05). The fish
species collected from
Zhongshan, Shunde and
Huadu had higher Cd and
Pb concentrations than
from other areas.”

Sha Tau
Kok, Hong
Kong

Experime
ntal
ponds

“The Cd concentration of
the freshwater fish species
approached or exceeded
the Chinese maximum
levels of contaminants in
food (0.1 mg kg−1 ww)...
Omnivorous species
accumulated more metals
from sediment than the
carnivorous...
The trace metals were not
biomagnified through the
pond food chains...
Hazard index (HI) values
of all fish species were
smaller than 1 for adults
and children, indicating
there is no health risks for
the inhabitants in Hong
Kong by ingestion of
multiple metals from the
freshwater fish.”
“THg and MeHg
concentrations in the three
different fish species
rearing in experimental
ponds were all below the
local and international the
maximum permissible
levels in fish. MeHg
concentrations in GC fed
with food waste feed
pellets in Sha Tau Kok fish
ponds were significantly
lower than the fish in
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(ChengMoL
am et al.,
2015)

Replacing
fish meal by
food waste
to produce
lower trophic
level fish
containing
acceptable
levels of
polycyclic
aromatic
hydrocarbon
s: Health
risk
assessments

PAH
concentration in
fish species fed
with food waste
(A: cereals; B:
meat meal)

PAH

Table 7 of the
article outlines
the PAHs
concentration in
fish fed with
different diets

bighead,
(Hypophthalmi
chthys nobilis),
grass carp,
(Ctenopharyng
odon idellus),
and mud carp,
(Cirrhinus
molitorella)

Sha Tau
Kok, Hong
Kong

Experime
ntal
ponds

(Choi et al.,
2016)

Pathogenic
microorganis
ms, heavy
metals, and
antibiotic
residues in
seven
Korean
freshwater
aquaculture
species

Antibiotic
residues and
heavy metal
concentration in
freshwater
aquaculture fish
species in Korea

Antibiotic
residues,
Heavy metals

Table 2 of the
article indicates
the
concentration of
banned
chemicals and
antibiotic
residues

Japanese
eel (Anguilla
japonica),
leather carp
(Cyprinus
carpio nudus),
rainbow
trout
(Oncorhynchus
mykiss),
Korean
bullhead
(Pseudobagrus
fulvidraco),
far eastern
catfish (Silurus
asotus), and

Korea

Not
indicated

Table 3 outlines
the
concentration of
heavy metals

reference ponds
(p < 0.05). The results of
health risk assessments
showed that consumption
of the GC and BH fed with
food waste pellets was
safe for Hong Kong
residents.”
“The experimental ponds
were relatively free of
PAHs contamination...
Concentrations of PAHs in
the three different fish
species cultured in Sha
Tau Kok experimental fish
ponds were similar or
lower than that collected
from reference ponds. The
results of health risk
assessment showed that
consumption from the PAH
perspective of grass carp,
bighead and mud carp fed
with food waste pellets
was safe for Hong Kong
residents.”
“No banned chemicals or
antibiotic residues were
found in any of the species
collected from any of the
aquaculture farms, except
enrofloxacin, which was
below guideline limits (0.1
mg/kg). Finally, no
species had lead,
cadmium, total arsenic, or
total mercury
concentrations above the
Ministry of Food
and Drug Safety (MSDF)
guidelines (0.5, 0.5, 0.1,
and 0.5 mg/kg,
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softshell turtle
(Trionyxs
sinensis)

(Cirillo et
al., 2014)

(Cole et al.,
2009)

Occurrence
of NDLPCBs, DLPCBs,
PCDD/Fs,
lead and
cadmium in
feed and in
rainbow
trout
(Oncorhynch
us mykiss)
farmed in
Italy

Contaminant
levels in farmed
rainbow trout fed
with two different
diets

Aquaculture:
Environment
al,
toxicological,
and health
issues

Comparison of
toxicological
contaminants in
aquaculture fish
vs. wild caught
fish

NDL-PCBs, DLPCBs, PCDD/Fs,
lead and
cadmium

Table 3 of the
article outlines
the NDL-PCBs,
DL-PCBs,
PCDD/PCDFs
mean
concentration in
muscle of trout

rainbow trout
(Oncorhynchus
mykiss)

Italy

Mediumopen
plant

Not indicated

Not
indicated

Not
indicated

Table 5 outlines
the Pb and Cd
levels of
contamination in
muscular tissue
of trout

Various
contaminants
(Mercury, PAH,
Dioxin,
Organophosphat
es, PCB, PBDE,
Antibiotics)

Table 1 of the
article outlines
the
contaminants
found in studies
of aquaculture
fish vs. wild
caught fish

respectively). These
results ensure the
safety of freshwater
aquaculture species and
will be useful for
developing consumption
advisories of freshwater
fishes.”
“The results of this study
showed widespread
contamination by NDLPCB, DL-PCBs, PCDD/Fs,
Pb and Cd in both the
feeds and the trout
examined, although lower
than the limits set by
European Union
regulations...
Regarding human intake,
none of the studied
contaminants exceeded
the TDI limits established
by European Union
regulations or Committee.
However, although the
values of incidence of the
several contaminants
studied through the TDIs
were pretty low, it has to
be considered that this
study assessed only the
contribution of a single
food (trout) instead of the
TDIs for total diets.”
“Several natural and manmade toxic substances
(PAH, Dioxin,
organophosphates, PCB,
PBDE, antibiotics) are at
higher concentrations in
farmed than wild fish...
The main sources of
contamination are from
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(Costa et
al., 2013)

(Costopoulo
u et al.,
2016)

The
emerging
farmed fish
species
meagre
(Argyrosomu
s regius):
How culinary
treatment
affects
nutrients
and
contaminant
s
concentratio
n and
associated
benefit-risk
balance
PCDDs,
PCDFs and
PCBs in
farmed fish
produced in
Greece:
Levels and
human
population
exposure
assessment

Effects of culinary
treatments
(boiling, grilling,
roasting) on
contaminant
concentration of
farmed fish
species meagre

Cadmium, lead,
arsenic, mercury

Table 4 of the
article outlines
the contaminant
levels in raw and
cooked meagre

meagre
(Argyrosomus
regius)

Olhao,
Portugal

Earth
ponds

Contaminant
levels in farmed
fish produced in
Greece and
collected by the
Food Authority
between 20022012

PCDD/PCDFs,
PCB

Table 1 of the
article outlines
the average
results of
PCDDs, PCDFs
and dioxon-like
PCBs

Sea bream,
sea bass, trout

Greece

Not
indicated

Table 3 outlines
the average
results of non
dioxin-like PCBs

bioaccumulation via fish
feed and from location of
aquaculture in
contaminated areas.”
“Concerning contaminants,
a significant retention was
observed for As in grilled
meagre and for Hg and
Me-Hg in grilled and
roasted products...
Grilling would be the best
culinary treatment due to
the retention of protein,
EPA, DHA and minerals.
But as the risk of ingestion
of Me-Hg content also
increases, based on the
risk assessment, intake
should not exceed two
weekly meals.”

“Levels of PCDD/Fs,
dioxin-like and non dioxinlike PCBs in the three
major species of Greek
farmed fish were found in
the same range as wild
fish and within the limits
set by European
Legislation and at
generally low levels for
fishery products. These
levels suggest that there
is no danger for public
health from Greek farmed
fish consumption,
therefore these aquacultured species are a
healthy alternative for the
consumers.”
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(Cretì et al.,
2010)

(Deng et
al., 2010)

Heavy metal
bioaccumula
tion and
metallothion
ein content
in tissues of
the sea
bream
Sparus
aurata from
three
different fish
farming
systems

Heavy metal
concentration in
farmed sea
bream in three
different fish
farming systems

Toxic effects
and residue
of aflatoxin
B1 in tilapia
(Oreochromi
s
niloticus × O
. aureus)
during longterm dietary
exposure

Effect of Aflatoxin
B1-contaminated
feed on growth,
survival of Tilapia
and
bioaccumulation
in the flesh

Cadmium, lead,
metallothioneins
(MT)

sea bream
(Sparus
aurata)

Lecce,
Italy

Intensive
systems,
semiintensive
systems,
extensive
systems

Aflatoxin B1

Table 5 of the
article outlines
the Aflatoxin B1
–residue
concentration in
liver of tilapa
after the 20
weeks feeding
trial

juvenile tilapia
(Oreochromis
niloticus × O.
aureus)

Not
indicated

Feed

“(1) cadmium and lead
concentrations
measured in muscle, the
edible part
of the fishes, are below
0.01 and 0.1 μg/g tissue,
respectively, for all the
examined fish;
(2) the MT
content in muscle is
probably due to
environmental
stressors other than heavy
metals;
(3) the low
contents of cadmium, lead
and metallothioneins
found in fish from the
semi-intensive farming
method demonstrate that
at least for S. aurata, this
aquaculture practice
guarantees the overall
best quality products.”
“In conclusion, the results
of this long-term study
demonstrated that in a
good culture condition,
tilapia is a lowly
susceptible species for
AFB1 exposure up to
1641 μg AFB1/kg diet, at
least in 20 weeks. The
non-detectable AFB1 in
muscle, not in liver,
indicates only consuming
the edible flesh of tilapia is
unlikely the route for
human consumers to be
exposed to AFB1. Since
the AFB1-induced liver
disorder was only
observed after 15 weeks,

30

(Di Lena et
al., 2017)

Total
mercury
levels in
commercial
fish species
from Italian
fishery and
aquaculture

Mercury
concentration in
farmed fish
species from
different
aquaculture
systems in Italy

Mercury

Table 3 of the
article outlines
the mercury
concentration in
farmed fish
samples

(ElSadaawy et
al., 2013)

Bioavailabilit
y of heavy
metals in
fresh water
Tilapia
nilotica
(Oreachromi
s niloticus

Heavy metal
concentration in
tilapia from a fish
farm fed with
discharged water
containing
agricultural,
industrial, sewage

Heavy metals
(Cr, Co, Cu, Ni,
Zn, Pb and Cd)

Table 2 of the
article indicates
average
concentration of
heavy metals in
different tissues
of tilapia

intensive
aquaculture
plants
(Argyrosomus
regius,
Dicentrarchus
labrax,
Onchorhynchus
mykiss,
Oreochromis
niloticus and
Sparus aurata)
and from semiintensive
(Tinca tinca
reared in small
ponds,
Piemonte,
North Italy)
and extensive
(D. labrax and
S. aurata,
Lagoon of
Venice,
Northern
Adriatic Sea
and Lagoon of
Orbetello, CT
Sea) systems
(see also Table
3)
Tilapia nilotica
(Oreachromis
niloticus
Linnaeus,
1758)

Italy

Intensive
, semiintensive
and
extensive
aquacult
ure

Egypt

Not
indicated

a 20-week or even longer
trial is necessary to
investigate the exact
effects of AFB1 in tilapia.”
“Fish from intensive
farming showed low levels
of total mercury (0.008–
0.251 mg kg−1). Fish from
extensive rearing showed
variable contamination
levels, depending on the
area of provenience...
The study on intensively
farmed fish evidenced
their low mercury
contents, while levels of
concern were found in sea
bass and sea bream from
the Lagoon of Orbetello,
an area characterised by
the presence of mercury of
geological origin.”

“The MPI (metal pollution
index) values for heavy
metals in the different
tissues showed a
distribution order of
heart> liver>
brain>gills>skin>
bone>muscle.
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Linnaeus,
1758):
Potential risk
to fishermen
and
consumers

and domestic
waters

(Fallah and
Barani,
2014)

Determinatio
n of
malachite
green
residues in
farmed
rainbow
trout in Iran

Malachite green
concentration in
farmed rainbow
trout from
central, northern
and north-west
parts of Iran with
different
environmental
and climatic
conditions

Malachite green

Table 2 of the
article outlines
the occurrence
and levels of
malachite green
residues in
farmed rainbow
trout

Rainbow trout

Iran

Not
indicated

(Fernandes
et al.,
2009)

Assessing
pollutant
exposure in
cultured and
wild sea
bass
(Dicentrarch

Pollutants in
farmed sea bass
from the Iberian
Peninsula

Organochlorinate
d compounds
(PCB, DDT),
Metal
concentration

Table 1 of the
article outlines
residues of
organochlorinate
d compounds in
muscle tissue of
sea bass

sea bass
(Dicentrarchus
labrax)

Iberian
Peninsula,
South
Portugal
and
Northeast
Spain

Semiintensive
and
intensive
productio
n
systems

Accordingly, among the
studied tissues, muscle
had the lowest heavy
metal accumulation...
Provisional tolerable
weekly intake (PTWI)
values for the studied
heavy metals were lesser
than those of the
permissible limits for
safety food. According to
the assessment of the
hazard of heavy metals on
human calculation by
using estimated daily
intake (EDINon-cancer),
hazard quotient (HQNoncancer) and total HQ (THQ),
there are possible health
risk effects of chromium
on human health from
consuming this fish
species.”
“The residues of MG were
detected in 48.6% of the
rainbow trout muscle
samples, ranging between
0.30 and 146.1 μg/kg.
Most of the contaminated
samples contained MG at
the level of 2–10 μg/kg.
The results indicated that
application of MG in such a
level in trout farms could
be a potential hazard for
public health.”
“Levels of metals (i.e., Cd,
Cd & Zn) and
organochlorinated
compounds (i.e., PCBs and
DDTs) detected in edible
tissue of cultured sea bass
from the Iberian Peninsula
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us labrax)
from the
Iberian
Peninsula

(Fernandes
et al.,
2008)

Chemical
and
biochemical
tools to
assess
pollution
exposure in
cultured fish

Figure 2 outlines
the metal
concentration
detected in liver
of sea bass

Pollutants in
farmed sea bass
from 6 different
aquaculture
production sites

metals,
organochlorinate
d compounds,
polycyclic
aromatic
hydrocarbons
(PAHs) and
alkylphenols
(APEs)

Figure 1 of the
article outlines
the metal
concentration in
the liver and
muscle of male
sea bass

sea bass
(Dicentrarchus
labrax)

Southern
Portugal,
Northeast
of Spain

Table 2 indicates
the
organochlorine
residues in the
muscle of sea
bass

Organochlori
ne
bioaccumula
tion and
biomarkers
levels in
culture and
wild white
seabream

organochlorine
compounds
(polychlorinated
biphenyls – PCB
and p,p′dichlorodiphenyltrichloro
ethane and its
metabolites –
tDDT)

Table 3 of the
article outlines
the
concentration of
PCB congeners
in liver and
muscle of white
seabream

were below the threshold
limits recommended for
commercial species,
according to
environmental agencies
and international
organizations.”

Semiintensive
and
intensive
productio
n
systems
based on
net cages
in coastal
waters;

“Regarding pollutant
residues in cultured sea
bass, it should be
mentioned that the
detected concentrations of
organochlorine compounds
and metals in muscle were
lower than international
standards and FAO/WHO
recommended values for
commercial species. Thus,
consumption of cultured
sea bass from the studied
areas does not pose
potential risks for human
health. Nonetheless, some
biochemical responses
were observed; namely
induction of MT in RC
specimens exposed to Cu;
induction of EROD activity
and Vtg in BC individuals
exposed to PAHs and
APEs.”
“White seabream
accumulates
organochlorine compounds
during the process of
growth in the aquaculture
production. Cultivated
animals showed, in muscle
and liver, higher values of
lipids, tPCB and tDDT than
wild animals...

Semiintensive
productio
n
systems
based on
ponds

Table 4 outlines
the levels of
hydroxylated
PAHs and
alkylphenols

(Ferreira et
al., 2008)

based on
ponds
(landbased)
and on
net cages
in coastal
areas

White
seabream
(diplodus
sargus)

Ria
Formosa,
Olhao,
South of
Portugal

Not
indicated

33

(Diplodus
sargus)

(Galvao et
al., 2009)

Saxitoxins
accumulatio
n by
freshwater
tilapia
(Oreochromi
s niloticus)
for human
consumption

Saxitoxins in
aquaculture
tilapia in Brazil

Saxitoxins
(STXs)

Figure 2 outlines
concentration of
saxitoxins and
related
compounds in
the liver and
muscle of tilapia

Nile tilapia
(Oreochromis
niloticus)

Garca
city,
Brazil

Cultured
in cages
from
freshwat
er
aquacult
ure in an
artificial
lake

(Glynn et
al., 2015)

Chemical
Residues in
Irish Farmed
Finfish,
2012-2014

National
monitoring of
chemical residues
in Finfish 20122014 in Ireland

Banned
substances
(steroids),

Chapter 4.3
outlines the
results from the
National
Residues Control
Plan 2012-2014

Atlantic salmon
(Salmo salar),
freshwater and
sea reared
trout
(Oncorhynchus
mykiss &
Salmo trutta)

Ireland

Not
indicated

Veterinary
drugs,
unauthorised
substances and
contaminants
(antimicrobials,
anthelmintics,
pyrethroids,
pharmcologically

Micronucleous numbers
showed that wild white
seabream are not so
exposed to genotoxic
compounds as cultured
ones...
Contaminant levels were
low and comparable to
other cultured species
giving further indications
that white seabream is a
species with a high
potential for aquaculture
production.”
“Cyanotoxins have been
monitored in liver and
muscle samples of
Oreochromis niloticus by
chromatographic methods,
both before and after the
depuration process. The
results show that tilapia
can accumulate STXs. Our
findings suggest that
depuration with clean
water is an alternative
process to eliminate STXs
from fish and, therefore,
improve the safety of
tilapia for consumers.”
“As in previous years, no
non-compliant results
were reported in the
surveillance monitoring
programme for farmed
finfish during the period
2012 to 2014. Overall, in
recent years the outcome
for aquaculture remains
one of consistently low
occurrence of residues in
farmed finfish, with 0.23%
non-compliant results
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active
substances,
organochlorine
compounds,
mycotoxins,
dyes)

(Glynn et
al., 2013)

(Guo et al.,
2008)

Chemical
Residues in
Irish Farmed
Finfish, 2011

Distribution
of
polybrominat
ed diphenyl
ethers in fish
tissues from
the Pearl
River Delta,

National
monitoring of
chemical residues
in Finfish 2011 in
Ireland

PBDE
concentration in
farmed fish
species from the
Pearl River Delta
in China

Environmental
contaminants
(trace elements,
POP, PCB, OCP)
Banned
substances
(steroids),
Veterinary
drugs,
unauthorised
substances and
contaminants
(antimicrobials,
anthelmintics,
pyrethroids,
pharmcologically
active
substances,
organochlorine
compounds,
mycotoxins,
dyes)
Environmental
contaminants
(trace elements,
POP, PCB, OCP)
PBDEs

from routine targeted
monitoring in 2004,
0.09% in 2005 and one of
full compliance with 0%
non-compliant target
residue results for the
period 2006-2014.”

Chapter 6
outlines the
results from the
National
Residues Control
Plan 2011

Atlantic salmon
(Salmo salar),
freshwater and
sea-reared
trout
(Oncorhynchus
mykiss)

Ireland

Not
indicated

“As in previous years, no
non-compliant results
were reported in the
surveillance monitoring
programme for farmed
finfish. Overall, in recent
years the outcome for
aquaculture remains one
of consistently low
occurrence of residues in
farmed finfish, with 0.23%
non-compliant results
from routine targeted
monitoring in 2004,
0.09% in 2005 and 0% for
the period 2006-2011.”

Figure 1 of the
article indicates
the PBDE
concentrations
in the fish
species.

freshwater
farmed fish,
big‐head carp
(Aristichthys
nobilis),
mandarin fish
(Siniperca
chuatsi), and

Pearl
River
Delta,
China

Freshwat
er and
seawater
farmed
fish

“In general, the dry
weight based
concentrations of Σ10PBDE
(sum of BDE‐28, ‐47, ‐66, ‐
85, ‐99, ‐100, ‐138, ‐153, ‐
154, and ‐183) in fish
tissues followed the
sequence of liver > gill >
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China:
Levels,
compositions
, and
potential
sources

(Guo et al.,
2009)

Occurrence
and Fate of
1-Chloro2,2-bis(4chlorophenyl
)ethene in
the
Environment
of the Pearl
River Delta,
South China

DDT and p,p’DDMU-levels in
farmed fish in the
Pearl River Delta
in China collected
between
November 2004
and January 2005

DDT and p,p’DDMU

Table S2
presents the
summarized
data.

northern
snakehead
(Nemipterus
virgatus), one
seawater
farmed fish,
crimson
snapper
(Lutjanus
erythropterus)

Table 1 of the
article outlines
the contaminant
concentration in
farmed fish

three seawater
farmed fish
species (red
drum
(Sciaenops
ocellatus),
snubnose
pompano
(Trachinotus
blochii), and
crimson
snapper
(Lutjanus
erythopterus)

Pearl
River
Delta,
China

Freshwat
er and
seawater
farmed
fish

skin > GIT and muscle.
The BDE congener profiles
varied with fish species.
Decabrominated diphenyl
ether was detected in
37.4% of the total 187
samples...
The occurrence of BDE‐
209, a major component
in the deca‐BDE technical
mixture heavily used in
the PRD, was thoroughly
examined in fish tissues.
The results suggested that
BDE‐209 is accumulative
in fish tissues under
natural environments,
which is somewhat
inconsistent with the
prevailing notion that BDE‐
209 has low
bioavailability, but
consistent with increasing
evidence that BDE‐209 can
be bioaccumulated in
aquatic and terrestrial
species.”
“For fish species, the
concentrations of p,p′DDMU were significantly
higher in farmed fish than
in marine wild fish, with
the highest value obtained
in seawater farmed fish
species (mean/median
values of 262/173 ng/g
lipid).”
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(He et al.,
2016)

Residues
and health
risk
assessment
of
quinolones
and
sulfonamides
in cultured
fish from
Pearl River
Delta, China

Antibiotic
residues in fish
samples from
Pearl River Delta
in China collected
between 2009
and 2011

Veterinary
Antibiotics VA
(quinolones QNs,
sulfonamides
SAs)

Table 4 of the
article indicates
the
concentration of
antibiotic
residues in fish
muscle samples

seven
freshwater
farmed fish
(tilapia
(Oreochromis),
grass carp
(Ctenopharyng
odon idellus),
bighead carp
(Aristichthys
nobilis), blunt
snout bream
(Megalobrama
amblycephala),
largemouth
bass
(Micropterus
salmoides),
mandarin fish
(Siniperca
chuatsi), and
northern
snakehead
(Ophicephalus
argus)
The fish
species are
indicated in
Table 2

Pearl
River
Delta,
China

Marine
aquacult
ure
cages
and
freshwat
er ponds
(see also
Table 2)

“QNs and SAs were widely
distributed in the cultured
fishes in the areas. Higher
concentrations of VAs
were found in fishes from
freshwater aquaculture
than marine aquaculture.
The median concentrations
of QNs were in the order
of “NOR > ENR > CIP”
while that of SAs were in
the order of
“SDZ > SM2 > SMX”. The
carnivorous fishes
accumulated higher
concentrations of VAs in
the muscle tissues...
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(He et al.,
2012)

Residues of
fluoroquinolo
nes in
marine
aquaculture
environment
of the Pearl
River Delta,
South China

Antibiotic
residues in fish
samples from
Pearl River Delta
collected between
November 2007
and January 2008

Antibiotics
(fluoroquinolone
s - norfloxacin,
ciprofloxacin and
enrofloxacin)

Table 1 of the
article indicates
the
concentration of
fluoroquinolones

The fish
species are
outlined in
Tables 1 and 3

Pearl
River
Delta,
China

Semienclosed
coastal
inlet with
poor
exchange
with
seawater
,
Hailing
Islands
(see also
Table 1
and
Figure 1)

(Heshmati
et al.,
2017)

Dietary
exposure to
toxic and
essential
trace
elements by
consumption
of wild and
farmed carp

Heavy metal
concentration in
two farmed fish
species from the
Capsian sea
collected
December 2004
and March 2015

mercury (Hg),
cadmium (Cd),
arsenic (As),
lead (Pb), nickel
(Ni), iron (Fe),
zinc (Zn), copper
(Cu), manganese
(Mn), cobalt

Table 3 of the
article outlines
the mean heavy
metal
concentration in
the fish species

carp (Cyprinus
carpio)
Caspian kutum
(Rutilus frisii
kutum)

Capsian
sea,
Iran

Not
indicated

Estimated exposure to SAs
in fishes was negligible as
the EDI was less than 1%
of ADI. However, the EDI
of total QNs accounted for
2–6% of the ADI,
indicating that long-term
intake of these fishes
might pose a human
health risk.”
“Higher concentrations
were detected in fish
tissues rather than in
sediments. The
concentrations of the
three kinds of FQs present
in most of the liver tissues
were higher than those in
muscle tissues, with the
order of
NOR > ENR > CIP. The
concentrations of three
FQs found in fish muscle
samples were lower than
the respective MRLs. The
EDI values were also far
below the ADI
recommended by
FAO/WHO, suggesting no
relevant immediate harm
to the coastal population
of Guangdong via the
consumption of marine
aquaculture fish.”
“Pb, Cd, Hg and Mn
concentration in wild
samples was significantly
higher than those in
farmed ones...
There was no significant
difference of Fe, Zn, Cu,
Co, Ni, Se between wild
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(Cyprinus
carpio) and
Caspian
kutum
(Rutilus frisii
kutum) in
Iran

(Hosseini et
al., 2013)

Heavy metal
bioaccumula
tion and risk
assessment
for wild and
farmed
beluga
sturgeon
caviar

(Co), and
selenium (Se)

Heavy metal
concentration in
farmed beluga
sturgeon caviar

Heavy metal (As,
Ba, Cd, Hg, Pb,
and Sn)

Table 1 of the
article indicates
the average
metal
concentration in
caviar of farmed
beluga
sturgeons

Beluga
sturegeon
((Huso huso)

Talesh,
Iran

Concrete
tank with
constantl
y
overflowi
ng
freshwat
er

and farmed Carp and
Kutum...
The highest concentration
of analysed metals in both
fish species was found for
Fe, followed by Zn and
Cu...
According to standards of
the known world
organizations for human
health safety, none of the
eleven examined
contaminants exceeded
acceptable limits (FAO,
2000; WHO, 2000; EC,
2001; FDA, 2001). The
estimated daily intakes of
all metals were below the
acceptable daily intakes
established by the joint
FAO/WHO Expert
Committee on Food
Additives, and the THQ
values confirmed that
there is no risk associated
with human consumption
of kutum and carp in
reasonable amounts.”
“The comparison for all of
the metals studied did not
show large fluctuations in
metal concentrations
between farmed and wild
caviar samples. The
average for each toxic
metal was below the
permissible limits
proposed by the UK’s
Ministry of Agriculture,
Fisheries and Foods
(2000). The maximum
allowable daily
consumption rate of caviar
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(Ibrahim et
al., 2014)

(Ikem and
Egilla,
2008)

Fresh water
aquaculture
fish
consumption
in Malaysia
and heavy
metals risk
exposure to
consumers
Trace
element
content of
fish feed and
bluegill
sunfish
(Lepomis
macrochirus)
from
aquaculture
and wild
source in
Missouri

Heavy metal
concentration in
aquaculture
freshwater fish
species collected
from restaurants,
food stalls and
night markets

Heavy metals

Table 3 of the
article outlines
the average
quantity of
heavy metal
residues in the
fish species

red tilapia
(Oreachromi
sp), keli
(Clarias sp.)
and patin
(Pangasius
sutchii)

Malaysia

Earth
pond,
River net
cages,
exmining
pool

Trace element
concentration in
cultured bluegill
in Missouri

Trace elements

Table 3 of the
article outlines
the average
elemental
concentrations
in muscles of
bluegills reared
in different
systems

bluegill sunfish
(Lepomis
macrochirus)

Missouri,
USA

In-door
tank,
out-door
pond,
wastewat
er pond

was calculated; however,
the health risks from
caviar consumption are
uncertain because the
amount of caviar
consumed by heavy users
is not known.”
“Fish have very low heavy
metal risk exposures.”

“The mean elemental
concentrations (μg/kg wet
wt.) in bluegill muscles
from both aquaculture and
wild (in parenthesis)
sources were: As 0.36
(0.06), Cd 0.28 (0.01), Co
0.0 (0.0), Cr 0.52 (0.05),
Cu 0.38 (0.18), Fe 17.5
(2.43), Mn 0.18 (0.24), Ni
0.18 (0.04), Pb 1.03
(0.04), Se 0.34 (0.30), Sn
0.66 (0.42), V 0.02
(0.01), Zn 6.97 (9.13) and
Hg 0.06 (0.24). Kruskal–
Wallis chi square indicated
significant differences in
As, Cd, Co, Cr, Cu, Fe, Ni,
Pb, Sn, V, Zn and Hg
(P < 0.001), Se (P < 0.01)
and Mn (P < 0.05) across
the sampling locations.
Dietary intake rates,
estimated from weekly
consumption of 228 g of
aquaculture and wild
bluegills, posed no health
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(Ismail et
al., 2018)

(Jiang et
al., 2014)

Bisphenol A
and
alkylphenols
concentratio
ns in
selected
mariculture
fish species
from Pulau
Kukup,
Johor,
Malaysia

Bisphenol A and
alkylphenols
concentrations in
selected
mariculture fish
species from
Pulau Kukup,
Johor, Malaysia
collected in April
2016

Bisphenol A
(BPA) and
alkylphenols

Heavy
metals levels
in fish from
aquaculture
farms and

Heavy metal
concentration in
fish species from
aquaculture farms
around Lhasa

Heavy metals
(Cr, As, Cd, Pb,
Cu, Ba, Co, Mn
and V)

Table 3 of the
article outlines
the mean
concentration of
BPA and
alkylpenols in
the fish species
“In general, BPA
was detected in
all fish species
(T. blochii, L.
campechanus,
and L. calcarifer)
and APs were
detected only in
T. blochii.
Relatively high
BPA
concentration
was observed in
the T. blochii
(0.322 ng/g),
followed by L.
campechanus
(0.084 ng/g)
and L. calcarifer
(0.078 ng/g).
Meanwhile, 4OP
and 4NP were
found at
concentrations
0.023 and
0.124 ng/g,
respectively, in
T. blochii.”
Table 2 – 5
outline the mean
heavy metal
concentration in
muscle, gill,

Trachinotus
blochii (golden
pomfret),
Lutjanus
campechanus
(snapper), and
Lates calcarifer
(sea bass)

Pulau
Kukup,
Johor,
Malaysia

Maricultu
re ponds
in the
open
ocean

Big-head
carps, carps,
grass carps,
tilapias

Lhasa,
Tibet

Not
indicated

risks for approximately
85% of all samples.”
“The occurrence of BPA
and APs in the aquatic
ecosystem is mainly from
industrial discharges and
treatment plant effluents,
thus exposing the fishes to
BPA and APs via ingestion.
Consequently, human
health is affected, since
mariculture fishes are one
of the main sources of
essential nutrients for
humans.”

“Based on our study, the
aquaculture fish farms
around Lhasa were not
serious polluted by heavy
metals. Generally, toxic
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risk
assessment
in Lhasa,
Tibetan
Autonomous
Region of
China

(Jiang et
al., 2017)

Comparative
study of the
nutritional
composition
and toxic
elements of
farmed and
wild
Chanodichth
ys
mongolicus
*

heart and liver
tissue of the fish
species

Toxic elements in
C. monogolicus
from China

As, Cd, Pb, Hg

Table 5 of the
article outlines
the
concentration of
toxic elements
in farmed C.
monogolicus

Chanodichthys
mongolicus

Heilongjia
ng
Province,
China

Not
indicated

metals (As, Cd and Pb)
contents in the liver were
higher than those in other
tissues, heavy metal levels
in muscle were the lowest
among the different
tissues. Besides, we found
that Cr, Ba, Co, Mn and V
were prone to accumulate
in the gill, and Cu was
highly accumulated in the
hearts of fish. Compared
to the national standards,
As content in the tilapia
samples was ~2–4 times
higher than the MLs by the
national standard, other
metals were all lower than
the MLs. By estimating the
daily intake of As, Cd and
Pb through fish
consumption by the local
inhabitants, we concluded
that daily intake of these
metals in this area did not
exceed the TDI
recommended by FAO.”
“Wild fish had significantly
higher levels of As and Hg
than farmed fi sh; Pb was
only detected in wild fish
and Cd was undetected in
both fi h groups. The
overall lower toxic metals
levels in farmed fish may
be attributed to the strict
supervision of feed quality
and the relatively
controlled conditions
compared to wild fish...
All the toxic elements
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(Jiang et
al., 2016)

Trace
elements in
farmed fish
(Cyprinus
carpio,
Ctenopharyn
godon idella
and
Oncorhynchu
s mykiss)
from Beijing:
implication
from

Trace element
concentration in
farmed fish
species from
Beijing

Trace elements
(Li, V, Cr, Mn,
Fe, Ni, Cu, Mo,
Zn, Se, Sr, Co,
Al, Ti, As, Cs, Sc,
Te, Ba, Ga, Pb,
Sn, Cd, Sb, Ag,
Tm, TI, Be, Hg
and U)

Table 3 of the
article outlines
the trace
lements
concentration in
farmed fish

common carp
(Cyprinus
carpio),
grass carp
(Ctenopharyng
odon idella),
rainbow trout
(Oncorhynchus
mykiss)

Beijing

Freshwat
er ponds

detected in both fi sh
groups were far below the
MLs.”
“The results revealed that
Fe, Zn, Cu, Mn, Sr, Se
were the major
accumulated essential
elements and Al, Ti were
the major accumulated
non-essential elements,
while Mo, Co, Ga, Sn, Cd,
Sb, Ag, Tm, U, TI, Be, Te,
Pb and Hg were hardly
detectable. Contents of
investigated trace
elements were close to or
much lower than those in
fish from other areas in
China. Correlation analysis
suggested that the
elemental concentrations
in those fish species were
relatively constant and did
not vary much with the
fish feed. In comparison
with the limits for
aquafeeds and fish
established by Chinese
legislation, Cd in 37.5% of
rainbow trout feeds and As
in 20% of rainbow trout
samples exceeded the
maximum limit, assuming
that inorganic As accounts
for 10% of total As.
Further health risk
assessment showed that
fish consumption would
not pose risks to
consumers as far as nonessential element
contaminants are
concerned. However, the
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(Ju et al.,
2017)

Assessment
of heavy
metals in
aquaculture
fishes
collected
from
southwest
coast of
Taiwan and
human
consumption
risk

Heavy metal
concentration in
tilapia cultured in
South western
Taiwan

Heavy metals

Table 2 of the
article indicates
the mean metal
concentrations
in tissues of
tilapia

tilapia

South
western
Taiwan

Aquacult
ure
ponds

carcinogenic risk of As in
rainbow trout for the
inhabitants in Beijing
exceeded the acceptable
level of 10−4, to which
more attention should be
paid.”
“Metal concentrations in
tilapia were most strongly
accumulated in kidney,
except for Cu accumulated
in liver. In contrast, the
lower metal concentrations
were found in muscle of
tilapia. Not surprisingly,
the highest estimate of
MPI (metal pollution
index) in the present work
was found in kidney.
Based on the values of
BCF (Bioconcentration
factor) and BSAF (biotasediment accumulation
factor), it may be
displayed that the
tendency of tilapia to
easily accumulate Cr and
Zn from water and Hg and
Cd from sediments. Except
for Hg, positive
correlations between
metal levels in liver and
kidney were confirmed...
Metal concentrations of Pb
and Cr in muscle were
exceeded the limits
proposed by the European
Community and the Hong
Kong Government,
respectively. Results of
health risk assessment
implied negligible
deleterious effect on adult
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(Kalantzi et
al., 2016)

Assessment
of the use of
copper alloy
aquaculture
nets:
Potential
impacts on
the marine
environment
and on the
farmed fish

Effect of copper
alloy aquaculture
nets on the
bioaccumulation
of copper in fish
species

Copper

(Kar,
Sandeep et
al., 2011)

Health risks
for human
intake of
aquacultural
fish: Arsenic
bioaccumula
tion and
contaminatio
n

Arsenic
contamination in
tilapia from fish
farms using
arseniccontaminated
groundwater in
Taiwan

Arsenic

Table 2 of the
article outlines
the total arsenic
content in head,
muscle and bone
of tilapia

gilthead
seabream
(Sparus
aurata)

Bathy
Limani
Bay,
Greece

Experime
ntal
cages

tilapia
(Oreochromis
mossambicus
L.)

Southwest
ern
Taiwan

Groundw
ater
cultured
ponds

population consuming
tilapia cultured in the area
studied.”
“Fish do not seem to be
affected by the net type...
For both experimental
cages and in all sampling
periods, dissolved Cu
never reached the
maximum permissible
limits in the Greek
legislation, and Cu
concentrations in the
farmed fish and mussels
do not exceed established
limits for edible parts set
by Food and Agriculture
Organization of the United
Nations (FAO).”
“Most of aquacultural
ponds exhibited higher
arsenic than maximum
allowed concentrations (50
μg L−1) in pond water of
Taiwan. Arsenic levels in
tilapia in Budai, Yichu and
Beimen were 0.92 ± 0.52
μg g−1, 0.93 ± 0.19 μg g−1
and 0.76 ± 0.03 μg g−1,
respectively...
The mean human health
cancer risk associated with
the ingestion of inorganic
arsenic in the fish was
estimated at 2.36 × 10−4
± 0.99 × 10−4, which is
over 200 times greater
than a de Minimus cancer
risk of 1 × 10−6. The mean
human health hazard
quotient associated with
ingesting inorganic arsenic
in the fish was 1.22 ±
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(Kim et al.,
2012)

(Langeland
et al.,
2017)

(Lazartigues
et al.,
2013)

Nationwide
monitoring
of mercury
in wild and
farmed fish
from fresh
and coastal
waters of
Korea
Mercury
levels in
human hair
and farmed
fish near
artisanal and
small-scale
gold mining
communities
in the madre
de dios River
Basin, Peru

Nationwide
investigation of
mercury
concentration in
farmed fish
samples in Korea
between April
2006 and August
2008
Mercury
concentration in
paco from 24
aquaculture farms
in Peru

Mercury

Table 3 of the
article outlines
the mercury
concentration in
the farmed fish
species

Table 3
outlines the
farmed fish
species
(freshwater
and marine)

South
Korea

Not
indicated

Mercury

Table 6 of the
article indicates
the mercury
concentration in
paco from
several
aquaculture
farms

Piaractus
brachypomus
(Paco)

Madre de
Dios
region,
Peru

Not
indicated

Pesticide
pressure and
fish farming
in barrage

Pesticides
concentration in
fish species from

Pesticides

Table 3 of the
article outlines
the
concentration of

carp (Cyprinus
carpio), roach
(Rutilus rutilus)
and Eurasian

Lorraine
region,
France

Dam
ponds

0.52, indicating that
expected human exposure
exceeds the reference
dose for non-cancer health
effects by 22%. These
results suggest that the
inhabitants in this region
are being subjected to
moderately elevated
arsenic exposure through
the consumption of tilapia
and shrimp raised in
aquaculture ponds.”
“No farmed or coastal
water fish had Hg
concentrations above the
WHO guideline.”

“In all 111 observations of
farmed fish in the region
of Madre de Dios, there
were no levels of mercury
above the EPA Tissue
Residue Criterion, though
it is important to note that
the fish sampled were
only, on average, about
one-half the age of
harvest in the region of
Madre de Dios, and so our
estimates of mercury
levels in fish at the time of
harvest for sale or
consumption are likely to
be low.”
“Only three molecules
were quantified in muscle
of fish: carbendazim,
isoproturon and
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(Lee et al.,
2015)

(Leung et
al., 2010)

pond in
Northeastern
France. Part
II: Residues
of 13
pesticides in
water,
sediments,
edible fish
and their
relationships

freshwater dam
ponds in France

Characteristi
cs of
nonylphenol
and
bisphenol A
accumulatio
n by fish and
implications
for ecological
and human
health

Nonylphenol and
Bisphenol A
concentration in
farmed fishes
purchased in
2009

Risk
Assessment
of Residual
DDTs in

DDTs
concentration in
freshwater and
marine fish

Nonylphenol
(NP), Bisphenol
A (BPA)

DDTs

pesticides in
muscle tissue of
the fish species

perch (Perca
fluviatilis)

Table 2 of the
article indicates
the
concentration of
NP and BPA in
farmed fish
species

Farmed
freshwater
fishes (Tilapia
zillii and
Chanos
chanos)

Table 3 of the
article outlines
the total DDTs in

Catfish (Clarias
fuscus), tilapia
(Tilapia
mossambicus),

Taiwan

Not
indicated

Pearl
River
Delta,
China

Freshwat
er ponds,
Maricultu
re farms

farmed marine
fishes
(Lateolabrax
japonicus and
Pagrus major)

metazachlor; but
concentrations tend to
increase between first and
second fishing. The most
abundant molecule in
muscle tissues
corresponded generally to
the most abundant in
abiotic matrices, expect
for carbendazim. However,
low levels were observed
in muscle tissue and were
probably due to a low
bioaccumulation and/or a
low transfer to muscle.”
“Wild freshwater fishes
contained higher
concentrations of NP and
BPA than the other three
types of fishes...
Based on USEPA
guidelines, both NP and
BPA have a high potential
(i.e., RQ > 1) to pose risks
for aquatic organisms but
a low potential (i.e.,
HQ < 1) to pose human
health risks through the
consumption of
contaminated fishes.
However, when taking the
multiple exposure routes
of these two compounds
and the possible additive
effects of pollutant
mixtures into
consideration, NP and BPA
might pose significant
risks to human health.”
“Concentrations of DDTs in
freshwater fish ranged
from undetected to
2641 μg/kg (l.w.), with
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Freshwater
and Marine
Fish
Cultivated
Around the
Pearl River
Delta, China

species from
Pearl River Delta
in China collected
in August and
September 2006

freshwater fish
muscles
Table 4 of the
total DDTs in
marine fish
muscles

grass carp
(Ctenopharyng
odon idellus),
and bighead
carp
(Hypophthalmi
chthys nobilis)
(all from three
polyculture
ponds), and
mandarin fish,
snakehead
(Channa
asiatiea) and
black bass
(Micropterus
salmoides)
(from one
monoculture
pond)

the descending order of
carnivores > herbivore > o
mnivores. In general,
mean DDTs concentrations
detected in carnivorous
freshwater fish (especially
mandarin fish) were
higher than those of
marine fish. Most of the
fish samples, especially
marine fish and some
freshwater fish, with
screening values higher
than 0.01073 mg/kg
(w.w.) of DDT (as
carcinogen), might
therefore pose a health
risk to consumers. Hong
Kong residents are
advised to reduce their
daily consumption of fish
by half.”

Mangrove
snapper
(Lutjanu
argentimaculat
us), star
snapper
(Lutjanus
griseus),
snubnose
pompano, and
orange-spotted
grouper were
collected from
mariculture
farms

(Liang et
al., 2011)

The
influence of
mariculture
on mercury

Mercury
concentration in
mariculture fish

Mercury

Table 3 of the
article outlines
the THg and
MeHg

(see also Table
1 and 2)
Red snapper
(Lutjanus
campechanus)
(RS), Orange-

Hong
Kong

Maricultu
re

“The average MeHg
concentration in fish
muscle was 75 μg kg−1
(wet weight), and the
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(Liang et
al., 2016)

distribution
in sediments
and fish
around Hong
Kong and
adjacent
mainland
China waters
The effects
of
mariculture
on heavy
metal
distribution
in sediments
and cultured
fish around
the Pearl
River Delta
region,
south China

species from
Hong Kong

Heavy metal
concentration in
farmed fish
species from the
Pearl River Delta
region in China

concentrations
in the fish
species from
different
mariculture
locations
Heavy metals

Figure 2 of the
article outlines
the heavy metal
contents in fish
muscle

spotted
grouper
(Epinephelus
coioides) (OG)
and Snubnose
pompano
(Trachinotus
blochii) (SP)
red snapper
(Lutjanus
campechanus),
orange-spotted
grouper
(Epinephelus
coioides) and
snubnose
pompano
(Trachinotus
blochii)

Pearl
River
Delta
region,
China

Marine
aquacult
ure

dietary intake of MeHg
through fish consumption
for Hong Kong residents
was 0.37 μg kg−1 week−1,
which was lower than the
corresponding WHO limits
(500 μg kg−1 and
1.6 μg kg−1 week−1).”
“In general, the contents
of Zn in fish muscle were
significantly higher than
those of Cu, Pb and Cr.
Fish samples from TLC and
SMT contained
significantly higher
(p < 0.001) Cu, Cr and Pb
concentrations than those
from the other sites;
samples from XX (fish
obtained from markets)
contained relatively low
metal concentrations.
Copper and chromium
concentrations in all fish
samples (n = 71) were
below the Chinese safety
standards for agricultural
products.
In comparison, Pb
concentrations in 21
samples exceeded the
Chinese standard for
agricultural products
(0.5 mg/kg, GB18406.4–
2001). Twelve of these
samples were from TLC.
There were 15 fish
samples in total collected
from TLC. This indicates
that 80% of fish sample at
TLC exceed Chinese safety
guidelines. These results
indicate that mariculture
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(Ling et al.,
2009)

Health Risk
of
Consuming
Heavy
Metals in
Farmed
Tilapia in
Central
Taiwan

Heavy metals
concentration in
tilapia farms
closely located to
industrial parks in
Taiwan

Heavy metals

Figure 1 and
Table 1 indicate
the heavy metal
concentration in
fish tissues of
tilapia

tilapia

Central
Taiwan,
near
industrial
parks

ponds

(Liu, S. et
al., 2017)

Three
classes of
steroids in
typical
freshwater
aquaculture

Comparison of
steroids
contamination in
in freshwater
aquaculture and

Steroids
(androgens,
glucocorticoids
and
progestogens)

Figure 2 of the
article outlines
the mean
concentration of
steroids in
aquatic products

freshwater
biota samples
including fish
(CI,
Ctenopharyngo
don idellus, PP,

Guangzho
u, South
China

Freshwat
er and
maricultu
re

fish from this site would
be a public health concern
for human consumption
when considering Pb
concentration, especially
in the case of red
snapper...
Heavy metal
concentrations detected in
fish were not correlated
with their concentrations
in sediment. Though most
of the studied fish (51 out
of 72) were safe for
consumption with regard
to metal concentration,
the 21 fish with Pb
concentrations exceeding
the Chinese safety
guideline should not be
overlooked.”
“The results indicate that
the tilapia farmed sites in
polluted areas have higher
concentrations of heavy
metals in their body tissue
than tilapia farmed at sites
in relatively clean areas.
According to our finding,
the concentrations of all
the heavy metal elements
in tilapia scales are higher
than those in tilapia
muscle. The heavy metal
concentrations were
higher in ventral muscle
than in dorsal muscle.”
“The distribution of natural
steroids in aquatic
products is mainly
influenced by species,
growth stage and culture
environment. Freshwater
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farms:
Comparison
to marine
aquaculture
farms

(Liu et al.,
2015)

Steroids in
marine
aquaculture
farms
surrounding
Hailing
Island,
South China:
Occurrence,
bioconcentra
tion, and
human

marine
aquaculture farms

Steroids
concentration in
aquaculture farms
and fishes from
Hailing Islands,
China

from freshwater
and marine
aquaculture
farms

Steroids

Table 1 and 2
outline the
concentration of
steroids
detected in fish
samples in
different
aquaculture
farms

Parabramis
pekinensis),
crabs (SS,
Scylla serrata),
shrimps (PM,
Penaeus
monodon, PV,
Penaeus
vannamei)
marine biota
samples
including fish
(LR, Lutjanus
russelli, LE,
Lutjanus
erythopterus,
and TO,
Trachinotus
ovatus),
mollusks (APL,
Atrina
pectinate
Linnaeus, ML,
Meretrix
lusoria, TK,
Trisidos kiyoni,
and CRG,
Crassostrea
rivularis Gould)
fish (LR,
Lutjanus
russelli, LE,
Lutjanus
erythopterus,
and TO,
Trachinotus
ovatus),
mollusks (APL,
Atrina
pectinate
Linnaeus, ML,
Meretrix

fish CI and marine mollusk
ML had strong abilities to
bioaccumulate synthetic
steroids from aquaculture
environment and they
could be used as good bioindicators for steroidpolluted environment...
Some banned steroids
were identified in the
freshwater shrimps and all
marine products,
indicating that there may
be certain health risks by
the consumption of these
aquatic products in the
studied aquaculture farms.
Furthermore, the total
contributions of steroids in
China were estimated to
be 2300 kg/y and
1200 kg/y from freshwater
fish culture and shrimpcrab culture, respectively.”

Hailing
Island,
South
China

Table 1
and 2
outline
the
culture
form for
the fish
species
(pond,
cage,
oyster
pile)

“The illegal use of
synthetic steroids in the
aquaculture feed was
detected...
Bioconcentration of
steroids occurred in the
biota, especially for
mollusks...
Even though no elevated
health risk was found from
individual steroids present
in the seafood, the
presence of multiple

51

dietary
exposure

(Liu, 2017)

Steroid
bioaccumula
tion profiles
in typical
freshwater
aquaculture
environment
s of South
China and
their human
health risks
via fish
consumption

Steroid
concentration in
freshwater fish
species from
South China

Natural and
synthetic
steroids
(androgens,
glucocorticoids,
progestagens)

Figure 1 of the
article indicates
the mean
concentration of
steroids in bile,
plasma, liver
and muscle of
the fish species

lusoria, TK,
Trisidos kiyoni,
and CRG,
Crassostrea
rivularis
Gould),
tilapia
(Oreochromis
spp), spotted
scat
(Scatophagus
argus), mullet
(Mugil
cephalus), mud
carp (Cirrhinus
molitorella),
and crucian
carp (Carassius
auratus)

Guangzho
u, China

Freshwat
er farms

steroids might pose a
potential risk to humans,
especially for the sensitive
populations, such as
pregnant women and
children.”
“The numbers and total
concentrations of steroids
detected in the tissues of
five common species of
the cultured fish were in
the order of
plasma > bile > liver > m
uscle and plasma > bile,
muscle > liver,
respectively...
Most detected synthetic
steroids were
bioaccumulative or very
bioaccumulative in fish
tissues. It was worth
noting that AED and CRN
could act as reliable
chemical indicators to
predict the levels of
steroids in plasma and
muscle of the inter-species
cultured fish,
respectively...
Further research is
required to expand the
fish species and tissues,
enrich and deduce more
generalized
bioaccumulation profiles.
For global consumers,
human health risk was
negligible for testosterone
and progesterone from the
ingestion of steroidscontaminated fish. In
addition to the two parent
compounds, other steroids
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(Liu, X. et
al., 2017)

Usage,
residue, and
human
health risk of
antibiotics in
Chinese
aquaculture:
A review

Review on
antibiotic use in
Chinese
aquaculture
products,
including fish
species

Antibiotics

Table 1 of the
article outlines
the antibiotic
applied in
Chines
aquaculture
during 1996 –
2013
Table 2 outlines
the antibiotics
that were
reported,
authorized,
banned, and
detected in
Chines
aquaculture
Table S1 in the
Appendix
outlines the
antibiotic
residues found
in specific
aquaculture fish
species

Table S1 in the
Appendix
outlines the
specific fish
species

China

Not
indicated

mixtures or the
transformation products in
the edible part might bring
potential human health
risks. Further work should
understand the human
health risks due to the
presence of steroids
mixtures and their
transformation products in
the edible part, especially
in light of increasingly
global demand for the
security of aquaculture
products.”
“A total of 234 cases on
antibiotic residues in
Chinese aquatic products
were recorded, including
24 fish species, eight
crustacean species, and
four mollusk species. Two
fish species [crucian carp
(Carassius auratus) and
pompano (Trachinotus
ovatus)] and three
crustacean species [crab
(Eriocheir sinensis),
shrimp (Macrobrachium
nipponense), and river
snail (Viviparus)] are the
top five species tainted by
antibiotics...
More antibiotics were
found in saltwater species
(31 compounds) than
freshwater species (22
compounds), indicating
marine water is more
contaminated than
freshwater.”
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(Love et al.,
2011)

Veterinary
Drug
Residues in
Seafood
Inspected by
the
European
Union,
United
States,
Canada, and
Japan from

Overview of
violation of
veterinary drug
residues in
seafood in the
EU, US, Canada
and Japan from
2000 - 2009

Veterinary Drug
Residues

Figure 1 of the
article outlines
the seafood
types in
violation of
veterinary drug
limits
Table 2 indicates
the top
veterinary drugs
in violation by

See Figures
and Tables of
article

European
Union,
United
States,
Canada,
Japan

Not
indicated

“A total of 20 antibiotics
were used in Chinese
aquaculture to control
disease-causing
organisms, whereas 32
compounds were found in
aquatic products.
Quinolones are the most
frequently detected
category in aquatic
products, followed by
sulfonamides and
macrolides. By specific
compound, ciprofloxacin,
norfloxacin, and
sulfisoxazole have the
highest residual levels.
Although the mean
concentrations of
antibiotics in aquatic
products were lower than
the maximum residue
limits, more research is
needed to update the
human health risk
assessment framework
and to develop the
predicted no effect
concentrations
incorporating the effect of
antimicrobial resistance.”
“Although production
methods (e.g., farmraised or wild-caught) are
not
provided along with
government veterinary
drug violation notices,
most of the aquatic
animals in violation for
veterinary drugs can be
farm-raised.”
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2000 to
2009
(Low et al.,
2015)

Distribution
and health
risk
assessment
of trace
metals in
freshwater
tilapia from
three
different
aquaculture
sites in
Jelebu
Region
(Malaysia)

Trace element
concentration in
red tilapia in
Malaysia

Trace elements

(Lundebye
et al.,
2010)

Levels of
synthetic
antioxidants
(ethoxyquin,
butylated
hydroxytolue
ne and
butylated
hydroxyanis
ole) in fish
feed and

Antioxidantslevels in farmed
fish species from
Norway

Antioxidants
(ethoxyquin,
butylated
hydroxytoluene
and butylated
hydroxyanisole)

seafood type
and inspecting
body
Table 2 of the
article outlines
the
concentration of
metals in tilapia
muscle tissue

Table 2 of the
article outlines
the
concentration of
antioxidants in
fillets from
farmed fish

red tilapia
(Oreochromis
spp.)

Jelebu
Region,
Malaysia

former
tin
mining
pool,
concrete
tank and
earthen
pond

Atlantic salmon
(Salmo salar),
rainbow trout
(Oncorhynchus
mykiss),
Atlantic halibut
(Hippoglossus
hippoglossus),
Atlantic cod
(Gadus
morhua)

Norway

Feed

“The concentration levels
of V, Mn, Fe, Co, Cu, Zn,
As, Se, Cd, Hg and Pb in
the edible muscle of red
tilapia are below the
prescribed limits except
for As and Cd contents in
samples from GL. Results
from preliminary
assessment suggest that
both generalized toxicity
and carcinogenic risks
posed by trace metals via
consumption of red tilapia
from the investigated sites
are well within tolerable
regions at the 95th
percentile. Among the
studied metals, As is
identified as the key
contaminant which may
originate from the use of
metal-enriched feeding
pellets. In general, health
risks associated with
ingestion of red tilapia
range in the order of
L > PT > KG (regions).”
“The highest levels of BHT,
EQ and BHA were found in
farmed Atlantic salmon
fillets, and were 7.60,
0.17 and 0.07 mg kg−1,
respectively. The lowest
concentrations of the
synthetic antioxidants
found were in cod. The
concentration of the
oxidation product
ethoxyquin dimer (EQDM)
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commercially
farmed fish

(Martinez et
al., 2010)

Differentiatio
n of Farmed
and Wild
Turbot
(Psetta
maxima):
Proximate
Chemical
Composition,
Fatty Acid
Profile,
Trace
Minerals and
Antimicrobial

Trace element
concentrations in
turbot from Spain

Trace minerals

Table 2 of the
article outlines
the content of
trace elements
in the flesh of
tilapia

Turbot (Psetta
maxima)

Galicia,
Spain

Not
indicated

was more than ten-fold
higher than the
concentration of parent EQ
in Atlantic salmon halibut
and rainbow trout,
whereas this dimer was
not detected in cod fillets.
The theoretical consumer
exposure to the synthetic
antioxidants EQ, BHA and
BHT from the consumption
of farmed fish was
calculated. The
contribution of EQ from a
single portion (300 g) of
skinned fillets of the
different species of farmed
fish would contribute at
most 15% of the
acceptable daily intake
(ADI) for a 60 kg adult.
The consumption of
farmed fish would not
contribute measurably to
the intake of BHA;
however, a 300 g portion
of farmed Atlantic salmon
would contribute up to
75% of the ADI for BHT.”
“With respect to trace
minerals, no toxic levels
were found, and higher
amounts of Cd, Co, Cu,
Fe, Mn, Pb and Zn, as well
as lower amounts of Cr,
were found in farmed
turbot relative to wild
turbot.”
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(Masci and
Nevigato,
2016)

Resistance
of
Contaminant
Bacteria
Non-dioxinlike PCBs: a
survey on
fishery and
aquaculture
from the
Mediterranea
n area

Concentration of
non-dioxin-like
PCBs in farmed
fish from the
Mediterranean
area

Non-dioxin-like
PCBs

Table 6 of the
article outlines
the
Polychlorobiphen
yls measured in
fish

Gilthead
seabream,
European
seabass and
Rainbow trout

Mediterra
nean
area, Italy

Sea and
freshwat
er
aquacult
ure

(Masci et
al., 2014)

Organochlori
ne pesticide
residues: An
extensive
monitoring
of Italian
fishery and
aquaculture

Organochlorine
pesticide
concentration in
fish species from
Italy

Organochlorine
pesticide (OCP)
residues

Table 5 of the
article outlines
the
organochlorine
pesticide
residues

Table 5
outlines the
fish species

Italy

Sea and
freshwat
er
aquacult
ure

(McGovern
et al.,
2011)

Assuring
Seafood
Safety:
Contaminant
s and
Residues in
Irish
Seafood
2004-2008

Veterinary
residues in
farmed finfish.
Results from
national
monitoring
conducted by the
Food Safety
Authority Ireland
2004 - 2008

Environmental
contaminants,
Veterinary
residues

Table 3.2 and
Figure 3.1
outline mercury,
lead and
cadmium levels
in farmed
salmon and
trout

Farmed finfish
(see tables)

Ireland

Not
indicated

Figure 4.1 and
Table 4.1 outline
the OCP levels in

“Products coming from the
aquaculture plants
monitored were of good
safety as regards NDL
PCBs. The average level
measured for Σ 6PCBs was
2.5 ng g−1 edible portion,
that is, 30 times lower
than the maximum level
established by the EU
Regulation.”
“The measured
concentrations of all
pesticides were constantly
well below MRLs. Mean
OCP concentrations were
slightly lower than those
observed for fishery
(dieldrin, DDT, chlordane)
or the same. The mean
amount of HCH is higher
in farmed samples...
Fish analyzed is safe as
regards OCPs especially
when the lipid content is
below 2%.”
“Concentrations of total
mercury in farmed salmon
and trout are consistently
within the relevant EC
maximum limit (0.5 mg
kg-1 ww).
All cadmium levels in
samples of edible tissue
from finfish landed at Irish
ports and from farmed
salmon and trout in 2004 2008 were well within the
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farmed salmon,
trout and eel.

lower limit of 0.05 mg kg1 ww.”

Figure 4.2
outlines the
concentration of
PCDD/F in
farmed salmon
Table 4.3
outlines the
concentration of
brominated
flame retardants
in farmed
salmon
Table 4.4
outlines the PCN
levels in farmed
salmon and
trout

(Mihaly et
al., 2010)

Transfer and
translocation
of polycyclic
aromatic
hydrocarbon
s within
some
aquaculture
bio-systems
in Romania

PAHs
concentration in
farmed fish
species collected
in April and May
2008 in Romania

PAHs

Table 5.2
outlines levels of
mercury,
cadmium, lead
and selected
POPs in farmed
salmon
Figures 3 – 6
outline the PAH
concentration in
scale, muscle,
gill and liver
samples of the
fish species
Table 2 outlines
the dominant
PAHs in
anatomo-

Cyprinus
Carpio common carp,
Hypophthalmic
hthys molitrix silver carp,
Aristichthus
nobillis bighead carp,
Ctenopharyngo
don idella grass
carp

Siret, Prut
and
Danube
River,
Romania

Not
indicated
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(Mok et al.,
2012)

(NacherMestre et
al., 2009)

Assessment
of
concentratio
ns of toxic
elements in
aquaculture
food
products in
Malaysia

Effects of
fish oil
replacement
and refeeding on

Concentration of
toxic elements in
farmedfish
samples from
different locations
in Malaysia

Replacing fish oil
feed by vegetable
oil and its effect
on organochlorine

As, Cd, Cr, Cu,
Hg, Pb, and Zn

Organochlorine
compounds
(pesticide
residues and

morphological
parts of fish
Table 2 and 3 of
the article
outline the
concentration of
toxic elements
in the muscle
and liver of the
fish species

Table 3 of the
article outlines
the
concentration of
total PCBs and

sea bass (Lates
calcarifer),
tiger grouper
(Epinephelus
fuscoguttatus),
jade perch
(Scortum
barcoo), tilapia
(Niloticus
niloticus), river
catfish
(Pangasius
hypophthalmus
), African
catfish (Clarias
gariepinus),
four-finger
threadfin
(Eleutheronem
a
tetradactylum),
pomfret
(Brama
brama), coral
trout
(Plectropomus
leopardus),
mad barb
(Leptobarbus
hoevenii), tiger
prawn
(Penaeus
monodon),
whiteleg prawn
(Penaeus
vannamei),
Sea bream
(Sparus aurata
L.)

Malaysia

Freshwat
er fishes
(tanks,
ponds);
Marine
fishes
(netcages)

“The calculated estimated
intake values of
Malaysians for total As,
Cd, Cr, Cu, Hg, Pb, and Zn
in the muscle of the
examined species were
3.713, 0.115, 0.113,
4.268, 0.211, 0.738 and
15.863 μg/kg b.w./day.
None of the values
exceeded the JECFA
guideline values and would
pose no health hazards for
consumers.”
“On the basis of these
findings, it was concluded
that the concentration of
the toxic elements in the
edible parts of the
examined species would
pose no health hazards for
the consumers. However,
in the future, uncontrolled
increase in the industrial,
agricultural, and
recreational practices in
the areas surrounding
aquaculture farms could
lead to an increase in the
levels of toxic elements in
the aquaculture food
products.”

Not
indicated

Feed

“Fish feeds presented
trace concentrations of
contaminants at the ng/g
level, which varied
according to the
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(Nasher et
al., 2016)

the
bioaccumula
tion of
organochlori
ne
compounds
in gilthead
sea bream
(Sparus
aurata L.) of
market size

compounds-levels
in sea bream

Health risk
assessment
of polycyclic
aromatic
hydrocarbon
s through
aquaculture
fish
consumption
, Malaysia

PAH
concentration in
farmed giant sea
perch from
Malaysia

plychlorinated
biphenyls)

total Dl-PCBs in
fillets
Table 4 outlines
the
concentration of
total OCPs in
fillets

Polycyclic
aromatic
hydrocarbons
(PAHs)

Table 2 of the
article outlines
the
concentration of
PAHs in the
muscle tissue of
giant sea perch

Giant sea
perch (Lates
calcarifer)

Langkawi
Islands,
Malaysia

Coastal
waters

contribution of the
different resources used in
their manufacture.
Contaminants did not
accumulate during the first
11 months of exposure,
and low concentrations of
organochlorine compounds
were found both at the
start and at the end of this
feeding period. Fillets from
fish fed the fish oil diet
presented the highest
concentrations of
organochlorine
compounds, with these
decreasing in proportion to
fish oil replacement. Three
months of fish oil refeeding during the
finishing phase only
produced significant
bioaccumulation over the
course of the first month.
By optimizing fish meal
and fish oil replacement
with vegetable oils
alternative feeds can
contribute to significantly
reduce the risk of
organochlorine uptake by
consumers.”
“The mean concentration
of 18 PAHs in the giant
sea perch was 573.66 ±
47.56 ng g−1 dry weight.
The abundance of lowmolecular-weight PAHs
(63%) was higher than
that of high-molecularweight PAHs (37%),
indicating that petrogenic
inputs were higher than
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(NunezVazquez et
al., 2012)

Toxicity of
Cultured
Bullseye
Puffer Fish
Sphoeroides
annulatus

Levels of
tetrodotoxin in
farmed bullseye
puffer fish

Tetrodotoxin
(TTX)

Table 1 and
Figure 1 of the
article outline
the toxicity

Bullseye puffer
fish
(Sphoeroides
annulatus
Jenyns, 1842)

Not
indicated

Tanks

(Omwenga
et al.,
2014)

Assessment
of lead and
cadmium
residues in
farmed fish
in Machakos
and Kiambu
counties,
Kenya

Lead and
cadmium
concentration in
farmed fish from
Kenya

Lead and
Cadmium

Table 1 – 4 of
the article
outline the
concentration of
lead and
cadmium in the
fish samples

Farmed fish
(no species
mentioned)

Kenya

Ponds

pyrogenic inputs. The
average daily intake of the
18 PAHs through giant sea
perch consumption was
294.47 [ng/kg
bwt/day]−1...
These results are within
the acceptable criterion of
the US EPA (10−6 to 10−4).
The present study
suggests that the
consumption of giant sea
perch does not pose a
significant source of PAH
exposure to Malaysians.”
“Our findings show that
only the muscle of
juveniles, the viscera of
pre-adults, and muscle,
liver, and gonad of adult
specimens were slightly
toxic (<1 mouse unit).
Thus, cultivated S.
annulatus, as occurs with
other cultivated puffer fish
species, does not
represent a food safety
risk to consumers.”
“Lead levels in all the
organs analyzed from
Kiambu and Machakos
counties were above the
international permissible
limits while cadmium
levels were above the
permissible limits in the
brain and liver from
Kiambu county. These
findings suggest that
farmed fish from the two
counties may pose health
hazards for consumers.”
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(Onsanit et
al., 2012)

Mercury and
stable
isotope
signatures in
caged
marine fish
and fish
feeds

Mercury
concentration in
farmed fish
samples from
China

Total mercury
(THg) and
methylmercury
(MeHg)

Table 1 of the
article outlines
the mercury
concentration in
the fish species

red seabream
(P. major), the
red drum (S.
ocellatus), the
black
seabream (A.
schlegelii), the
Japanese
seabass (L.
japonicus), and
the rabbitfish
(Siganus
fuscessens)

Fujian
coastline,
China

Fish
cages

(Pal and
Maiti, 2017)

Evaluation of
Potential
Human
Health Risks
from Toxic
Metals via
Consumption
of Cultured
Fish Species
Labeo
rohita: A

Heavy metal
concentration in
aquacultured fish
farmed near a
coal mining
region in India

Heavy metals

Table 8 of the
article outlines
the
concentration of
heavy metals in
L. rohita

L. rohita

Dhanbad,
India

Pond

“For the carnivorous fish,
the concentrations of THg
and MeHg ranged from
0.03 to 0.31 μg/g and
from 0.02 to 0.30 μg/g on
wet weight basis,
respectively. The
concentrations were lower
for the herbivorous fish
with both within the range
of 0.01–0.03 μg/g...
A significant relationship
was found between Hg
concentrations in caged
fish and in fish feeds, thus
Hg was primarily
accumulated from the
diet. Furthermore, the
stable isotope δ15N was
positively correlated with
the Hg concentration in
two caged sites, indicating
that δ15N may be a
suitable tool for tracking
mercury in caged fish. We
conclude that fish farming
may be a good way of
reducing the human
exposure to Hg because
mercury levels can be
carefully controlled in such
farming systems.”
“The concentration of As,
Cd, Hg, and Pb in the
muscles of Labeo rohita
were found to be 0.33,
0.26, 0.19, and
3.9 mg kg−1, respectively.
The observed metal
concentrations in the fish
muscles were higher than
the limits set by Food and
Agriculture Organisation
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Case Study
from an
Urban
Aquaculture
Pond

(Pal and
Maiti, 2018)

Seasonal
variation of
heavy
metals in
water,
sediment,
and highly
consumed
cultured fish
(Labeo
rohita and
Labeo bata)
and potential
health risk
assessment
in
aquaculture
pond of the
coal city,
Dhanbad
(India)

Heavy metal
concentration in
aquacultured fish
farmed near a
coal mining
region in India
and collected in
the pre-monsoon
(May 2016) and
post-monsson
seasons
(December 2016)

Heavy metals

Figure 4 and
Table 4 of the
article indicate
the metal
concentration in
the muscle of
the fish species

Labeo rohita
(rohu) and
Labeo bata
(bata)

Dhanbad,
India

Pond

(FAO) and World Health
Organisation (WHO)
except for Cd and Hg. The
values of THQs were found
to be maximum for Hg
(3.31) followed by As
(1.93), Pb (1.7), and Cd
(0.26) in the case of
children. The results
indicate that the
concentrations of Hg, As,
and Pb are at an alarming
stage and present a high
health risk condition
especially in the case of
children.”
“The concentrations of
metals in water, sediment,
and fish were generally
higher in pre-monsoon
season than the postmonsoon period, so
greater attention is
needed during premonsoon time while
discharging the wastes
into the pond...
In fish, the concentrations
of As, Cd, Mn, Pb, and Zn
were found considerably
high. However, the result
obtained for trace
elements in studied fish
species was found higher
than the acceptable limit
for human consumption,
except Cd level in L. bata
fish species muscles. The
assessed values for
potential health hazards
through the consumption
of contaminated fish
species were almost less
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(Phua et
al., 2008)

Levels of
polychlorinat
ed biphenyls
(PCB) and
polychlorinat
ed dibenzop-dioxins
and
dibenzofuran
s (PCDD/F)
in fillets of
farmed
Southern
Bluefin Tuna
(Thunnus
maccoyii)

Contaminant
levels in wildcaught tuna and
subsequent
rearing for
fattening
purposes

PCBs, PCDDs,
PCDFs

Table 1 and 2
outline the
PCDD, PCDF and
PCB- congeners
in the tuna
samples at
different points
of rearing

Southern
Bluefin Tuna
(Thunnus
maccoyii)

Port
Lincoln,
South
Australia

Sea cage

than unity in both the
studied fish species in
case of adult, while, for
children, a matter for
concern was due to As and
Pb, as the THQ values
were higher to the unity,
which indicated a potential
health hazard to children
with reference to the
consumption of fishes
from the urban pond.”
“PCB and PCDD/F TEQ
levels increased between
the final harvests of the
typical farming and LTH
(longer term holding)
periods. Concentrations of
0.67 pg-TEQ g−1 and
0.16 pg-TEQ g−1,
respectively, for the PCB
and PCDD/F TEQs, were
found in the fillets of SBT
at the end of the typical
farming period. These
concentrations increased
to 1.18 pg-TEQ g−1 (PCB)
and 0.29 pg-TEQ g−1
(PCDD/F) at the end of the
LTH period. It is inferred
from the findings of both
PCB and PCDD/F data that
farming SBT throughout
an approximate fivemonth period is more
favourable than farming
SBT over an approximate
17-month period...
Since the data was
collected as part of an
experiment managed by a
single commercial
company, caution must be

64

(Pinto et
al., 2008)

(Qiu et al.,
2011)

Monitoring of
polychlorinat
ed biphenyl
contaminatio
n and
estrogenic
activity in
water,
commercial
feed and
farmed
seafood

PCB
concentration in
fish samples from
the Thyrrhenian
and Adriatic Sea

Bioaccumula
tion of trace
metals in
farmed fish
from South
China and
potential risk
assessment

Level of trace
elements in
farmed fish from
South China

PCB

Table 2 of the
article outlines
the total PCB
concentration in
the fish samples
from different
farming plants

European sea
bass, gilt-head
sea bream

Thrrhenia
n Sea,
Adriatic
Sea,
Central
and
Southern
Italy (see
also Table
1)

Intensive
inland,
intensive
inshore
(see also
Table 1)

pompano
(Trachinotus
blochii) and
snapper
(Lutjanus
malabaricus)

Daya Bay
and
Hailing
Bay,
South
China

Not
indicated

Table 3 indicates
the individual
PCB congener
concentrations
Trace elements

Table 1 of the
article outlines
the average
concentration of
trace elements
in fish samples

exercised when
extrapolating these results
to the entire SBT farming
industry since companies
are likely to have different
husbandry practices.”
“The PCB congener
distribution in fish tissues
resembled that of feed.
The congener 138 and 153
were the most frequently
detected PCBs both in fish
tissues and in feed.”

“The concentrations of
trace metals (Cu, Zn, Cd,
Cr, Hg and As) in various
environmental
compartments (seawater,
sediment, fish and feed) of
Daya Bay and Hailing Bay
in South China were in the
middle ranges of the
global values, while Pb
concentrations in sediment
and fish were relatively
high. The average
concentrations of trace
metals in feed were higher
than in fish, suggesting
that there was no obvious
biomagnification of trace
metals in farmed fish. In
addition, the
concentrations of Pb, Zn,
Cd and As but not Hg
increased with fish body
weights. The
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(Salami et
al., 2008)

Accumulatio
n of Heavy
Metals in
Freshwater
Fish in Cage
Aquaculture
at Cirata
Reservoir,
West Java,
Indonesia

Levels of lead and
copper in farmed
fish from
Indonesia

Heavy metals
(lead and
copper)

Table 1,2 and 3
of the article
outline the
metal
concentration in
different tissues
of the fish
species and
different fish
sizes

Cyprinus carpio

Cirata
Reservoir,
West
Java,
Indonesia

Cage
Aquacult
ure

concentrations of the
target metals (except Hg)
were also found to
positively relate to lipid
contents in farmed fish.
Finally, levels of Pb in
sediment and farmed fish
were high enough to pose
potential ecological and
human health risk.”
“The liver of the fish was
found to contain the
highest copper level,
followed by gills, skin, and
muscle. In contrast, lead
was also high in the liver,
followed by skin, gills, and
the muscle, but the copper
concentration found in the
tissues studied was much
higher (31.111 ± 17.911
mg/kg dry wt) than the
lead content (0.290 ±
0.346 mg/kg dry wt). The
concentration of metals in
smaller fish was always
higher than than that in
bigger fish...
Fish cultured, specifically
C. carpio, in floating cages
at Cirata accumulated
both metals, although the
level of concentration in
fish was still below the
food regulation limits.
Copper and lead intake by
human consumers of fish
in the West Java area was
still below the ADI levels.
These results suggest that
the continuous monitoring
of metals in water and
also in cultured fish is very
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(Scott et
al., 2009)

Levels of
polychlorinat
ed dibenzop-dioxins,
dibenzofuran
s, and
biphenyls in
southern
Mississippi
catfish and
estimation of
potential
health risks

Contaminant
levels in farmed
Catfish purchased
from local
seafood markets
or farms in
Mississippi

PCDD/Fs, PCBs

Figure 3
indicates the
percent
contribution of
PCDDs, PCDFs
and non dioxinlike PCBS to
total TEQ
Figure 4 and 5
outline the
distribution of
total PCB
concentration
and the mean
percent
contribution for
farmed catfish

Catfish

Mississippi

Not
indicated

important to prevent more
adverse effects on human
health.”
“Total lipid-adjusted TEQ
and non-dioxin-like PCB
concentrations in wildcaught catfish fillets were
significantly higher than
concentrations in farmraised fillet samples. The
percent contribution of
PCDDs, PCDFs, and dioxinlike PCBs to mean total
TEQ varied between wildcaught and farm-raised
samples as well as by
collection site for wildcaught catfish. The nondioxin-like PCBs that
contributed the most to
total PCB concentrations
also differed between wildcaught and farm-raised
samples. Regardless of
whether samples were
farm-raised or wildcaught, estimated cancer
risks associated with
consumption of these
catfish were less than
27.0E−06. Overall, results
of this study indicate that
levels of dioxin-like
compounds and PCBs in
Mississippi catfish are
similar to those measured
in more recent studies in
the US and that levels of
these compounds appear
to be decreasing in this
food source.”
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(Singh et
al., 2012)

Environment
al Monitoring
and Health
Risk
Assessment
of African
Catfish
Clarias
gariepinus
(Burchell,
1822)
Cultured in
Rural Ponds,
India

Heavy metal
concentration in
catfish reared in
rural ponds in
India and fed with
either commercial
feed (CoF),
slaughter house
waste (SH), or
chicken waste
(CW)

Heavy metals

Figure 1 and
Table 2 of the
article outline
the
concentration of
heavy metals in
catfish fed with
different feed
types

African Catfish
(Clarias
gariepinus)

India

Ponds

(Smith et
al., 2008)

A review of
cyanobacteri
al odorous
and
bioactive
metabolites:
Impacts and
management
alternatives
in
aquaculture
Occurrence
and human
dietary
assessment
of
fluoroquinolo
nes

Review outlining
studies detecting
cyanobacterial
toxins in
aquaculture fish
species

Cyanobacterials
toxins

Ictalurus
punctatus
Catfish,
Oreochromis
niloticus Nile
tilapia,
Rainbow fish

Not
indicated

Not
indicated

Fluoroquinolone
antibiotics in fish
species from
China

Fluoroquinolone
antibiotics

Table 2 of the
article outlines
the maximum
accumulation of
cyanobacterial
toxins in the
tissues fish in
aquaculture
systems
detected in
other studies
Table 2 of the
article outlines
the
concentration of
percentile of
fluoroquinolones

bream
(Megalobrama
amblycephala),
perch
(Lateolabrax
japonicus),

Tai Lake
basin,
China

Ponds

(Song et
al., 2017)

“Water quality monitoring
of Clarias gariepinus
culture ponds (n = 27)
revealed poor physicochemical conditions and
metal contaminants in fish
tissues (n = 324). Human
health risk assessment for
some heavy metal
contamination delineated
low risk in general except
for Aluminium (Al), Iron
(Fe) and Lead (Pb) which
accumulated significantly
(p < 0.05) high in tissues.
Health risks values were
6.3 × 10−3–9.6 × 10−3 for
Al; 3 × 10−3–9.7 × 10−3
for Fe and 1.15 × 10−5–
9.3 × 10−6 for Pb
respectively suggesting
that contamination of Pb
particularly in ponds fed
with chicken waste (CW)
was posing high risks.”

“Fluoroquinolones were
detected in most fish
samples collected around
Tai Lake. Total
fluoroquinolones were
detected in 95.69% of fish
samples across the entire
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antibiotics in
cultured fish
around tai
lake, China

in fish muscle
tissues.

aquaculture season. The
detection frequencies of
the 9 selected
fluoroquinolones were in
the range of 0 to 81.90%
and ranked as follows:
enrofloxacin
(81.90%) > pefloxacin
(50.86%) > flumequine
(20.69%) > marbofloxacin
(11.21%) > ciprofloxacin
(3.45%) > lomefloxacin
(1.72%) > norfloxacin
(0.86%) > enoxacin (not
detected) = sarafloxacin
(not detected). Evidently,
enrofloxacin and
pefloxacin occurred most
frequently.”
“Of the 4 fish species
studied, enrofloxacin was
present in bream at
significant (p < 0.05)
concentrations in August,
with an average value of
321.45 μg · kg−1, while
enrofloxacin
concentrations peaked in
crab and shrimp in
September, with average
values of 6949.60 and
460.82 μg · kg−1,
respectively. However,
different patterns were
observed in perch,
suggesting that other
categories of antibiotics
may be used in the
production of this fish.
Dietary risk assessment
showed that the residual
levels and estimated daily

69

(Squadrone
et al.,
2016)

(SzlinderRichert et
al., 2011)

Presence of
trace metals
in
aquaculture
marine
ecosystems
of the
northwester
n
Mediterranea
n Sea (Italy)
Marine and
farmed fish
on the Polish
market:
Comparison
of the
nutritive
value and
human
exposure to
PCDD/Fs and
other
contaminant
s

Trace elements
concentrations in
farmed European
sea bass from
Italy

Trace elements

Table 1 of the
article outlines
the trace
elements
concentrations

European sea
bass
(Dicentrarchus
labrax)

Northwest
ern
Mediterra
nean Sea,
Italy

In-shore
installati
on
equipped
with
floating
cages in
the sea

Contaminant
levels in farmed
fish from Poland
and imported
from Vietnam and
China

Various
contaminants
(organochlorine
pesticides, OCPs;
indicator
polychlorinated
biphenyl, PCB6;
polychlorinated
dibenzoparadioxins and
polychlorinated
dibenzofurans,
PCDD/Fs; dioxinlike
polychlorinated
biphenyls, dlPCBs; organotin
compounds,

Table 4 of the
article outlines
the content of
undesirable
substances in
the muscle
tissues of the
analyzed fish
species

Farmed in
Poland:
carp (Cyprinus
carpio);
rainbow trout
(Oncorhynchus
mykiss);

Poland,
Vietnam
and China

Not
indicated

Farmed fish
imported from
Vietnam and
China:
sutchi catfish
(Pangasius
hypophthalmus
) farmed in
Vietnam;

intake in bream, perch,
and shrimp were far below
the maximum residual
level and acceptable daily
intake. However, the
average residual level in
crab exceeded the
maximum residual level,
and the estimated daily
intake value accounted for
78.49% of the acceptable
daily intake, indicating
potential consumption
risk.”
“Fish had the lowest
concentrations for all trace
elements...
The maximum values set
by European regulations
for Hg, Cd and Pb were
never exceeded...”

“Traces of OCP, PCB6,
OCT, dyes, veterinary
drug residues, and heavy
metals were detected in
concentrations which do
not pose a threat to
consumers at the current
rate of fish consumption in
Poland.”
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(Tao et al.,
2016)

The level of
mercury
contaminatio
n in
mariculture
sites at the
estuary of
Pearl River
and the
potential
health risk

Mercury
concentration in
fish samples from
the Pearl River
Delta in China

(Trocino et
al., 2012)

Levels of
dioxin-like
polychlorinat
ed biphenyls
(DL-PCBs)
and metals
in European
sea bass
from fish
farms in
Italy

Contaminant
levels in
European sea
bass from various
fish farms in Italy
using different
rearing systems

OCTs; dyes,
malachite green
and crystal
violet; veterinary
drug residues,
nitrofurans and
chloramphenicol;
toxic metals, Cd,
Pb, Hg)
Mercury

DL-PCBs, metals

tilapia
(Oreochromis
niloticus)
farmed in
China.

Table S2 of the
article outlines
the Mercury
concentration in
the different fish
tissues

Table 2 of the
article outlines
the levels of
contaminants in
sea bass fillets
from the three
different rearing
systems

Indigo Hamlet
(Hypoplectrus
indigo), Orbfish
(Ephippus
orbis), yellow
grouper
(Epinephelus
awoara), White
Croaker
(Genyonemus
lineatus), and
Yellow Grouper
(Mycteroperca
venenosa)
European sea
bass
(Dicentrarchus
labrax)

Pearl
River
Delta
(Zhuhai
Estuary,
Guishan
Island,
Daya
Bay),
China

Not
indicated

Northern
Italy
(FriuliVenezia
Giulia and
Veneto
regions,
North
Adriatic
Sea),
Central
Italy
(Tuscany
region,
Tyrrhenia
n Sea)
and
Southern
Italy
(Campani

Extensive
coastal
lagoons,
intensive
inland
basins,
intensive
sea
cages

“In fish samples, THg and
MeHg were more easily to
be accumulated in muscle
than in liver, grills and
skin...
Risk assessments
indicated that
consumption of fish
collected from Guishan
Island and Daya Bay
might impose no or less
health risks to adults, but
higher health risks to
children.”
“European sea bass
produced in several farms
located along the Italian
coast showed that the fish
reared in extensive
lagoons that were not fed
with commercial feeds
were more prone to
contamination by DL-PCBs
and metals than fish
produced in intensive
farms (inland basins and
sea cages) that received
artificial feeds. However,
even at the highest
contamination levels
detected in this study,
European sea bass were
consistently below risk for
human health concerns
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(Urena et
al., 2007)

(Vab Rozic
et al.,
2014)

Metal and
metallothion
ein content
in tissues
from wild
and farmed
Anguilla
anguilla at
commercial
size

Metal and
metallothionein
content in farmed
eel from Valencia
compared with
wild caught eel

Element
levels in
cultured and
wild sea
bass
(Dicentrarch
us labrax)

Trace elements in
farmed fish
species from the
Adriatic Sea
sampled 2007
and 2009

Metal and
metallothionein

Figure 2 and
Table 2 of the
article outline
the metal
concentration in
different tissues
of eel

European eel
(Anguilla
anguilla)

a region,
Tyrrhenia
n Sea;
Puglia
region,
South
Adriatic
Sea; Sicily
region,
Sea of
Sicily)
Valencia,
Spain

and were considered safe
for human consumption.”

Not
indicated

“Wild and farmed eel of a
similar size
commercialized in Valencia
show a different pattern of
metal distribution among
tissues...
Farmed eel contain higher
cadmium levels in gills,
kidney and liver than wild
eel...
Metallothionein content
was higher in the kidney
of farmed eel than in that
of wild eel...
For all metals analyzed,
the content in the edible
part of the eel (the
muscle) was below the
maximum levels
established by the EU
limits.”

Cage in
seawater

“Significant differences in
element content between
cultured (Dicentrarchus
labrax, Sparus aurata) and
wild fishes as well as
between fish muscle and
their feed were detected.

Table 3 of the
article outlines
the
metallothionein
content in eel
tissues

Trace elements

Table 1 of the
report outlines
the element
content in the
fish muscle of
wild and

sea bass (D.
labrax
Linnaeus 1758)
and sea bream
(S. aurata
Linnaeus 1758)

Adriatic
Sea,
Croatia
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and gilthead
sea bream
(Sparus
aurata) from
the Adriatic
Sea and
potential risk
assessment

cultured fish
species

Higher concentrations of
trace elements (i.e., As,
Cu, Hg, Se) in wild fish
tissues in comparison with
cultured ones indicate
additional sources of
metals beside fish feed as
natural and/or
anthropogenic sources.
Generally, mean Cd, Cu,
Pb, Se, and Zn
concentrations in cultured
(0.016, 1.79, 0.14, 0.87,
and 34.32 μg/g,
respectively) and wild
(0.011, 1.97, 0.10, 1.78,
and 23,54 μg/g,
respectively) fish samples
were below the
permissible levels, while
mean As (2.57 μg/g in
cultured, 4.77 μg/g in
wild) and Cr (5.25 μg/g in
cultured, 2.92 μg/g in
wild) values exceeded
those limits. Hg values
were lower in cultured
(0.17 μg/g) and higher in
wild (1.04 μg/g) fish
specimens. The highest
elemental concentrations
were observed in almost
all fish samples from
Korčula sampling site. The
smallest cultured sea
basses showed As
(4.01 μg/g), Cr
(49.10 μg/g), Pb
(0.65 μg/g), and Zn
(136 μg/g) concentrations
above the recommended
limits; however, values
decreased as fish size
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(Wong et
al., 2016)

Recycle food
wastes into
high quality
fish feeds for
safe and
quality fish
production

Review on the
influence of feed
based on food
waste on the
level of
contaminants in
fish flesh
compared to
commercial feed
pellets

mercury, PAHs
and DDTs

(Wony et
al., 2015)

Feed-borne
exposure to
zearalenone
leads to
advanced
ovarian
development
and limited
histopatholo
gical
changes in
the liver of

Influence of
zearalenonecontaminated
feed on rainbow
trout

Mycotoxin
zearalenone
(ZEN)

Figure 1 of the
article outlines
the residual
levels of ZEN in
the intestine and
the liver of
rainbow trout
fed with
contaminated
feed

bighead carp,
grass carp and
mud carp

Not
indicated

Feed

Rainbow trout

Not
indicated

Feed

increased. Therefore, the
majority of metal
concentrations in
commercial fishes showed
no problems for human
consumption. Also
calculated Se:Hg molar
ratios (all >1) and
selenium health benefit
values (Se-HBVs) (all
positive) showed that
consumption of all
observed fishes in human
nutrition is not risk.”
“In general, fish fed with
food waste based diets are
safer for human
consumption, when
compared with those fed
the commercial diets, due
to the higher contaminant
concentrations in fishmeal
contained in the
commercial diets. Further
studies should focus on
the feasibility of adding
different Chinese
medicinal herbs, enzymes
or other additives in order
to enhance the quality and
efficacy of fish feeds.”
“The results of this study
suggest that long-term
feeding of fish with feed
that is contaminated with
ZEN at the EC guidance
value may have
consequences for
aquaculture using feed
additives of plant origin.
Here we show that when
premarket size fish are fed
for two months with ZEN-
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premarket
size rainbow
trout

(Wozny et
al., 2013)

Zearalenone
contaminatio
n in rainbow
trout farms
in northeastern
Poland

Zearalenonecontent in farmed
rainbow trout
from Poland

Mycotoxin
zearalenone
(ZEN)

Table 1 of the
article outlines
the ZENconcentration in
rainbow trout
organs

Rainbow trout

Poland

Not
indicated

contaminated feed at a
concentration just below
the EC guidance value, the
growth of the fish is not
affected. Residual analysis
of ZEN content in major
organs of the exposed
rainbow trout indicated
that the consumption of
the fish meat after this
feeding regimen poses
little (if any) threat to
human health. Although
the feed-borne exposure
to ZEN had only a limited
influence on the histology
of the fishes' liver, our
results suggest that ZEN
may accelerate sexual
maturation of female fish
which may have
consequences for the
fishes' reproduction. Our
findings warrant further
research to reassess the
recommended limits for
ZEN in fish feed. This
research should study the
effect of ZEN on the entire
life-cycle of the fish, and
focus on early life stages
with rapid growth.”
“In summary, this is the
first study documenting
the occurrence of
zearalenone in the organs
of rainbow trout
commercially available in
Poland. The concentrations
of this mycotoxin found in
fish samples pose little
health risk to the fish's
consumers. However,
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(Woźny et
al., 2017)

Transfer of
zearalenone
to the
reproductive
system of
female
rainbow
trout
spawners: A
potential risk
for
aquaculture
and fish
consumers?

Zearalenonecontent in farmed
fish from Poland
and Norway

Mycotoxin
zearalenone
(ZEN)

Table 1 of the
article outlines
the
concentration of
ZEN in the fish
species

Table 1
outlines the
fish species

Poland
and
Norway

Not
indicated

(Yipel et al.,
2017)

Determinatio
n of selected
antibiotics in
farmed fish

Antibiotic content
in farmed fish
species from
Turkey collected

37 Antibiotics
(e.g.
fluoroquinolone,
tetracycline,

Table 3 of the
article indicates
the maximum
residue levels

rainbow trout
(Oncorhynchus
mykiss W.,
1792), sea

Hatay,
Mersin,
Adana,
Osmaniye

Not
indicated

accumulation of
zearalenone was observed
in the fish's ovaries and
may be of concern for the
aquaculture industry.
Further studies should
evaluate the effects of
food-borne mycotoxins on
health and productivity of
economically relevant fish
species, like rainbow trout
or salmon.”
“We also report that only
trace amounts of ZEN
were found in the oocytes
and ovaries of different
fish species and in
commercially-available
salted roe that was
collected in Poland and
Norway between 2013 and
2015. These results
indicate that the health
risk from dietary intake of
ZEN from gourmet fish
products (i.e. salted roe or
caviar) is negligible.
However, the potential of
ZEN to transfer to fish
ovaries may be of concern
for aquaculture
production. This implies a
need to experimentally
assess whether the
existing guidance values
for the amount of ZEN in
aquafeeds are safe for fish
health and reproductive
performance.”
“Of 75 fish samples from
five different cities, 33.3%
(n = 25) contained at
least one antibiotic residue
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(Yu et al.,
2011)

species
using LC‐
MS/MS

between
September and
December 2014
from
supermarkets

macrolide,
sulphonamide,
penicillin,
amphenicol and
cephalosporin)

for antibiotics
found in the fish
species

bass
(Dicentrarchus
labrax L.,
1758), and
gilthead see
bream (Sparus
aurata L.,
1758)

and
Gaziantep
regions in
Turkey

Persistent
halogenated
compounds
in two

Persistent
halogenated
compounds in fish

persistent
halogenated
compounds
(PHCs) including

Table S3-S7 of
the article
outline detailed
information on

crimson
snapper
(Lutjanus
erythopterus)

Daya Bay
and
Hailing
Bay,

Seawater
fishery
farms

and 20% (n = 15)
samples contained more
than one antibiotic
residues. Multiple
antibiotic residues (four or
more) were found in eight
samples (10.7%), and the
maximum seven different
antibiotics were found in
one sample...
The most detected
antibiotics were
norfloxacin (NOR)
(18.7%), marbofloxacin
(MAR) (12%), tetracycline
(TC) (10.7), danofloxacin
(DAN) (9.3%),
oxytetracycline (OTC)
(9.3%), tilmicosin (TLM)
(8%) and enrofloxacin
(ENR) (6.7%). A total of
17.3% of samples
examined were found to
be contaminated with
residues exceeding the
maximum residue limits
(MRLs). The results
indicate that antibiotics
are frequently used in
aquaculture production
without the lack of
knowledge. This study also
revealed that the
consumption of farmed
fish could produce a public
health concern as the level
of residues for some
antibiotics was much
higher than MRLs.”
“Persistent halogenated
compounds are ubiquitous
in the mariculture
environments.
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(Zapata et
al., 2017)

typical
marine
aquaculture
zones of
South China

species from
South China

polybrominated
diphenyl ethers
(PBDEs),
organochlorine
pesticides and
polychlorinated
biphenyls (PCBs)

the
concentration of
Persistent
halogenated
compounds in
the fish samples

and snubnose
pompano
(Trachinotus
blochii)

South
China

Bioaccumula
tion of heavy
metals in
Oncorhynchu
s mykiss for
export at
production
centers in
the Peruvian
Central
Highlands

Concentration of
heavy metals in
farmed rainbow
trout from Peru

Heavy metals

Table 1 -3 of the
article outline
the mean
concentration of
heavy metals in
the liver, kidney
and muscle of
trout

Rainbow trout

Huari and
Tishgo
Rivers,
Junin
Region,
Peru

Not
indicated

Dietary uptake may be the
major route for exposure
of fish to PHCs.
The mariculture
environment in South
China is somewhat
biologically impaired by
DDT.
There may be some
cancer risk associated with
fish consumption for
humans.”
“The metal that
bioaccumulates most in
the livers is iron, followed
by zinc, copper and lead.
The metal that
bioaccumulates most in
the kidneys is iron,
followed by zinc, lead and
copper. The metal that
most bioaccumulates in
the muscles is zinc,
followed by iron, lead and
copper.
Levels of Zn, Fe and Pb
were found to exceed the
environmental quality
standards established by
the Peruvian Ministry of
the Environment for the
rivers of the coast and
highlands, as well as the
quality standards of the
European Union for the
cultivation of trout, while
levels of Cu conformed
with those standards.
Concentration of Cu, Zn,
Fe and Pb in the livers,
kidneys and muscles
exceeded the maximum
permissible limits
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(Zhang et
al., 2010)

Occurrence,
bioaccumula
tion and
potential
sources of
polybrominat
ed diphenyl
ethers in
typical
freshwater
cultured fish
ponds of
South China

Polybrominated
diphenyl etherslevels in farmed
fish species from
South China
collected from
October 2006 –
September 2007

Polybrominated
diphenyl ethers
(PBDEs)

Table S2 of the
article outlines
the PBDE-levels
in the fish
species

bluntsnout
bream (BB,
Magalobrama
amblycephala),
bighead carp
(BC,
Aristichthys
nobilis),
crucian carp
(CC, Carassius
auratus),
common mullet
(CM, Mugil
cephalus),
grass carp (GC,
Ctenopharyngo
don idellus),
largemouth
bass (LB,
Micropterus
salmoides),
mud carp (MC,
Cirrhinus
molitorella),

Dongguan
and
Shunde,
South
China

Freshwat
er Fish
ponds

established by the
European Union for fish
meat and by the Mexican
official standard, NOM027-SSA1-1993, for fresh,
refrigerated and frozen
fishery products, in the
case of Pb. The correlation
between the
concentrations of copper,
zinc, iron and lead in the
water and the
concentrations of these
metals in the livers,
kidneys and muscles is low
and not significant, except
for copper, which had a
significant correlation.”
“BDE-209 was dominant in
all samples except for fish
where BDE-47 was the
major congener. BDE-49,
a congener seldom
reported in previous
studies in South China,
was detected in all the
samples and its source
needs to be further
investigated. Atmospheric
deposition (dry and wet)
and air–water exchange,
as well as contaminated
fish feeds, are important
pathways (or sources) for
inputs of PBDEs to FWCFPs
(freshwater cultured fish
ponds). The main
exposure routes of fish to
PBDEs appeared to be fish
feed and pond water. To
alleviate fish
contamination by PBDEs,
it is important to have
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and tilapia (TP,
Tilapia)
(Zhang et
al., 2011)

Input
pathways of
organochlori
ne pesticides
to typical
freshwater
cultured fish
ponds of
South China:
Hints for
pollution
control

DDX and HCH
content in farmed
fish species from
South China
collected from
October 2006 –
September 2007

DDXs (defined as
the sum of
dichlorodiphenylt
richloroethane
(DDT),
dichlorodiphenyl
dichloroethane
(DDD), and
dichlorodiphenyl
dichloroethylene
(DDE) and 1‐
chloro‐2,2‐bis(4‐
chlorophenyl)eth
ane (p,p′‐
DDMU)), and
hexachlorocycloh
exanes (HCHs)

Table S2
outlines the
concentration of
contaminants

(Zhang et
al., 2014)

Risk
assessment
of trace
elements in
cultured
freshwater
fishes from
Jiangxi
province,
China

Trace elements in
farmed fish
species from
China collected
between April and
June 2011

Trace elements
(As, Cd, Cr, Cu,
Fe, Ni, Pb, Se,
and Zn)

Table 3 of the
article outlines
the mean
concentration
and ranges of
trace elements
in the muscle of
the fish species

bluntsnout
bream (BB,
Magalobrama
amblycephala),
bighead carp
(BC,
Aristichthys
nobilis),
crucian carp
(CC, Carassius
auratus),
common mullet
(CM, Mugil
cephalus),
grass carp (GC,
Ctenopharyngo
don idellus),
largemouth
bass (LB,
Micropterus
salmoides),
mud carp (MC,
Cirrhinus
molitorella),
and tilapia (TP,
Tilapia)
white Bream
(Parabramis
pekinensis),
grass carp
(Ctenopharyng
odon idellus),
mandarin fish
(Siniperca
chuatsi),
crucian carp
(Carassius
auratus), silver
carp
(Hypophthalmi

Dongguan
and
Shunde,
South
China

Freshwat
er Fish
ponds

Jiangxi
province,
China

Freshwat
er

effective control measures
to ensure the quality of
fish feeds.”
“These results indicated
that fish feed was the
dominant input source of
DDXs to the FWCFPs
(freshwater cultured fish
ponds). As for HCHs,
fluxes via dry deposition
and feeding were similar
and slightly higher than
those via wet deposition.
Biological effects due to
the occurrence of DDXs in
the FWCFPs were minimal,
and consumption of
freshwater fish from the
PRD (Pearl River Delta)
appeared to pose
insignificant risk to human
health based on some
existing regulations and
guidelines.”

“All the studied trace
element concentrations in
cultured freshwater fishes
from Jiangxi province do
not exceed Chinese
national standard, and the
toxic trace element
concentrations in cultured
freshwater fishes from
Jiangxi province are in the
low range of the global
values.
The THQ values for all the
studied trace elements in
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(Ferrantelli
et al.,
2012)

Evaluation of
mercury
levels in
Pangasius
and Cod
fillets traded
in Sicily
(Italy)

Mercury
concentration in
farmed pangasius
imported from
Vietnam to Italy

Mercury

Table 1 of the
article outlines
the residual
levels of
mercury

chthys
molitrix),
catfish (Silurus
asotus),
northern
snakehead
(Ophiocephalus
argus), and
bighead carp
(Aristichthys
nobilis)
Pangasius
(Pangasius
hypophthalmus
)

fish samples were much
less than 1, suggesting
that the concentrations of
the trace elements in fish
muscle from Jiangxi
province pose no health
hazards to the
consumers.”

Italy,
imported
from
Vietnam
(basins of
Mekong
and of the
Chao
Phraya
Delta)

Floatcages in
rivers or
ponds

“The results obtained in
this study confirm that the
consumption of pangasius
and cod fillets contribute
to Hg intake from the diet.
From the analysis of Hg
levels in pangasius fillets,
five fillets sample (12.8%)
were in the range of 0.54–
0.63 mg kg−1, exceeding
the maximum residual
levels (MRL) of
0.5 mg kg−1 established by
Regulation CE n.
1881/2006, while 16 fillets
samples (41.0%) were
near to the MRL with a
range of 0.40–
0.49 mg kg−1...
The highest Hg content
found in this study is
probably correlated to
greater environmental
contamination (industrial
activities, smelting
processes, fuel
combustion) of
Vietnamese regions where
pangasius come from, and
also to climatic changes
and natural disasters
(earthquakes, tsunamis,
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(Durant et
al., 2015)

Public health
assessment
of dioxincontaminate
d fish at
former US
airbase, Bien
Hoa,
Vietnam

Dioxin
concentration in
tilapia cultured in
ponds at a former
US airbase in
Vietnam

Dioxin (2,3,7,8tetrachlorodibenzo-dioxin
(2,3,7,8-TCDD))

Table 2 and 3 of
the article
outline the
dioxinconcentration in
fish tissue
samples

Tilapia
(Oreochromis
niloticus)

Ben Hoa,
Vietnam

Lakes
and
ponds

(Hoai et al.,
2011)

Pesticide
pollution in
agricultural
areas of
Northern
Vietnam:
Case study
in Hoang
Liet and

Pesticide residue
concentration in
fish samples from
Northern Vietnam

Organochlorinate
d pesticides
(including DDTs
(o,p′-DDE, p,p′DDE, o,p′-DDD,
p,p′-DDD, o,p′DDT, p,p′-DDT),
hexachlorocycloh
exanes (HCHs:

Figure 4 – 6
indicate the
distribution and
composition of
pesticides in the
fish samples

Mozambique
tilapia
(Oreochrimis
mossambicus),
black pacu
(Colossoma
brachypomum)
, catfish
(Siluriformers),

Red River
Basin,
Northern
Vietnam

Ponds

etc.) of Asian countries in
the last few years.”
“The estimated doses of
2,3,7,8-TCDD from
consuming tilapia from
Bien Hoa airbase sources
exceed applicable United
States and international
guidelines. Fat tissues
contained the highest
concentrations of 2,3,7,8TCDD and other DLC, and
on-base tilapia samples
were higher than off-base
composite samples.
Preventing human
consumption of tilapia, as
well as other fish caught
at Bien Hoa airbase is the
proper way to protect
public health. Limiting
consumption to muscle
only would not protect
public health – our
calculated doses exceeded
recommended tolerable
daily intakes. And because
of the high concentration
of 2,3,7,8-TCDD and DLCs
in the fatty tissues, even
inadvertent consumption
of a small portion of fat
could lead to doses of
health concern.”
“Since acceptable daily
intake (ADI) levels were
repeatedly exceeded in
fish and vegetable
samples, the improvement
of pesticide management
practices would be crucial
from a human health
perspective, particularly in
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Minh Dai
communes

(FAO,
2007) 1

1

Fish and
fishery
product
quality and
safety of
aquaculture
products in
Bosnia and
Herzegovina

Control of
chemical residues
in aquaculture in
Bosnia and
Herzegovina in
2006

α-HCH; β-HCH;
γ-HCH; δ-HCH;
ɛ-HCH),
chlordane
compounds
(CHLs: transchlordane, cischlordane), drin
compounds
(aldrin, dieldrin,
isodrin),
hexachlorbenzen
e (HCB),
heptachlor, cisheptachloroepoxi
de,
methoxychlor,
and mirex,
fenobucar,
trichlorfon,
cyfluthrin,
cypermethrin)
Stilbenes,
Synthetic
steroids,
chloramphenicol,
nitrofurans,
antibacterial
substances,
pharmacologicall
y active
substances,
organochlorine
compounds
including PCBs,
chemical
elements,
mycotoxins,
dyes

carp (Cyprinus
carpio carpio),
mud carp
(Cirrhina
molitorella),
and channa
maculates
(Ophiocephalus
maculates)

Table 3 outlines
the results of
the regulatory
programme

Not indicated

terms of reducing
exposure...
In addition, some of the
banned organochlorine
pesticides still persist or
where even recently
added to the environment
and accumulate in
biomass and fish.”

Bosnia
and
Herzegovi
na

Not
indicated

Zero numbers of noncompliance detected

http://www.fao.org/docrep/012/i1137e/i1137e07.pdf
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(FAO,
2016) 2

(FSAI,
2007) 3

Food Safety
and Quality
Situation in
countries of
the region

Prospective food
safety and quality
issues that could
be of regulatory
significance

Antimicrobial
resistance (AMR)

COMMISSIO
N STAFF
WORKING
DOCUMENT
ON THE
IMPLEMENTA
TION OF
NATIONAL
RESIDUE
MONITORIN
G PLANS IN
THE
MEMBER
STATES IN
2007

Monitoring results
in the EU Member
States in 2007

Hormones,
forbidden
substances,
antibacterials,
Organochlorines,
Heavy metals,
Dyes

Not indicated

Graph 6 and
Table 23
outlines the
non-compliant
results for
aquaculture

Not indicated

Global

European
Union

Not
indicated

Generic: Not indicated
which aquaculture species

Not
indicated

“Massive and improper use
of antimicrobials in the
livestock sector as well as
in aquaculture was
indicated as an issue of
great concern. The need
to better understand the
contribution of the food
chain to the overall
problem of AMR and the
extent to which systems
that recycle animal waste
and by-products may
contribute to the
dissemination of AMR was
highlighted.”
Generic: Not indicated
which aquaculture species
“In 2007 there were 2
non-compliant results for
steroids (estradiol 17beta), 3 for banned
substances
(chloramphenicol), 10 for
antibacterials, 4 for
organochlorines, 3 for
heavy metals. Most noncompliant results were as
in previous years for
malachite green (47
targeted and 117 suspect
compared to 68 targeted
and 101 suspect in 2006).
Non-compliant results for

http://www.fao.org/fao-who-codexalimentarius/shproxy/en/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FMeetings%252FCX-70630%252FWD%252Feu30_03e.pdf
3
https://www.fsai.ie/uploadedFiles/Legislation/Legislation_Update/EU_Doc_natresiduemonitoring2007.pdf
2
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(FSAI,
2002) 4

4

Dioxins,
Furans and
PCBs in
Farmed and
Wild
Salmon,
Farmed
Trout and
Fish Oil
Capsules

Survey on
contaminant
levels in farmed
salmon and trout
in Ireland 2002

PCDD/Fs, dioxinlike PCBs

Table 6 and 7
indicated the
concentration of
PCDDs/PCDFs,
and dioxin-like
PCBs in Irish
farmed salmon
and trout

Farmed salmon
and farmed
trout

Ireland

Not
indicated

malachite green were
found in 12 Member
States.”
“Wild salmon, farmed
salmon and farmed trout
were found to contain low
levels of dioxins and
dioxin-like PCBs... Current
European legislation
(Council Regulation
2375/01/EC amending
Commission Regulation
(EC) No 466/2001 setting
maximum levels for
certain contaminants in
foodstuffs) sets a
maximum limit for dioxins
of 4 ng WHO-TEQ/kg wet
weight fish.
The dioxin levels found in
Irish farmed salmon were
on average less than 25%
of this limit.
The dioxin levels found in
Irish farmed trout were on
average less than 10% of
this limit.
Therefore, Irish wild
salmon and Irish farmed
salmon and trout are well
below current European
limits for dioxins. It should
be noted that current
European legislation does
not set maximum limits
for the dioxin-like PCBs.
However, these levels
were slightly higher than
the dioxin levels in the
same sample.”

https://www.fsai.ie/monitoring_and_enforcement/monitoring/surveillance/dioxins_furans_pcbs.html
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5
6

(FSAI,
2006) 5

FSAI news
September/
October
2006

National Residue
Control Plan 2006
in Ireland

Unauthorised
sea lice
treatments

Farmed finfish

Ireland

Not
indicated

(FSAI,
2015) 6

National
monitoring
of residues
in farmed
fish shows
full
compliance

National Residue
Control Plan 2014
in Ireland

Chemical
substances (e.g.
banned and
unauthorised
substances (e.g.
dyes and
steroids),
various
authorised
veterinary
treatments and
environmental
contaminants

Farmed Finfish

Ireland

Not
indicated

In the aquaculture sector,
over 700 tests were
carried out on 181 farmed
finfish samples. Two
farmed salmon samples
were positive for an
unauthorised sea lice
treatment
“The results of
the National Residue
Control Plan (NRCP) for
2014, recently published
by the Department of
Agriculture, Food and the
Marine, show, that for the
ninth consecutive year,
there was full compliance
in farmed finfish, with no
positive test results for
target residues. During
2014, the Marine Institute
carried out just over 700
tests and a total of 1,882
residues measurements on
136 samples of farmed
finfish, in accordance with
the NRCP, for a wide
range of chemical
substances; including
banned and unauthorised
substances (e.g. dyes and
steroids), various
authorised veterinary
treatments and
environmental
contaminants. The
aquaculture sector
remains fully compliant,
with no positive test

https://www.fsai.ie/uploadedFiles/News_Centre/Newsletters/Newsletters_Listing/FINAL(18).pdf
https://www.marine.ie/Home/site-area/news-events/news/national-monitoring-residues-farmed-fish-shows-full-compliance
86

(Marine
Institute,
2016) 7

Annual
Report 2016

National
Surveillance
Monitoring
Programme for
Residues in
farmed Fish 2015

Chemical
substances (e.g.
antibiotics
sulphonamide)

Farmed finfish
(trout)

Ireland

Not
indicated

(Mattilsynet
, 2016) 8

Annual
Report 2016

National Control
Plan 2016

Chemical
substances (e.g.
illegal
substances, legal
pharmaceuticals,
organic and
inorganic
environmental
toxins)

Farmed fish

Norway

Not
indicated

results for farmed finfish
in the period 2006-2014.”
“The 2015 results, of more
than 676 tests and 1,845
measurements, were
published in 2016 and
show full compliance with
European standards with
the exception of two trout
samples reported as noncompliant due to levels of
sulphonamide above the
maximum residue limit.
Additionally, fishery
samples from non- EU
countries collected at
border inspection posts
were tested for
contaminants and
veterinary residues.”
“Farmed fish: No findings
of illegal substances, legal
pharmaceuticals and
organic and inorganic
environmental toxins in
excess of the limit values
in farmed fish. • Imported
seafood: Only in a few
cases were levels of
undesirable substances
exceeding limit values
found in seafood imported
from countries outside the
EU/EEA area.”

7

https://oar.marine.ie/bitstream/handle/10793/1323/Marine%20Institute%20Annual%20Report%202016%20English_FINAL%203107201
7.pdf?sequence=1&isAllowed=y
8

https://www.mattilsynet.no/om_mattilsynet/annual_report_the_norwegian_food_safety_authority_2016.26919/binary/Annual%20report
%20The%20Norwegian%20Food%20Safety%20Authority%202016
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(Mattilsynet
, 2015) 9

Annual
Report 2015

National Control
Plan 2015

Chemical
substances (e.g.
illegal
substances, legal
pharmaceuticals,
organic and
inorganic
environmental
toxins)

(Mattilsynet
, 2011) 10

MONITORIN
G
PROGRAMME
FOR
RESIDUES
OF
THERAPEUTI
C AGENTS,
ILLEGAL
SUBSTANCE
S AND
OTHER
UNDESIRABL
E
SUBSTANCE
S IN
FARMED
FISH

Monitoring
programme 2010

Chemical
substances
(substances with
anabolic effect,
unauthorised
substances,
veterinary drugs,
contaminants)

Chapter 6 of the
report and its
tables outline
the
concentration of
chemical
substances
found in farmed
fish

Farmed fish

Norway

Not
indicated

Farmed fish –
see Tables in
Chapter 6 of
the report

Norway

Not
indicated

“Monitoring of illegal
substances, legal
pharmaceuticals and
organic and inorganic
environmental toxins in
farmed fish identified no
findings in excess of the
limit values and showed
that it is safe to eat
farmed fish. Analyses of
seafood imported from
countries outside the
EU/EEA area identified
only a few cases of levels
of undesirable substances
exceeding limit values.”
“Chloramphenicol was
detected in one of the 194
pooled samples analysed
at a concentration
between the Limit of
Detection (0.25 ng/g) and
the Limit of Quantification
(LOQ = 1.0 ng/g)...
Of the therapeutic agents
in group B, emamectin
benzoate was detected in
eight of the 188 pooled
samples of farmed fish
analysed in 2010. Reanalysis of the positive
samples showed mean
concentrations ranging
from 2.5 to 24.9 µg/kg,
below the current MRL for

9

https://www.mattilsynet.no/om_mattilsynet/annual_report_the_norwegian_food_safety_authority_2015.22993/binary/Annual%20report
%20The%20Norwegian%20Food%20Safety%20Authority%202015
10

https://www.mattilsynet.no/mat_og_vann/produksjon_av_mat/fisk_og_sjomat/oppdrettsfisk/aarsrapport_2010_medisinrester_oppdrettsfi
sk.9366/binary/%C3%85rsrapport%202010%20Medisinrester%20oppdrettsfisk
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emamectin benzoate of
100 µg/kg...
The mycotoxin Ochratoxin
A was not detected in any
of the nine pooled salmon
samples analysed for
2010...
The concentrations of
dioxins (PCDDs and
PCDFs), dioxin-like PCBs,
PCB-7 and organochlorine
pesticides in farmed
salmon were similar to the
results from this
monitoring programme for
the years 2003 to 2009...
No samples exceeded the
EU maximum limits, for
the compounds where
such limits have been
established.
Concentrations of lead,
cadmium and mercury in
farmed fish in 2010 were
below the EU maximum
limits for these elements
in fish. There is currently
no EU maximum limit for
arsenic, however the
concentration in farmed
fish is not a safety concern
due to the chemical form
present in fish,
arsenobetaine which is
considered harmless.
Brominated flame
retardants (PBDE, HBCD
and TBBPA) and
perfluorinated compounds
were included in the
programme for 2010. The
maximum PBDE-7
concentration in farmed

89

salmon in 2010 was 3.2
µg/kg. The concentrations
of the other brominated
flameretardants (α- , βand γhexabromocyclododecane
(HBCD) and
Tetrabromobisphenol A
(TBBPA)) in farmed fish
were all below their LOQ
value of 1.0 µg/kg wet
weight. The only PFC level
in farmed fish above the
LOQ was PFHxA with a
maximum concentration of
1.4 µg/kg. The
concentrations of the
remaining 17 PFCs
analysed in farmed fish
were below their LOQ.
There are no maximum
limits in the EU for these
compounds in food.
Benzo[a]pyrene (BaP) is
currently the only PAH
with an established
maximum limit in food.
The concentration of BaP
in all of the samples of
farmed fish analysed since
2007 has been below the
LOQ value.
The synthetic antioxidants
ethoxyquin, BHT and BHA
are authorised feed
additives in the EU. The
results show that there is
carry-over of synthetic
antioxidants from the feed
to the fish fillets, in
particular for BHT. Levels
in farmed fish in 2010
were lower than those

90

(Mattilsynet
, 2014) 11

Monitoring
program for
pharmaceuti
cals, illegal
substances,
and
contaminant
s in farmed
fish

Annual
monitoring report
for 2012

Chemical
substances
(hormone-like
substances in
the group of
stilbenes,
steroids, and
illegal drugs;
antibiotics,
anthelmintic,
organochlorine
compounds,
organophosphor
us compounds,
chemical
elements,
mycotoxins,
dyes and others)

Chapter 5 of the
report and its
tables outline
the
concentration of
chemical
substances in
farmed fish

Farmed fish see tables in
chapter 5 of
the report

Norway

Not
indicated

found in previous years,
and all of the samples
were compliant with the
Japanese maximum
residue limits. There is
currently no EU maximum
residue limit for these
compounds in food of
animal origin as a result of
their use as feed
additives.”
“There was not detected
any residues of banned
substances (Group A) in
any of the samples
included in the program
for 2012.
For the therapeutic agents
in group B, emamectin
was detected in two of the
68 pooled samples of
farmed fish analysed in
2012. The highest
concentration measured
was 18 µg/kg, which is far
below the current
Maximum Residue Limit
(MRL) for emamectin of
100 µg/kg. In addition,
cypermethrin was
detected in one of the 16
pooled samples examined;
the measured
concentration was 15
µg/kg, which is below the
MRL for cypermethrin of
50 µg/kg. Residues of
other substances in group
B, or their metabolites,

11

https://www.mattilsynet.no/fisk_og_akvakultur/akvakultur/aarsrapport_2012_medisinrester_oppdrettsfisk.10653/binary/%C3%85rsrapp
ort%202012%20Medisinrester%20oppdrettsfisk
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were not found in any of
the farmed fish samples
from 2012.
The mycotoxin Ochratoxin
A was not detected in any
of the eight pooled salmon
samples analysed for
2012.
The concentrations of
dioxins (PCDDs and
PCDFs) and the
organochlorine pesticides
other than DDT, in farmed
salmon, were comparable
to the results from this
monitoring programme for
the years 2003 to 2011.
For dioxin like PCBs
(dlPCBs), PCB-7 and DDT
the level has decreased
over the last ten years. No
samples exceeded the EUs
maximum limits, where
such limits have been
established.
The concentrations of
mercury, cadmium and
lead in farmed fish were
below the EU maximum
limits for these elements
in fish. There is currently
no EU maximum limit for
arsenic.
Of the brominated flame
retardants, only
polybrominated diphenyl
ethers (PBDEs) were
analysed in 2012. The
Upper Bound (UB)-mean
concentration of PBDE-7
was 0.7 µg/kg in 2012,
which is the same as
found in 2011. There are
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(Mattilsynet
, 2017) 12

Radioactive
substances
in Norwegian
farmed
Atlantic
salmon
(Salmo
salar)

Radioactive
substances in
Norwegian
farmed Atlantic
salmon (Salmo
salar) collected
between January
and December
2016 at 100
processing plants
in Norway

Radioactive
substances
(anthropogenic
and natural)

Chapter 3 of the
report and its
figures outline
the
concentration of
radioactive
substances in
farmed atlantic
salmon

Farmed
Atlantic
Salmon (Salmo
salar)

Norway

Not
indicated

currently no EU
regulations regarding this
compound. Polycyclic
aromatic hydrocarbons
(PAHs) and perfluorinated
compounds (PFCs) were
not detected above their
limit of quantification
(LOQ). There are no
maximum limits in the EU
for these compounds in
fresh fish.”
The levels of the
anthropogenic radionuclide
cesium-137 (137Cs) in
Norwegian farmed Atlantic
salmon (Salmo salar) are
about three orders of
magnitude lower than the
intervention level for
radioactive cesium in food
set by the Norwegian
authorities after the
Chernobyl accident. Levels
of anthropogenic
radionuclides in fish feed
are likewise very low. The
levels of anthropogenic
and natural radionuclides
found in farmed salmon in
the present study are
comparable to or lower
than the levels found in
other fish species in the
North Atlantic Ocean. Any
potential health risk
caused by the levels of
radionuclides found in
farmed salmon in the

12

https://www.mattilsynet.no/mat_og_vann/uonskede_stofferimaten/radioaktivitet/radioaktivitet_i_norsk_oppdrettslaks_2016_eng.27297/
binary/Radioaktivitet%20i%20norsk%20oppdrettslaks%202016%20(eng)
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(Mattilsynet
, 2017) 13

Monitoring
program for
pharmaceuti
cals, illegal
substances,
and
contaminant
s in farmed
fish

Annual Report for
2016

Chemical
substances
(substances with
anabolic effect,
unauthorised
substances,
veterinary drugs
and
contaminants)

Chapter 4 of the
report and its
tables outline
the
concentration of
chemical
substances in
the fish samples

Atlantic salmon
(Salmo salar),
rainbow trout
(Oncorhynchus
mykiss), turbot
(Scophthalmus
maximus),
Atlantic halibut
(Hippoglossus
hippoglossus)
Arctic char
(Salvelinus
alpinus) and
spotted wolfish
(Anarchichas
minor)

Norway

Not
indicated

present study will be very
low and of no concern to
the consumer.
“Crystal violet was
detected in fish from one
fish farm...
No other residues of
substances with anabolic
effects or unauthorized
substances were detected.
Residues of the anti-sea
lice agents; emamectin,
cypermethrin,
diflubenzuron or
teflubenzuron were found
in 22 samples. However,
the concentrations
measured were all below
the Maximum Residue
Limit (MRL) for all
samples. Other veterinary
drugs, such as antibiotics
or drugs used against
internal parasites, were
not found.
The samples were
analysed for dioxins (sum
of polychlorinated
dibenzo-para-dioxins
(PCDDs) and
polychlorinated
dibenzofurans (PCDFs)),
dioxin like PCBs (dl-PCBs),
indicator PCB (PCB-6),
pesticides, metals, PAH,
PFC or/and BFR. No
environmental
contaminants were found
above the EU maximum

13

https://www.mattilsynet.no/mat_og_vann/produksjon_av_mat/fisk_og_sjomat/oppdrettsfisk/aarsrapport_2016_medisinrester_i_oppdrett
sfisk.26826/binary/%C3%85rsrapport%202016%20Medisinrester%20i%20oppdrettsfisk
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(Mattilsynet
, 2016) 14

Monitoring
program for
pharmaceuti
cals, illegal
substances,
and
contaminant
s in farmed
fish

Annual Report for
2015

Chemical
substances
(substances with
anabolic effect,
unauthorised
substances,
veterinary drugs
and
contaminants)

Chapter 4 of the
report and its
tables outline
the
concentration of
chemical
substances in
the fish samples

Atlantic salmon
(Salmo salar),
rainbow trout
(Oncorhynchus
mykiss),
Turbot
(Scophthalmus
maximus),
Atlantic halibut
(Hippoglossus
hippoglossus)
and Arctic char
(Salvelinus
alpinus)

Norway

Not
indicated

limits. The level for
several of the
contaminants have
decreased over the last 15
years.”
“Crystal violet was
detected in fish from one
fish farm...
No other residues of illegal
compounds were detected.
Residues of three anti sea
lice agents; Emamektin,
cypermethrin or
diflubenzuron, were found
in 6% of the samples
analysed for anti sea lice
agents. However, the
concentration measured
were below the Maximum
Residue Limit (MRL) for all
samples. Other veterinary
drugs, like antibiotics or
drugs used against
internal parasites, were
not detected.
The samples were
analysed for dioxins (sum
of polychlorinated
dibenzo-para-dioxins
(PCDDs) and
polychlorinated
dibenzofurans (PCDFs)),
dioxin like PCBs (dl-PCBs),
indicator PCB (PCB-6),
pesticides, metals, PAH,
PFC or/and BFR. All the
environmental
contaminants analysed in
farmed fish were below

14

https://www.mattilsynet.no/mat_og_vann/produksjon_av_mat/fisk_og_sjomat/oppdrettsfisk/aarsrapport_2015_medisinrester_i_oppdrett
sfisk.23852/binary/%C3%85rsrapport%202015%20Medisinrester%20i%20oppdrettsfisk
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(Mattilsynet
, 2015) 15

Monitoring
program for
pharmaceuti
cals, illegal
substances,
and
contaminant
s in farmed
fish

Annual Report for
2014

Chemical
substances
(substances with
anabolic effect,
unauthorised
substances,
veterinary drugs
and
contaminants)

Chapter 4 of the
report and its
tables outline
the
concentration of
chemical
substances in
the fish samples

Atlantic salmon
(Salmo salar),
rainbow trout
(Oncorhynchus
mykiss),
Turbot
(Scophthalmus
maximus),
Atlantic halibut
(Hippoglossus
hippoglossus),
Atlantic cod
(Gadus
morhua),
Arctic char
(Salvelinus
alpinus) and
Wolffish
(Anarhichas
lupus).

Norway

Not
indicated

the EU maximum limits,
for those compounds for
which such limits have
been established. The
level for several of the
contaminants have
decreased over the last
years.”
“Metronidazole was
detected in fish from one
fish farm...
No other residues of
unauthorized substances,
including substances with
anabolic effects were
detected.
. Emamectin was detected
in two out of 106 pooled
samples, each pooled
sample consisting of five
fish. The highest
concentration measured
was 9.7 µg/kg, which is
well below the current
Maximum Residue Limit
(MRL) for emamectin of
100 µg/kg. Cypermethrin
was found in two out of 34
pooled samples. The
highest level measured
was 11 µg/kg, while the
MRL for cypermethrin is
50 µg/kg. No other
veterinary drug residues
was detected in 2014.
Other veterinary drugs,
like antibiotics or drugs
used against internal

15

https://www.mattilsynet.no/mat_og_vann/produksjon_av_mat/fisk_og_sjomat/oppdrettsfisk/aarsrapport_2014_medisinrester_i_oppdrett
sfisk.20111/binary/%C3%85rsrapport%202014%20medisinrester%20i%20oppdrettsfisk
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(Mattilsynet
, 2016) 16

MONITORIN
G
PROGRAMME
FOR
VETERINARY
CONTROL
ON
SEAFOOD
PRODUCTS
IMPORTED
TO NORWAY
FROM THIRD
COUNTRIES

Monitoring
Programme on
imported
aquaculture
seafood from
2015

Chemical
substances
(illegal
pharmaceuticals)

Table 3 outlines
the detected
residues of
prohibited
veterinary
medicine (dyes)
in imported
seafood
Table 4 outlines
the detected
residues of
chlorampenicol
and nitrosufan
metabolites

Aquaculture
Fish species
see Table 3-4

Norway,
imported
seafood
from
other
countries
(see Table
3-4)

Not
indicated

parasites, were not
detected.
The samples were
analysed for dioxins (sum
of polychlorinated
dibenzo-para-dioxins
(PCDDs) and
polychlorinated
dibenzofurans PCDFs),
dioxin like PCBs (dl-PCBs),
indicator PCB (PCB-6),
pesticides, metals, PAH,
PFC or/and BFR. For
contaminants, no samples
exceeded the EUs
maximum limits, where
such limits have been
established. The level of
several of the
contaminants have
decreased over the last
years.”
“No residue of dyes was
detected...
In one sample of
Pangasius imported from
Vietnam, the
semicarbazide (SEM)
marker metabolite of
nitrofurazone was
detected in a
concentration of 0.2 µg/kg
after washing of the
sample strengthening the
assumption of illegal
nitrofurazone application.”

16

https://www.mattilsynet.no/mat_og_vann/uonskede_stofferimaten/miljogifter/veterinaer_grensekontroll_sjomat_2015.25219/binary/Vet
erin%C3%A6r%20grensekontroll%20sj%C3%B8mat%202015
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(Mattilsynet
, 2009) 17

MONITORIN
G PROGRAM
FOR
RESIDUES
OF
THERAPEUTI
C AGENTS,
ILLEGAL
SUBSTANCE
S,
POLLUTANTS
AND OTHER
UNDESIRABL
ES IN
FARMED
FISH

Annual Report for
2009

Chemical
substances
(substances with
anabolic effect,
unauthorised
substances,
veterinary drugs
and
contaminants)

The chapter
‘Results and
discussion’ and
its tables
outlines the
concentration of
the chemical
substances in
the fish species

Table 3
outlines the
fish species

Norway

Not
indicated

“No detectable residues of
the pharmacologically
active agents in group A
were found. For the
veterinary drugs in group
B, one of 79 examined
samples was found to
contain emamectin
benzoate in a
concentration of 12.6
µg/kg wet weight (w.w.).
The present MRL for this
agent is 100 µg/kg. For all
other therapeutic agents
in group B (antibacterials,
anthelmintics, other sea
lice agents and dyes), no
residues were detected.
The mycotoxin ochratoxine
A was not detected in any
of the 18 pooled samples
made from 90 individual
fish...
The levels found for the
dioxins (PCDDs and
PCDFs), DLPCBs, PCB-7
and the organic pesticides
were similar to the results
from this program for the
years 2003 to 2007...
In the class of heavy
metals the measured
levels have been stable
over the years since 2002.
In this period of time a
total of 1211 single or
pooled fish samples have
been analysed. This is
equivalent to more than

17

https://www.mattilsynet.no/mat_og_vann/produksjon_av_mat/fisk_og_sjomat/oppdrettsfisk/aarsrapport_2009_medisinrester_oppdrettsfi
sk.9359/binary/%C3%85rsrapport%202009%20Medisinrester%20oppdrettsfisk
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five thousand fish. For all
these samples the
maximum value for
arsenic was 6.3 mg/kg
w.w. There is currently no
EU upper limit for arsenic.
The concentrations of
cadmium were in all
samples since 2002 less
than or equal to 0.02
mg/kg w.w. accept for one
single sample from 2008.
For mercury, all values
since 2002 were less or
equal to 0.25 mg/kg w.w.
The EU upper limit for
mercury is 0.5 mg/kg
w.w. The levels of lead
were in all samples since
2002 less than or equal to
0.1 mg/kg w.w. The EU
upper limit for lead is 0.3
mg/kg w.w.
The synthetic antioxidants
are legal additives to fish
feed. It can be concluded
from the results that there
is a transfer of synthetic
antioxidants from the feed
to the fish fillets, in
particular for BHT. A
national upper limit in
Japan for BHT is exceeded
by fish in the present data
set. The analytical levels
of BHA and ethoxyquin are
lower than those of BHT.
There is no EU or national
Norwegian upper limit for
these compounds in
seafood...
The concentrations of BaP
are below the limit and
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(Mattilsynet
, 2015) 18

MONITORIN
G
PROGRAMME
FOR
VETERINARY
CONTROL
ON
SEAFOOD
PRODUCTS
IMPORTED
TO NORWAY
FROM THIRD
COUNTRIES

Monitoring
Programme on
imported
aquaculture
seafood from
2014

Chemical
substances
(illegal
pharmaceuticals)

Table 3 and 4
outline the
detected drug
residues and
dyes

Aquaculture
Fish species
see table 3 and
4

Norway,
imported
seafood
from third
countries
(see Table
3 – 4)

Not
indicated

(Mattilsynet
, 2017) 19

MONITORIN
G
PROGRAMME

Monitoring
programme on
imported

Chemical
substances

Table 3 and 4
outline the
detected drug

Aquaculture
Fish species

Norway,
imported
seafood

Not
indicated

also below the LOQ value
in all of the samples
analysed in 2009. In the
majority of the samples
only fluorene and
phenantrene are found in
measurable
concentrations. These are
far less potent health
hazards than BaP.”
“Leuco malachite green, a
metabolite of malachite
green in fish, was found in
a sample of a fried catfish
product, imported from
Thailand. No parent
compound (malachite
green) was found,
indicating that the fish was
exposed while still alive.
The samples were also
analysed for the presence
of chloramphenicol and
the nitrofurane
metabolites 3-amino-2oxazolidinone (AOZ), 3amino-5morpholinomethyl-2oxazolidinone (AMOZ), 1amino-hydantoin (AHD)
and semicarbazide (SEM).
No detections were made.”
“In one sample of
Yellowtail imported from
Australia, leuco crystal

18

https://www.mattilsynet.no/mat_og_vann/uonskede_stofferimaten/miljogifter/veterinaer_grensekontroll_sjomat_2014.21613/binary/Vet
erin%C3%A6r%20grensekontroll%20sj%C3%B8mat%202014
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https://www.mattilsynet.no/mat_og_vann/uonskede_stofferimaten/miljogifter/rapport_veterinaer_grensekontroll_sjomat_2016.26580/bi
nary/Rapport:%20Veterin%C3%A6r%20grensekontroll%20sj%C3%B8mat%202016
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(Mattilsynet
, 2008) 20

FOR
VETERINARY
CONTROL
ON
SEAFOOD
PRODUCTS
IMPORTED
TO NORWAY
FROM THIRD
COUNTRIES

aquaculture
seafood from
2016

(illegal
pharmaceuticals)

residues and
dyes

see table 3 and
4

from third
countries
(see Table
3 – 4)

MONITORIN
G PROGRAM
FOR
RESIDUES
OF
THERAPEUTI
C AGENTS,
ILLEGAL
SUBSTANCE
S,
POLUTANTN
S AND
OTHES
UNDESIERA
BLES IN
FARMED
FISH

Annual Report for
2008

Chemical
substances
(substances with
anabolic effect,
unauthorised
substances,
veterinary drugs
and
contaminants)

The chapter
‘Results and
discussion’ and
its tables
outlines the
concentration of
the chemical
substances in
the fish species

Table 4
outlines the
fish species

Norway

Not
indicated

violet (LCV) was detected
(0.13 µg/kg). In another
sample of Yellowtail
imported from Australia,
leuco malachite green
(LMG) was detected (0.16
µg/kg). These dyes are
not allowed to be used for
food producing animals No
residues of antibacterial
agents chloramphenicol
and nitrofurane
metabolites were detected
in 2016.”
“No detectable residues of
the pharmacologically
active agents in group A
were found. For the
veterinary drugs in group
B, nine out of 56
examined samples were
found to contain
emamectin benzoate. The
highest concentration
found in one individual
sample was 9.1 µg/kg wet
weight (w.w.). The
present MRL for this agent
is 100 µg/kg. For all other
therapeutic agents in
group B (antibacterials,
anthelmintics, other sea
lice agents and dyes), no
residues were detected.
The mycotoxin ochratoxine
A was not detected in any
of the 35 pooled samples
made from 175 individual
fish.

20

https://www.mattilsynet.no/mat_og_vann/produksjon_av_mat/fisk_og_sjomat/oppdrettsfisk/aarsrapport_2008_medisinrester_oppdrettsfi
sk.9367/binary/%C3%85rsrapport%202008%20Medisinrester%20oppdrettsfisk
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The levels found for the
dioxins (PCDDs and
PCDFs), DLPCBs, PCB-7
and the organic pesticides
were similar to the results
from this program for the
years 2003 to 2007...
the sum PBDE-7 amount
to less than 20% of the
value for the sum PCB-7.
Their toxicity is also lower.
All samples analyzed for
TBBPA had levels below
1.0 μg/kg w.w. Total
HBCD has the UB-mean of
0.5 and a maximum value
of 0.6 μg/kg w.w.
In the class of heavy
metals over the years
since 2002 a total of 1030
samples have been
analysed. For all these
samples the maximum
value for arsenic was 6.3
mg/kg w.w. The
concentrations of cadmium
were in all these samples
less than or equal to 0.01
mg/kg w.w. accept for one
single sample that, within
the analytical uncertainty,
was found at the value of
the EU upper limit. The
levels of mercury were
below or equal to 0.23
mg/kg w.w. The levels of
lead were less than or
equal to 0.1 mg/kg w.w.
The EU upper limits for
cadmium, mercury and
lead are 0.05, 0.5 and 0.3
mg/kg w.w. respectively.
Thus, based on 1030

102

samples made from more
than four thousand fish we
conclude that no
incompliant sample was
found. And that Norwegian
farmed fish are well below
the EU upper
concentration limits for the
heavy metals.
The synthetic antioxidants
are legal additives to fish
feed. It can be concluded
from the results that there
is a transfer of synthetic
antioxidants from the feed
to the fish fillets, in
particular for BHT. A
national upper limit in
Japan for BHT is now
exceeded by fish in the
present data set. The
analytical levels of BHA
and ethoxyquin are lower
than those of BHT. There
is no EU or national
Norwegian upper limit for
these compounds in food.
Ten PFC compounds
(perfluorinated organic
compounds) are included
in the program. This class
is characterized by a low
acute toxicity and very
high degree of persistence
in the environment. For all
the ten compounds the
levels in the nine samples
were less than their LOQ
values. This confirms that
the levels of PFCs are low
in Norwegian farmed
fish...
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(Mattilsynet
, 2013) 21

(Mattilsynet
, 2012) 22

MONITORIN
G
PROGRAMME
FOR
VETERINARY
CONTROL
ON
SEAFOOD
PRODUCTS
IMPORTED
TO NORWAY
FROM THIRD
COUNTRIES
MONITORIN
G
PROGRAMME
FOR
VETERINARY
CONTROL
ON
SEAFOOD
PRODUCTS
IMPORTED
TO NORWAY

Monitoring
programme on
imported
aquaculture
seafood from
2013

Chemical
substances
(illegal
pharmaceuticals)

Table 3 and 4
outline the
detected drug
residues and
dyes

Aquaculture
Fish species
see table 3 and
4

Norway,
imported
seafood
from third
countries
(see Table
3 – 4)

Not
indicated

Monitoring
programme on
imported
aquaculture
seafood from
2012

Chemical
substances
(illegal
pharmaceuticals)

Table 3 and 4
outline the
detected drug
residues and
dyes

Aquaculture
Fish species
see table 3 and
4

Norway,
imported
seafood
from third
countries
(see Table
3 – 4)

Not
indicated

The concentrations of BaP
are below the limit and
below the LOQ in all of the
twenty samples analysed
in 2008. In the majority of
the samples only fluorene
and phenantrene are
found in measurable
concentrations. These are
far less potent health
hazards than BaP.”
“No residues of
pharmaceuticals could be
detected in any of the
samples.”

“No residue of dyes or
drugs could be detected in
these samples.”

21

https://www.mattilsynet.no/mat_og_vann/uonskede_stofferimaten/miljogifter/veterinaer_grensekontroll_sjomat_2013.21612/binary/Vet
erin%C3%A6r%20grensekontroll%20sj%C3%B8mat%202013

22

https://www.mattilsynet.no/mat_og_vann/uonskede_stofferimaten/miljogifter/veterinaer_grensekontroll_sjomat_2012.21610/binary/Vet
erin%C3%A6r%20grensekontroll%20sj%C3%B8mat%202012
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(FAO,
2008) 23

(Marine
Institute,
2007) 24

FROM THIRD
COUNTRIES
Understandi
ng and
applying risk
analysis in
aquaculture

Veterinary
treatments
and other
substances
used in
finfish
aquaculture
in Ireland

Biological hazards
associated with
aquaculture
products (in
relation to various
aquaculture
operation
systems)

Polychlorinated
biphenyls
(PCBs),
Pesticides

Contaminants
monitoring of
aquaculture
finfish farms in
Ireland 20032006

Steroids,
Antibiotics, Sea
lice treatments,
others

Table 1 of the
report (p. 30)
outlines the
chemical
hazards
associated with
aquaculture
products

Finfish

Table 12 of the
report outlines
the results for
surveillance
residue
monitoring in
finfish
aquaculture
2003-2006

Salmon and
trout

Not
indicated

Ireland

Not
indicated

Not
indicated

Generic listing
Epidemiological data are
lacking
Table 1 (p. 87) outlines
the for chemical
contamination with
pesticides and
therapeutics in relation to
inland closed systems
(freshwater), semi-open
systems in wetland
(freshwater), open water
systems (lakes or coastal
waters) and offshore open
ocean systems
2003: 13 samples noncompliant out of more
than 1000 test samples (9
Malachite Green and
leuco-malachite green; 4
oxytetracyline)
2004: 8 samples noncompliant out of 900 test
samples (8 Malachite
Green and leuco-malachite
green)
2005: 2 samples noncompliant out of 731 test
samples (2 emamectin)
2006: 0 non-compliance

23
24

http://www.fao.org/tempref/docrep/fao/011/i0490e/i0490e.pdf

https://oar.marine.ie/bitstream/handle/10793/859/Veterinary%20treatments%20and%20other%20substances%20used%20in%20finfish
%20aquaculture%20in%20Ireland%20Final[1].pdf?sequence=1
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(Marine
Institute,
2004) 25

Study of
Brominated
Flame
Retardants
in Irish
Farmed
Salmon

Monitoring
programme on
brominated flame
retardants in Irish
farmed salmon in
2004

Brominated
flame retardants
(polybrominated
diphenyl ethers
(PBDEs) and
hexabromocyclo
dodecanes
(HBCD))

(Marine
Institute,
2005) 26

Status of
Irish
Aquaculture
2004

Aquaculture
Residue
monitoring 2004
in Ireland

Various
chemicals and
contaminants

Table 15 of the
report outlines
the residue
monitoring
results

Farmed salmon

Ireland

Not
indicated

Salmon, trout

Ireland

Freshwat
er and
sea
water

“Analysis focused on 17
PBDE congeners most
frequently encountered in
environmental matrices in
addition to HBCD. Results
show the presence of
PBDEs and HBCD in all
samples, although for a
number of these
congeners concentrations
were less than the limit of
quantification. The
upperbound1 mean
concentration for sum of
17 PBDEs was 3.05 ± 0.58
µg.kg-1 ww. The mean
upperbound concentration
of HBCD was 1.17 ± 0.26
µg.kg-1 ww. These levels
are similar to those
reported in the literature
for salmon and other fish
species...
The FSAI maintains that
the consumption of one
portion of farmed salmon
per week as part of a
balanced diet is safe and
has proven health
benefits.”
“No positive results were
obtained for ‘Unauthorised
Substances’...
Of the 124 samples
screened for ‘Antibiotic
Residues’ (Group B1), no
positive results were
obtained...

25

https://oar.marine.ie/bitstream/handle/10793/595/Study%20of%20Brominated%20Flame%20Retardants%20in%20Irish%20Farmed%2
0Salmon.pdf?sequence=1&isAllowed=y
26
https://oar.marine.ie/bitstream/handle/10793/583/Status%20of%20Irish%20Aquaculture%202004.pdf?sequence=1&isAllowed=y
106

(Marine
Institute,
2007) 27

27

Status of
Irish
Aquaculture
2006

Aquaculture
Residue
monitoring 2006
in Ireland

Various
chemicals and
contaminants

Table 19 of the
report outlines
the residue
monitoring
results

Salmon, trout

Ireland

Not
indicated

None of the samples
tested for ‘Other
Veterinary Drugs’ (Group
B2) - generally authorised
or unauthorised sea lice
treatments – were
positive. However, a
number of samples were
found to contain
emamectin benzoate
below the MRL...
“Other Substances and
Environmental
Contaminants” (Group B3)
includes dyes (malachite
green and its metabolite,
leuco-malachite green),
metals, PCBs and
chlorinated pesticides. Five
samples of salmon smolts
from one freshwater site
were shown to be positive
for malachite green and
leuco-malachite green...
For the remaining
substances in this group,
all samples tested were
compliant with the
relevant EC Regulations
for metals and guidance
levels for PCBs and
chlorinated pesticides as
set by a number of OSPAR
member states - and were
consequently reported as
negative.”
“A total of 160 screening
tests were carried out for
Group A substances; no
non-compliant (i.e. no
positive) results were

https://oar.marine.ie/bitstream/handle/10793/585/Status%20of%20Irish%20Aquaculture%202006.pdf?sequence=1&isAllowed=y
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obtained for banned
(Group A) compounds...
Of the 104 samples
screened for ‘Antibiotic
Residues’ (Group B1), no
non-compliant (i.e. no
positive) results were
obtained...
Group B2 contains
treatments that are
classed as ‘Other
Veterinary Drugs’ generally authorised or
unauthorised sea lice
treatments. During the
2006 residue surveillancemonitoring programme, a
number of samples were
found to have
concentrations of
authorised treatments
below the Maximum
Residue Limit (MRL).
These results are reported
as compliant (i.e. not
positive) but care should
be taken to observe
withdrawal periods to
ensure that no residues of
treatments remain when
harvesting...
“Other Substances and
Environmental
Contaminants” (Group B3)
includes dyes (malachite
green and its metabolite,
leuco malachite green),
metals, PCBs and
chlorinated pesticides. All
target samples tested for
malachite green and its
metabolite, leuco
malachite green were

108

(Marine
Institute,
2006) 28

28

Status of
Irish
Aquaculture
2005

Aquaculture
Residue
monitoring 2005
in Ireland

Various
chemicals and
contaminants

Table 13 of the
report outlines
the residue
monitoring
results

Salmon, trout

Ireland

Freshwat
er and
sea
water

found to be compliant (i.e.
not positive). For the
remaining substances in
this group, all samples
were compliant with the
relevant EC Regulations
for metals and guidance
levels for PCBs and
chlorinated pesticides as
set by a number of OSPAR
member states - and were
consequently reported as
negative.”
“• No positive results were
obtained for banned
(Group A) compounds as
in 2005.
• Of the 105 samples
screened for ‘Antibiotic
Residues’ (Group B1), no
positive results were
obtained as per 2004.
• Group B2 contains
treatments that are
classed as ‘Other
Veterinary Drugs’ generally authorised
or unauthorised sea lice
treatments. Two samples
from two salmon farms,
taken as part of target
sampling in 2005 are
reported as positive for
the authorised sea-lice
treatment Emamectin B1a
i.e. concentrations above
the MRL for Emamectin
B1a of 100μg kg-1 (wet
weight). No positive

https://oar.marine.ie/bitstream/handle/10793/584/Status%20of%20Irish%20Aquaculture%202005.pdf?sequence=1&isAllowed=y
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(Marine
Institute,
2004) 29

29

Status of
Irish
Aquaculture
2003

Aquaculture
Residue
monitoring 2003
in Ireland

Various
chemicals and
contaminants

Table 10 of the
report outlines
the residue
monitoring
results

Salmon, trout

Ireland

Not
indicated

results were obtained for
other group B2
compounds.
• “Other Substances and
Environmental
Contaminants” (Group
B3) includes dyes
(malachite
green and its metabolite,
leuco malachite green),
metals, PCBs and
chlorinated pesticides. All
target and suspect
samples tested for
malachite green and its
metabolite, leuco
malachite green
were found to be
compliant. For the
remaining substances in
this group, all samples
were
compliant with the
relevant EC Regulations
for metals and guidance
levels for PCBs and
chlorinated pesticides as
set by a number of OSPAR
member states - and were
consequently
reported as negative.”
“i. No positive results were
obtained for banned
(Group A) compounds.
ii. Of the 163 samples
screened for ‘Antibiotic
Residues’ (Group B1), only
three positive results were
obtained - all from the
same farm. Further

https://oar.marine.ie/bitstream/handle/10793/582/Status%20of%20Irish%20Aquaculture%202003.pdf?sequence=1
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analysis of the five
samples taken from the
farm in question revealed
the presence of
oxytetracycline at a
concentration in excess of
the MRL in four out of the
five cases. DCMNR carried
out a follow-up
investigation into these
positive results.
iii. None of the samples
tested for ‘Other
Veterinary Drugs’ (Group
B2) - generally authorised
or unauthorised sea lice
treatments – were
positive. However, a
number of samples were
found to contain
emamectin benzoate and
cypermethrin below their
MRLs.
iv. “Other Substances and
Environmental
Contaminants” (Group B3)
includes dyes (malachite
green and its metabolite,
leuco malachite green),
metals, PCBs and
chlorinated pesticides.
Nine samples of farmed
salmon were shown to be
positive for leucomalachite green7 . These
nine samples came from
two different farms. A
follow up investigation was
carried out by the DCMNR
in both cases. For the
remaining substances in
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(Marine
Institute,
2008) 30

Status of
Irish
Aquaculture
2007

Aquaculture
Residue
monitoring 2007
in Ireland

Various
chemicals and
contaminants

Table 6.5 of the
report outlines
the residue
monitoring
results

Salmon, trout

Ireland

Freshwat
er and
sea
water

this group, all samples
were compliant with the
relevant EC Regulations
for metals and guidance
levels for PCBs and
chlorinated pesticides as
set by a number of OSPAR
member states - and were
consequently reported as
negative.”
“i. A total of 148 screening
tests were carried out for
Group A substances; no
non-compliant (i.e. no
positive) results were
obtained for banned
(Group A) compounds.
ii. Of the 103 samples
screened for ‘Antibiotic
Residues’ (Group B1), no
non-compliant (i.e. no
positive) results were
obtained.
iii. Group B2 contains
treatments that are
classed as ‘Other
Veterinary Drugs’ generally authorised or
unauthorised sea lice
treatments. During the
2007 residue surveillancemonitoring programme, a
number of samples were
found to have
concentrations of
authorised treatments
below the MRL. These
results are reported as
compliant (i.e. not

30

https://oar.marine.ie/bitstream/handle/10793/588/Status%20of%20Irish%20Aquaculture%202007.pdf?sequence=1&isAllowed=y
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positive) but care should
be taken to observe
withdrawal periods to
ensure that no residues of
treatments remain when
harvesting.

(Marine
Institute,
2015) 31

31

Annual
Report 2015

National
Surveillance
Monitoring
Programme for
Residues in
farmed Fish 2015

Residues and
contaminants

Farmed finfish

Ireland

Not
indicated

iv. “Other Substances and
Environmental
Contaminants” (Group B3)
includes dyes (malachite
green and its metabolite,
leuco malachite green),
metals, PCB’s and
chlorinated pesticides. All
target samples tested for
malachite green and its
metabolite, leuco
malachite green was found
to be compliant (i.e. not
positive). For the
remaining substances in
this group, all samples
were compliant with the
relevant EC Regulations
for metals and guidance
levels for PCBs and
chlorinated pesticides as
set by a number of OSPAR
member states - and were
consequently reported as
negative.”
“The 2014 results, which
included more than 706
tests and 1,494
measurements, were
published in 2015 and
show full compliance with
European standards.
Additionally, fishery
samples from non-EU

https://oar.marine.ie/bitstream/handle/10793/1186/Marine%20Institute%20Annual%20Report_English_Final_2015.pdf?sequence=1
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(Marine
Institute,
2013) 32

Annual
Report 2013

(MPI,
2016) 33

New Zealand
National
Chemical
Residues
Programme
Report

(MPI,
2017) 34

New Zealand
National
Chemical
Residues
Programme
Report

National
Surveillance
Monitoring
Programme for
Residues in
farmed Fish 2013
National Chemical
Residues
Programme
2014/2015

National Chemical
Residues
Programme
2015/2016

Residues and
contaminants

Stilbenes,
steroides and
RALs
Penicols,
Nitrofurans,
Antibiotics,
Anthelmintics,
Isoeugenol,
Pesticides, Dyes,
Heavy metals
(mercury,
cadmium, lead)
Stilbenes,
steroides and
RALs
Penicols,
Nitrofurans,
Nitroimidazoles,
Antibiotics,
Anthelmintics,
Isoeugenol,
Pesticides, Dyes,
Heavy metals

Farmed fish

Ireland

Not
indicated

0 positive
samples above
the NZ MPL
(New Zealand
Maximum
Permissible
Level)

Farmed salmon

New
Zealand

Not
indicated

0 positive
samples above
NZ standards

Farmed salmon

New
Zealand

Not
indicated

countries collected at
border inspection posts
were tested for veterinary
residues.”
“The 2012 results,
published in 2013, show
full compliance with the
European standards.”

https://oar.marine.ie/bitstream/handle/10793/1079/Marine%20Institute%20Annual_Report_2013_Eng.pdf?sequence=1&isAllowed=y
https://www.mpi.govt.nz/dmsdocument/12855-new-zealand-national-chemical-residues-programme-report-results-for-1-july-2014-30june-2015
34
https://www.mpi.govt.nz/dmsdocument/16921-new-zealand-national-chemical-residues-programme-report-results-for-1-july-2015-30june-2016
32
33
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(MPI,
2016) 35

New Zealand
National
Chemical
Residues
Programme
Report

National Chemical
Residues
Programme
2013/2014

Stilbenes,
steroides and
RALs
Penicols,
Nitrofurans,
Nitroimidazoles,
Antibiotics,
Isoeugenol,
Pesticides, Dyes

0 positive
samples above
the NZ MPL
(New Zealand
Maximum
Permissible
Level)

Farmed salmon

New
Zealand

Not
indicated

https://www.mpi.govt.nz/dmsdocument/12198-new-zealand-national-chemical-residues-programme-report-results-for-1-july-2013-30june-2014
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3.3 Aantal relevante hits voor de zalmketen

In het EFSA-project werden in totaal 619 artikelen gevonden en in Endnote geplaatst. Op basis van titel,
keywords en abstract bleken 164 artikelen relevant. Na doorlezing van de volledige tekst werden
uiteindelijk 106 artikelen als relevant beoordeeld. Hiervan gingen 55 artikelen over chemische gevaren
en 53 artikelen over microbiologische gevaren (2 artikelen gingen zowel over microbiologische als over
chemische gevaren). Een aantal van de 55 relevante artikelen over chemische gevaren bleken over
dierexperimenten te gaan, over carry-over modellen of gingen niet specifiek over gekweekte zalm. Deze
artikelen zijn niet meegenomen in dit onderzoek. De overige 24 artikelen zijn verwerkt in Tabel 3.

3.4 Overzicht van chemische gevaren in de zalmketen

Onderstaande tabel geeft de resultaten weer van de relevante artikelen die in het EFSA-project Aquarius
werden gevonden. Net als in het algemene literatuuronderzoek naar chemische gevaren in kweekvis (zie
3.2 Overzicht van chemische gevaren in kweekvis) werden dioxines en DL-PCB’s en non-DL-PCBs
aangetroffen in gekweekte zalm, vlamvertragers, zware metalen, organochloorpesticiden, PAK’s,
antibiotica en andere residuen van diergeneesmiddelen. Verder was er een enkel artikel over
mycotoxines, procescontaminanten (AGE: advanced glycation end products en
CML:carboxymethyllysine), antioxydant (ethoxyquin), disinfectantia en kleurstof (astaxanthine).
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Tabel 3: Overzicht van relevante referenties in gekweekte zalm en de daarin vermelde chemische gevaren.
Referenti
e

Titel

(2014b)

Scientific
opinion on the
safety and
efficacy of
astaxanthin
(CAROPHYLLRe
g. pink 10%
CWS) for
salmonids and
ornamental fish

(Bell et al.,
2012)

Complete
replacement of
fish oil with a
blend of
vegetable oils
affects dioxin,
dioxin-like
polychlorinated
biphenyls
(PCBs) and

Omschrijving
referentie
(steekwoorde
n)
Use of synthetic
Astaxanthin in
feed for
salmonids

Genoemde
relevante
gevaren

Concentratie

Vissoort
(Latijns
e naam)

Regio

Ketenstap

Opmerkingen

Astaxanthin
(synthetic)

Up to 100 mg/kg

Salmonid
s

Not
indicated

Feed

Synthetic axtaxanthin is safe
for salmonids up to 100
mg/kg complete diet.

Reduction of
persistent
organic
pollutants (POP)
in farmed
salmon by
replacing fish oil
(FO) with
vegetable oil
(VO - rapeseed,

dioxins and furans
(PCDD/Fs),
dioxin-like
polychlorinated
biphenyls (DLPCBs) and
polybrominated
diphenyl ethers
(PBDEs)

Table 2 indicates the
contamination level
in fish oil and
vegetable oil
“The average sum
flesh PCDD/Fs,
across the 3 salmon
strains, were
reduced from

Atlantic
salmon

Not
indicated

Feed

“Skin or eye exposure to
astaxanthin is unlikely to be
irritant to workers.
Sensitisation is unlikely to
occur subsequent to skin
exposure. The risk of
inhalation toxicity is minimal
for the formulation under
assessment, but the risk for
other formulations cannot be
assessed.
The FEEDAP Panel considers
that the use of synthetic ATX
(100 mg ATX/kg fish feed)
does not pose
a significant additional risk to
the environment compared
with natural astaxanthin.
Astaxanthin is efficacious
in colouring the flesh of
salmonids and in
pigmenting the skin of
ornamental fish.”
“The results show that large
reductions in flesh POPs can
be achieved using VO to
replace FO for most of the
production cycle and that
such feeds can reduce POPs
to very low levels thereby
providing a low contaminant
product for salmon
consumers.”
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(Berntssen
, Marc H.
G. et al.,
2010)

polybrominated
diphenyl ethers
(PBDEs) in 3
Atlantic salmon
(Salmo salar)
families
differing in
flesh adiposity

palm and
Camelina oils in
a 5:3:2 ratio)
as feed
component

Chemical
contaminants
in aquafeeds
and Atlantic
salmon (Salmo
salar) following
the use of
traditionalversus
alternative
feed
ingredients

Effect of
replacing
traditional (fish
meal and fish
oil) feed
ingredients with
alternative
(plant) ones on
contamination
level in feed
ingredients,
feed and fillets

persistent organic
pollutants (POPs)
such as
polychlorinated
biphenyls (PCBs),
dioxins and furans
(PCDD/Fs),
organochlorine
pesticides (OCPs),
and
polybrominated
diphenyl ethers
(PBDEs)
PAHs
Arsenic, mercury,
cadmium, lead,
copper, zinc,
fluorine

1.94 ± 0.01 ng TEQ/
kg in the fish fed FO
to
0.46 ± 0.02 ng TEQ/
kg in the fish fed
VO. The sum PBDEs
were reduced from
2.82 ± 0.24 ng/g in
the FO fish to
0.52 ng/g in the VO
fish. Average
reduction in sum
PCDD/Fs, DL-PCBs
and PBDEs was 52,
79 and 82%,
respectively, in the
VO fed salmon.”
“The use of
alternative feed
ingredients reduced
the fillet load of
POPs by 51–82%
and the level of
arsenic and mercury
by 80–96%. In
contrast, the PAH
levels in fish reared
on the novel feeds
were significantly
(p < 0.05) higher
than the PAH
concentrations in
traditionally-raised
fish.”

Atlantic
salmon
(Salmo
salar L)

Matredal,
Norway

Feed

“The results from this study
show that the use of
sustainable aquafeeds
reduces the levels of
notorious contaminants
(persistent organic pollutants
(POPs), mercury, cadmium,
and lead) in farmed salmon.
However, the level of other
contaminants such as PAHs
and fluorine are elevated in
these feeds, as are the levels
of certain essential elements
(Cu and Zn).”

Tables 2-6 of the
article outline the
concentration of
contaminants in the
feed ingredients,
feed and Atlantic
salmon fillets
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(Berntssen
et al.,
2011)

(Berntssen
, M. H. G.
et al.,
2010)

(Burridge
et al.,
2010)

Carry-over of
dietary
organochlorine
pesticides,
PCDD/Fs,
PCBs, and
brominated
flame
retardants to
Atlantic salmon
(Salmo salar
L.) fillets
Reducing
persistent
organic
pollutants
while
maintaining
long chain
omega-3 fatty
acid in farmed
Atlantic salmon
using
decontaminate
d fish oils for
an entire
production
cycle

Carry over rates
of contaminants
from feed and
retention in
fillet in salmon

organochlorine
pesticides (OCPs),
dioxins
(PCDD/Fs),
polychlorinated
biphenyls (PCBs),
and brominated
flame retardants
(BFRs)

Table 2 of the article
outlines the fillet
retention of
contaminants in
Atlantic salmon

Atlantic
salmon
(Salmo
salar)

Matredal,
Norway

Feed

“Highest retention was found
for OCPs, BFRs and PCBs
(31–58%), and the lowest
retentions were observed for
PCDD/Fs congeners (10–
34%).”

Level of
contaminants in
salmon fed with
novel
decontaminated
feeds (fish oil)

persistent organic
pollutants (POPs,
i.e. dioxins,
dioxin-like
polychlorinated
biphenyls (DLPCBs), non dioxinlike PCBs, poly
brominated
diphenyl ethers
(PBDE), and
organochlorine
pesticides

Table 1 of the article
indicates the
contamination levels
in control and
decontaminated oils
and feeds based on
these oils

Atlantic
Salmon

Gildeskål,
Norway

Feed

Chemical use
in salmon
aquaculture: A
review of
current
practices and
possible
environmental
effects

Chemical inputs
from salmon
aquaculture in
the major
salmon
producing
countries

Atlantic
Salmon

Major
salmon
producing
countries:
Norway,
Chile, UK
and
Canada

Not
indicate
d

“The use of a commercially
available two-step (active
carbon followed by short
path distillation)
decontamination technique
on fish oils for use in fish
feed will produce salmon
with a level of sum
PCDD/Fs + DL-PCBs that is
similar to lean fish and
terrestrial food products.
Only minor (4–7%)
differences in the very long
chain omega-3 fatty acids
EPA and DHA were observed,
indicating that
decontaminated aquafeeds
can provide seafood products
with low levels of potentially
harmful environmental
contaminants while high in
beneficial nutrients.”
“Individual compounds have
specific characteristics in
terms of toxicity, modes of
action and potential to affect
marine environments. We
also recognize that
therapeutants have specific
targets and dosage rates
that may change according

Table 3 outlines the
contamination levels
in control and
decontaminated
salmon
“The fillet levels of
POPs in market size
fish were reduced by
68–85%” fed with
decontaminated fish
oils.

antifoulants,
antibiotics,
parasiticides,
anaesthetics and
disinfectants

Table 1 of the article
outlines the
antibiotic use in
Norway and
Scotland 2006-2008
Table 2 outlines the
total antibiotic use in
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Canada and Chile
2006-2008

to environmental conditions.
The antiparasitic products,
for example, are much more
lethal to most aquatic
species than antibiotics.
Excess use of antibiotics,
however, may affect human
health via promoting the
development of antibiotic
resistance in pathogens.”

Table 3 outlines
parasiticides used
and quantities in
Norway, Chile,
Scotland and Canada
2006 – 2008
Table 4 outlines the
reported antifoulant
use in Scotland
2003-2006
Table 5: Total of
disinfectants used in
Scotland in 20032008
Table 6:
Anaesthetics used in
Norway 2003-2008

(Done and
Halden,
2014)

Reconnaissanc
e of 47
antibiotics and
associated
microbial risks
in seafood sold
in the United
States

Antibiotics in
fish species
obtained from
grocery stores
between June
and August
2012

Antibiotics

Table 7: summary of
therapeutants used
in Norway, Chile,
Scotland and Canada
in 2007
Table 2 of the article
indicates the
antibiotics analysed
and their
concentrations
detected
“All samples
(n = 27) complied
with U.S. FDA
regulations and five
antibiotics were
detected above the
limits of detection:

Table 1
of the
article
indicates
the fish
species

Arizona
and
California,
USA but
fish
species
imported
from
different
countries
(see
Figure 1
of the
article)

Not
indicate
d

“All samples studied
demonstrated compliance
under current federal
regulations, suggesting that
they are chemically safe to
consume...
However, the development
and spread of antibiotic
resistance is a public health
priority that is divorced from
the regulatory limits
designed to prevent adverse
outcomes from human
ingestion of drugs.
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(DuedahlOlesen et
al., 2015)

(Friesen et
al.)

Polycyclic
aromatic
hydrocarbons
(PAH) in
Danish
barbecued
meat

Influence of
terrestrial lipid
and protein
sources and
activated
carbon‐treated
fish oil on
levels of
persistent
organic
pollutants and

PAH
concentration in
barbecued meat
(including
salmon)
collected in
restaurants or
fast food
restaurants in
Denmark
between 2008
and 2013
Effect of
different feed
components on
reduction of
contaminants in
salmon

Polycyclic
aromatic
hydrocarbons
(PAH)

oxytetracycline (in
wild shrimp,
7.7 ng/g of fresh
weight; farmed
tilapia, 2.7; farmed
salmon, 8.6; farmed
trout with spinal
deformities, 3.9), 4epioxytetracycline
(farmed salmon,
4.1),
sulfadimethoxine
(farmed shrimp,
0.3), ormetoprim
(farmed salmon,
0.5), and
virginiamycin
(farmed salmon
marketed as
antibiotic-free, 5.2).”
Table 2 of the article
indicates the PAH
concentration in
salmon.

Antibiotics present at levels
well below regulatory limits
still can promote the
emergence of (multi-) drug
resistant microorganisms.”

Salmon

Denmark

Not
indicate
d

Not clear whether salmon is
farmed or wild.

Feed

“Fish fed the two low
contaminant diets had the
lowest flesh contaminant
concentration... The results
of this study highlight new
nutritional approaches
including carbon‐treated fish
oil, rendered animal by‐
products, plant‐based
ingredients and finishing
diets that can be used to

Average sum PAH:
17.2 µg/kg-1

Persistent organic
pollutants (POP):
PCB, PBDE

Table 1 of the article
outlines the 7
different diets and
its ingredients
Table 11 outlines the
concentrations of
POPs in the flesh of
the fish samples

Atlantic
Salmon

Not
indicated

“15% of the salmon samples
contained PAH4 after
barbecuing”, but salmon only
contributed to less than 1.6
% to the total PAH4 dietary
exposure.
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fatty acids in
the flesh of
Atlantic salmon
(Gelder et
al., 2016)

The effect of
dietary lipid
composition on
the intestinal
uptake and
tissue
distribution of
benzo[a]pyren
e and
phenanthrene
in Atlantic
salmon (Salmo
salar)

Effects of
vegetable diet
(rapeseed oil)
on PAH
concentration in
salmon

PAH
(Benzoapyrene
(BaP),
phenanthrene
(PHE))

Table 3 of the article
outlines the
accumulation of
contaminants in
different organs of
salmon

Atlantic
salmon
(Salmo
salar)

Norway

Feed

(Hausken
et al.,
2014)

High
Consumption
of Farmed
Salmon Does
Not Disrupt the
Steady State of
Persistent
Organic
Pollutants
(POP) in
Human Plasma
and Adipose
Tissue

POP
concentration in
farmed salmon
and salmon oil

POP (HCB, p,p′DDE, id-PCB, dlPCB, dioxins,
PBDE, and Hg)

Table 4 of the article
indicates the mean
concentration of
contaminants in
farmed salmon and
salmon oil

Atlantic
salmon,
salmon
oil

Norway

Not
indicate
d

lower flesh organic
contaminant levels while
concurrently maintaining
high levels of EPA and DHA.”
“Experiment shows that fish
oil increases BaP and PHE
concentrations in the pyloric
caeca and proximal intestine
respectively, compared to
vegetable oil based feed.
This is probably due to a
lower solubility of PAHs in
micelles that consist of
shorter vegetable oil fatty
acid chains lengths and have
a lower degree of
unsaturated bonds compared
to fish oil fatty acids. In
addition, it has to be taken
into account that
replacement of fish oil with
vegetable oil is likely to
increase feed PAH levels and
so increase their relative
intestinal accumulation.”
“The levels of POP in the
salmon fillets consumed
were comparable to those
typically found in farmed
salmon...
The EWI of salmon in the
intervention trial led to
intakes of contaminants well
below the tolerable weekly
intakes (TWI) for those
pollutants for which TWI
have been established (Hg
intake 0.15 μg/kg bw vs. 1.6
μg/kg, 5.43 pg WHO-TEQ/kg
bw vs. 14 pg WHO-TEQ/kg
bw and id-PCB intake 28
ng/kg bw vs. AFFSA 70
ng/kg bw. EWI for oil
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(Josef Olli
et al.,
2010)

(Karl and
LahrssenWiederholt,
2013)

Removal of
persistent
organic
pollutants from
Atlantic salmon
(Salmo solar
L.) diets:
Influence on
growth, feed
utilization
efficiency and
product quality

Effect of diets
cleansed for
persistent
organic
pollutants on
contaminant
levels in fillet

Factors
influencing the
intake of
dioxins and
dioxin-like
PCBs via fish
consumption in
Germany

Decreasing
levels of dioxin
in salmon due
to changes in
feed

POP,
Brominated flame
retardants

Dioxins and
dioxin-like PCBs
(dl-PCBs)

Table 11 of the
article indicates the
levels of organic
pollutants in salmon
fillet fed either
control diet or diet
with fish oil cleansed
for persistent
organic pollutants
Table 12 outlines the
levels of brominated
flame retardants in
salmon fillet fed with
both diets
Two studies revealed
a significant
decrease of dioxins
in farmed Norwegian
salmon on the
German market
between 1997 and
2004, which is likely
due to legal EU
limits and changes in
feed (see Figure 3 of
the article)

Atlantic
salmon

Norway

Feed

Cleansing fish feed also
showed positive effects on
growth, feed utilisation
efficiency and product
quality.

Atlantic
salmon

Germany

Feed

Table 3 outlines
mean PCDD/F and
dl-PCB concentration
(expressed as WHOTEQ) in the edible
part of salmon in
1998 and 2005
(Kelly et
al., 2011)

Flesh residue
concentrations
of
organochlorine

OCPs level in
farmed salmon
from British
Columbia,

Organochlorine
Pesticides (OCPs)

Figure 2 of the
article indicates the
concentration of

capsules were also below
TWI for the respective POP.”
Levels of contaminants were
significantly lower in the
salmon fillet which have
been fed with die diet
cleansed for persistent
organic pollutants.

“The ongoing changes in the
composition of fish feed have
a direct impact on the dioxin
and dl-PCB concentrations in
farmed salmon and trout. It
can be expected that the
contribution of salmon and
trout to the overall
exposition of the consumer
with dioxins and dl-PCB via
fish consumption will
continuously decrease in the
future.”
“Concentrations of
carnivorous aquaculture
species like salmon and trout
depend mainly on the dioxin
and dl-PCB concentrations of
the feed, with fish meal and
fish oil as main source.”

Salmon
(Atlantic,
coho,

British
Columbia,
Canada

Not
indicate
d

“Flesh residue concentrations
(ng/g wet weight) of
dichlorodiphenyltrichloroetha
nes (DDTs),
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(Montory
et al.,
2012)

(NacherMestre et
al., 2015)

pesticides in
farmed and
wild salmon
from British
Columbia,
Canada.

sampled in
2003

Polybrominated
diphenyl ether
levels in wild
and farmed
Chilean salmon
and
preliminary
flow data for
commercial
transport

Brominated
flame
retardants in
Coho salmon
from Chile

Occurrence and
potential
transfer of
mycotoxins in
gilthead sea
bream and
Atlantic salmon
by use of novel
alternative
feed
ingredients

Occurrence of
mycotoxins in
novel feed
(plant
ingredients and
processed
animal proteins)
for salmon but
no carry over
effect of
mycotoxins to
salmon

OCPs in farmed and
wild salmon.

and
chinook)

Table 1 indicates the
estimated daily
intake of OCPs for
persons consuming
farmed and wild
salmon

Brominated flame
retardants

Figure 2 of the
article outlines the
PBDE concentration
in farmed Coho
salmon

Coho
salmon

Puerto
Chacabuc
o,
Chile

Not
indicate
d

Atlantic
salmon

Norway

Feed

Figure 3 outlines the
PBDE congeneric
distribution in Coho
salmon

Mycotoxins

Table 1 of the article
outlines the
mycotoxins levels in
plant feed
ingredients.
Table 2 outlines the
levels of mycotoxins
in Atlantic salmon
diets with high plant
ingredients inclusion
levels

hexachlorocyclohexanes
(HCHs), chlordanes,
chlorobenzenes (CBz) and
cyclodiene pesticides (e.g.,
dieldrin, mirex) were 2 to 11
times higher (p < 0.05) in
farmed salmon compared
with wild salmon...
OCP exposure through
consumption of British
Columbian salmon is found
to be low relative to United
States national average per
capita total exposure levels
and provisional tolerable
daily intakes.”
“Contaminants were
observed in all the samples,
and the congeners BDE 17,
28, 47
and 66 were observed in all
both farmed and wild
samples. The concentrations
were higher in the farmed
Coho salmon, presenting
significant differences with
wild salmon. The levels
reached 182 pg/g wet weight
(ww) vs. 120 ww.”
“For the Atlantic salmon high
plant-protein feed production
repeats, mycotoxin levels
were as expected from the
contamination level of the
feed ingredients and with
similar levels among the
repeats...”
No carry over effect of
mycotoxins from feed to
salmon could be seen... “In
the present study, neither
gilthead sea bream nor
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(Nostbakke
n et al.,
2015)

Contaminant
levels in
Norwegian
farmed Atlantic
salmon (Salmo
salar) in the
13-year period
from 1999 to
2011

Contaminant
levels in farmed
salmon
collected by the
Norwegian Food
Safety Authority
Norway
between 1999
and 2011.

Heavy metals,
Dioxins and dlPCBs, non-dioxin
like
polychlorinated
biphenyls,
pesticides

Figure 1 of the
article shows a
decline of As and Hg
contamination in
salmon fillet during
sampling from 2005
and 2011

Atlantic
salmon

Norway

Not
indicate
d

“Dioxins and dl-PCBs, sum
DDT, As, and Hg have
decreased during the last
decade.
Stable levels were observed
for PCB6 and quantifiable
pesticides.
All measured contaminants
were below the EU
regulatory maximum limits.
Based on 2011 data, 1.3 kg
salmon corresponds to the
tolerable weekly intake.”

Figure 2 shows a
decrease of total
dioxin and dl-PCBs
from 1999 to 2011
Figure 3 outlines the
concentration of PCB

(Olsvik et
al., 2011)

Dietary lipids
modulate
methylmercury
toxicity in
Atlantic salmon

Effect of diet
(fish oil vs.
vegetable oil)
on occurrence
and toxicity of
methylmercury
in salmon

Methylmercury

Figure 4 indicates
the concentration of
pesticides between
2002 and 2011
Table 3 of the article
outlines the mercury
content brain, liver,
white muscle and
whole muscle of
salmon at day 0, 7
and 84 of the
feeding experiment
(fish oil vs vegetable
oil)

Atlantic salmon had any
detectable levels of
mycotoxins in their fillet
(data not shown) after
respectively 8 and 7 months
of feeding with the diets
presented in Table 1.”
“In general, the levels of
contaminants in the fillet of
Norwegian farmed Atlantic
salmon have decreased from
1999 to 2011.”

Atlantic
salmon

Norway

Feed

“Dietary lipids affect the
fatty acid composition of
liver, brain and white
muscle... Higher
accumulation of MeHg in
liver than in brain and white
muscle...
Dietary lipids have stronger
effect on the measured
parameters than MeHg...
Interaction effects observed
between MeHg and dietary
lipids in all tissues...
Dietary fats have modulating
effects on MeHg toxicity in
Atlantic salmon.”
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(Soon et
al., 2012)

A Delphi-based
approach to
developing and
validating a
farm food
safety risk
assessment
tool by experts

Development of
farm food
safety risk
assessment tool
for salmon
farms and
expert opinions
on main food
safety hazards
in farmed
salmon farms

Polychlorinated
biphenyls (PCBs),
polybrominated
biphenyls
(PBDEs), dioxins
and veterinary
residues,
endosulfan,
pesticides

Farmed
salmon

identification of
main risk by
expert panels

(Sprague
et al.,
2010)

Effects of
decontaminate
d fish oil or a
fish and
vegetable oil
blend on
persistent
organic
pollutant and
fatty acid

Effect of
different diets
(fish oil (FO)
with high POP
content,
decontaminated
fish oil (deNFO),
blend of fish
and vegetable
oil

Persistent organic
pollutants (POPs):
PCDD/F and DLPCBs, PBDE

Table 4 and 5 of the
article outlines the
flesh concentration
of PCB and PBDE in
salmon at the start
of the trial and after
feeding

Atlantic
salmon

Norway

Feed

“Polychlorinated biphenyls
(PCBs), polybrominated
biphenyls (PBDEs), dioxins
and veterinary residues were
considered as hazards faced
by salmon farms in UK
(⩾75%). This, however, was
not the case for DDT. This
could be due to the declining
presence of DDT in the
environment and hence it is
subsequent bioaccumulation
in the food chain. Endosulfan
and pesticides did not
achieve consensus as
hazards in salmon production
in UK, but experts voiced
their uncertainty regarding
this issue. This may be due
to the increasingly use of
plant oil to substitute for fish
oil in the name of sustaining
sea fish stock. The experts
also did not think that
arsenic, mercury and lead
pose as hazards in salmon
production (⩾75%), while
67% of the panel members
disagreed that cadmium is a
potential hazard. However,
the experts were unsure
about chemicals in sewage
sludge posing as hazards.”
“Present study has confirmed
that FO with high POP
concentrations can be
successfully decontaminated
with removal of more than
97 % of PCDD/F and DL-PCB
using two-stage activated
carbon and thin-film
deodorisation. Removal of
PBDE was less successful,
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(Chen and
Smith,
2015)

compositions in
diet and flesh
of Atlantic
salmon (Salmo
salar)

(SFO/RO/SO))
on flesh
concentration in
fish

Determination
of advanced
glycation
endproducts in
cooked meat
products

Effect of
cooking (frying,
broiling,
baking) on the
AGE content in
salmon

Advanced
glycation
endproducts
(AGEs) measured
as Nεcarboxymethyllysi
ne (CML) levels

Figure 1 and Table 3
of the article outline
the CML content of
cooked salmon.
“CML levels were
significantly less in
baked salmon
(8.59 μg/g) than
fried salmon
(12.20 μg/g) and
broiled salmon
(12.23 μg/g)
samples (p < 0.05).”

Salmon

USA

Not
indicate
d

with concentrations being
reduced by about 70 %.
Feeding the deNFO and
SFO/RO/SO diets to 0·8 kg
Atlantic salmon for 11 weeks
resulted in excellent growth
rates and feed conversion.
Flesh PCDD/F and DL-PCB
concentrations were reduced
to very low levels in fish fed
the deNFO and SFO/RO/SO
diets, with values being
similar to those seen in wild
Pacific salmon, while PBDE
concentrations were
comparable or lower than
Pacific salmon. Feeding the
deNFO diet did not
significantly alter the n-3
HUFA content of the fillet, as
was observed in fish fed the
SFO/RO/SO diet. This
suggests that
decontaminated FO can be
used successfully to produce
salmon that are both high in
n-3 HUFA and low in POP.”
Not indicated whether
salmon is farmed
“Dietary AGEs have been
suggested as a factor in
many chronic diseases such
as diabetes, and their
relationship continues to be
developed. These results
indicate that the levels of
AGEs as monitored by CML
levels in cooked meat
depended on chemical
composition of meat, cooking
conditions and the final
internal temperature. For
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example, among the all meat
categories, exposure to
higher temperatures
coincided with higher CML
levels in the outer layer of
meat as compared to the
samples prepared at lower
temperatures.”

(Yunker et
al., 2011)

(Aoki et
al., 2010)

(Rose et
al., 2015)

Development
and Validation
of Protocols To
Differentiate
PCB Patterns
between
Farmed and
Wild Salmon
Determination
of Ethoxyquin
by HighPerformance
Liquid
Chromatograph
y with
Fluorescence
Detection and
Its Application
to the Survey
of Residues in
Food Products
of Animal
Origin
Investigation
into the
formation of
PAHs in foods

PCB congener
patterns in
farmed salmon

PCB congener
patterns

Figure 2 of the
article outlines the
concentration
proportion of PCBs
for farmed salmon

Atlantic
salmon

Coastal
British
Columbia,
Canada

Not
indicate
d

Residue levels
of the
antioxidant
Ethoxyquin in
salmon samples
from Japan

Ethoxyquin
(Antioxidant)

Table 4 of the article
outlines the residue
levels of ethoxyquin
in the muscle tissue
of salmon

Salmon

Tokyo,
Japan

Feed

Effect of frying,
grilling,
barbecuing,
toasting and

PAHs

Full sets of results is
published in the
Supplementary

Salmon

Not
indicated

Not
indicate
d

“Broiling and frying at higher
temperatures produced
higher CML levels...
Baked salmon and tilapia
contained lower CML
amounts than other muscle
foods.”
“Farmed salmon exhibit very
similar congener patterns
that overlap the PCA and
Aroclor composition of their
food.”
Wild salmon has a greater
variation in PCB patterns
Ethoxyquin was determined
in one salmon sample, but
below the MRL.

Not clear whether salmon is
farmed.
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prepared in the
home to
determine the
effects of
frying, grilling,
barbecuing,
toasting and
roasting

roasting on the
formation of
PAHs in salmon

Material of the
article.

“There was little evidence of
PAH formation during the
grilling, frying, roasting and
toasting experiments.
Comparison with the raw
materials used in the
experiments showed little or
no increase in PAH
concentrations for all of the
sample types, regardless of
distances from the heat
source, cooking mediums
and intensity of cooking
conditions. Barbecuing with
charcoal plus wood chips
however resulted in the
formation of benzo[a]pyrene
in most foods... In general
PAH levels increased when
the food was barbequed
closer to the heat source. For
sausages cooked over
briquettes, and for beef
burgers, beef and salmon
cooked over charcoal, the
concentration of PAHs was
lower when the food was
closer to the heat source.”
“For chicken, pork, lamb and
salmon the maximum and
median values for the
PAH15+1 was at least 10fold lower than for beef
burgers.”
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3.5 Aantal relevante hits voor gekweekte schaaldieren

Met behulp van de zoektermen zoals aangegeven in de materiaal- en methodensectie is gezocht naar
relevante literatuur m.b.t chemische gevaren in schaaldieren gekweekt in gesloten systemen. De
combinatie zoektermen in ASFA leverde 45 hits op en in SCOPUS 22 hits. Deze hits werden opgeslagen in
Endnote en de dubbele referenties verwijderd. In totaal leverde dit 65 hits op. Op basis van de titel
werden deze hits verdeeld in 2 groepen: relevant en niet relevant. Dit leverde 8 relevante hits en 56 niet
relevante hits op. Eén artikel was niet beschikbaar. Niet relevante hits gingen over microbiologische
gevaren zoals parasieten, virussen en Vibrio spp, over waterkwaliteit (chemische gevaren in water),
duurzaamheid, klimaatverandering, modellen of experimentele studies.
Van de relevante artikelen werden de abstract, keywords, materialen en methodesectie en de conclusies
gelezen. De resultaten zijn verwerkt in Tabel 4.

3.6 Overzicht van chemische gevaren in gekweekte schaaldieren

Onderstaande tabel geeft de resultaten weer van de artikelen die over chemische gevaren gingen in
gesloten kweeksystemen voor schaaldieren.
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Tabel 4: Overzicht van relevante referenties in in gesloten kweeksystemen voor schaaldieren en de daarin vermelde chemische gevaren.
Referenti
e

Titel

(Chen et
al., 2015)

Antibiotics in
typical marine
aquaculture
farms
surrounding
Hailing Island,
South China:
Occurrence,
bioaccumulati
on and human
dietary
exposure

(Fríasespericuet
a et al.,
2015)

Changes in
metal
contents in
shrimp
cultured in
NW Mexico
(2000–2010)

Omschrijving
referentie
(steekwoorde
n)
Antibioticslevels in farmed
shellfish species
from South
China

Metal
concentration in
shrimp from
Mexico in 2010
compared to
2000

Genoemde
relevante
gevaren

Concentrati
e

Vissoort
(Latijnse
naam)

Regio

Keten-stap

Opmerkingen

Antibiotics

Table S5 and
S6 indicates
the
concentratio
n of
antibiotics in
the shellfishspecies

mollusks (APL,
Atrina
pectinate
Linnaeus, ML,
Meretrix
lusoria, TK,
Trisidos
kiyoni, and
CRG,
Crassostrea
rivularis
Gould), crabs
(CP, Calappa
philargius),
and shrimps
(FP,
Fenneropenae
us
penicillatus)

Hailing
Island,
South China

Pond
culture
farms
(closed
culture),
cage culture
farm and
oyster pile
culture farm
(open
culture)

“Erythromycin–H2O was the
dominant antibiotic in the adult
Fenneropenaeus penicillatus with
concentrations ranging from 2498
to 15,090 ng/g...
Based on daily intake estimation,
the erythromycin–H2O in adult F.
penicillatus presented a potential
risk to human safety.”

Pacific white
shrimps,
Litopenaeus
vannamei

Sonora,
Sinaloa,
and Nayarit,
Mexico

Metals (Cd,
Cu, Pb, Zn)

Table 2 of
the article
outlines the
mean metal
contents in
the muscle
and
hepatopancr
ea of the
shrimp
specie in
2000 and
2010

Table S2
and S3
indicates
which
shellfish
species
derived
from which
type of
farming
Semiintensive
aquaculture

“No significant changes were
detected in Cd concentrations, but
the 2010 Zn levels were
significantly higher in all states in
the hepatopancreas and in Sinaloa
in the case of the muscle. Cu
showed a tendency to higher
hepatopancreas values in 2010,
but differences were significant
only in Sonora and for the global
mean value. In contrast, Pb was
one order of magnitude lower in
both organs in 2010, possibly
because of the almost 15 years
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(Hu et al.,
2018)

(Kar, S.
et al.,
2011)

(Lacerda
et al.,
2009)

Monitoring
and research
of
microcystins
and
environmental
factors in a
typical
artificial
freshwater
aquaculture
pond
Health risks
for human
intake of
aquacultural
fish: Arsenic
bioaccumulati
on and
contamination

Microcystinconcentration in
shrimp from a
freshwater
pond in China

Microcystin
(MC)

“MC-LR
concentratio
ns in shrimp
muscle were
up to
4.17 μg/kg.”

shrimp
(Macrobrachiu
m
nipponense)

Yangtze
River Delta
region,
China

Freshwater
Pond

Arsenic
concentration in
shrimp cultured
in ponds in
Taiwan which
have been
using arseniccontaminated
groundwater

Arsenic

Table 3 of
the article
outlines the
arsenic
content in
the tissue of
shrimps

shrimp
(Penaeus
monodon L.)

Southweste
rn Taiwan

Groundwate
r-cultured
ponds

Fate of copper
in intensive
shrimp farms:
Bioaccumulati
on and
deposition in
pond
sediments

Copper
concentration in
shrimp from an
aquaculture
farm in Brazil

Copper

The range of
Cu
concentratio
ns measured
in muscle
tissues of L.
vannamei
reared in the
Jaguaribe
estuary was
23.2 to 63.4
µg.g-1.

shrimp
(Litopenaeus
vannamei
Boone, 1931)

Ceará State
in
northeaster
n Brazil

Intensive
shrimp
aquaculture
(ponds).
Saline and
brackish
water

since leaded gasoline was
discontinued in Mexico.”
“If an adult weighing 60 kg
ingests 300 g of the shrimp
muscle, which contains 4.17 μg/kg
MC-LR, the estimated daily intake
will be 0.021 μg of MC-LR per
kilogram of human body weight.
This value is just about onefold
lower than the TDI (0.04 μg/kg
body weight per day), which may
pose a health risk to any exposed
organism.”
“Our data show that tilapia and
shrimp bioaccumulate arsenic
while being cultured in ponds in
southwestern Taiwan...
In case of shrimp the health risk
was not assessed due to lack of
information on regular
consumption...
results suggest that the
inhabitants in this region are
being subjected to moderately
elevated arsenic exposure through
the consumption of tilapia and
shrimp raised in aquaculture
ponds.”
“Notwithstanding the relatively
high bioavailability, Cu
concentrations in shrimps did not
differ from reported values for
other reared and natural shrimp
populations. Cu concentrations
and masses in shrimp biomass
were independent of salinity. Cu
concentrations in the exoskeleton
were always higher than in muscle
both under saline and brackish
water conditions. Increasing Cu
mass, and to a lesser extent Cu
concentration, in muscle tissues
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Figure 4 of
the article
outlines the
Cu
concentratio
n and mass
in shrimp
during one
growth cycle
in the saline
and brackish
water

(Metian et
al., 2010)

(Wu et
al., 2017)

Metal and
metalloid
bioaccumulati
on in the
Pacific blue
shrimp
Litopenaeus
stylirostris
(Stimpson)
from New
Caledonia:
Laboratory
and field
studies

Metal
concentration in
blue shrimp
collected in
March 2015 in
New Caledonia

Trace metals
in sediments
and benthic
animals from
aquaculture
ponds near a
mangrove
wetland in
Southern
China

Trace metal
contents in
farmed shellfish
species from
Southern China

Metal and
metalloid
(Ag, As,
Cd, Co, Cr,
Cu, Mn, Ni,
and Zn)

Trace
elements
(Cr, Cu,
Zn, As, Cd,
Pb and Hg)

Table 4 of
the article
outlines the
element
concentratio
n in tissues
and organs
of the Pacific
blue shrimp
Table 5
indicates the
element
distribution
among the
tissues and
organs
Figure 2 of
the article
indicates the
trace metal
contents in
the shellfishspecies

Blue shrimp
(L. stylirostris)

New
Caledonia

Ponds

Clams,
shrimp, crab

Zhangjiang
estuary,
Southern
China

Ponds and
mudflats

occurred simultaneously to a
decrease in Cu mass and
concentration in the exoskeleton,
suggesting a dynamical exchange
of Cu between the two
compartments.
Our results show that whereas Cu
fate in intensive shrimp culture
does not result in increasing Cu
exposure to consumers, the
activity is an important source of
this metal to adjacent
ecosystems, in particular in the
pristine environments where most
aquaculture activities in NE Brazil
takes place.”
“Metal concentrations in the
shrimp muscles were generally
relatively low and results
confirmed the role played by the
digestive organs and tissues in the
bioaccumulation/storage/detoxific
ation of metals in the Pacific blue
shrimp. Preliminary risk
considerations indicate that
consumption of the shrimp farmed
in New Caledonia is not of
particular concern for human
health.”

“Significantly higher
concentrations of trace metals
were found in clams from the
mangrove mudflats compared to
those from the aquaculture ponds.
The sources of trace metals in the
clams were primarily from organic
fertilizer, whereas those in the
shrimp were from contaminated
sediment.”

133

(Ali, H. et
al., 2016)

An
assessment of
chemical and
biological
product use in
aquaculture in
Bangladesh

Use of chemical
products in
shellfish
aquaculture
farms in
Bangladesh

Water and
sediment
treatment
compounds
,
disinfectant
s,
antibiotics,
pesticides,
fertilizer,
feed
additive,
probiotics
Table 4 of
the article
outlines
chemical
products
used by
aquaculture
farmers in
Bangladesh

Shrimp
(Penaeus
monodon) and
prawn
(Macrobrachiu
m rosenbergii)

Bangladesh

Table 1
indicates
the different
production
systems
(improved
extensive
concurrent
with rice)

“A higher percentage of prawn
and shrimp/prawn farmers applied
pesticides than other farm
groups...
The study shows that, despite
rapid expansion of commercial
aquaculture in Bangladesh, use of
chemical and biological products is
still relatively low compared to
other aquaculture producing
countries in Asia...
This study identified a wide range
of chemical and biological
products used in aquaculture in
Bangladesh. The widespread and
continuous use of some of the
chemicals identified can
potentially pose a risk to aquatic
animal health, the surrounding
environment and human health.
Further research should focus on
assessing their environmental
discharge and impacts,
particularly for koi, pangas,
shrimp and prawn.”
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