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Abstract
Mass media reports suggest that pangasius (Pangasianodon hypophthalmus) is ‘full of poison’ because it is able to survive in the ‘heavily polluted Mekong River’ and contains pesticides and veterinary treatment chemicals. However, most of these  claims are not substantiated with scientific evidence. To assess the safety of panga- sius consumption, a full toxicological risk assessment was performed. The results obtained were compared to toxicity claims made in a selection of media reports. Information on contaminant levels  encountered  in  pangasius  was  collected  from the EU Rapid Alert System for Food and Feed (RASFF) database. The toxicologi-    cal risk assessments do not support any of the toxicological risks suggested in the media. Next, the maximum pangasius consumption that would be considered  safe  was estimated on the basis of the  cao nhất levels  of the toxic contaminants  reported  in Vietnamese pangasius by RASFF and the safety thresholds  for  the  contami- nants. The maximum amount of the recalled fillet that could have been consumed without any adverse effects amounted  to between  3.4 and  166.7 kg day—1  (life-  long for a 70  kg adult) in the case of pesticide contamination and between 0.613    and 303 kg fillet day—1  in the case of preservatives and K.sinhs. It is concluded  that consumption of pangasius available  on  the  European  market  does  not  pose any concern for the health of the consumer. The analysis presented in this study illustrates that publicly  available  independent  information  could  help  consumers  to develop their own well-informed opinion about food safety issues.
Key words: aquaculture, mass media, pangasius (Pangasianodon hypophthalmus), safety assess- ment, seafood quality, toxic compounds.
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Introduction
Pangasius (Pangasianodon hypophthalmus) aquaculture is one of the most important industries in the Mekong Delta of Vietnam, having grown at an average rate of 37% per year between  1997 and  2008 before stabilizing  at  around
1.4 million MT per year (Phan et al. 2009; De Silva & Phuong  2011;  Trifkovi´c  2014).  The  expansion  of  Viet- namese farmed pangasius has been driven by demand in more than 100 countries worldwide (Trifkovi´c 2014). How- ever, as the market share of farmed Vietnamese pangasius began to increase in the US and Europe in the mid-2000s, a wide range of claims have been made in the mass media that pangasius is both unsafe and unsustainable (Bush & Duijf 2011; Little et al.  2012). The scope of these    public

statements is in general terms broad and unfocused, with reference made to the presence of toxins derived from ‘pol- luted’ water or from (veterinary) treatment of the fish or fillet. In the European Union (EU), many of the statements that have been made have  been  directly  and  indirectly  linked to both perceived and real competition with salmon aquaculture and wild whitefish products such as sole (Little   et  al.  2012). Although pangasius now ranks in the top ten     of most consumed fish products in  Europe  (EUMOFA  2014), many of the food risk scares have persisted in televi- sion,  radio,  newspaper  and  online media.
While the sustainability-related claims against pangasius have been frequently addressed (Bush et al. 2009; Anh et al. 2010; Bostock et al. 2010; Bosma et al. 2011; De Silva & Phuong  2011;  Nhu  et  al.   2015),  the  perceived  food   risk
claims have not been subjected to any systematic or critical assessment. This article fills this gap by critically analysing the various food risk statements made against pangasius through a full toxicological risk assessment, based on the cao nhất contaminant levels ever reported for fillet imported to the EU from Vietnam.
We first present an inventory of the various statements made against pangasius via public mass media including (to extent possible) the data upon which these claims are based. We then provide a short explanation about the process of risk assessment and risk management, before analysing the cao nhất possible toxicological risk that would have been posed by consuming the pangasius refused for import to the European market (as communicated via the European Rapid Alert System for Food and Feed (RASFF): further information below).
Public risk statements on pangasius
Because of the perishable nature of seafood and the risk of bacterial contamination in both production and processing phases, national food safety authorities supervise and monitor its quality (see, e.g. Mohanty et al. 2013). There is a strong diversity in the potential risk of contamination of different species. Capture fishery species with a risk of higher contaminant levels include higher trophic level spe- cies such as tuna and swordfish, which are prone to accu- mulating KL nặngs such as mercury, but also include fish with high fat contents, such as eel, in which potentially lipophilic persistent organic pollutants (POPs) accumulate (de Boer et al. 2010). In aquaculture systems, the largest food risks are posed by the indiscriminate use of veterinary products, including both K.sinhs and  probiotics.
Public mass media communications around hazards and risks associated with aquaculture production have nar- rowed in on a few globally traded species – notably salmon, shrimp and pangasius. These species all share considerable controversy surrounding the exponential growth of their production and associated environmental impacts (Bostock et al. 2010; Hall et al. 2011). But the response of these three industries has been markedly different. For example, the salmon industry has been able to counter many of the accu- sations made because production is based in North America and Northern Europe where there is strong industry and government support (Burridge et al. 2010). In contrast, pangasius has been less successful in countering negative media attention, in part because of a mistrust of the Viet- namese industry and regulation by European and North American importing markets (Bush & Duijf 2011).
It appears that the inherent mistrust of Vietnamese pan- gasius and wider health concerns associated with seafood, coupled with market protectionism, have been complicit in fuelling the negative public sentiment and media  around

the safety of consuming pangasius (Mansfield 2011). As shown in Figure 1, a wide variety of public media sources continue to reproduce accusations  that  pangasius  is  unsafe for consumers – with  the  most  recent  statement  found  from December 2014 (see Table 1). The common sugges-   tion that pangasius is ‘full of poison’ is intertwined with a range of circumstantial evidence stating that the  Mekong  River is ‘heavily polluted’ and that pangasius is ‘thus’ loaded with toxic compounds, such as DDT, arsenic, pesti- cides and an assortment of  pharmaceuticals.  The  state-  ments have been repeatedly posted on websites and other media sources in several countries and have even  been  debated in the European Parliament with no critical reflec-  tion or assessment as to their accuracy  (Bush  &  Duijf  2011). None of these media sources make any reference to actual levels of these contaminants, nor do they make any reference to any sources of   data.
The result is a closely related set of accusations reinforcing a media-generated perception of the food safety risks posed by pangasius. And central to these statements is a misrepre- sentation of the hazard, or potential risk, of the contami- nants (that are suggested to be) present rather than presenting the actual health risk based on the level of expo- sure. This misrepresentation of hazard and risk is funda- mental to the wider politics surrounding pangasius with   the consequence that mass media communications are in practice hazard based instead of risk based. The confusion that this misrepresentation leads to what has been referred to as ‘mass-mediated risk’ (de Krom & Oosterveer 2010) characterized as an ever wider group of nonexperts giving voice to the definition and interpretation of risk with little engagement with or reference to a scientific process of risk assessment. The exact difference between risk assessment and risk management is essential for a proper safety evalua- tion and is explained in more detail in following section.
Risk assessment and risk management
Toxicological risk assessment is used to define safe daily intake levels of a given food stuff. Figure 1 presents an overview of the risk assessment and risk management pro- cesses developed to protect consumers from adverse health effects resulting from unhealthy exposure to toxic com- pounds.
The basic principle of risk assessment is to determine the probability and extent of a person being exposed to and affected by a hazard. In principle, humans and other organisms can inherently handle specific levels of toxic exposure as detoxification mechanisms have developed as a protection against toxic compounds, often those made by plants. As long as the consumption of toxic compounds is not higher than the level a body can handle, there is no risk of  adverse  effects.  The  challenge  for  toxicologists  is to
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Figure 1 Principle of risk assessment (yellow) and risk management (green) of toxic compounds in food. Often (mass) media communications are from alarmists and focus only on the (possible) presence of compounds and their potential toxicity, which implies they communicate on the basis of hazard instead of on the basis of risk. To determine the risk possibly posed by a compound present, the exposure has to be known. MRL, maximum residue level. In the process of risk management toxic compounds can also be banned for economic, political, social or environmental reasons instead of based on risks for human consumers only.
determine the maximum levels that can be safely con- sumed, including by more vulnerable people. These toxico- logical investigations are mostly based on animal studies, and methods have been developed and internationally har- monized on how to calculate safe levels of consumption. The calculations use uncertainty factors to convert so-called points of departure, such as no observed adverse effect levels (NOAELs) or benchmark dose lower confidence lim- its (BMDLs), into acceptable daily intakes (ADIs) or tolera- ble daily intakes (TDIs). An ADI is defined for avoidable compounds, whereas the term TDI is used for unavoidable compounds. This process, called hazard assessment, charac- terizes what type of compound is being dealt with (e.g. whether water soluble or lipid soluble), what toxic effects the compound could cause (such as neurotoxicity or immunotoxicity), and the exposure levels above which such toxic effects start to occur. To define safe exposure levels for humans, extra uncertainty factors are included to account for species differences (if the safe level is estab- lished in animals) and for differences between humans, to make sure that even the most sensitive individual is pro- tected. Default uncertainty factors generally amount to a factor of 10 for interspecies differences and another factor of 10 for interindividual differences within the human pop- ulation. A fundamental input into the final risk analysis is whether the exposure to a certain compound is higher or lower than the established safe level, the ADI or the TDI.
Without an indication of exposure, it is not possible to determine whether or not a compound poses a health risk. A risk assessment takes the cao nhất possible exposure and compares this to the safe level for the most sensitive popu- lation group. When the estimated daily intake (EDI) in a worst-case situation is lower than the safe level, there is no risk. So the mere presence of compounds in food or in a

body does not automatically imply that they pose a health  risk. As long as the EDI remains under the determined safe level of exposure that the body can handle via natural defence processes, a hazardous compound does not pose a risk.
There are different approaches to managing risks once assessments have been carried out. A central question often faced by those interpreting the results of risk assessments is what aspects are acceptable to the wider public belief or policy discourse prevalent at any given time including pres- sure to respond to a prevailing sense of public risk (Renn 2008). As a result, different decisions can be arrived at in different countries that are based on the same risk assess- ment outcome. This can lead to further confusion for those not familiar with the risk assessment and risk management process (Ansell & Vogel 2006; de Krom 2009). Certain maximum residue limits (MRLs) allowed for food products are also defined based on good agricultural practices or available technical detection limits, which could be stricter than MRLs based on food safety arguments alone. This means that levels in fruit or vegetables that are higher than the MRL could still be considered toxicologically safe, although not accepted by regulatory authorities.
Another confusing situation can arise when a compound is banned because of environmental risks. For example, the Thuốc diệt cỏ trifluralin has been banned in the  European Union since 2008 because of its high aquatic ecotoxicity (EFSA 2012a). It is not highly toxic to humans, so although its use is banned, it is highly unlikely that trifluralin poses a toxicological risk to humans when present as a residue in food.
For effective risk management, it is very important to regularly monitor the levels of toxic compounds in food. This is made by national food (and feed) safety authorities, and  in  Europe,  these  authorities  exchange information
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Table 1 Examples of website texts about toxic pangasius collected December 2014. Provided are year and country of original publication of website, title and characteristic quote from the website text. Copies of these websites are provided as Supplementary Information (Data S1)
Year country
Title website and characteristic quote
WWW-address (Dec 2015, copies available
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via supplementary info)
2008 France
Why you shouldn’t eat pangas (fish) in France or anywhere else for that matter
Pangas are infested with high levels of poisons and bacteria. (arsenic, industrial effluents and toxic and hazardous by-products of the growing industrial sector, metal contaminants, polychlorinated biphenyls (PCBs), DDT and its metabolites (DDTs), chlordane-related compounds (CHLs), hexachlorocyclohexane isomers (HCHs), and hexachlorobenzene (HCB)). The Mekong River is one of the most polluted rivers on the planet and this is where pangas are farmed.
2008b France
Don’t  eat this  fish:  pangas  (pangasius, Vietnamese River Cobbler, White Catfish, Gray Sole)
Would the French call it Poisson ou poison? (sic.)
2010 Belgium

Pangasius:  the  truth  about  the  wonder  fish  from the freezer The assortment also includes Trifluralin, which was banned in Europe for a good reason. (In Dutch)
2010 Spain
Government  pressured  into  removing Vietnamese panga from  school canteens
The OCU denounced that 4 out of 23 panga samples tested contained trifluoralin, a Thuốc diệt cỏ banned in Europe, while in another 9 samples, there were high levels of mercury.
2010 Poland
Panga fish (available in Polish stores); I’ll never eat it  again.
Alternative?
Anyway, if you’ve eaten Panga recently.. .like me, then you’ll never eat it again, I was pure shocked when I read this
(sic., refers to 2008b France)
2010 USA
Cause  of death:  consumption  of Basa fish
Is saving a few pennies a pound worth the risk of exposing your family to such deadly fish?
2011 Netherlands
Shocking results of Vara Kassa pangasius  test (Dutch television)
In 3 out of 8 samples traces of Trifluralin and Chlorpyrifos were found. According to prof. Lucas Reijnders very strong indications exist that trifluralin increases the risk of digestive tract cancer and exposure to small amounts of chloorpyrifos is associated with increased risk for Parkinson’s disease. (In Dutch)
2011 USA

Imported  fish  with  banned  chemicals  reaching  U.S.  consumers Tons of imported fish laced with chemicals banned, including carcinogens, are routinely showing up in this country, winding up on American dinner plates.
2012 Netherlands
Pangasius, the new green lie (with     update)
After elaborate analysis of the well-known Pangasius filet in a renowned German laboratory, among other chloorpyrifos and trifluralin were found. These pesticides are banned in Germany and the Netherlands, and you eat it?! Strong indications exist that trifluralin increases the risk of digestive tract cancer. Exposure to small amounts of chloorpyrifos is associated with a higher chance of getting Parkinson’s disease. Bon appetite! Translated from Dutch
2013 Norway
Basa or  pangasius – ” dirty waters, dangerous   fish
I am surprised and disappointed that a large well know (sic.) Vancouver wholesaler put their name on a product like this.

www.whytraveltofrance.com/2008/
01/30/why-you-shouldnt-eat-pangas-fish-in-france-or- anywhere-else-for-that-matter/ (website since 2016 unavailable)
www.dietmindspirit.org/2008/01/30/why-you- shouldnt-eat-this-fish-pangas-pangasius-vietnamese- river-cobbler-white-catfish-gray-sole/ www.demorgen.be/wetenschap/pangasius-de- waarheid-over-de-wondervis-uit-het-vriesvak- a1065727/
www.fis.com/fis/worldnews/worldnews.asp? monthyear=&day=23&id=39369&l=e&special= &ndb=1%20target
www.polishforums.com/food-8/panga-fish-available- stores-eat-again-alternative-46022/
www.talk.onevietnam.org/cause-of-death- consumption-of-basa-fish/
www.vetvrij.com/pangasius-tilapiafilet-getest- door-vara-kassa.html
www.fairwarning.org/2011/07/imported-fish-with- banned-chemicals-reaching-u-s-consumers/#
www.smulweb.nl/blog/Fressnapf/13219/pangasius-de- nieuwe-groene-leugen-met-update
www.oddvinvedo.wordpress.com/2013/01/12/basa- or-pangasius-dirty-waters-dangerous-fish/
 SHAPE  \* MERGEFORMAT 
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Table 1  (continued)
Year country
Title website and characteristic quote
WWW-address (Dec 2015, copies available
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via supplementary info)
2013 Netherlands
New French research about pangasius (links to  the above mentioned 2008 France website)
Translated French research tells the truth about culturing panga or pangasius to the frozen panga filet in the
supermarket.. .Congratulations if you don’t get immediately ill after eating panga, you must have an iron stomach. However, you did get quite a pile of poison in your body. (Translated from Dutch)
2013 Spain
To eat or not to eat, panga!
You get what you pay for - and then some. Don’t be lured in by insanely cheap price of Pangas. Is it worth risking your health and the health of your family?
2014 Serbia
To eat or not to eat: story behind the very affordable pangasius  fillets
According to the website dietmindspirit.org, Pangas are teeming with high levels of poisons and bacteria.

www.smulweb.nl/blog/Fressnapf/13604/nederlander- kiest-massaal-voor-goedkoopste-vis-zijn-pangasius-en- tilapia-wel-zo-gezond-de-nieuwste-feiten-op-een-rij
www.spainbuddy.com/to-eat-or-not-to-eat-panga/
www.inserbia.info/today/2014/01/to-eat-or-not-to-eat- story-behind-the-very-affordable-pangasius-fillets/
 SHAPE  \* MERGEFORMAT 



about findings and measures taken responding to serious risks. This is communicated via the RASFF network Euro- pean Commission (EC 2014). Whenever a member of the network (European Member States, the European Free Trade Association (EFTA) states, the European Commis- sion and the European Food Safety Authority (EFSA)) has any information about a human health risk related to food, this information is immediately shared with all other mem- bers. The RASFF portal (EC 2014) gives public access to the current or historical notifications in Europe including details on the reasons for the measures taken.
Assessing the risks of pangasius, approach
This study aims to investigate the toxicological claims communicated in the mass media about the toxicity of pangasius. Figure 2 depicts the steps taken in our analysis. Further details on all collected and calculated information are available in the supplementary materials.
First, compounds were identified that are suggested to pose a risk for pangasius consumers (Table 1). Whenever provided, the levels of these compounds were also collected and the quoted sources of the data were checked. Second, all notifications of pangasius imported into the European Union were collected from the RASFF database. In addi- tion, we searched for additional (scientific) information on levels of contaminants in pangasius produced in Vietnam. For all compounds for which levels in pangasius could be found, the safe daily intakes (ADI or TDI) were searched for or deduced from the scientific literature. Third, we cal- culated the amount of pangasius fillet that could be con- sumed, without exceeding the ADI or TDI, if it contained a restricted substance at a level equivalent to the cao nhất level reported   by   the   RASFF   at   import.   For     genotoxic


compounds, toxicologists follow a different approach than for compounds with other mechanisms of toxicity. This is explained in the section of banned added chemicals below. Finally, the results were compared with the various accusa- tions made in the wider media (Table 1).
All toxic compounds linked to pangasius, as well as com- pounds reported by the RASFF from the first record in 2002 until December 2014, are given in Table 2, along with the reported levels. The full database as downloaded on 14 December 2014 is presented as Supplementary Information (Data S1). In addition, scientific publications reporting levels in imported Vietnamese pangasius are included wherever available. The data are clustered as Chất ô nhiễm môi trường and avoidable (applied) chemicals.
Results
Chất ô nhiễm môi trường
A very strong contrast is found between the Chất ô nhiễm môi trường that are suggested to be present in pangasius by the media and the total absence of these compounds in the RASFF notifications. This is in contrast to the presence of contaminants in several other fish species, including several caught or cultured in Europe, listed by RASFF. The apparent safety of pangasius is also supported by public health ‘counterclaims’ that the species is relatively low in mercury, an environmental contaminant especially present in predatory fish compared to other fish species, and there- fore a recommended healthy option (DHHS 2014). Recent research also indicates that Vietnamese pangasius is very low in the KL nặngs arsenic, cadmium, lead and mercury (Ruiz-de-Cenzano et al. 2013). In addition to KL nặngs, POPs linked to pangasius in  the  media,  such as polychlorinated biphenyls (PCBs),  polychlorinated
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Figure 2 Approach of the study. The indi- cates collected information. MRL, maximum residue level.
dibenzo-p-dioxins and dibenzo-p-furans (PCDD/Fs), have never been notified for pangasius in the RASFF. This is in accordance with Van Leeuwen et al. (2009), who found that levels of these POPs and of organochlorine pesticides (OCPs), polybrominated diphenyl ethers (PBDEs), hexabromocyclododecane diastereomers (HBCDs) and perfluorinated compounds (PFCs) are all very low in pan- gasius; often even below the limit of detection, and the low- est of all levels in the species of farmed fish tested (including salmon, trout and tilapia) (Budiati  2010).
Two pesticides banned in Europe, the thuốc trừ sâu chlor- pyrifos and the Thuốc diệt cỏ trifluralin, were found in panga- sius fillet in 2011, resulting in refused entry to the European market (Table 2). Below we calculate how much of this rejected fish could have been eaten daily without health risk.
The ADI of chlorpyrifos is 0.01 mg kg—1 bw day—1 (EFSA 2012b), which means that an adult of 70 kg can
eat up to 3.4 kg of this pangasius fillet per day over their entire life without exceeding the safe level for chlorpyrifos; a child weighing 15 kg can consume 0.7 kg day—1. For trifluralin,  these  amounts  are,  respectively,  166.7 kg and
35.7 kg day—1 based on the safe levels indicated by the EFSA amounting to an ADI of 0.015 mg kg—1 bw day—1 (EFSA 2013b). Furthermore, the absence of accumulated toxic levels of Chất ô nhiễm môi trường in pangasius appears to be in direct contrast to the accusations made in the wider media around the polluted state of the Mekong
River Delta in Vietnam (Table 1). Environmental contami- nants are present in Southern Vietnam, stemming from urbanization, natural arsenic contamination in ground water, metal leaching in soils, as well as contaminants from the aquaculture industry itself (Buschmann et al. 2008; Wilbers et al. 2014). However, this does not mean that these contaminants are present in the water used for panga- sius aquaculture. Even if present, sediment-bound contam- inants such as metals do not necessarily bioaccumulate in the fish. This very much depends on the diet of a fish spe- cies, the source of the food and the bioavailability of the contaminant in the sediment. The lack of accumulation in

pangasius could also be the result of regular removal of pond sludge during a production cycle (see, e.g. Marcussen et al. 2014). Depending on where pond sediments are dumped, this may well result in ecotoxicity and impact on agricultural production (when used as soil fertilizer), but this is not directly related to pangasius consumer safety. It also is suggested that the annual monsoon flushes the Mekong river system (Park et al. 2011). It can be concluded that although hazardous compounds are present in areas in the Mekong Delta, none of these environmental contami- nants accumulate in pangasius to concentrations that pose a safety concern. Furthermore, none of the statements on toxic exposures of pangasius to consumers were substanti- ated by the current risk assessment made using currently available data on pangasius contaminant levels.
Avoidable contaminants
As shown in Table 2, nitrofuran metabolites (such as 3-amino-2-oxazolidinone (AOZ), a metabolites of furazoli- done), leucomalachite green (LMG) and malachite green (MG), and several K.sinhs have been found in Viet- namese pangasius RASSF samples as recently as 2014. These veterinary-based compounds are used in production  to treat disease and in processing to minimize fouling. How- ever, they have been banned in products sold to the Euro- pean market since 1995 (Table 2) (EFSA 2012a), either because of their genotoxic and carcinogenic potential or because of the secondary effect of contributing to the devel- opment of K.sinh resistant bacteria.
Despite strict legislation banning, for example, the use of nitrofurans in food animal production in the EU, nitrofu- ran metabolites are readily available as drugs for veterinary and human therapy against skin infections, cholera, bacte- rial diarrhoea and infections of the urinary tract (Vass et al. 2008). The RASSF reports show they continue to be used mostly, but not only, in imported products from Asian countries due to their effectiveness and widespread availability. This is not only the case for pangasius, but also for  commodities  such  as  shrimp,  prawns,  rabbit    meat,
Bảng 2: Các  hợp chất độc hại bị cho rằngcó trong cá tra, cũng như các hợp chất theo báo cáo của RASFF từ năm 2002 đến tháng 12/2014.  Mức cao nhất và mới nhất được sử dụng để tính toán số lượng này cá tra (bị từ chối) có thể đã được tiêu thụ hàng ngày mà không vượt quá mức an toàn cho các hợp chất này. (MOE:Mức phơi nhiễm được áp dụng cho độc tố gen, các hợp chất bị cấm)[image: image12.png]
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Mức từ thông báo
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Đánh giá

Khối lượng cá tra có thể tiêu thụ hàng ngày bởi 1 người lớn hoặc 1 trẻ em mà không vượt quá mức  TDI/ADI
Hợp chất
Loại
Mức cao nhất
(lg kg—1 filet)

Năm có mức cao nhất

TDI/ADI or TTC
(lg kg—1 bw day—1) or calculated based on MOE approach (see text)

Adult 70 kg
(kg fish day—1) or calculated based on MOE approach
(see text)

Child 15 kg
(kg fish day—1)
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	Genotoxic preservative
	–
10
	2006
	Cao nhất
	2 (MOE for
	14.0
	3.0
	JECFA 2009

	
	(cấm trong t.phẩm)
	
	
	
	MG+LMG)
	
	
	

	Malachite green (MG)
	Genotoxic preservative
	–
?
	2010
	Mới nhất,
	2 (MOE for
	14.0
	3.0
	JECFA 2009

	
	(cấm trong t.phẩm)
	
	
	Không cómức 
	MG+LMG)
	
	
	

	Chloramphenicol
	Genotoxic K.sinh (cấm trong t.phẩm)
	–
1.0
	2006
	Cao nhất
	0.15 (TTC
9 60 kg—1)
	10.5
	1650.0
	EFSA 2012a

	Chloramphenicol
	Genotoxic K.sinh (cấm trong t.phẩm)
	–
0.6
	2010
	Mới nhất
	0.15 (TTC
9 60 kg—1)
	11.7
	2750.0
	EFSA 2012a
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Table 2  (continued)
Levels in Vietnamese Panga filet


Levels related to public communications
(lg kg—1 filet)


Levels from notifications


Comment

Amount of pangasius that could have been eaten daily by an adult or a child without exceeding the TDI/ADI
Compounds
Class
Cao nhất level
found
(lg kg—1 filet)

Year of
cao nhất 

TDI/ADI or TTC
(lg kg—1 bw day—1) or calculated based on MOE approach (see text)

Adult 70 kg
(kg fish day—1) or calculated based on MOE approach
(see text)

Child 15 kg
(kg fish day—1)
– = No RASFF notification
	Nitrofuran  (metabolites)
	Genotoxic K.sinh (cấm trong t.phẩm)
	13.5
	2014
	Cao nhất & mới nhất
	0.26 (MOE)
	1.348
	0.289
	WHO 1993b

	Neomycin
	K.sinh
	–
1.39
	2010
	Cao nhất
	60
	3032
	650
	WHO 2003

	Enrofloxacin
	K.sinh
	–
246
	2006
	mới nhất Cao nhất
	6.2
	2
	0.4
	EMA 2009a

	(Fluoro)quinolone
	K.sinh
	–
506
	2004
	mới nhất Cao nhất
	0.15
	0.021
	0.004
	Budiati 2010;

	Ivermectin
	K.sinh
	–
7.9
	2011
	mới nhất
	10
	88.6
	19.0
	EMA 2014

	Doxycycline
	K.sinh
	–
35
	2006
	
	3
	6.0
	1.3
	EMA 2009b

	Ciprofloxacin (metabolite
	K.sinh
	780.0
	2005
	Cao nhất
	0.315
	0.028
	0.006
	EMA 1998

	of enrofloxacin) Ciprofloxacin (metabolite of
	K.sinh
	–
36.0
	2006
	Mới nhất
	0.315
	0.613
	0.131
	EMA 1998

	enrofloxacin)
	
	
	
	
	
	
	
	


? Unknown.
EMA 2009a, http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500014151.pdf EMA 2014, http://www.ema.europa.eu/docs/en_GB/document_library/Maximum-residue-limit_opinion/2014/06/WC500168837.pdf EMA   2009b,  http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500013941.pdf
EMA  1998,  http://www.ema.europa.eu/docs/en_GB/document_library/Maximum_Residue_Limits_-_Report/2009/11/WC500014142.pdf  WHO 2003,
honey (New Zealand, Israel), cattle stomachs, sheep casings (sausage skin), frog legs, crayfish and feed (Netherlands) (RASFF portal). EFSA has also concluded that nitrofurans are of concern in poultry (EFSA 2012b).
In the EU, banned substances are not permitted as resi- dues in seafood at any level. This holds even if the sub- stances do not pose a risk to consumers but are banned for other reasons. To be able to set priorities for action, the European Commission requested the EFSA to suggest science-based guidance on how to distinguish between situ- ations that pose a toxicological risk and situations that do not. The focus was on banned pharmacologically active substances (especially K.sinhs) that could pose a health risk to consumers of food of animal origin. In 2013, the EFSA presented so-called Reference Points for Action (RPAs) in which both analytical and toxicological consider- ations were taken into account. Levels above these RPAs are considered reason for priority action (EFSA 2013a). For contaminants that are potentially genotoxic, the EFSA Sci- entific Committee (SC) has identified a threshold of toxico- logical concern (TTC) of 0.175 lg/person of 60 kg per day (equivalent to a value of 2.5 pg kg—1 body weight (bw) per day,  so  0.175  lg  day—1  for  a  70 kg  person),  as  a  level  of human exposure that would be ‘of low concern from a public health point of view’ (EFSA 2013a). The levels of the suspected genotoxic K.sinhs and nitrofurans in the rejected pangasius (Table 2) would only allow safe con- sumption of grams to ounces of the product per day for a person of 70 kg, based on the generic TTC approach.
Therefore, for these potentially genotoxic compounds, a refined risk assessment was performed based on the Margin of Exposure (MOE) approach. The MOE is the ratio between the BMDL10 and the EDI (EFSA 2005). The BMDL10 is the lowest confidence limit of the benchmark dose that causes 10% extra cancer incidence above back- ground levels in animal carcinogenicity experiments. The BMDL10 can be calculated using the computer software BMDS v2.4.0 developed by the U.S. Environmental Protec- tion Agency (EPA 2012). The EFSA SC recommended that generally a MOE of 10 000 or higher should be considered ‘to be of low concern from a public health point of view and might reasonably be considered as a low priority for risk management actions’ (EFSA 2013b). Following this MOE approach, the maximum daily fish consumption by a consumer was determined taking a MOE of 10 000 as threshold. For LMG and MG, a BMDL10 of 20 mg kg—1 bw day—1 (JECFA 2009) is provided for these compounds together, as LMG is converted into MG in the fish. This means the EDI below which there is low concern (BMDL10 divided    by    the    EDI > 10 000)    would    amount    to
<2 lg kg—1  bw day—1. This means that for the cao nhất ever level  of  LMG  found  (in  2005)  of  190.8 lg kg—1  fillet,  a daily consumption of no more than 0.734 kg would be of

low concern for a consumer of 70 kg. The mới nhất level reported in the RASFF database is 2.33 lg kg—1  (in 2006), which would mean no more than 60 kg day—1 could be consumed daily by someone of 70 kg and no more   than
12.9 kg day—1 by a child of 15 kg (Table 2).
For most nitrofuran K.sinhs, carcinogenicity data that enable derivation of a BMDL10 are not available, with the exception of furazolidone (WHO 1993a) and nitrofurazone (WHO 1993b). A BMD analysis of these data revealed a BMDL10 for furazolidone of 2.6 mg kg—1 bw day—1 and a BMDL10 for nitrofurazone of 11 mg kg—1  bw day—1. Using the lowest value for these nitrofuran K.sinhs of
2.6 mg kg—1 bw day—1 and a MOE of 10 000 as threshold (as explained above), the EDI below which there is low concern  would  amount  to  <0.26 lg kg—1  bw day—1.  The Cao nhất mới nhất level reported is 13.5 lg kg—1 fillet, corresponding  to  a  daily  consumption  of  1.348    and
0.289 kg day—1  for, respectively, an adult  of 70 kg and    a
child of 15 kg before the level at which the pangasius fish sample with the cao nhất level of reported nitrofurans would be a priority for risk management from a health point of view. It is important to note that this estimate is not based on exact knowledge of the nature of the nitrofurans actually detected in the fish but on a read-across to furazolidone. Therefore, it should be interpreted with some  caution.
Chloramphenicol   is  another   K.sinh   that  has been
reported to occur in pangasius but is not authorized for use in food-producing animals in the EU. Recently, EFSA pub- lished an opinion on chloramphenicol in food and feed (EFSA 2014). The opinion concluded that chloramphenicol exhibits genotoxicity but, owing to the lack of data, the risk of carcinogenicity cannot be assessed. It was also concluded that an RPA of 0.3 lg kg—1 for chloramphenicol in food of animal origin is adequate to protect public health against potential anaemia or reproductive/hepatotoxic health effects. To come to these conclusions, EFSA calculated the mean chronic dietary EDI for a worst-case scenario in which  chloramphenicol  is  present  at  0.3 lg kg—1   in  all foods of animal origin, foods containing enzyme prepara- tions and foods which may be contaminated naturally. Based on comparison of the estimated intakes thus obtained to the  reference  point  for  aplastic  anaemia  (4 mg kg—1 bw day—1) or for reproductive/hepatotoxic effects (25 mg kg—1 bw day—1), EFSA concluded that it is unlikely that exposure to food contaminated with chloram- phenicol  at  or  below  0.3 lg kg—1  is  a  health  concern  for aplastic anaemia or reproductive/hepatotoxic effects. How- ever, given that chloramphenicol exhibits genotoxicity but that data for performing a risk assessment based on the MOE for cancer induction are absent, the risk assessment can best be based on the TTC approach. This defines a TTC value for compounds  with  an alert  for genotoxicity   at
0.15 lg/person of 60 kg per day. Based on this value, it  can
be calculated that 10.5–11.7 kg of the most contaminated fish could have been consumed on a daily basis (Table 2).
The K.sinh (fluoro)quinolone has been reported once in 2004. Not much reliable data could be found to perform a risk assessment, but the available data would indicate a risk from consuming pangasius from the batch that was reported in the rapid alerts that gave rise to the 2004 RASFF notification. However, the compound has not been reported since then, so currently is no reason for concern.
For the other currently used K.sinhs that are banned for use in food products and are not suspected to be geno- toxic, the toxicological safe level (ADI) is provided. As can be seen in Table 2, since 2006, daily consumption of several kilograms of the pangasius that was refused on the market and destroyed would not have raised a safety concern.
Discussion
Our analysis demonstrates that there is no food safety con- cern from either environmental or applied contaminant compounds in pangasius. Furthermore, we have found no scientific evidence for the various statements that have been made against Vietnamese pangasius across a broad set of media sources – ranging from blog sites, newspapers, docu- mentaries and parliamentary transcripts. These findings therefore support the Netherlands Food Safety Authority (nVWA 2010) recommendation that there is ‘no reason to intensify monitoring of chemical contaminants’. Already in 2010, the nVWA responded to a public scare about triflu- ralin and chlorpyrifos shortly before Christmas with a cal- culation that, respectively, 21 and 11 kg of fillet would have to be eaten per day to reach the ADI (nVWA 2008).
Given the open nature of pond production systems in Vietnam, the fish may be exposed to a range of environ- mental contaminants or substances related to the produc- tion process itself. However, it would appear that these compounds do not accumulate in the fish to a level that poses a risk to the consumer. It cannot be excluded that these Chất ô nhiễm môi trường pose an ongoing risk to the Mekong Delta ecosystem, because the environmental risk is not assessed in this study.
These results demonstrate a set of subtleties surrounding the process of risk assessment and risk management that are poorly understood by the public. By not correctly inter- preting exposure and effect, the difference between hazard and risk, and/or toxic concentrations, mass media accusa- tions of chemical ‘risk’ will continue to confuse any real assessment and debate, as demonstrated by the case of pan- gasius in the European market. The media can play an important role in positively influencing consumer choices about their own consumption of safe (and sustainable) sea- food  (Mariani  et al.  2014).  However,  so-called mass-

mediated risk claims (de Krom & Oosterveer 2010) create confusion, with economic consequences for both seafood exporting countries like Vietnam and for seafood import- ing regions such as Europe.
The remaining question is whether and how consumers can be provided with information about food risks in a for- mat that is informative while not being overwhelming. An objective information source is a first step – but consumers might be suspicious of sources affiliated with industry or national authorities, such as, for example, the yourevery- dayfish.com platform. Perhaps an independent interna- tional organization such as the EFSA could provide easy-to-understand information on how risk assessment is performed, and on the difference between safe levels and the MRL and between a hazard and a risk. This can help consumers weigh the information presented and ask the right additional questions needed to judge the relevance of the compounds observed. It will also ultimately help distin- guish between the real health risk and the hazard (potential risk) of those compounds around which media-based accu- sations of toxic risks are made. The consequences of greater clarity around the food safety of pangasius will not only protect consumers from unfounded scares about healthy food, but will also ensure that attention is not drawn away from food safety issues that do pose a risk for consumers. For instance, one of these issues would be the growing con- cern about the development of resistant bacteria in several animal production sectors (nVWA 2008). But while more publicly available information can facilitate improved deci- sion-making by consumers, it is not guaranteed to address wider biases, prejudices and economic interest which also drive information and misinformation. Nevertheless, given the growing importance of imported seafood to markets such as the EU, it is of great importance that a degree of public ‘risk literacy’ is fostered to avoid excluding safe sources of animal protein.
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