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1. Introduction

In recent decades, the importance of fish and fetelas part of a healthy diet has
meant an important promotion of their consumptioroag the general population. Fish
and shellfish species are an important source ofiemis such as proteins, lipids,
omega-3 polyunsaturated fatty acids (n-3 PUFAgamins and minerals (Domingo et
al., 2007a; Matos et al., 2015). The World Healtlganization (WHO) and the Food
and Agriculture Organization (FAO) of the Unitedtias (UN) recommend a regular
fish consumption of 1-2 servings per week in otdgsrovide an equivalent of 200-500
mg of n-3 PUFAs, namely eicosapentaenoic (EPA)agoabsahexaenoic acids (DHA)
(FAO/WHO, 2011). Furthermore, a diet including athiconsumption of fish and
shellfish reduces the risks of cardiovascular diesa(CVD), mainly due to the
beneficial effects of the n-3 PUFAs, EPA and DHAe(iosi et al., 2015). However, a
number of studies have also shown that fish andlfishe consumption can
simultaneously be a dietary source of various @miarental pollutants, which have
well-known adverse effects on human health (Vanéensch et al., 2015; Domingo,
2016). According to Frewer et al. (2016), there b@sn a considerable focus on fish or
seafood as a product category in food risk/bermdihmunication studies, possibly
owing to this controversy associated with healthdfiés from nutrients versus health
risks from potential contaminants.

Meanwhile, it has been repeatedly shown that aoess and stakeholders flag
specific information needs and expectations regartlhe communication of risks and
benefits from seafood consumption. Van Dijk et (@012) reported that consumers
perceived food-related risk/benefit informationenftas asymmetrical, confusing and

not truthful. Their study participants also expegsa preference for more balanced and



scientifically derived information. In addition,d?iiak et al. (2007) and Altintzoglou et
al. (2014) identified seafood consumer segmentk differentiated information needs
in relation to seafood consumption. The largestrsaygs in both studies (referred to as
“Enthusiasts” and “Info seekers”, respectively, tlose two studies) consisted of
consumers who reported a strong need for morewoutty, simple and easily
accessible information about seafood. This typewdlence underscores the potential
interest among consumers in having access to spemhfood-related information.
Furthermore, Tediosi et al. (2015) have shown &hed a wide diversity of stakeholders
from policy, industry, and non-governmental orgations flagged a deficit of
information and data in the field of seafood saféfieanwhile, the stakeholders who
participated in that study perceived online tooldbé& most useful communication tools
in this respect.

Already back in 2006, we launched RIBEPEIX (Domirggcal., 2007b), a simple
computer program focused on quantitatively esthbigs the intake of a number of
chemical pollutants versus that of EPA and DHA, séh@onsistent consumption is
related to an improved cardiovascular risk, esfigciam high risk patients and
populations (Colussi et al.,, 2014). RIBEPEIX wadasic Microsoft Access-based
application containing data on the levels of cadmiwmercury, lead, polychlorinated
dibenzop-dioxins and furans (PCDD/Fs), polychlorinated ipyls (PCBs),
hexachlorobenzene, polycyclic aromatic hydrocarbof®AHs), polychlorinated
naphthalenes (PCNSs), polybrominated diphenyl etileSDEs), and polychlorinated
diphenyl ethers (PCDES), as well as EPA and DHAdredible marine species.

Ten years later, a new online tool, FishChoice, e launched in order to solve
some limitations of RIBEPEIX. The new software, whihas been designed in a

friendlier graphical interface, has been developethe framework of the European



Union (EU) FP7-funded project ECsafeSEAFOOD. Thisjgrt aimed at assessing
food safety issues related to priority contaminagdastained in fish and shellfish, as
result of environmental contamination, as well asevaluate their impact on public

health.

2. Design and functionality: The FishChoice layout

FishChoice is based on the popular WordPress CoriEmagement System
(CMS), with the plugin acting on its codex. Thisables a responsive interface on any
display device and constant updates to preventisgq@uoblems. Furthermore, there is
a whole community behind, constantly updated taienghat the system adapts to the
changes in Internet. Updated data regarding theesdration of a wide range of
emerging pollutants, as well as those of nutrientslifferent edible marine species,
were introduced. Two versions of FishChoice hawenhb#eveloped: a simple version for
the general public, and a more extended (Pro) meifsir health professionals. Both of

them are available at www.fishchoice.eu. This antiool has been structured in several

screens to which the users can go while browsing.

2.1. Main screen

The calculator tab is positioned at the top lefthad first screen. When starting, a
specific profile can be selected. Different prdfileere created according to age and
gender: children (3-9 y), boys (10-19 vy), girls{19y), men (20-65 y), women (20-65
y), pregnant or nursing women, senior males (>6%gyl senior females (>65 y). The

average body weights assigned to each profile 2€r&6, 53, 70, 55, 55, 65 and 60 kg,



respectively. Afterwards, the users can choose eaelof the fish and shellfish species
included in FishChoice, enter their weekly frequen€ consumption, as well as their
common portion sizes. Since in some cases thideaa difficult task for users, three
pictures corresponding to three different porticees are depicted for each species (see
an example in Fig. 1). Once the users have entaedfish and shellfish consumption,
they can access the results by clicking the caloukymbol located at the bottom of the

screen.

2.2. Pollutants

In the simple version, the user can see the ligtatfutants on the left. Clicking
each one, a brief summary of information about twmtaminant is displayed.
Furthermore, alongside each contaminant, a symbalfish is depicted. If its intake is
below the health-based guidance value (HBGV)-dcoedance with recommendations
of different international organizations — a greesh will be shown next to the
considered contaminant, indicating that the congiamps healthy (Fig. 2). By contrast,
if the intake is above the HBGV, the symbol of figh is shown in red (Fig. 2). A
legend at the top of the page explains that disedneanshat the user should change
the species of fish and shellfish and/or their comstion for a healthy intake.
Furthermore, other foods with a high potential dbution through the daily diet are
shown on the right of the screen (for each contantjn The pollutant intakes are based
on the respective body weight according to the wores profile selected, the weekly
fish and shellfish consumption, and the portioresizFinally, at the bottom of the
screen a narrow icon offers the possibility to gack in order to modify the

consumption data.



Although the Pro version is very similar to thasidmed for the general population,
it provides additional information. In this casépse the fish legend, the screen shows
the specific intake value for each pollutant, cdasng the contribution of the sum of
species consumed (Fig. 2). Moreover, for each tail) the HBGVs according to

different international organizations are also giyeee Fig. 2).

2.3 Pollutants graph

In both versions, the tool also includes a visuakpntation regarding pollutants. If
the user clicks on the Pollutant Graph tab, a n@wes is shown. The user can see the
contribution of each consumed species for eachacanant (Fig. 3). In the Pro version,
the software also allows the users to move the moussor over the different colors of
the bars. The user can then check the pollutaakénfor each species individually

consumed (Fig. 3).

2.4. Nutrients

Micro- and macronutrient intakes are displayedhenNutrients screen. On the left,
the user can find the list of micro- and macromumis. Clicking each nutrient, a brief
summary of information about the concerned nutremfiven. As FishChoice considers
only the consumption of fish and shellfish and tia overall food consumption, the
nutrient recommendations used to evaluate theamitimtakes are recalculated based on
average percentages of contribution from fish aheéllissh consumption to the
considered nutrient. These average percentagesolati@@ned from the scientific

literature, particularly some Spanish studies (AC3@15; Perell6 et al., 2015; Ruiz et



al., 2016). In addition, if the intake is found be above the recalculated nutrient
recommendation, a green fish is shown next to thesidered nutrient (see Fig. 4).
Otherwise, if the nutrient intake via fish and $iisl consumption is found to be below
these recommended levels, the fish is shown inua lbblor. Moreover, a message
encouraging the consumption of more fish and gbblis displayed. Additionally, for

each nutrient the software also includes other sadts having a high potential

contribution (on the right of the screen). Finaby,the bottom of the screen an arrow
icon offers the possibility to go back in ordemtodify the consumption data. In the Pro
version, some additional information is providetheTintake value for each nutrient is
shown considering the contribution of all speciesstumed (Fig. 4). Moreover, the

recalculated nutrient recommendation for each entris also given.

2.5. Nutrients graph

The tool also shows an icon referring to a Nutgse@taph. If the users click this
Nutrients Graph tab, a new screen will appear whierg can find for each nutrient the

contribution of each species indicated in theit.die

2.6. Comparing seafood species

According to the results concerning the intake oliytants, and only in the Pro
version, the user can decide optimizing the bald®teieen health benefits and risks.
On this screen, for each one of the pollutantsushet], the species of fish and shellfish
are ranked according to the content of the condepadiutant. With this information,

users can modify their fish and shellfish consumpthabits in order to reduce the



potential health risks derived from exposure tdytahts, while striving to maintain the

health benefits provided by nutrient intake.

2.7. Recommendations

For some species such as tuna or other top predastr, the European Food
Safety Authority (EFSA) and other regulators recanohlimiting their consumption, at
least by pregnant or nursing women, as well ashigren. This is mainly due to the
high MeHg content (see e.g. Jacobs et al., 20h7hoth versions, FishChoice shows
for these particular cases, a message recommenditignit the consumption to a
maximum of 250 g per week of tuna for pregnantusimg women, and to a maximum
of 100 g of tuna per week for children. These ant®were calculated according to the
tolerable weekly intake (TWI) of 1.3 pg/kg bw/wefek methyl mercury, as established

by EFSA (2012).

3. FishChoice as an improvement of RIBEPEIX

With respect to RIBEPEIX, FishChoice has advanceseveral directions. Firstly,
the new program database includes a number of @mgengpllutants, for which
concentration data were not available when RIBEP&BS designed. These include
endocrine disruptors (bisphenol A, methylparabemj #&iclosan), musk fragrances
(galaxolide and tonalide), brominated flame retatsldBFRs; tetrabromobisphenol A-
TBBPA and a-B-y-hexabromocyclododecane-HBCD), pharmaceuticals |gf@xine),
perfluoroalkyl substances (PFASs; perfluorootanacid-PFOA, perflurooctane

sulfonate-PFOS, perfluorononanoic acid-PFNA andly@oundecanoic acid-PFUNA),



and UV-filters (benzophenone 1-BP1; 2,4-dihydroxyvamphenone, benzphenone 3-
BP3; oxybenzone, 4-methylbenzylidene  camphor-4-MBC2-ethylhexyl-4-
methoxycinnamate-IMC). Two types of toxic elementgrganic arsenic (InAs) and
methylmercury (MeHg), have been also included ia trew online tool. Finally,
information regarding some pollutants, which weteady included in RIBEPEIX
(namely, 2 PBDE congeners and PAHs) has been upditereover, regarding the
benefits of fish and shellfish consumption, notyoRIUFAs, but also other nutrients
(iodine, selenium and proteins) have been included.

The second important improvement of FishChoicéésrnotable enlargement in the
number of species for selection, which has beereased from 14 to 21. These fish and
shellfish species were selected according to thst ftequently consumed species in
five EU countries: Belgium, Ireland, Italy, Portlgand Spain (Jacobs et al., 2015).
These were: Alaska Pollock Theragra chalcogramma), mussels Niytilus
galloprovincialis), sole Pleuronectes platessa or Solea solea), tuna Thunnus Thynnus),
sardine Gardina pilchardus), hake Merluccius merluccius), monkfish {ophius sp.),
pangasiusHangasius hypophthalmus), cod(Gadus sp.), mackerel $comber scombrus),
shrimps or prawnsAfisteus antennatus and Penaeus spp.), octopus Qctopus vulgaris),
salmon (Oncorhynchus sp.), seabreamSparus aurata), clams Molluscans), cuttlefish
(Sepia officinalis), haddock Melanogrammus aeglefinus), herring Clupea harengus),
lobster Homarus sp.), seabassOicentrarchus labrax), and squid l{oligo vulgaris). In
FishChoice, tuna and sardine can be selected a8 te canned, while cod can be
selected as fresh or dry/salted.

Another improvement of FishChoice with respect tBEEPEIX is the possibility to
adjust data for sensitive subpopulation groupsh s pregnant or nursing women, or

children. For these groups, the food safety auilesriprovide special food intake



recommendations. Furthermore, the software can @leuide suggestions when the
user exceeds the HBGV for any pollutant. In thaeca message is displayed indicating
the species accounting for the main risk accordiogthe consumption pattern,
suggesting diversifying the fish and shellfish aomgtion, reducing the weekly intake
of the specific species, or shifting to other speavith similar nutritional properties, but
with lower concentrations of the specific contamina

As an alternative to RIBEPEIX, FishChoice can beduss an online tool to
improve the balance between benefits (nutrients) asks (pollutants) of fish and
shellfish consumption, guiding consumers and healtbfessionals for a healthy,
nutritious and balanced selection of fish and $bk&ll species, the frequency of
consumption, and the size of the portions. MoreokeEhChoice means a step forward
in terms of visual attractiveness, which is a kesue when developing scientifically
robust software that is aimed at appealing the rgéngopulation. Unfortunately,
resources originating from academics frequentlyk lasual appeal, intuitive user
interfaces, and a user experience likely to yieldgiterm engagement (Hingle and
Patrick, 2016). Young generations tend to use nfi@guently and more intensively
new technologies, while they have a higher dayap-dariability in their daily diet
(Chen et al., 2017). Moreover, dietary assessmegihaods using technology are
preferred over traditional methods for collectimjormation, such as pen- and paper-
food records (Boushey et al., 2009). As a consempjeghe development of digital tools
must be enhanced. However, it is essential to easstientific rigor and quality, as a
lack of professional, evidence-based content ofesapps and online tools currently
available in the market raises concerns aboutagfficand patient or consumer safety

(Nikolaou and Lean, 2017). Taking these issues adoount, FishChoice has been



developed and validated in the framework of an BRJ-Fesearch program, therefore
assuring that the information contained in thevgaie is of high scientific quality.

Future challenges concern the further refinememheftool, including a continuous
updating of background data on pollutants, nutsie@ind species as new evidence
emerges, as well as assessing its attractivenelspaantial use among the envisaged

target groups of seafood consumers, health profesisi and other stakeholders.
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ACCEPTED MANUSCRIPT

CALCULATOR PRO

PROFILE:
Boys (10-19'y) & |

| CHOOSE YOUR WEEKLY INTAKE OF FAISH I

Fig. 1. Data on weekly fish and shellfish intake habitsgdooy aged 10-19, used as an example.
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POLLUTANTS POLLUTANTS GRAPH NUTRIENTS

All numerical values are in ug/kg body weight/week

Bisphenol A (BPA)

Galaxolide

Tonalide

Methylparaben

Triclosan

Methyimercury

Fig. 2. Intake of various chemical pollutants through fistd shellfish consumption by a boy, as

NUTRIENTS GRAPH COMPARING SEAFOOD SPECIES

WEEKLY INTAKE: 0.026
MAXIMUM RECOMMENDED- 28
ape

WEEKLY INTAKE: 0.01
MAXIMUM RECOMMENDED: 3500
P

WEEKLY INTAKE: 0.006
MAXIMUM RECOMMENDED: 350
ape

WEEKLY INTAKE: 0
MAXIMUM RECOMMENDED: 17500
Q<

WEEKLY INTAKE: 0.003
MAXIMUM RECOMMENDED- 329000
L o

WEEKLY INTAKE: 1.41
MAXIMUM RECOMMENDED: 1.3
e
Try to intake Mackere! instead of Tuna

Other foods with a high potential contribution

Meat and Meat Products/ Vegetables/ Tubers

an example. The health-based guidance value fdr @ataminant, expressed as “maximum
recommended” for an easier comprehension by uiseatso shown.
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POLLUTANTS POLLUTANTS GRAPH NUTRIENTS NUTRIENTS GRAPH COMPARING SEAFOOD SPECIES

Bisphenol A (BPA)

Galaxolide

Tonalide

Methylparaben

Triclosan

Methylmercury

PAH4

Perfluorononanoic acid (PFNA)

Perfluorooctanoic acid (PFOA)

Perfluorooctane sulfonate (PFOS)

Perfluoroundecanoic acid (PFUnA)

7-7-7 - Hexabromocyclododecane (HECD)

tetra-bromadiphenyl ether (PEDE47)

penta-bromodiphenyl ether (PEDESS)

Tetrabromobisphenol A (TEBPA)

All numerical values are in ug/kg body weight/week

Pollutants - Food proportions

Fig. 3. Contribution for each species consumed indivigiuzy a boy, as an example.
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ACCEPTED MANUSCRIPT

POLLUTANTS POLLUTANTS GRAPH NUTRIENTS NUTRIENTS GRAPH CCOMPARING SEAFOOD SPECIES

All numerical values are in ug/kg body weight/week Other foods with a high potential contribution

WEEKLY INTAKE: 1230000
Protein MINIMUM RECOMMENDED: 770000 Meal/Eges/Milk and Dairy Products
<

WEEKLY INTAKE: 7870
EPA and DHA acids MINIMUM RECOMMENDED: 31500 Cullivated marine algae, linseeds, rapeseed oil and walnuts
P

WEEKLY INTAKE: 211
lodine MINIMUM RECOMMENDED: 315 —
@<

WEEKLY INTAKE: 4.31

Selenium MINIMUM RECOMMENDED: 1.75 Milk and Dairy Products/Meat and Meat Products and Grains
ap<

Fig. 4. Macro- and micronutrient intakes through fish ahdlkish consumption by a boy, as an example.

17



HIGHLIGHTS

» Dietary assessment methods using technology are preferred by young generations.
»  Fish consumption isakey dietary source of exposure to environmental pollutants.
» ECsafeSEAFOOD was aimed at analyzing the levels emerging pollutantsin seafood.

* FishChoiceisan online tool to balance benefits and risks of seafood consumption.



