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Abstract

Packaging is essential to protect food, inform consumers, and avoid food waste, yet it can also
contribute to the environmental footprint of products. Recycling waste treatment potentially
provides more environmental benefits than other options (e.g., landfill), but only 66% of

packaging waste goes to recycling in the European Union. However, the prevention of
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packaging production with greater reuse, while extending the lifetime or improving packaging
design should be firstly encouraged. This highlights the need to assess the willingness of
consumers in reducing the environmental impact of seafood products from packaging. An
online questionnaire was conducted in three countries (Portugal, Spain, and Ireland),
composed of four sections: (i) seafood consumption, (ii) waste separation to be sent recycling,
(iii) willingness to purchase seafood products with packaging designed to reduce
environmental impact, and (iv) sociodemographic characteristics. Findings revealed that
respondents from Spain and Portugal reported a slightly highei -equency of waste sent to
recycle compared to Ireland. Irish respondents appear to hav~ n.~~a difficulties about the type
of plastic materials that can be sent to recycling due to ‘-ish waste management capabilities;
whereas Spanish and Portuguese respondents were 1.t fully aware that packaging does not
need to be washed prior to recycling. The mJs* popular alternatives to improve the
sustainability of seafood packaging wrre the use of reusable packaging, compostable
packaging material, glass jars for canned secfood instead of cans, and intelligent packaging.
Most respondents were willing to »1ay, . ~ore for seafood products that use more sustainable
packaging (62% for Spain, 68% for Ireland, 70% for Portugal) and half of the respondents
intimated that they avoid sea/~od products due to excessive packaging. With more detailed
information on the waste management of packaging, seafood consumers could actively
contribute with their a‘titudes where commensurate changes can improve environmental

assessment of seafood.
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1. Introduction

While the primary function of packaging is to protect the product, less attention has been paid
to packaging functions that reduce food waste. Such measures on packaging ability to reduce
waste can be more important than the type of packaging material (Wikstrom et al., 2014;
Williams & Wikstrom, 2011). Packaging effectively decreases the environmental burden of the
product when considering the food loss related to injury during transportation or the
environmental burden of additional production to compensate for the food loss (Sasaki et al.,
2021). To fully assess the environmental impacts of food packug ng, the trade-off between
investment in packaging and potential reduced food waste sh~u.* Le quantified (Molina-Besch
et al.,, 2019). The end-of-life treatment option will ¢ mpromise the contribution of the
packaging to the total environmental assessment o\ th.: product. For example, packaging
materials can be recycled into new products, proruc= energy if incinerated, or, in the worst-
case scenario, end up in landfill (Wikstron- eu 1l., 2019).

The current recycling rate of overal' packag..g waste in the European Union (EU) is around
66% (European Environment Agenc'’, “02%). In a production-based approach, the responsibility
for packaging waste managemect is on the countries and producers, encouraging them to
improve the recyclability of ti.~ir packaging materials (Gao et al., 2022). However, for many
years EU countries hav ® shi, ped their plastic waste to other countries to meet their recycling
targets, until 2017, whr n China refused to take any new waste (Brooks et al., 2018). This
constraint reinforced the motivation to domestically recycle plastic waste and introduce more
returnable or refillable containers in food packaging.

The transition towards a low-carbon footprint and circular economy, by extending the useful
life of materials and encouraging recycling whilst reducing resource use, has become a priority
in the EU (Tallentire & Steubing, 2020). The packaging sector is one of the major contributors

to waste generation. In the EU, about 80 million tonnes of packaging waste was generated in
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2019 (Eurostat, 2022). Paper and cardboard represented the main waste materials
contributing 41% of the total packaging waste generated, while plastic and glass represented
both 19%, wood 16%, and metal 5% (Eurostat, 2022). The Packaging Waste Directive contains
updated measures to prevent the production of packaging waste, and promote its reuse,
recycling, and other forms of recovery instead of final disposal (European Commission, 2018).
It established the following recycling targets for each packaging material to be achieved by
2030: 85% for paper/cardboard; 80% for metal; 75% for glass; 60% for aluminium, 55% for
plastic; and 30% for wood. These recycling targets should be calcu. ~ted with the weight at the
point where packaging waste enters the recycling operatic~ \Z'*:opean Commission, 2018).
Such targets are linked to the Circular Economy Action F'3n wnich aims to make all packaging
fully recyclable by 2030 (European Commission, 2020). 'n *ais sense, EU countries are required
to adopt appropriate measures such as enhancii g .h~ circularity of waste systems, reduce the
complexity of packaging, set up a minimi.n ercontage of reusable packaging, design for bio-
based materials application and re-u<e, and afine deposit-return schemes. All these measures
should be aligned with national ptaf/..~.mes and economic instruments as incentives (e.g.,
taxes, subsidies, and charges) to ‘chieve the established targets.

Studies on the environmentai ‘mpacts of food production have shown that later stages in the
supply system, such as nack aging, retail, and transport combined contribute less than 14% of
greenhouse gas (GHG) fmissions (Poore & Nemecek, 2018). However, in the case of specific
types of products such as bottled drinks or canning products, packaging can contribute
significantly to a product’s GHG emissions since the production of glass and metal requires a
high level of energy (Poovarodom et al., 2012). Hence, packaging can contribute within a large
range of values to the environmental burden of seafood products. The carbon footprint (CF) of
packaging goes from almost zero up to 19 kg CO, eq per kg of seafood, corresponding to less

than 1% to 89% of the total CF of seafood products, differing substantially depending on the



© 2022. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

type of material used and its processing (Almeida et al. 2021). For example, the best case
scenario is freezing lobster in a waxed cardboard box (van Putten et al., 2016) and the worst
case is canned mussels in tinplate (Iribarren et al., 2010).

Most seafood studies focused on the production stage, whereas few have considered the
complexity of seafood processing considering the supply chain from an integrated perspective.
Packaging can have different levels, including primary packaging that is in direct contact with
the product (e.g., aluminium can), secondary packaging corresponding to subsequent layers of
material that contain one or more primary packaging (e.g., cordboard box), or tertiary
packaging for transport, handling, and distribution (e.g., p='le.>! (ISO, 2016). The resources
used along the seafood supply chain require consister.,® management to reduce waste and
improve efficiency (Liu et al., 2020). However, seafooa = b.ghly prone to spoilage compared to
other food (Love et al., 2015). As an example, ca 1n’ng allows for the preservation of perishable
products such as small pelagic fish (e.g., <aru nes, caught in large volumes, thus increasing the
proportion of fish available for human consumption (Almeida et al., 2015). Viewed through
recycling commitments, aluminium ca.1. werform relatively well due to the 81%" recycling rate
for aluminium in the EU. Howe ‘er, plastic appears more favourable than aluminium if we
prioritize climate impact sin.® aluminium production relies on a more carbon-intensive
production processes and is difficult to offset even with higher overall recycling rates.
Therefore, given that fr,zen, chilled or cooked seafood packaging consists mainly of paper,
plastic and wood, on average it contributes to less than 5% of the CF, corresponding to less
than 1 kg CO, eq per kg of seafood (Almeida et al., 2021). Plastics could also present an
advantage in food distribution if their reuse is considered, being the most environmentally
friendly option when compared to single-use cardboard boxes (Abején et al., 2020). Expanded

polystyrene (EPS) packaging represents one of the most widely used materials in seafood, due

! https://international-aluminium.org/resource/aluminium-recycling-fact-sheet/
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to its resistance to temperature changes during transport or storage and a significant
environmental impact reduction is obtained when EPS is recycled and/or reused
(Konstantinidis et al., 2021).

Plastic packaging waste has the lowest recycling rate compared with other materials such as
glass, paper, and metals (Gao et al., 2022). Only 9% of plastic waste is recycled worldwide, with
the overwhelming majority of global plastic waste being landfilled or ending up contaminating
the environment (Geyer et al., 2017). Plastic recycling represents a challenge due to the wide
variety of additives and blends used in a multitude of products a. 1 the variation of material
properties (e.g., shortening of the polymer chains) that limit *he ~'.nber of times products can
be recycled (Geyer et al., 2017). A quality drop in the »lasuc recycled material reduces its
application options, typically leading to down-cycling a’.d delaying final disposal, but not
avoiding it (van der Harst et al., 2016).

Measures to reduce the environmental im acu of packaging, for example, switching from
single-use to multi-use packaging (e g., reus.ng a glass jar after the main product has been
consumed) would further cut the cai-on footprint, while also reducing waste. Reusable
packaging systems are more oi.*n found in business-to-business markets for transport (e.g.,
boxes, pallets) while in busine_--to-consumer system addresses refillable-by-bulk-dispenser or
parent packaging (e.g., refil packaging made with less material than parent packaging), and
returnable packaging (Coelho et al., 2020). Other measures can be applied to reduce the
environmental footprint of packaging such as the removal of excessive packaging, redesigning
packaging to use less material, and plain packaging so that it can be easily recycled (Gao et al.,
2022). Nevertheless, a shared responsibility approach is needed with incentives for producers
and suppliers but also a consumer responsibility when the environmental impact of products

includes consumption and end-of-life. As an example, consumers can pay a tax for the
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management of waste they generate, irrespective of where the packaging was produced, to
guarantee that end-of-life of packaging waste follows the best interest of all (Gao et al., 2022).
Household waste sorting is an essential aspect of the waste management system; moreover,
correct sorting of food packaging waste is cost-effective since it facilitates recycling and
enhances the quality of the recycled materials (Nemat et al., 2019). However, environmental
studies with data arising specifically on consumer behaviour from pre-purchase to post-
consumption are scarce. There has been limited investigation into the relationship between
sustainable packaging and consumer purchasing behaviour, an.' more studies should be
conducted to cover the different products and consumer persne *" es (Martinho et al., 2015).

The seafood industry is considered to be less innova:'ve in new packaging development
compared to other adjacent industries such as m.~t and poultry (Olsen et al.,, 2017).
Furthermore, seafood packaging attributes ape.r to be underappreciated by researchers
(Carlucci et al.,, 2015). Most of the re.ea'ch related to seafood consumption focus on
consumers’ preferences, motives an barriei. (e.g., Cardoso et al., 2016; Pieniak et al., 2007;
Verbeke et al., 2005). Attributes su h a. *aste, appearance, freshness, and health benefits are
often valued over production-re. “ted reatures (e.g., sustainability, production method) (Witter
et al.,, 2021). Consumers va.'e, above all, packaging attributes associated with quality,
including the possihilit * to risualize the product (Olsen et al., 2017). To our knowledge, no
research has been ne.formed yet on the willingness of consumers in reducing the
environmental impact of seafood products from packaging and if they proceed correctly at
home when dealing with different seafood packaging waste materials. To collect survey data,
consumer studies can be developed using web-based questionnaires (e.g., Altintzoglou,
Einarsdottir, et al., 2010; Minnens et al., 2020), consumer panels (Altintzoglou, Verbeke, et al.,
2010; Kole et al., 2009) or recruitment companies (Altintzoglou et al., 2021). In this study, an

online survey was developed to approach consumers in three countries, Spain (ES), Portugal
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(PT), and Ireland (IE). These countries were selected because they are European Atlantic
countries, and the NEPTUNUS project, the framework where this research was developed, had
data available.

The main goals of this study were to establish among consumers from the three countries: 1)
the reported rate of household waste sent to recycling for different seafood packaging types
and associated materials; 2) if a relationship exists between seafood consumption frequency
and the rate of seafood packaging separation for recycling; 3) knowledge regarding the
recycling practices of different types of seafood packaging or mac -ials; and 4) the willingness
of consumers to purchase seafood products that use pack=e.°z with lower environmental

impacts.

2. Material and methods

The data collection was carried out onlin‘: ar 1 it was preferred over other sampling methods,
such as face-to-face questionnaires, Yased on convenience. Respondents can connect to the
internet using various types of mok le a-vices and it allows instant access to a wide audience,
irrespective of their geographic.! location, which makes it appropriate for cross-sectional
studies and/or internatioral cc mparisons (Evans & Mathur, 2018; llieva et al., 2002). A web-
based questionnair~ i. easily accessible by a broader range of consumers and has the
advantage to facilitate < sta entry, and overcoming time and budget constraints (Rogers, 2007).
The anonymity possible by the internet is believed to help respondents in sharing their
experiences and opinions (Van Selm & Jankowski, 2006). This sampling method has also
disadvantages since only respondents with access to computer technology and the internet
will be able to participate and the answering instructions could be unclear (Callegaro et al.,
2014). There is also a problem with sampling bias in non-probability panels (i.e., when people

select themselves into the panel) with the impossibility to know in advance the probability of
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respondents’ characteristics (Evans & Mathur, 2018). When results of online surveys cannot be
defined as representative of the population, non-probability samples can be valuable as they
may be representative of a subgroup of the total population (Van Selm & Jankowski, 2006).
Therefore, it was a suitable sampling method for the explorative aim of the analysis. The
survey questions were prepared in English, tested in an online form, and translated into other
three languages: Portuguese, Spanish, and Gaelic. Adaptations were made in the different
versions to better represent the specificities of each country (e.g., the recycling bin where
plastic and metal should be discarded in Portugal and Spain is “y.'low” and in Ireland is not
associated exactly with a colour).

Data were collected through an online survey created or. *he LimeSurvey online tool. The links
of four surveys were released corresponding to eacr 'arguage and shared via social media
(e.g., Twitter, Facebook, Linkedln) and email, wi.n 640 validated and complete responses
obtained: 228 from Portugal (PT), 234 fro n _oan. (ES), and 154 from Ireland (IE). Additionally,
seven answers were received from nther countries and 17 more that did not present socio-
economic data were eliminated. -o. “.ose who agreed to participate, written informed
consent was given at the begin.ing of the survey according to the General Data Protection
Regulation (GDPR). Data collec:ian was conducted from July to September 2021.

The questionnaire wa. stn ctured in three parts (supplementary material): the first part
collected information n seafood consumption patterns; the second section included
questions about recycling and willingness to accept seafood products with packaging
improvements to reduce environmental impacts; and the last section collected data on
individuals’ sociodemographic characteristics, such as gender, age, level of education
completed, occupation, number of household members, living with children, living distance
from the coast, and type of living place (e.g., rural versus city and inland versus coastal).

Questions on seafood consumption habits referred explicitly to the period before the COVID-
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19 pandemic. Also, it was clarified in the consumption group of questions that “seafood” was
meant as “fisheries and aquaculture products including fish, crustaceans and molluscs” and
seafood consumption frequency should relate to an average weight per meal of a “portion of
around 150 g or about the size and thickness of your hand”.

Data were analysed by country; for the seafood consumption frequency, a cluster diagram was
prepared to represent the respondents with high consumption which corresponded to more
than twice a week, and low consumption which corresponded to equal or less than twice a
week. Statistical differences were verified for socio-econoin.~ characteristics, seafood
consumption frequencies, and the reported rate of househn.' "vaste sent to recycling for
different seafood packaging types with Pearson’s chi-sq. irea test for contingency tables. For
tests of associations between gender and answers -eluted to seafood consumption and
packaging, we used Chi-squared, Spearman’s cc rr..lg%ion, Kruskal-Wallis, Two-sided Student’s

t-test, and Wilcoxon signed-rank tests.

3. Results

3.1.Seafood consumption fre_ruency of the respondents
Regarding the seafood co~sun..tion frequency (Figure 1), most of the respondents reported
consuming seafood het ee’, one to three times a week (ES — 68.8%, PT — 57.0%, IE — 61.0%).
However, significant ¢/.erences were found between participating countries (p < 10™°, Chi-
squared test), which can be explained by a much higher percentage of Spanish and Portuguese
who consumed seafood four to seven times a week (ES — 17.5%, PT — 27.6%) compared to Irish
consumers (IE - 3.2%), and a much higher percentage of Irish people who answered that they
never consumed seafood (IE — 4.5%). When analysing the frequency of seafood consumption
in and outside the home (Figure 2), similarities between Portugal and Spain were observed.

For consumption at home, a higher percentage of respondents ate one to three times a week

10
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in both countries when compared to Ireland (ES - 72.6%, PT - 61.4%, IE - 58.8%). For
consumption of seafood outside the home, more respondents from Ireland eat seafood only

once a month or less than compared to Portugal or Spain (ES - 53.0%, PT - 48.7%, IE - 72.1%).

When the analysis of the consumption frequency was by type of seafood product (Figure 3),
there was a higher consumption of fresh/chilled products in the three countries, with a higher
number of respondents answering that they consumed these products one to three times a
week (ES —60.3%, PT — 54.8%, IE —41.6%). For frozen and canned s.afood, the highest number
of respondents occurred from Spain and Portugal who ans*a, o~ that they consumed these
products one to three times a week (ES — 35.9%, 49.1"4 P1 — 35.9%, 34.2%, respectively).
However, it was once or less a month for Irish resp~nr.ents (IE — 45.5%, 41.6%). Seafood
products that were marketed as pre-cooked or ‘e~.dy-to-eat were less consumed in the three
countries since the majority of responder s eve. consumed these products (ES — 58.1%, PT —
47.4%, |E — 46.8%). Smoked product< were cunsumed in general by most of the respondents
from the three countries once or le s .~ onth (ES — 48.3%, PT — 55.7%, IE — 57.8%) while dried
and salted products were also e.*en In Portugal once or less a month (PT — 48.2%); but, in the

case of Spain and Ireland mos. ~eople never eat such products (ES - 43.6%, |IE — 76.0%).

3.2.Household waste sent to recycling and knowledge of recycling guidelines
In the case of Spain and Portugal, the largest number of respondents answered that they
“always” send their non-organic waste (i.e., glass, paper, plastic waste) to specific bins to
collect waste for recycling (Figure 4), as reflected by 40.6% and 42.3% response rates
respectively. In the case of respondents from Ireland, the largest number answered that they

separate non-organic waste “often” (75% of the time) to send it to recycling, corresponding to

11
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29.5% of the respondents. When the question was specific to seafood packaging types, in the
case of Spain and Portugal the largest number of respondents answered that they “always”
sent metal cans, and plastic package including expanded polystyrene, paper package, and glass
jars to recycling. In the case of Ireland, a different pattern was observed where the largest
number of Irish respondents answered that they “always” sent metal cans, paper packaging,
and glass jars to recycling. However, for plastic packaging, the majority answered “often” and

expanded polystyrene was “almost never” sent to recycling (Table I).

When the respondents were divided into groups acccding to their seafood consumption
frequency, a statistically significant difference relatea “~ *ne behaviour of sending household
waste to recycling was found (p < 0.006, Chi-s jvarcd test). Respondents who self-reported
higher consumption of seafood also sel’-resor.2d higher intention of sending non-organic

waste for recycling (Table Il).

By quantifying correct answers to tne statements (Table Ill) (question number 10 in the
questionnaire available in the ~upplementary material), it was possible to characterize in part
the knowledge of recyc ing . ractices when consumers deal with different types of packaging or
materials. The answer chat provided the greatest agreement by the three participating
countries related to the statement that “metal cans from canned seafood packaging should be
put in the yellow waste container or recycling bin” (TRUE was the correct answer in all cases).
It received the highest number of correct answers from the three countries and significant
differences were found between countries (p = 0.02, Chi-squared test), driven by the higher
number of correct answers from PT. The answer that “empty plastic bags used for fresh

seafood packaging should be put in yellow waste container to recycle or recycling bin” (TRUE

12
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was the correct answer to ES and PT; FALSE was the correct answer to IE) received the second
highest number of correct answers from the three countries and differences between
countries were significative (p = 0.0028, Chi-squared test). In terms of whether it is necessary
to wash metal cans from canned seafood packaging before they are sent to recycling (FALSE in
the case of ES and PT, and TRUE in the case of IE), it received the lowest number of correct
answers from Spain (47.9%), less than half, and highest from Ireland (76.0%). Differences
between countries were significant (p = 0.00000008, Chi-squared test), driven by a higher
correct number of answers from IE and lower from ES. The stac.ment saying that “it is not
necessary to wash plastic packaging from frozen seafood rroJl'~¢s before they are sent to
waste” (TRUE was the correct answer in all cases) got ~verain the lowest number of correct
answers and differences between countries were sicnif.cant (p = 10", Chi-squared test).
Ireland is the country that overall had a lower uvcrage (63.9%) when compared to Spain

(68.1%) and Portugal (78.5%).

3.3.Willing to consume seaiond products that use more sustainable packaging or avoid
products with excass | ~ckaging

The most accepted c'terratives for more sustainable seafood packaging according to
responses from the thr_:e countries were (i) reusable packaging (e.g., return glass jar from
canned seafood to the producer/retailer), (ii) a compostable type of packaging material (e.g.,
flexible film made from crustacean shells), (iii) “glass jar packaging for canning seafood instead
of metal cans, and (iv) intelligent packaging (which extends shelf-life and maintains the quality
of the food) (Table IV) (question number 11 in the questionnaire available in the
supplementary material). Between 81.6% and 96.5% of the respondents answered that they

are receptive to these practices. Only 37.0% to 59.1% of the respondents were willing to use a

13
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squeeze-tube type packaging instead of metal cans and plastic pouch packaging for canning
seafood instead of metal cans, which demonstrates that these should be considered less

successful measures to improve seafood packaging from the consumers' point of view.

The avoidance of seafood products due to excess packaging (e.g., a package that has a
secondary layer of carton) was confirmed by around half of the respondents, with Portuguese
respondents having the highest rate (56.6%) and lIrish the owest with 44.8% of the
respondents (Table V). The dried and/or salted products /~ g., <alted and dried cod) were
considered to have the least excessive packaging for a pc-*-harvest processed seafood product
(ES - 5.1%, PT - 4.8%, IE - 3.2%). The opposite trend .'ac found for pre-cooked/ready-to-eat
type of products, whereby significant numbers c¢arsic'ered packaging excessive (ES - 37.2%, PT

-39.5%, IE - 30.5%).

The majority of respondents, . >tween 62.0% for Spain, 68.8% for Ireland, and 70.2% for
Portugal are willing to pay mJre for seafood products that use more sustainable packaging
(Table VI). Of these re. ooni'ents, the largest number answered that would be willing to pay

10% more (ES - 43.6%, P* - 53.1%, IE - 46.1%).

3.4.Socio-economic characteristics
The socio-economic characteristics of the sample (Table VII) were statistically different
between countries for all characteristics except gender. The percentage of female respondents

was slightly greater in the three countries (between 64.5% to 67.1%). The sample from Spain

14
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presented a younger population (more in 21-40 years old), fewer people lived with parents
(25.2%), a greater percentage of households without children (46.2%), and more people that
lived in a small town (51.7%) compared to the other two countries. The majority of
respondents from Portugal were between 41 to 60 years old (64.9%) and, compared to the
other two countries, had a higher level of education (30.7% of respondents had a PhD), the
majority lived in less than 50 km distance from the coast (93.9%) and in a large town (60.5%)
and also did not live with parents (89.9%). The Irish sample had the highest percentage of
people with three or more children (13.6%), the highest househui.' size comprising five to six
members (16.2 and 5.2% respectively), and the highest pronni .~ of respondents that lived
rurally (40.3%). Despite being an island, 46.1% of the Ir.-h respondents lived further than 50

km from the sea, as opposed to 6.1% of Portuguese anc. 1F.7% of Spanish respondents.

When the results from the qu~stions were tested against the socio-demographic
characteristics of the samples (Tab'e 's\''}, it was possible to find some statistical differences.
Older respondents (Rho = 0.1,, o = 0.00001, Spearman’s correlation test), not living with
parents (p = 0.0045, Kruskal- Mailis test), and living on the seaside reported a significantly
higher seafood consum atior frequency (p = 0.000001, Kruskal-Wallis test). A higher frequency
of seafood consumptio 1 at home was reported by older respondents (Rho = 0.19, p =
0.0000014, Spearman’s correlation test), not living with parents (p = 0.03, Kruskal-Wallis test),
but living with children (Rho = 0.11, p = 0.007, Spearman’s correlation test), and living on the
seaside (p = 0.000001, Kruskal-Wallis test).

Males appear to have a significantly higher frequency of seafood consumption outside the

home (p = 0.0005, Chi-squared test). This trend seems essentially driven by Portugal, the only

sample for which the difference is significant (p = 0.002, Chi-squared test). Age follows the
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same pattern which might be explained by the fact that older people have usually better jobs
and a higher economic level (Rho = 0.15, p = 0.0002, Spearman’s correlation test). Students
and the unemployed have lower seafood consumption outside the home (p = 0.002, Kruskal-
Wallis test) which is normal due to budget limitations, together with respondents with a higher
number of people living at the household (Rho = -0.098; p = 0.02 Spearman’s correlation test).
Respondents not living with parents (p = 0.00002, Kruskal-Wallis test) and living in cities
presented higher seafood consumption outside the home (p = 0.005, Kruskal-Wallis test).

Females appear to have a higher willingness to reuse packaging (62 5%) than males (81.3%) (p
= 0.02, Chi-squared test). There is also a slight tendenr .>~_ respondents from larger
households are not willing to use reusable packaging (p = 1.01, Wilcoxon signed-rank test). The
older respondents are more willing to use a compost.hle type of packaging (p = 0.001, Two-
sided Student’s t-test), the result is mostly ex)l7in~d by the differences found among the
Spanish cohort where those that respon.eu po.‘tively were on average 11 years older than
those who responded no (p = 0.006, Two-side d Student’s t-test). On the contrary, respondents
that are students (p = 0.0003, Cli s ared test), living in larger households (p = 0.046,
Wilcoxon signed-rank test), livii.= with parents (p = 0.0000002, Chi squared test), or have a
higher number of children in “he household (p = 0.02, Wilcoxon signed-rank test) answered
that they are not willing to L se a compostable type of packaging, and again the result is mostly
explained by the differe’.ces found among the Spanish cohort. Finally, it was found that there
is a slight trend for more educated people to accept the use of a squeeze-tube type packaging

instead of metal cans (p = 0.004, Wilcoxon signed-rank test).
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4. Discussion

Addressing consumer concerns by way of understanding behavioural aspects and preferences
is important as this can also inform changes towards sustainable practices and promote
innovation through social marketing (Domegan, 2021; Rowan & Pogue, 2021). The present
study focused on the role of consumers across Portugal, Spain and Ireland in terms of
understanding practices towards waste of seafood packaging that can affect environmental
sustainability. Results revealed that seafood consumption frequency is relatively similar
between Spain and Portugal, with the majority of respondents ie,arting the consumption of
these products between one to three times a week, with a <'io1,:" nigher frequency occurring
for the Portuguese cohort. Ireland showed a different pat: arn where there was a general lower
frequency of seafood consumption, including a smal ~er_entage of respondents (4.5%) that
never ate seafood. This result is not surprising ¢ s upHarent per capita consumption of fishery
and aquaculture products is highest in Pr(tu3al . nd Spain, with 59.9 kg and 46.0 kg per year
respectively, and slightly above the FU aver.ge (24.0 kg) in the case of Ireland with 25.5 kg
(EUMOFA, 2021). Data obtained frr "ortugal in previous studies provided a seafood
consumption of four to five tii..as a week, which is extremely high (Almeida et al., 2015;
Cardoso et al., 2013). Furti.~rmore, Spanish citizens were associated with regular fish
consumers, with 46% c ‘ resondents saying that they consumed fish more than once a week,
while Ireland was at 1&% (Zander & Feucht, 2018).

Regarding the different processing products, there is a higher consumption in the three
countries for fresh/chilled seafood products. Frozen and canned seafood has the highest
consumption frequency in Spain and Portugal, with the largest number of respondents
answering one to three times a week for both types of products; but, in Ireland it was one or
fewer times a month. Pre-cooked or ready-to-eat seafood was the least consumed in the three

countries with the largest number of respondents never eating these products. Respondents
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that reported higher seafood consumption related to responses with higher rates of household
separation of non-organic waste to recycling. This could be of relevance since most of the
seafood consumption occurs at home (one to three times a week had the majority of answers
from the three countries: 72.6% in ES, 61.4% in PT, 57.8% in IE) and the seafood packaging
waste could thus be significant in this setting. Furthermore, since a higher frequency of
seafood consumption at home was reported by older respondents, not living with parents, but

living with children, and living on the seaside.

Respondents appear to be aligned with recycling behaviau. 4s the largest number of
respondents from Spain and Portugal said they separat all nousehold waste to be sent to
recycling whereas Ireland sends almost all. Differencoc ia responses were noted when the
guestion posed was specific to the type of pa k7 ging materials. There were lower rates of
waste separation to recycling for Ireland “or »lasTic waste, especially with packaging made by
EPS. The reason behind these result~ could v 2 related to the lack of information provided to
consumers on how to deal with ¢ ffs1 .-it waste materials or a lack of waste management
capacity. Providing recycling i.“armation is particularly important to enhance consumer
knowledge of the value of p.~kaging and to eliminate uncertainty about sorting different
packaging materials (N."mat et al., 2019). From open questions, it was possible to understand
that some respondents < 2em to be confused about what type of plastics can be recycled. Since
many types of plastic exist and only a few cannot be recycled, a more efficient message could
be to request consumers to separate all plastic to be sent to recycling and, in this way, avoid
the risk of losing plastics from packaging that would go to undifferentiated waste treatment,
for example, landfilling. Furthermore, in Ireland non-rigid plastic (e.g., plastic film, grocery
bags) could only be sent to recycling waste bins since September 2021, which might explain

the plastic recycling responses in Ireland to some extent were contrary to Spain and Portugal.
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When we analysed the four statements relating to knowledge about recycling including where
metal cans, plastic packaging from frozen, EPS boxes, and plastic bags from fresh seafood
should be put or not in the recycling bin, on average, Ireland received the lowest percentage of
correct answers to these statements (63.9%) compared to Spain (68.1%) and Portugal (78.5%).
The fact that in Ireland plastic packaging, metals, and all paper and cardboard materials should
be sent to the same recycling bin (whereas in Spain and Portugal there is a yellow container for
plastic and metal packaging and a blue container for paper and car.'hoard) can have a counter-
productive effect on an individual’s capacity to send pack~a..z (o recycling. There is also
another difference between countries as in Ireland, ‘n contrast to Portugal and Spain,
consumers are asked to wash packaging before se, dirg them to the recycling bin. This
happens because in Ireland, since recycling mate “i=.s re mixed, dirty or unsuitable items could
contaminate the entire contents. This be'av our seems to be evident among Irish consumers
since Irish participants reported a higher percentage of correct answers compared to the other
two countries when asked if it is ne: es. =y to wash metal cans from canned seafood packaging
before they are discarded (76 (.4 for IE against 47.9% for ES and 64.5% for PT). One reason
that might explain these resu'*s is that metal cans might be perceived as dirtier packaging
compared to plastic du ' to 11e associated oil used to preserve canned seafood. It seems that a
higher effort exists in reland in communicating this specific behaviour of washing dirty
packaging when it is needed. In Spain and Portugal, this seems to be confusing since results for
washing metal had the lowest number of correct answers from all the statements in both
countries' samples. Washing packaging does not add any benefit to the recycling process since
grease, traces of food, or even liquid residues do not interfere with the process, as there is a
washing phase in the recycling treatment that eliminates these traces. This means that, when

washing the packages at home before sending them to the recycling bin, consumers in
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Portugal and Spain are doubling the work and wasting water. The other three statements
related to washing plastic packaging from frozen seafood, EPS boxes, and plastic bags from
fresh seafood all got a higher level of correct answers from respondents from Portugal, with
72.4%, 70.6% and 68.9%, and lower from Spain (57.7%, 61.5%, and 63.7% respectively) and
Ireland (32.5%, 58.4%, and 64.3% respectively). The results suggest that improved
communication using more appropriate guiding and policy information could help consumers
in Spain and Portugal adjust their behaviour. This is supported by observations made by
Klaiman et al., (2017) on the testing of plastic or boxboard sandwi " containers, where having
to clean packaging can alter preferences for packaging mat=r.': out this practice did affect
consumer recycling behaviour at the household.

The statement that had the highest consensus and hi,;he,t number of correct answers, with
90.4% on average, from the three countries, wa: if m2tal cans from canned seafood should be
put in the recycling bin. This result is in a~.co. dar. :e with the high level of aluminium recycling
rate in Europe, which in Spain and Portuga), it can also be recovered from undifferentiated
waste. Nevertheless, it demonstra e, “-at more effort should be done for other types of
packaging materials such as pla.tics. In general, it seems that there is a lack of information
about plastic packaging recycu.> e since some respondents intimated in open answers that they
do not fully know the gide ines and believe that seafood plastic packaging cannot be sent to
the recycling bin and. for example, that EPS package cannot be recycled. Also, some
respondents believe that they need to wash the plastic and EPS to be recycled and, since they
do not want to do it, they avoid contaminating “clean” packaging in the recycling of packages
(in the case of Spain and Portugal). To overcome these misunderstandings, it would be
important to communicate detailed procedures applicable to each type of material, including
the different types of plastics (e.g., EPS, High-Density Polyethylene (HDPE), Low-Density

Polyethylene (LDPE)), and also explain the destination of these types of materials after
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recycling. Specific communication for certain types of seafood products could also support the
willingness of consumers to send more household waste to recycling, especially in Spain and
Portugal, where seafood consumption at home is so frequent. Nevertheless, the different
recycling guidelines implemented in the EU countries could impair the consistency of recycling

behaviours in households at the European level.

The most consensual alternatives to using more sustainable packaging for seafood from the
three countries were the use of reusable packaging (e.g., reiu.n glass jars from canning
seafood to the producer/retailer), glass jar packaging for r~n,.’~; seafood instead of metal
cans, compostable types of packaging material (e.g., flexi:*'e tum made from crustacean shells),
and intelligent packaging (which extends shelf-life an. muintains the quality of the food). By
reusing packaging, a significant reduction in the e w‘ronmental impact of packaging could be
feasibly achieved as a second use will allo.at. pa.* of the environmental cost of the packaging.
Therefore, this alternative could ke promoted in case companies find it feasible (e.g.
implement a return deposit schem2 7n Ziass jars for some beverage products such as water
bottles). The main barrier idei."ifiea by producers is a major logistical complexity, which
requires the reorganisation o1 ;ipply chains to ensure that packaging is available and returned
through distribution ar 1 th: t consumers maintain their loyalty (Coelho et al., 2020). Another
possibility could be the 'ise of reusable containers from consumers when purchasing seafood
at the fishmongers to avoid the use of plastic bags/heat-sealed bags. Females appear to have a
higher willingness to reuse packaging than males, but not respondents from larger households
that may be due to an idea that this possibility could imply extra work for the household
routine which might be already complicated in households with more people.

Glass jar packaging for canning seafood could represent environmental benefits when

compared to aluminium (Laso et al., 2017). In the same way, through packages with intelligent
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packaging consumers may also reduce seafood waste and prevent unnecessary transport and
logistics from an early stage (Cammarelle et al., 2021; Salgado et al., 2021). The use of a
compostable type of packaging material could improve the end-of-life of seafood packaging,
which is mainly an alternative to plastic; but, it raises the point as to how many waste compost
treatments are municipalities prepared to do and if what is an appropriate disposal alternative.
Older respondents seem to be more willing to use a compostable type of packaging, and on
the contrary, respondents that are students, living in larger households, living with parents, or
having a higher number of children in the household answered ta.* they are not so willing to
use compostable packaging. These results are mostly exr'au.~~ by the differences found
among the Spanish cohort which is characterized <':o by younger respondents when
compared with the other two samples, meaning olac- rzople could be more aware of the
possibilities of composting their waste.

New design features that make packaginr, m e _ustainable could also increase the likelihood
that sustainable packaging is chosen which could potentially increase the level of positive-
environmental behaviour of cons e - (Martinho et al., 2015). However, the use of a
“squeeze-tube type packaging . <tead of metal cans” as is commonly marketed in northern
European countries and “plas.’~ pouch packaging for canning seafood instead of metal cans”
had around half or less thar half of the answers so these should be considered less successful
measures to improve sfafood packaging from the consumers’ point of view. These options
imply a redesign of the packaging which may make the package less recognizable to consumers
or less convenient, and the use of different types of material may reduce the appeal and
attractiveness (Prendergast & Pitt, 1996). Even though, a slight trend was found for more

educated people to accept the use of a squeeze-tube type packaging instead of metal cans.
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Respondents appear to be concerned with packaging because around half of them intimated
that they avoid seafood products due to excessive packaging (e.g., packaging that has a
secondary layer of carton). This is especially the case for pre-cooked/ready-to-eat types of
products since it was the type of post-harvest processed product that had a higher number of
respondents who considered it to have excessive packaging. These products are less consumed
in the three participating countries since the majority of respondents answered that they
never eat them. The second level of products that respondents associate with excessive
packaging is frozen products. In contrast, dried and/or salted .-oducts (e.g., bacalhau or
mackerel) were the seafood products that fewer respor-a,.*= from the three countries
considered had excessive packaging. The majority of resg. "ndents from Portugal answered that
they consumed dried and salted seafood products onc= ~r fewer times a month; but, in the
case of Spain and Ireland the highest number of ‘e~pc ndents never tried them. Fresh or chilled
seafood products, the most common wav o1 zor_uming seafood in these countries, were also
not considered as having excessive packag.ng, especially by respondents from Spain and

Portugal.

The majority of respondents .‘ere willing to pay more for seafood products that use more
sustainable packaging 'for 2xample a 10% increase in price was acceptable for 62.0% of
respondents in Spain, 65.8% in Ireland 70.2% in Portugal). This result shows the commitment
of consumers in contributing to an effort that may need to be carried out in partnership with
industries, presenting opportunities for innovation and more environmentally-friendly
solutions (Steenson & Creedon, 2022). This result is aligned with consumer motivation to pay
for more sustainable seafood products which is positively correlated to respondents’ income
and their environmental concerns, with a maximum premium of 10% of the product price that

consumers were happy to pay (Salladarré et al., 2016). Nevertheless, many people find
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difficulties in defining terms such as ‘sustainability’ in relation to something as specific as
packaging and the principles in improving environmental impacts need to be translated into

more clear requirements (Lewis, 2005).

Overall, the results highlight a positive attitude of consumers towards recycling and care for
packaging with lower environmental impact. However, the results could also be biased by the
highly-educated cohort sample which may affect the consumers’ knowledge as well as their
reported attitudes. This also highlights an area to improve upon ior future research to reach
consumers from a broader socio-demographic range and cor<e.;''zntly obtain a more holistic
perspective of environmental concerns. Other limitatioi.~ of tnis present research should be
noted. Firstly, the sample is not representative of coui.*ries’ populations and results should be
discussed as representing only the group of pe p'e, with their respective socio-demographic
characteristics, that answered the survey Aa litic1al research is recommended to ensure a full
characterisation of the entire seafcod consumer market in European countries. A second
limitation is related to the data colle ct'o . method adopted as the survey was processed online,
representing a strong barrier i~ people with low motivations and/or unfamiliar with new
technologies or social networ. - and as a result, higher educated people were more likely to
answer to the survev (¢ g., tammarelle et al., 2021). Nevertheless, results can give an outlook
on how much responde'.ts are willing to contribute to reducing the environmental impact of
seafood products through packaging and start a discussion on what is needed to improve the
end-of-life of seafood packaging. A third issue that one should bear in mind is that answers
with self-declared intentions related to more responsible behaviours or willingness to pay can

be overestimated by people responding too positively when compared to reality.
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Food packaging and its attributes can potentially hinder or motivate consumers to sort
packaging waste correctly. The design of packaging influences recycling behaviour and,
therefore, the recyclability of packaging should be considered an inherent value of the
packaging, similar to other attributes such as beauty or durability (Nemat et al.,, 2019).
Addressing consumer behavioural and attitude changes towards seafood packaging is
important. In this instance the transition towards increased circularity where communication
can be done by deploying appropriate marketing practices to educate and empower
consumers (Domegan, 2021; Rowan & Casey, 2021). Consumei. are only one of the key
players in the seafood value chain and efforts are alse nc-~Zed from other groups of
stakeholders (e.g., policymakers, dieticians, consumei organisations, retailers, fishermen,
seafood processing industry) to ensure that future seaiond production, processing, distribution
and consumption become more sustainable. In this sense, transparent and trustful information
with the help of certification labelling .na* incorporates different information related to
seafood is recommended (Sacchettiri et al., .021). As an example, labelling based on Product
Environmental Footprint (PEF) guid ' co..'d be developed, delivering information to consumers
about products within food caw sories and integrating topics that are still poorly described,

such as the end-of-life of pack.~ing materials (Hélias et al., 2022).

5. Conclusions

The reported rates of household waste sent to recycling of different seafood packaging types
and associated materials were relatively high in the three countries analysed: Spain, Portugal,
and Ireland. Respondents also appear to be willing to pay more for seafood products that use
more sustainable packaging and avoid seafood products with excess packaging. A general
relationship was observed between seafood consumption frequency, which mainly occurs at

home, and seafood packaging separation for recycling. These results need to be linked with a
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sample of respondents that in general is characterised by highly-educated people and mostly
employed. However, these findings can provide insights as to where to invest resources to
inform on sustaining behaviour in seafood packaging waste disposal. Recycling practices at the
household level could be improved upon with more appropriate information provided about
specific types of seafood packaging and materials, especially for plastics that present a huge
diversity of types. This may be significantly important in countries where there is high seafood
consumption, especially at home, as is the case for Spain and Portugal. An increase in the
quantity of packaging sent to recycling and efficiency of the was.> management system can
hence improve the circularity and reduce the environmenta. ~ost of seafood related to

packaging and its materials.
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Table I. Percentage of respondents that perform separation of the different seafood packaging

types/materials to be sent to recycling in the three countries (%).

Spain Portugal Ireland
(n=234) (n=228) (n=154)

Metal cans Never (0%) 12.0 4.4 9.7
Almost never (25%) 8.1 8.3 5.2

Sometimes (50%) 9.0 6.6 6.5

Often (75%) 141 11.0 11.0

Always (100%) 56.8 69.7 67.5

Plastic package Never (0%) 7.3 3.1 7.1
Almost never (25%) (.8 4.8 10.4

Sometimes (50%) g1 9.6 16.9

Often (75%) 218 22.4 37.0

Always (100%) 56.0 60.1 28.6

Paper package Never (0%) W, 8.5 7.0 9.1
Almost never ?5%) 12.4 9.2 9.7

~ Sometimes 5/ %) 11.1 12.3 7.8

Often (/7%) 20.9 20.6 16.2

~ Always (100%) 47.0 50.9 57.1

Glass jar ~ Mever (0%) 9.4 4.8 13.0
Almost never (25%) 6.8 5.3 1.3

Sometimes (50%) 9.0 6.6 1.3

Often (75%) 13.7 9.6 9.1

Always (100%) 61.1 73.7 75.3

Expanded polystyrene Never (0%) 19.2 16.2 44.2
Almost never (25%) 124 10.5 14.9
Sometimes (50%) 14.5 8.8 13.6
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Often (75%) 19.2 11.8

9.7

Always (100%) 346 52.6

17.5

Table Il. Percentage of respondents that separate household packaging waste to recycling

associated with their level of seafood consumption (%).

Rate of household waste sent to recycling

0% 25% 50 % 75 % 100 %
High consumption (> 2x week) 1.3 7.7 11.1 34.2 45.7
Low consumption (< 2x week) 3.3 10.1 w.” 38.0 31.9

Table Ill. Percentage of respondents from eact cr.untry that gave the correct answer about

recycling guidelines statements (%).

Countries version / Statement [correct ansv. ~rs) Spain Portugal Ireland
(ES) (PT) (PT)
(n=234) (n=228) (n=154)
ES, PT / Metal cans from canned s2a, ~nd packaging should be
put in yellow waste container to 1. ~ycle [TRUE] — IE / Metal cans
88.0 94.7 87.7
from canned seafood pac' agin,  should be put in the recycling
bin [TRUE] *
ES, PT/ It is necessary to wash metal cans from canned seafood
packaging before they are sent to waste [FALSE] - IE / It is not
47.9 64.5 76.0
necessary to wash metal cans from canned seafood packaging
before they are sent to waste [FALSE] *
ES, PT / The plastic packaging from frozen seafood products
should be put in normal/undifferentiated waste container 77.8 93.0 46.8

[FALSE] - IE / The plastic packaging from frozen seafood products
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should be put in the general waste [FALSE] *

ES, PT, IE / It is not necessary to wash plastic packaging from
57.7 72.4 32.5
frozen seafood products before they are sent to waste [TRUE] *

ES, PT / Expanded polystyrene boxes used for fresh seafood
should be put in yellow waste container to recycle [TRUE] - IE /
70.5 75.4 73.4

Expanded polystyrene boxes used for fresh seafood should be

put in the recycling bin [FALSE]

ES, PT, IE / It is necessary to wash expanded polystyrene boxes
6).° 70.6 58.4
before they are sent to waste [FALSE] *

ES, PT / If empty, plastic bags used for fresh seafood packaging
should be put in yellow waste container to recycle [TRUE] - IE /1.
77.8 88.2 72.1

empty, plastic bags used for fresh seafood packaging should v« ~

put in the recycling bin [FALSE] *

ES, PT/ It is not necessary to wash plastic bags 4> *d 1.~ fresh
seafood packaging before they are sent to waste "TRUE] - IE / It
63.7 68.9 64.3

is not necessary to wash plastic bags use . “or 1. ash seafood

packaging before they are sent to wsw. [FALSE]

Average 68.1 78.5 63.9

* Statistically significant /n < ? ’JS, Chi-Squared test) differences were found between countries.

Table IV. Percentage of respondents from each country that answered “yes” about their
willingness to use the seafood packaging alternatives (%).

Seafood packaging alternative Spain Portugal Ireland

(n=234) (n=228) (n=154)

Reuse packaging (e.g., return glass jar from canning seafood to the
81.6 88.6 88.3
producer/retailer)
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Use a compostable type of packaging material (e.g., flexible film made

90.2 96.5 94.8
from crustacean shells) *
Use a squeeze tube type packaging instead of metal cans 44.0 48.7 37.0
Use plastic pouch packaging for canning seafood instead of metal cans 54.7 52.2 59.1
Use glass jar packaging for canning seafood instead of metal cans 93.2 95.6 90.9
Use of intelligent packaging (which extends shelf-life and maintain the

90.6 92.1 90.9

quality of the food)

* Statistically significant (p < 0.05, Chi-Squared test) differences v ere found between countries.

Table V. Percentage of respondents from each country ‘hat avoid seafood products with
excess packaging and consider that post-harvest proce:'ing products have excess packaging

(%).

Spain Portugal Ireland

(n=234)  (n=228)  (n=154)

Avoid seafood products with excess packagin’, 49.1 56.6 44.8
Fresh,’ Chilled 7.3 12.3 234
Frozon 18.8 33.8 18.2
Type of post-harvesting C nnea 15.0 23.2 4.5
processing products ~ Pre-cooked / Ready-to-eat 37.2 39.5 30.5
Smoked 12.0 20.2 13.6
Dried and/or salted 5.1 4.8 3.2

Table VI. Percentage of respondents from each country that are willing to pay more for
seafood products that use more sustainable packaging (e.g., package that allows to send all the

packaging materials to recycling) and how much more (%).

Spain Portugal Ireland
(n=234) (n=228) (n=154)
Pay more for seafood products that use more 62.0 70.2 68.8
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sustainable packaging

10% 43.6 53.1 46.1
25 % 14.1 14.9 18.2
How much more
50% 3.4 04 2.6
>50% 0.9 1.8 1.9

Table VII. Summary statistics of the socio-economic characteristics of the samples (%).

Spain  Portugal Ireland

sample sample sample

Gender Female 64.5 67.1 66.2
Male 34.2 32,5 29.9
Other _ 0.0 0.0 1.3
Prefer not to say \/ 1.3 0.4 2.6
Age (years) * <20 ) 14.1 0.0 0.0
21-40 41.9 25.0 44.2
41-60 PN 38.9 649  46.1
> 61 a 4.7 10.1 9.7
Education level * Prima. * o1 “elow 2.1 0.0 0.0
how ~r s_econdary 13.7 0.9 0.6
Tgher secondary 3.4 6.1 5.2
Additional technical training 111 1.8 8.4
BSc (or similar) 23.5 27.6 30.5
MSc (or similar) 325 32.9 36.4

Bellow upper education

Tertiary education - - -

PhD (or similar) 13.7 30.7 18.2

Current occupation * Student 16.7 7.9 16.2
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Employed 72.6 79.4 68.2

Self employed 3.4 6.6 4.5

Unemployed 4.3 2.2 2.6

Responsible for the household 0.9 1.8 2.6

Retired 2.1 2.2 5.8

Number of people 1 9.4 12.3 9.1

living in the household 2 25.2 28.5 325

* 3 31.2 27.6 16.9

4 27.8 25.0 19.5

5 \ 43 53 162

>6 1.7 0.9 5.2

Live with parents * No _ 74.8 89.9 81.8

Yes v, 25.2 101 182

Number of children in 0 ') 46.2 55.7 56.5

the household * 1 25.6 21.1 14.9

2 N 23.9 184 149

>3 N 3.8 48 136

Type of living area * Large owi. 21.8 60.5 37.7

Fui ' area or village 26.5 13.6 40.3

“Zmall or middle-sized town 51.7 25.9 221

Living distance from Inland (more than 50 km from the coast) 16.7 6.1 46.1
the sea *

On the seaside (less than 50 km from the coast) 83.3 93.9 53.9

* Statistically significant (p < 0.05, Chi-Squared test) differences were found between countries.
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Table VIII. Statistical test results (p values) between socio-demographic variables and answers
related with seafood consumption and packaging. * Statistically significant (p < 0.05)
differences were found; and the following statistical test was used: * Chi-squared test; 2
Spearman’s correlation test; 3 Kruskal-Wallis test; * Two-sided Student’s t-test, > Wilcoxon
signed-rank test.

Gend Age Educatio | Occupati Ne Live with | N2 Type | Living
er n level on people parents children | of distanc

in the in the | living | e from
househol househol | area the sea
d d

Seafood 1 Rho = |-’ -3 -? 0.004, * | -7 -3 0.00000

consumpti 0.17; p = 3 1%3

on 0.00001 ’

frequency 2% |

Seafood - Rho =][-7 3 -2 0029%*% [Rho  =-3 0.00002

consumpti 0.19; p = | 0.11; p = *3

on at home 0.000001 0.007 *?

42

Seafood 0.000 |Rho =]-? | ¢.7017*% [ Rho = - | 0.00002 | -2 0.004 | 0.0076

consumpti | 5%* ! 0.15; p = : 0.098;, p | * 3 7%3 * 3

on outside 0.00018 =0.017 *

the home 2% 2

Willingness | 0.021 | -° Ts T 0046° | -1 - 1 1

to reuse | *'

packaging

Willingness | - ' 0.001** | -° 0.0003* | o0.01° 0.000000 | 0.02° Jt A1

to use a 2!

compostab

le type of

packaging

material

Willingness T -4 0.004*> | -1 -? T -? 1 T
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to use a
squeeze

tube type
packaging
instead of

metal cans

Willingness | - - - - - - - _ R
to use
plastic

pouch

packaging
for canned ’

seafood

Willingness | - - - - - - R -
to use glass

jar

packaging
for canned

seafood

Willingness | - - - - - - - - -
to use of
intelligent

packaging

Avoid - - - - - - - R -
seafood
products
with excess

packaging

Pay more | - - - - - - - - -

for seafood
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products
that  use
more
sustainable

packaging
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Figure 1. Relative frequency of seafood consumption in *he [“ree countries
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Figure 2. Relative frequency of seafood consumption in the *hret countries at home and out of

home.
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Figure 3. Realtive frequency of seafood consumption for diffr rent post-harvest processing

products.
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Figure 4. Percentage of respondents that perform scporadion of household waste of non-

organic waste(i.e. glass, paper, plastic waste) to be se 1t to  ecycling in the three countries.
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Highlights

e Household practices on packaging waste relate with environmental improvements.

e Consumers are not fully aware about what type of plastics can be recycled.

e Recycling information specific for packaging materials can help consumers' behavior.

e Consumers were willing to pay more for products with . ~ e sustainable packaging.
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