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Abstract

Research background: Food production is more and more globalized concerning not only the
suppliers of food ingredients and producers but also the environmental trends and solutions
available on the market. Organic farming production is one of the possible solutions to produce
high quality food products with respect to environmental care. The other global trend described
in this paper that is attracting the attention of many researchers is the microplastics risk in food
products. That topic is directly related to a wider range of actions taken on an international
level such as The New Green Deal or the EU plastic action plan. This paper combines the specific
product (organic food) and the microplastic risk in food products. Purpose of the article: The
purpose of the study is to answer the following question: How are the studied companies that
are under the strict obligatory surveillance according to the organic food production rules and
high-quality products seals are dealing with microplastic risk in their processes? Methods:
Food processing manufacturers operating on a polish market were surveyed based on
microplastics aspects concerning the ingredients procurement, production processes and
product packaging.

Findings & Value added: The main findings are related to the conclusion that microplastic risk
in organic products is a new issue that is still not very well recognized. The overall risk for food
safety was estimated by producers as rather low. Only 30% of the respondents indicated a high
or very high risk.
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Introduction

The world’s ever-increasing use of plastics
has created large amount of small plastic
particles that are circulating in the
environment. Over the time, plastic particles
are fragmenting into smaller and smaller
ones and eventually become microplastics
and even nanopalstics. The concern for the
environment and the possible negative
impact of microplastics on the human health
formed the basis for the conducted research.
The main goal of the study was to answer the
following question: How are food processing
companies dealing with the microplastic risk
in their processes? That perspective formed

the global trends which are now discussed
with the operational level of organizations
and functioning management practices such
as risk assessment within the food safety
obligations.

Literature Review

Microplastic in food
There is no internationally recognised
definition of microplastics; however,

depending on the source of publications,
different definitions are adopted. Table 1
presents some definitions used in ISO
documents.

Table 1: Selected definitions of microplastic in international standards

Source

Definition

ISO/TR 21960:2020 Plastics. Environmental
aspects. State of knowledge and methodologies.

Microplastic: Any solid plastic particle insoluble
in water with any dimension between 1 pm and
1000 pm (=1 mm).

Microparticle: solid particle insoluble in water
in the dimension between 1 um and 1 000 pm
(=1 mm).

(Note: There is currently no specific distinction
between nanoparticles and microparticles)

Nanoplastic: plastic particles smaller than 1 um.
(According to OECD, nanoparticles are up to
100 nm)

ISO/TR 24524:2019

Service activities relating to drinking water
supply, wastewater and stormwater systems.
Hydraulic, mechanical and environmental
conditions in wastewater transport systems.

Microplastics: small pieces of plastic less than
five millimeters in diameter.

IS0 22182:2020

Geotextiles and geotextile-related products.
Determination of index abrasion resistance
characteristics under wet conditions for
hydraulic applications.

Microplastic particles (< 5 mm) or macroplastic
particles (> 5 mm).

Source: based on 1SO Online Browsing Platform (OBP)
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A distinction can be made between primary
and secondary microplastics. Primary
microplastics are plastics that were originally
manufactured to be that size, while
secondary microplastics originate from the
fragmentation of larger items (EFSA
CONTAM Panel, 2016).

Microplastics are likely to originate from
other sources than the food itself, e.g.
processing aids, water, air or being released
from machinery, equipment and textiles
(EFSA CONTAM Panel, 2016). Polymers used
in food packaging materials are the source of
food contamination. The general rule is that
smaller sized additives migrate faster and at
higher rates than those of larger sizes (Hardy
et al, 2018). It is therefore possible that the
amount of microplastics increases during
processing. The effect of other processes, e.g.
cooking and baking, on the content of plastics
is also not known (EFSA CONTAM Panel,
2016).

Microplastics can contain, on average, 4% of
additives, and the plastics can absorb
contaminants (EFSA CONTAM Panel, 2016).
Both additives and contaminants can be of
organic as well as inorganic nature and they
can be risky for the human health.
Unfortunately, the impact of the microplastic
on the human health is not well recognized.
Examples of research on this issue can be
found in the studies of Smith et al. (2018),
Deng, Zhang, Lemos & Ren (2017) and Lu et
al. (2016).

In the food industry, high hopes are put on
the nanotechnology and nanomaterials that
entered the packaging market, mainly
nanocomposites. However, new packaging
materials based on nanocomposites are
bringing potentially new problems for
recycling. Until now, there is no real
industrial method of recycling packaging
nanobiocomposites (Foltynowicz, 2020b).

European Green Deal and microplastic

The European Green Deal is a response to the
observed global warming and climate

changes. It is a growth strategy that aims to
transform the EU into a fair and prosperous
society, with a modern, resource efficient as
well as competitive economy. There should
be no net emissions of greenhouse gases, and
economic growth is decoupled from resource
use (EU, 2019a). Two elements of the Green
Deal, described in (EU, 2019a), are essential
for the problem of microplastic in food. The
first one is circular economy and the second
one is environmentally friendly food system.
The circular economy is a business system
which replaces the concept of "end-of-life". In
essence, it aims to maximize the use of
renewable energy sources, and eliminate the
use of toxic chemicals that prevent reuse as
secondary raw materials (Nowicki et al,
2020). Reducing plastics use and increasing
plastic materials reuse are the goals that can
lead to the reduction of microplastics that are
being introduced to the environment and
consequently to the food itself.

As for the points of the European Strategy for
Plastics, in a Circular Economy strategy,
many of them concern packaging directly.
One of the strategy’s goals is to ensure that
all plastic packaging will be recyclable and
that 55% of the recycling of plastic packaging
wastes will be achieved by 2030 (EU, no
date). Some other legal requirements in that
field are already established - such as the
(EU) 2019/904 directive where one of the
regulations forces producers to use recycled
polyester (r-PET) materials in which at least
25% of the products are from recycled
materials. That goal should be obtained by
2025 (EU, 2019b). The other actions are still
in progress. For example, the ECHA’s
(European Chemicals Agency) proposal aims
to ban products from the European market
that contain intentionally added
microplastics if these are released to the
environment when the products are used.
Examples of these actions are cosmetics,
cleaning and laundry products, fertilisers,
plant protection products and seed
coatings. Advanced work is being carried out
to prevent the release of microplastic infill
material from artificial turf sports pitches.
The restriction, according to ECHA, will
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prevent 500 000 tonnes of microplastics
from ending up in the environment over 20
years. Over the same period, the total cost of
the restriction to the European society is
estimated to be €10.8 or €19.1 billion (ECHA,
2021).

The implementation of The Green Deal
strategy was unexpectedly interrupted by the
outbreak of the coronavirus pandemic and
the following lockdown which has a
significant impact on the global economy,
leading to a crisis (Foltynowicz, 2020a).

Organic farming products

According to the EU Common Agricultural
Policy, objectives such as: fostering the
competitiveness of agriculture; ensuring the
sustainable = management of  natural
resources, and climate action; as well as
achieving a balanced territorial development
of rural economies and communities
including the creation and maintenance of
employment shall be achieved (EU, 2013).
Organic farming production is considered as
one of the methods supported to achieve the
goal of producing high quality food products.
Under the current EU law, the basic
document containing the requirements for
organic production is Council Regulation
(EC) No 848/2018 of The European
Parliament and of The Council of 30 May
2018 on organic production and labeling of
organic products and repealing Council
Regulation (EC) No 834/2007 and the
regulations implementing this regulation.
The regulation will be fully introduced
starting 2022. The production of organic
foods is environmentally friendly; it does not
utilize  antibiotics, growth  hormones,
pesticides, chemical fertilizers or growth
regulators. Organic foods are often regarded
as more friendly to the environmental
agriculture and, ultimately, healthier than
conventional, non-organic foods (Lee, Fu and
Chen, 2019; Kafel, Nowicki and
Wojnarowska, 2021).

Organic production covers all stages of
production, preparation and distribution

with  specific requirements for the
agricultural activities, the processing of
organic food, and the processing of organic
feed.

The specific principles applicable to the
processing of organic food are (EU, 2018):

- The production of organic food from
organic agricultural ingredients,

- The restriction of the use of food additives
and non-organic ingredients as well as
micronutrients and processing aids except
for technological and sensory functions, , so
that they are used to a minimum extent and
only in cases of essential technological needs
or for nutritional purposes,

- The exclusion of substances and processing
methods that might be misleading regarding
the true nature of the product,

- The processing of organic food with care,
preferably using biological, mechanical and
physical methods,

- The exclusion of food that contain, or
consist of engineered nanomaterials.

Unlike the previous organic products
regulation (834/2007), the production of
engineered nanomaterials is prohibited.
Engineered nanomaterials, in the context of
organic farming, are defined as: any
intentionally produced material that has one
or more dimensions of the order of 100 nm
or less, or that is composed of discrete
functional parts, either internally or at the
surface, many of which have one or more
dimensions of the order of 100 nm or less,
including structures, agglomerates or
aggregates, which may have a size above the
order of 100 nm but retain properties that
are characteristic of the nanoscale (EU,
2015). However, there is still no direct
reference to the unintended use of
nanomaterials in organic food, which also
applies to the contamination of microplastics.

Despite very strict regulations related to the
processing of organic food, there are no
additional requirements related to their
packaging and package materials. Producers
are required to meet the same requirements
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as for other food products. The organic food
quality scheme promotes natural balance,
with environmentally friendly production
and packaging. It positively affects the
consumers’ buying behaviour (Onwezen,
2015; Chrysochou and Festila, 2019).
Producers usually try to emphasize the
ecological character of the product by using
packaging materials and design that has
positive  associations with customers.
However, these are voluntary activities that
are not covered by the organic food
regulations and certification system (Kafel,
Nowicki and Wojnarowska, 2021).

Methods

The purpose of the study was to investigate,
how the studied companies that are under
the strict obligatory surveillance according to
the organic food production rules, sell high
quality products and deal with microplastic
risk in their processes. The online survey was
carried out in September 2020 (Kafel,
Nowicki and Wojnarowska, 2021). From the
population of polish organic farming
producers (food processors), 300 records
were randomly chosen and an online survey
was carried out. The questionnaire was sent
to top managers responsible for quality and
food safety systems in organizations. 46 valid
questionnaires were obtained, representing
15,3 percent respond rate. The size of the
general population of organic processing
companies in Poland in 2018 was 910, and at
the end of 2019, was 1022 (IJHARIS, 2021).

The data were analysed with the use of
TIBCO Statistica 13.3 software. Within the
analysis, the following methods were used:
the exploratory phase of data analysis,
Descriptive Statistics, selected t-tests with
the comparisons of means and measures of
variation in the two groups visualized in box
and whisker plots.

Results and Discussion

Organization’s details and implemented
standardized management systems

All of the studied companies employed less
than 250 employees. There were 17
organizations which employed from 2 to 10
people, 18 that employed between 11 and 50
people, and 11 organizations that employed
between 51 and 250 employees.

Two studied companies referred to local and
regional markets as the main scope of their
products. The remaining companies, 24 and
20 organizations, referred to domestic and
international markets as the range of their
activities, respectively.

All the studied companies have implemented
the organic farming requirements according
to Council Regulation (EC) 834/2007 which
is now in the transition period to the EU
Regulation 848/2018 and obligatory food
safety system - HACCP. Within the studied
companies, the following voluntary
management standards were implemented:
ISO 9001 (10), ISO 14001 (9), ISO 22000 (7),
PN-N 18001/0HSAS 18001/1SO 45001 (5),
IFS Food (6), and BRC Food (6). According to
the presented data, most of the studied
companies implemented standards that are
typically implemented in the food sector
(Kafel and Casadesus, 2016; The ISO Survey,
2020; Kafel, Nowicki and Wojnarowska,
2021).

Microplastic Risks

Companies under study were asked to assess
the overall product safety related to
microplastics hazard in their organic
products. As indicated in table 1, most of the
companies consider the risk of microplastics
to be negligible. Only 2% of the respondents
indicated a very high risk.
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Table 1: Overall product safety related to microplastics hazard

Risk level Number of companies [%]
No risk 28
Small risk 41
High risk 28
Very high risk 2

According to the HACCP rules, risk
assessment is the first step in the process of
implementing the food safety system. All
risks at all stages of production should be
identified and assessed to identify the critical
control points. None of the surveyed
organizations identified critical control
points directly related to the presence of
microplastics in products. The number of
identified critical control points should be
small; therefore, the analysed microplastics
hazard was not indicated. However, that
result does not mean that it was not
considered at the risk analysis stage. In 13%
of the studied organizations, that risk was
included in the risk assessment. The other
87% did not include microplastics as a
separate hazard in their food safety system.

Considering the results presented in table 1
and the number of organizations that
indicated the hazard of microplastics in the
risk analysis, one can get the impression of
inconsistency. It could be explained by the
fact that some of the organizations used, in
the risk matrix, the general hazard groups,
such as “physical hazards in the product”.
That group also contains the risks of
microplastics, but it is not considered to be
important to be assessed separately.

The studied organizations were divided into
two groups of companies; with and without
implemented and certified voluntary
management systems. A comparison of the
risk assessment of microplastics for those
groups is shown on figure 1.

2,6

24|

22F

201

Risk level

Yes

Voluntary management standards

Figure 1: Voluntary management systems vs. risk level
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The risk level for the data presented on
figure 1 was calculated as follows: no risk -
value 1, small risk - value 2, high risk - value
3 and very high risk - value 4. Microplastic
risk was assessed higher by the group of
organizations that do not have voluntary
management systems implemented.

Organizations that have voluntary
management systems implemented assess
the risk of microplastic as lower. The
observed differences between the study
groups are small and do not indicate a
statistically significant difference for p value
=0.05.

Table 2: Laboratory tests detecting the presence of microplastics in organic products

Tests

Number of companies [%]

No 91

Yes 9

According to ECHA, there are no reliable and
accessible  test methods to  detect
microplastic particles in food (ECHA, 2021).
The results presented in table 2 confirm that
there is a little interest in testing products for
detecting microplastic contamination of food.
As some of the studied representatives

Supply chain feedback

Nowadays, food industry producers operate
in an organized food chain. Between the
farmer and the consumer, there are usually
such organizations as: producers, logistic
operators as well as retailers. All of them can
be the source of the feedback concerning
microplastic risk. As indicated by Yontar and
Ersoz research (2020), the resolution of
customer complaints is highly correlated
with customer satisfaction.

stated, there are required and documented
laboratory test reports for packaging
materials (global and specific migration);
however, the precision of the methods
performed does not allow to detect the
presence of very small particles, such as
microplastic ones.

On the other hand, complaints related to
microplastic hazards should be treated by
producers as unjustified. That type of
complaints is also discussed in literature and
there are some examples of customers that
are making inauthentic complaints on a
regular basis (Reynolds and Harris, 2005).
That was the reason to check with the
studied companies if they receive inquiries
or complaints regarding the presence of
microplastics in food products.

Table 3: Inquiries or complaints regarding the presence of microplastics in food products

Inquiries, Final consumers [%)] Organizations in
complaints? food chain [%]
No 98 96
Yes 2 4

As shown in table 3, both for final food
consumers and the organizations in the food
chain, the feedback related to microplastic
risk is inconsiderable. Only in 2% of the
studied organizations, that interest was

formally directed by final consumers. The
interest measured by inquires or complains
from other organizations in the food chain
concerning microplastic, was documented
only in 4% of the studied food producers.
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Conclusions

From the results obtained within the study, it
can be concluded that microplastic risk in
organic products is a new issue that is still
not very well recognised. The overall risk for
food safety was estimated by producers as
rather low. Only 30% of the respondents
indicated a high or very high risk. That kind
of risk level has been associated with
different voluntary management systems
implemented in the studied companies.
There were no significant differences in the
perception of microplastics hazards between
the group of companies with implemented
and certified management systems and the
group that did not implement such
standards.

The interest of consumers and other
organizations if food chain with the
microplastic was quite small. The changes
that are planned by governments and other
authorities such as the circular economy
strategy or the EU plastic strategy are still at
a general/national level and have not yet
been fully operationalized by food
companies.
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