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PhySIcAl hAzArdS 
of food PAcKAgIng mAnufActure

ABSTRACT: physical contamination includes all material and foreign bodies which have incidentally penetrated foodstuffs. packaging may become one
of the sources of their occurrence. in the present paper, the results of the conducted studies and the conclusions, resulting from their identification as
well as evaluation of importance of potential physical hazards which might occur in food packaging production, were presented. The mentioned hazards
were indicated by polish producers and certified in accordance with Brc gS packaging Materials. The mentioned studies demonstrated also the areas of
the enterprises’ activity where the physical hazards were identified. They showed the significance of the discussed threats at a given stage of manufacturing
process, as well. 
Key words: food packaging, physical hazard, significance of physical hazards

STRESZCZENIE: Zanieczyszczenia fizyczne to wszystkie materiały i ciała obce, które przypadkowo dostały się do żywności. jednym ze źródeł ich
występowania mogą być opakowania. w artykule przedstawiono wyniki badań i wnioski z identyfikacji oraz oceny istotności potencjalnych zagrożeń
fizycznych mogących wystąpić w produkcji opakowań do żywności, wskazanych przez polskich producentów, certyfikowanych na zgodność z brytyjskim
standardem Brc packaging Materials. Badania pokazały również obszary działalności przedsiębiorstw, w których identyfikowane są zagrożenia fizyczne
oraz jaka jest ich istotność na danym etapie procesu. 
Słowa kluczowe: opakowania do żywności, zagrożenia fizyczne, istotność zagrożeń fizycznych

doI: 10.15199/42.2022.3.1

IntroductIon 

Fo od pac ka ges are in du strial pro ducts, in ten ded for pla cing 

fo od pro ducts in si de them; they must gu aran tee he alth sa fe ty

of the sto red fo od and en su re he alth pro tec tion of the con su -

mers. The aim of ap ply ing the pac ka ging is to pro tect fo od

aga inst the fac tors which mi ght cau se fo od de te rio ra tion, such

as in ter alias, li ght, oxy gen ac cess, che mi cal con ta mi na tion,

pre sen ce of mi cro or ga ni sms and me cha ni cal da ma ges (Czer -

wiń ska, 2018). In turn, sa fe ty is a sta tus which gi ves a fe eling

of cer ta in ty and calm to the man in a lon ger ti me per spec ti ve 

(Ry biń ska and Ga liń ska, 2014). A pac ka ge which is in ten ded to

co me in to con tact with fo od sho uld be tre ated as a pro duct,

be ing in de pen den tly in tro du ced to the mar ket as well as 

a pro duct, in he ren tly con nec ted with fo od (Li siń ska -Ku śnierz

and Ka wec ka, 2012). Fo od pac ka ging pro duc tion is a glo bal 

in du stry, which is cha rac te ri zed by in ter nal di ver si ty and each

of its sec tors af fects in di vi du al ly the si tu ation at the mar ket.

The re qu ire ments con cer ning pac ka ging and ar tic les, de sti ned

to co me in to con tact with fo od are sys te ma ti cal ly gro wing. It

hap pens so as the in te rest of the con su mers in fresh pro ducts

with the exten ded shelf -li fe and the con trol led qu ali ty is con -

stan tly in cre asing. Ad di tio nal ly, it is expec ted that the pac ka -

ging is mo dern and si mul ta ne ously sa fe. It is a chal len ge to

the sec tor of fo od pac ka ging and a dri ving for ce for de ve lop -

ment of new and im pro ved ide as of pac ka ging tech no lo gies

(Bar ska and Wy rwa, 2017). If we want to en su re a sa fe fo od

pro duct to our cu sto mer, the pro blems of fo od sa fe ty must 

re fer to all par ti ci pants of the fo od cha in. It in c lu des al so the 

pro du cers of pac ka ging ma te rials. The par ti ci pa tion in the fo od

cha in must in c li ne each en ti ty ac ting at the fo od mar ket (from

the far mers to re ta il mer chants), to pre se rve the ap pro pria te

ca re and en su re that sa fe ty and qu ali ty of ma nu fac tu re of the

pro ducts are fo und on re spec ti ve ly high le vel. It must me an, 

in ter alia, ho ne sty and ac ti vi ty con si stent with the bin ding law,
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be ing de mon stra ted eve ry day and gu aran te eing such va lu es

as sa fe ty of the pro duct and its pro tec tion, qu ali ty, au then ti ci ty

of the com po si tion and ori gin, com plex in for ma tion abo ut 

the pro duct and tra ce abi li ty thro ugho ut the who le cha in 

(Wi śniew ska, 2017). 

BASIc legAl requIrementS demAnded 
from food PAcKAgIng ProducerS

Producers of food packaging have to observe the obligatory

legal regulations. Consistency of packaging materials with 

the legal requirements for food producers means, inter alia,

that they must know what material would be the best for

packaging the specified products (Lenartowicz-Klik, 2020).

Directive 2001/95/EC of the European Parliament and of the

Council of 3 December 2001 on general product safety imposes

the obligation to assess the safety of the products, taking into

account all the relevant aspects, in particular the categories 

of the consumers. In Poland, the mentioned Directive is

implemented via the Act on 12 December 2003 on general

safety of the products. According to this Law, „the safe product

is such product, which under the common conditions of use,

or under the other conditions which might be foreseen in

a justifiable way, with the consideration of the time of the

product’s use and, also, depending on a type of the product,

way of its launching and the requirements of installation and

maintenance, does not make any risk to the consumers, or

makes an insignificant risk, which might be reconciliated with

its common use and considers a high level of requirements

concerning human health and life protection”. Therefore, when

assessing the safety of the product, we have to consider as

follows: properties of the product, including its composition

and packaging, its effect on other products, appearance of the

product, its labelling, precautions and instructions for its use

and any guidelines and information relating to the product,

being available to the consumer. Besides it, we should analyse

the categories of the consumers who are exposed to the risk

in connection with the use of the products, and in particular,

children and older persons. The product which does not meet

the mentioned above requirements is not a safe product 

and by this, it makes a risk. The serious risk is understood 

as infringement of the safety requirements, requiring the

immediate measures to be undertaken; when analysing such

risk, we should consider the direct or later consequences of

the product’s use, including the degree and probability of the

consumer health and life loss, the degree of threat to the

particular consumer categories and the possibility of the correct

evaluation of the risk by the consumers and the possibilities of

its avoidance. 

When referring to the food packaging, we should pay attention

to the fundamental legal law in this respect, i.e. Regulation (EC)

No 1935/2004 of the European Parliament and of the Council

of 27 October 2004 on materials and articles intended to come

into contact with foodstuffs. The mentioned Regulation is

applied in the case of materials and products which – in

a ready-to-use state – are destined for the contact with 

food or remain already in the contact with food and are intended

for this purpose. We may, additionally, reasonably expect that

they will be brought to the contact with food or the migration

of its components to food will happen in the case of their

application under normal or foreseeable conditions. Regulation

No 1935/2004 refers to Regulation (EC) No 178/2002 of the

European Parliament and of the Council of 28 January 2002

laying down the general principles and requirements of food

law, establishing the European Food Safety Authority (EFSA)1

and laying down the procedures in respect of food safety. In

Article 5 of Regulation 1935/2004, there is a reference to

categories of materials. Within the frames of the mentioned

groups, we may distinguish, inter alia, plastics, paper and

cardboard, metals and alloys and glass, i. e. the raw materials

which are used for production of packaging and packaging

materials intended to come into contact with food. The

reference to Annex I of Regulation 1935/2004 and the indicated

groups of materials is also found in the Commission Regulation

(EC) 2023/2006 of 22 December 2006 on good manufacturing

practice for materials and articles intended to come into 

reviewed article

1 European Food Safety Authority (EFSA) – agency of the European Union

dealing with independent advisory scientific activity in respect of existing

and occurring threats connected with the food chain 
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contact with food, indicating that they should be produced 

in compliance with general and detailed rules of good

manufacturing practice (GMP). Good manufacturing practice

means those aspects of quality assurance which ensure that

materials and articles are consistently produced and controlled

to ensure conformity with the rules applicable to them and with

the quality standards appropriate to their intended use by not

endangering human health or causing an unacceptable change

in the composition of food or causing a deterioration in the

organoleptic characteristics thereof (Article 3, point (a)). The

confirmation of the conformity of the packaging material with

GMP by the producer means that the system of quality

assurance has been established including: choice of starting

materials consistent with the earlier set requirements (ensuring

the compliance of finished product with legal regulations),

conducting the operations in accordance with the earlier

established procedures and the methods of proceeding,

ensuring the compliance of the finished product with the fixed

procedures and establishment of the quality control system

(Pawlicka, Mazańska and Barbarska, 2017). 

Regulation 1935/2004 gives, first of all, the basis for

development of detailed legal regulations; we should, however,

add that only plastic packaging materials were comprehensively

regulated at the EU level by the Commission Regulation (EC)

No 10/2011 of 14 January 2011 on plastic materials intended

to come into contact with foods. The remaining packaging

materials are evaluated on the grounds of the regulations 

of a given country, adopted later on by the successive states,

or of the regulations intended principally for other categories

of products but employed also for the discussed type of

packaging. The requirements concerning paper in the European

Union were regulated by German Federal Institute of Risk

Assessment (BfR – Bundesinstitut Für Risikobewertung),

subordinate to Federal Ministry of Food, Agriculture and

Consumer Protection of Germany when developing the

Recommendation XXXVI – Paper and board for food contact

(2019). Gradually, with the time, the successive countries

adopted the mentioned recommendation concerning paper and

cardboard as binding and at present it has become the basic

interpretation which the producers and laboratories in area 

of paper product safety are referring to. The successive

regulations concerning paper were created by the Federation

of the European Paper Industries (CEPI)2. In March 2019, CEPI

and FEFCO (European Federation of Corrugated Cardboard

Producers), International Confederation of Paper and Cardboard

Processors in Europe, paper suppliers and other associations,

developed the new Guidelines concerning articles and materials

made from paper and cardboard, intended to come into 

contact with food. The guidelines concern paper and cardboard

products and tissue products (paper towels and serviettes)

and they are expected to increase the support for the producers

so that the production would be consistent with legal rules and

the products would be safe for the customers (Werner, 2020).

In the Guidelines, there were analysed the problems concerning

the requirements of compliance with the law regulations in

respect of components and manufacturing processes, tests

of compliance and their methodology and frequency, guidelines

concerning traceability and labelling of the products and, also

communication in the supply chain. In turn, glass packages

do not have developed legal requirements, being directly

addressed to this material, so the attempts are undertaken 

to combine glass with ceramics which is subordinate to 

the requirements of the Commission Directive 2005/31/EC

of 29 April 2005 in respect of declaration of compliance and

criteria of effectiveness of the analytical method in the case of

ceramic products, intended to come into contact with food.

Metals are subjected to control on the grounds of guidebook:

„Metals and alloys used in food contact materials and articles.

A practical guide for manufacturers and regulators, 2013”). The

guide was developed by the Committee of Experts on Packaging

Materials for Food and Pharmaceutical Products and published

by the European Directorate for the Quality of Medicines &Health

Care (EDM) as guidelines for producers of metal packaging. 

2 CEPI is the all-European association, representing textile and paper

industries. CEPI, via national associations, agglomerates several thousand

papermaking plants in the whole Europe, which produce paper, cardboard,

cellulose mass and other biodegradable products (from technology of

wood fibres to advanced designing of paper) 



Type of hazard                   Source of the hazards

Glass                                   Windows, electric bulbs, glasses, watches, screens

Wood                                   Pallets, mixing devices (agitators), tables

Stones, sand, dust            Raw materials, cleaning process, elements of buildings (e. g. dropping wall plaster)

Metal                                   Machines and equipment, buttons, edges, needles and other tools

Plastic                                 Machines and equipment, elements of work clothes, pallets, agitators, staff (objects, worn in the pockets)

Hair, nails                            Staff
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The mentioned above rules and recommendations are aimed

at support of national political decision-makers in order to

increase harmonization of technical standards between the

countries. 

PhySIcAl hAzArdS 
In ProductIon of food PAcKAgIng

Physical contaminants of food include all materials and foreign

bodies which have incidentally penetrated foodstuffs (Sitarz

and Janczar-Smuga, 2012). When considering various ways 

of food contamination with foreign bodies, we can classify 

the physical hazards in a following way:

– those which appeared in the product together with the raw

materials (e. g. sand, sticks, leaves), 

– those present in the raw materials (e. g. fragments of bones,

fruit stones),

– those which were transferred to the products during the

technological processes (e.g. metal elements, plastic

elements),

– those which appeared in the products due to failure in

observing the sanitary standards by the staff and of applying

the correct protective clothes (e.g. jewellery, hair, buttons),

– those which appeared in the product as a result of non-

-observing the principles of good manufacturing practice

(GMP) (e. g. glass, pieces of gypsum or paint),

– those which were intentionally introduced to the products

(Kołożyn-Krajewska and Sikora, 2010).

Analogically, with small exceptions, the mentioned sources 

of hazards and the hazards themselves may be transferred to

the packaging and their producers as the participants of the

food chain. 

The source of foreign body in food may be, inter alia, the

packaging. Under normal conditions, the foreign bodies do not

occur, so they come inside the product due to negligence or

failures, taking place mainly during manufacture and storage

(Wiśniewska, 2018). Foreign bodies represent various levels 

of hazard; apart from it, a degree of their elimination is also

different. The basic physical hazards include: glass, wood,

stones and sand, metal elements, plastic, elements of jewellery,

nails and hair. 

The sources of physical hazards may be different, commencing

from raw materials, via the manufacturing process, elements

of machines and equipment and packaging elements, to the

staff, performing manufacture and storage work (Kołożyn-

-Krajewska, 2013; Krzysztofik, 2016). The detailed presentation

of physical hazards and the sources of their origin are given 

in Table 1. 

the reSultS of the StudIeS

The studies were carried out in the second half of 2019, using

survey questionnaire which was sent to the enterprises, certified

on the compliance with BRC GS Packaging Materials 3. 

reviewed article

TAB. 1. PHYSICAL HAZARDS AND THE SOURCES OF THEIR ORIGIN

Source: Kołożyn-KrajewSKa, 2013; emblem and emblem, 2014 

3 BRC GS Packaging Materials, as being developed by British Association

of Retailers is – in Poland – the most popular certified voluntary standard

concerning quality and safety in packaging sector; during performance of

the mentioned studies, 5th version of standard – Packaging and Packaging

Materials was a binding document. At present, the obligatory version is

BRC Packaging Materials 6:2019  
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The survey was participated by 122 enterprises, producing

packaging from paper and cardboard, plastic, glass and metal.

Within the frames of the studies, the enterprises were asked 

to indicate which physical hazards – according to their opinion 

– were most significant for the safety and quality of packaging

(where 1 meant decisively insignificant hazard whereas 5 meant

decisively relevant hazard). According to the respondent in

general, the significance of all hazards was found on a similar

level (Fig. 1). The enterprises indicated wood (2.59 in 5-score

scale) as the most significant hazard. The source of wood

includes pallets, agitating devices or die-cut forms. Almost

identical level of significance was indicated for packaging

residues which would be not appropriately separated in

manufacturing process. It includes the so-called „hairs”, i.e. 

thin threads of film, and, also, pieces of paper and cardboard,

metal filings and very small glass particles. Successively, the

enterprises indicates such hazards as rubber pieces, hair,

human nails, elements of hard plastic or glass, metal pieces,

screws, metal nails, buttons and jewellery elements. At the

same time, the respondents had the possibility to indicate the

FIG. 1. SIGNIFICANCE OF PHYSICAL HAZARDS (SCALE 1-5) Source: own elaboration 
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FIG. 2. SIGNIFICANCE OF PHYSICAL HAZARDS WITH CLASSIFICATION ACCORDING TO DESTINATION OF PACKAGING (SCALE 1-5)

Source: own elaboration 
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additional physical hazards but they did not do it. It could

include, for example, sand, elements of building such as plaster,

or insects. The mentioned attitude may result from a very 

good state of infrastructure, high sanitary standards and high

awareness of the employees but also, from a small awareness

of the importance of different physical hazards in manufa-

cturing process. The respondents could indicate such hazards

but they could assess them as having a low importance. 

Fig. 2 shows the significance of the indicated above hazards

with classification into packaging intended for direct and

indirect contact with food. In case of all hazards, the consumers

recognized that the significance in the case of direct use

packaging was higher than the importance of materials used

in indirect contact with food. In the case of the direct contact

packaging, physical hazards in a form of hair and nail elements

(significance level 3.01), then hard plastic (2.94) and glass (2.88)

were most significant. In the case of packaging for the indirect

contact with food, the most relevant hazard came from wood

(2.54) and packaging residues which have not been properly

separated (2.51).

The tested enterprises had also the task to indicate the stage

of manufacturing process where the physical hazards were

identified (Fig. 3). All the enterprises identified physical hazards

in the following areas: storage of raw materials, implementation

of the particular stages of production and storage of finished

products. The smallest number of enterprises identified the

physical hazards in area of the storage of semi-products (74%

of enterprises). 

Besides it, the task of the enterprises was to assess the

significance of physical hazards, indicated in the respective

areas (scale 1-5, where 1 meant decisively insignificant hazard

whereas 5 meant decisively significant hazard). The summary

of the assessment of significance of physical hazards in the

particular areas was given in Fig. 4. The enterprises indicated

implementation of manufacturing processes as the area where

the occurrence of physical hazards is most significant

(significance level 2.77). Besides it, raw materials and packaging

process were the most relevant source from a viewpoint of

identified physical hazards (significance at the level of 2.57

and 2.56, respectively). On the other hand, the least significant

area in the context of physical hazards, as indicated by the

respondent included areas of loading and transport of the

products to the customer (the product is found, most frequently,

packed on the pallets and protected by the packaging of stretch

reviewed article

FIG. 3. AREAS OF ACTIVITY WHERE THE ENTERPRISES IDENTIFIED PHYSICAL HAZARDS (IN %)

Source: own elaboration 
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film type; by this, the possibility of foreign bodies” penetration

inside seems to be much limited). 

concluSIonS

The appropriate and comprehensive identification of physical

hazards in production of packaging intended to come into

contact with food is extremely important from the viewpoint of

food safety and by this, consumer health and life. The results

of the conducted studies among the producers of food

packaging showed that the producers identified the most

significant physical hazards and assessed their importance at

the medium level. It may confirm the justness of areas, which

require control, as indicated by BRC GS Packaging Materials.

Standard imposes a special supervision of glass, wood and

hard plastic, puts the pressure on the appropriate maintenance

and repairs of machines, stresses the role of observing the

principles of hygiene in respect of working clothes and jewellery

(inter alia, cover of head, gloves, ban on jewellery and nail tips

or lacquering the nails). In relation to the enterprises which

have not introduced any quality and safety assurance system

and have a lot of quality troubles or a great number of

complaints, the results of the tests may be the confirmation of

the justness of implementing and certifying the quality and

safety management systems. 
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