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SWOT ANALYSIS OF THE POLISH ORGANIC FOOD SECTOR IN THE CONTEXT OF ITS 

IMPACT ON THE ENVIRONMENT AND HUMAN HEALTH 
 

Summary 
 

The organic food sector is one of the most dynamically developing food sector branches nowadays. Increased interest in or-
ganic food production and consumption is a response to the growing negative effects of agriculture intensification, which 
has contributed to environmental degradation and reduced food safety. The aim of the study was to identify and analyse the 
strengths and weaknesses, as well as the opportunities and threats of the organic food sector in the context of its impact on 
the environment and human health. The research material consisted of data collected by analysing literature of the subject. 
The results are presented using a SWOT matrix. It was found that organic agriculture has more strengths than weaknesses, 
and that taking advantage of the identified opportunities and minimizing existing threats would affect its further develop-
ment, with benefits to the environment and humans. 
Key words: SWOT analysis, organic farming, organic food, natural environment, human health 
 
 

ANALIZA SWOT POLSKIEGO SEKTORA ŻYWNOŚCI EKOLOGICZNEJ  
W KONTEK ŚCIE WPŁYWU NA ŚRODOWISKO NATURALNE I ZDROWIE CZŁOWIEKA 

 

Streszczenie 
 

Sektor żywności ekologicznej jest jednym z najdynamiczniej rozwijających się sektorów branży spożywczej. Wzrost zaintere-
sowania produkcją ekologiczną jest m.in. odpowiedzią na narastające negatywne skutki intensyfikacji rolnictwa, która przy-
czyniła się do degradacji środowiska i zmniejszenia bezpieczeństwa żywności. Celem niniejszej pracy była identyfikacja  
i analiza mocnych i słabych stron oraz szans i zagrożeń sektora żywności ekologicznej, w kontekście wpływu na środowisko 
naturalne oraz zdrowie człowieka. Materiał badawczy stanowiły dane zebrane na podstawie analizy literatury przedmiotu. 
Wyniki zostały przedstawione w formie macierzy analizy SWOT. W wyniku przeprowadzonej analizy stwierdzono, że w rol-
nictwie ekologicznym mocne strony przeważają nad słabymi, a wykorzystanie zidentyfikowanych szans i minimalizowanie 
istniejących zagrożeń wpłynęłoby na jego dalszy rozwój, z korzyścią dla środowiska naturalnego i zdrowia ludzi. 
Słowa kluczowe: analiza SWOT, produkcja ekologiczna, żywność ekologiczna, środowisko naturalne, zdrowie człowieka 
 
 
1. Introduction 
 
 The organic food sector is one of the most dynamically 
developing food sectors worldwide [1]. Increased interest in 
organic food production and consumption is a response to 
the growing negative effects of the agriculture intensifica-
tion. Large scale agricultural production, based to a huge 
extent on non-renewable resources, and dependent on the 
massive use of chemical fertilizers, pesticides and other in-
vasive agricultural practices, strongly contributed to envi-
ronmental degradation, including such aspects as e.g. water 
eutrophication, biodiversity loss, soil degradation, effects 
on the atmosphere, as well as to the food safety violation 
caused by pesticide residues, nitrates, antibiotics, heavy 
metals and other significant food contaminations. Organic 
agriculture, as an alternative, is based on natural fertilizers 
and crop protection practices, building long-lasting soil fer-
tility, protecting biodiversity, animal welfare and generally 
aiming at sustaining and supporting the quality of natural 
environment [2]. More and more consumers search for or-
ganic food trusting in its positive impact on the environ-
ment and human health [3]. The aim of the study was there-
fore to identify and to analyse the strengths and weak-
nesses, as well as the opportunities and threats of the or-
ganic food sector in the context of its impact on the envi-

ronment and human health, thus to verify if the above men-
tioned consumers believes are truly justified. 
 
2. Material and methods 
 
 The study investigates different aspects of the impacts 
of the organic food production and consumption on the 
natural environment and human health. The research mate-
rial consisted of data and information collected by analys-
ing available published scientific literature of the subject. 
The results are presented using a SWOT matrix. External 
and internal factors determining the environmental and 
health-related impacts of organic food production and con-
sumption were considered: internal strengths and weak-
nesses of the sector were identified together with the exter-
nal opportunities that could be used to support the sector, 
and threats hindering the implementation of the objectives 
of organic farming. 
 
3. Results and discussion 
 
 As a result of the undertaken literature analysis, the 
strengths, weaknesses, opportunities and threats of the or-
ganic food sector in the context of its impact on the natural 
environment and human health were identified. The results 
have been presented using a SWOT matrix (Table 1). 
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Table 1. Strengths, weaknesses, opportunities and threats of the organic food sector in the context of its impact on the natu-
ral environment and human health 
Tab. 1. Siły, słabości, możliwości i niebezpieczeństwa organicznego sektora spożywczego w kontekście jego wpływu na śro-
dowisko przyrodnicze i zdrowie ludzkie 
 

STRENGTHS WEAKNESSES 

1. Responsible use of non-renewable resources 
2. Sustaining and enhancing soil biological activity and fertility  
3. Limitation of ground and surface water pollution 
4. Protection of biodiversity 
5. Protection of the agricultural landscape 
6. Supporting animal welfare 
7. High nutritional quality of organic foods 
8. Low and less frequent chemical contamination of organic 
foods  
9. Limited number of food additives in the organic processing 
10. Positive health impacts of the organic foods 
11. Preventing antibiotic resistance of microbes 

1. Air pollution in the effect of animal manure applications 
2. Increased risk of biological contamination of organic foods 
3. Increased risk of parasitic diseases in organic animal farming 
4. Allowing food additives with the adverse health effects 
5. Allowing crop protection treatments with a strong toxicity for 
humans and other organisms 
6. Difficulties in the effectiveness of the control and certifica-
tion system in organic farming 
7. High prices and limited availability of organic products 
8. Limited consumers trust in the sector 

OPPORTUNITIES THREATS 

1. Farmers’ education 
2. Research into the possibilities of replacing some substances 
used in organic crop protection and food processing with safer 
ones 
3. Consumers’ education about the advantages related to the 
organic food production and consumption 
4. Trend to ‘healthy eating’, increased consumer interest in 
natural and regional food with special health-related values 
5. Diversification of the products assortment and the develop-
ment of new and existing distribution channels 
6. Increasing consumers’ wealth 
7. Permanent subsidising of the organic sector 

1. Lack of complete isolation from the external contaminations  
2. Reduction of subsidies for organic farmers 
3. Frequent changes of legal regulations and the possibility of 
their misinterpretation 
4. Competition with the imported foods 
 

Source: own elaboration / Źródło: opracowanie własne 
 Each of the above identified strengths has been explained below. 
 
S1: Responsible use of non-renewable resources  
 Organic farming promotes the reduction of non-
renewable resources use. The responsible use of energy, 
water and other natural resources is one of its main princi-
ples. The water management in organic farming is more 
sustainable due to the agronomic treatments used. The con-
stant presence of soil plant cover, green manures and opti-
mal crop rotation can also be listed among agronomic prac-
tices limiting the use of non-renewable resources, such as 
water and fertilizers, in organic agricultural production. 
Similarly, the non-use of synthetic fertilizers and plant pro-
tection products reduces the pollution of ground and surface 
waters. In addition, protection of the soil structure and 
building the amount of humus in the soil, increases the soil 
fertility and water holding capacity [2]. 
 According to the IFOAM principles for organic farm-
ing, this type of agriculture should also support local food 
production systems, which would not only allow the re-
gions to keep their food sovereignty, but would also limit 
the use of fossil fuels associated with long-distance food 
transportation. However, European regulations on organic 
farming [2] are not fully in line with the above principle, 
and many organic products on the EU market come from 
the imports [1]. 
S2: Sustaining and enhancing soil biological activity and 
fertility 
 The biological activity of soil, determining its fertility, 
is built to a large extent by the microorganisms and en-
zymes they produce. The higher the number of soil mi-
crobes, the more intensive the decomposition of organic 
matter, thanks to which nutrients are made available to 

plants. The total number and diversity of microorganisms is 
impacted by many factors (e.g. organic matter content, pH) 
that strongly depend on the soil cultivation system. The de-
cline in fertility and deterioration of the soil is a side effect 
of i.e. the use of synthetic plant protection products. The 
decrease in the number of bacteria and the disturbance of 
soil microbial balance was observed in the studies of 
Jastrzębska [4] after the application of fungicides and insec-
ticides. Nitrogen-fixing bacteria have been proven to be 
particularly sensitive to pesticides. Wyszkowska and Ku-
charski [5] have observed reduced number of bacteria and 
fungi as well as a reduction in enzyme activity as a result of 
herbicide use. 
 The use of intercrops, post-harvest residues, non-tillage 
cultivation and organic fertilizers increase the organic mat-
ter content, which results in greater biological activity and 
fertility of the soil cultivated in the organic agricultural sys-
tems. This has been confirmed by 13-year study by Kuś and 
Jończyk [6] on the environmental impact of various agricul-
tural management systems. The beneficial impact of or-
ganic farming on the biological activity of soil has been 
noted. The results showed that the indicators characterizing 
the enzymatic and biological activity of soil (i.e. the num-
ber of bacteria and fungi, biomass of microorganisms, en-
zyme activity) reached higher values in the organic system. 
Moreover, Natywa et al. [7] showed the negative effect of 
higher doses of ammonium nitrate (mineral nitrogen fertil-
izer) on the dehydrogenase activity and the number of bac-
teria and actinomyces in the soil. Gajda et al. [8] confirmed 
the beneficial effect of reduced tillage on the biological ac-
tivity of soils. They found a bigger carbon pool in the soils 
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cultivated according to the reduced tillage technology than 
in the soils cultivated in plow technology. 
S3: Limitation of ground and surface water pollution 
 The organic management system contributes to the limi-
tation of the adverse impact of agriculture on water quality. 
It reduces the outflow of nutrients through the use of or-
ganic fertilizers, intercrops, undersown crops, thus increas-
ing soil fertility and water holding capacity. Moreover, the 
adequate crop rotation and other organic agricultural prac-
tices as well as actions taken to protect the agricultural 
landscape (e.g. field margins, water reservoirs etc.) prevent 
water erosion. 
 Unlike intensive farming, organic system does not cre-
ate a problem of the excessive amounts of slurry, due to the 
limited animal stocking density. Otherwise, it contributes to 
the water pollution with synthetic plant protection products. 
Czyżyk et al. [9] presented the results of a 6-year study on 
the effect of light soil fertilization with compost versus 
mineral fertilizers on the amount of nitrogen and phospho-
rus leaching. There were definitely lower concentrations of 
nitrogen in the leachate from the soil fertilized with com-
post compared to the equivalent doses of synthetic nitrogen 
fertilizers. At the same time the leaching of phosphorus was 
independent of the type of fertilizer. The research has also 
shown an increase in the nitrogen leaching and in the for-
mation of its excess in the soil along with increasing doses 
of fertilizers. 
S4: Protection of biodiversity 
 Organic farmers, by taking care of the agricultural land-
scape elements such as ponds, field margins etc., and by 
protecting natural enemies of pests (e.g. by not using syn-
thetic pesticides), create ecosystem for many species of 
animals and increase the diversity of flora and fauna. In ad-
dition, as a result of agronomic practices including e.g. op-
timal crop rotation, they increase soil biodiversity. Research 
conducted by Tuck et al. [10] showed that the overall spe-
cies richness in organic farms is higher by 34% than in 
conventional farms. It has been observed that organic farm-
ing has the most beneficial effect on the diversity of plants, 
arthropods, birds and microorganisms. Organic farms are 
also distinguished by a larger forest area, density and rich-
ness of butterfly species [11] and spiders [12], as well as an 
increased occurrence of birds [13]. 
S5: Protection of the agricultural landscape 
 Organic farming protects the characteristic agricultural 
landscape features. It promotes the protection of field mar-
gins, ponds, pastures and meadows, sustaining biodiversity 
and protecting against surface water pollution, disappear-
ance of wetlands and degradation of soils. It shapes rich ag-
ricultural ecosystems, facilitating the development of agri-
tourism, and supporting the comfort and quality of peoples’ 
life. 
S6: Supporting animal welfare 
 In organic animal husbandry, great attention is paid to 
animal welfare. Their health is maintained by supporting 
the body's natural resilience, by giving them access to pas-
tures and outdoor areas and providing with the quality, 
natural feeds. Radkowska [14] has described the beneficial 
effect of dairy cows outdoors grazing on their health. Cattle 
kept indoors, without access to pastures, showed signifi-
cantly higher incidence of mastitis (35% compared to 21% 
in case of outdoor grazing). Significantly more frequent oc-
currence of lameness was also observed in the animals kept 
in the barn (30%) compared to those with access to pastures 

(13%). Moreover, the incidence of milk fever in the organic 
animal farms is usually lower, probably due to the lower 
milk production intensity compared to the intensive animal 
husbandry [15]. The animal density in organic farms is also 
limited, providing appropriate conditions to the animals, 
ensuring comfort and meeting the needs of a given species. 
Animal breeds in organic farming should be generally se-
lected with a consideration of the local environmental con-
ditions, which helps limiting health problems. Animal feeds 
should come from the organic farms, which also impact the 
quality of food products of animal origin. 
S7: High nutritional quality of organic foods 
 Compared to conventional foods, organic crops and 
plant-based products are often characterized by a higher 
content of total carbohydrates and reducing sugars and 
lower concentration of protein, and at the same time show a 
superior biological value represented by higher up to 60% 
concentration of antioxidants such as e.g. flavonoids (in-
cluding anthocyanins), phenolic acids, stilbenes and other 
groups of phenolic compounds [16]. Organic fruit and 
vegetable are also often characterised by higher concentra-
tions of carotenoids (including xanthophylls and lutein) and 
some vitamins (e.g. vitamin C). Organic meat is usually 
richer in polyunsaturated fatty acids, including n-3, while 
organic milk is often characterized by a more favourable 
ratio of n-3 to n-6 fatty acids, and higher CLA concentra-
tions. The compositional characteristics of organic products 
of animal origin were found to be related mainly to outdoor 
grazing [17, 18]. 
S8: Low and less frequent chemical contamination of or-
ganic foods  
 Organic plant-based foods are usually less frequently 
contaminated with pesticide residues and contain lower 
concentrations of heavy metals, nitrates and nitrites when 
compared to the conventionally cultivated crops. Moreover, 
animal products from organic husbandry systems are 
known to be free from antibiotics. 
 Nitrates in the digestive tract can be reduced to nitrites, 
the excess of which may be associated with methaemoglo-
binaemia, as well as with the formation of carcinogenic ni-
trosamines. Accumulation of nitrates in vegetables is 
caused by the excessive supply of easily accessible nitrogen 
to the soil, which often happens in conventional farming. 
Jarych-Szyszka [19] showed the effect of intensive fertiliza-
tion with synthetic nitrogen on a significant increase in the 
nitrates content in potato tubers. Wichrowska and Wojdyła 
[20] additionally found a relation between the use of herbi-
cides and the increase in the nitrates content in potatoes. 
However, they also confirmed that the initially high nitrates 
concentrations significantly decreased during heat treatment 
and storage of the raw material. Even though organic crops 
usually contain less nitrates when compared to the conven-
tional ones, the risk of increased accumulation of these 
compounds in potatoes from organic farming was also 
demonstrated in some studies, as a result of inappropriate 
crop rotation. This applies mainly to early varieties, which 
do not have time to convert a large dose of nitrogen into 
yield [21]. 
 As mentioned above, pesticide residues are detected less 
frequently and in smaller quantities in organic compared to 
the conventional crops. The frequency of their occurrence 
in organic crops is on average four times lower. A report 
published by EFSA [22] shows that food from the European 
Union is either free from pesticide residues (53.3% of the 
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tested samples), or contains quantities that do not exceed 
the permitted limits (43.9%). However, due to the lack of 
scientific evidence on the health impacts of pesticide “cock-
tails” ingested with an everyday diet, even in limited quan-
tities, the problem of pesticide residues should not be un-
derestimated. According to the cited EFSA report, 99.3% of 
the organic food samples did not contain detectable pesti-
cide residues. This was also confirmed in the meta-analysis 
published by Barański et al. [16], who additionally indi-
cated significantly lower concentration of toxic cadmium 
(48% less on average) in organic compared to the conven-
tional crops. Cadmium, even in small quantities, is known 
to have a negative effect on the reproductive system, liver, 
kidneys, and was proven to be a strong carcinogen. 
 Due to the widespread use of antibiotics, their residues 
may be found in food products of animal origin. Even small 
amounts of these substances can cause allergic reactions 
and, most importantly, lead to drug resistance of microbes. 
Due to the limited use of antibiotics in organic farming, or-
ganic products of animal origin are free from antibiotic 
residues. 
S9: Limited number of food additives in the organic proc-
essing 
 The number of food additives allowed for use in organic 
processing is limited compared to the conventional process-
ing. Only natural additives are allowed. Synthetic dyes, pre-
servatives, stabilizers, aromas and sweeteners cannot be 
used [2]. The lack of synthetic additives and the natural 
taste of organic food are acknowledged by the organic food 
consumers as important organic food purchase drivers. 
S10: Positive health impacts of the organic foods 
 Many of the bioactive compounds found often in higher 
concentrations in organic foods have previously been linked 
to a reduced risk of chronic diseases, including certain can-
cers [23]. Negative (i.e. carcinogenic) effects of cadmium 
and pesticide residues found more frequently in conven-
tional products are also well documented [24, 25, 26]. On 
the basis of the above statements one could expect benefi-
cial health effects (i.e. potent anticancer properties) of or-
ganic compared to the conventional foods. Recently pub-
lished results of the first big scale human cohort study to 
examine the association between the consumption of or-
ganic food and the risk of cancer have shown lower inci-
dence of non-Hodgkin lymphoma in the population of or-
ganic vs. conventional food consumers [27]. Moreover, in 
studies on the impact of a diet based on organic products on 
human health, the less frequent occurrence of allergies in 
children and better well-being of organic food consumers 
has been confirmed [28]. There was also a lower risk of 
preeclampsia in women who regularly consumed organic 
vegetables [29]. It is worth mentioning that pesticides do 
not only pose a risk to consumers exposed to the contami-
nated foods. During spraying, plant protection products 
pose a significant danger to the farmers, their families and 
the overall population of the agricultural areas. 
S11: Preventing antibiotic resistance of microbes 
 Practices applied in organic animal husbandry (using 
antibiotics only when necessary) prevent the spread of drug 
resistance among pathogenic bacteria. Miranda et al. [30] 
showed that Escherichia coli isolated from organic poultry 
meat was characterized by a lower level of resistance to the 
majority of the antimicrobials. In addition, multi-drug resis-
tant strains were more frequently found in conventional 
meat. In the same study, significantly higher resistance of 

Staphylococcus aureus and Listeria monocytogenes to 
doxycycline was found in case of bacteria isolated from 
conventional compared to the organic poultry. Österberg et 
al. [31] made similar observations, showing significantly 
lower resistance of E. coli strains isolated from organic 
compared to the conventional pork. 
 The influence of animal husbandry system on drug re-
sistance was also demonstrated by Luangtongkum et al. 
[32]. In organic poultry only 2% of Campylobacter strains 
were resistant to fluoroquinolones, compared to 67% in 
case of conventional turkeys. Also, multi-drug resistant iso-
lates were detected mainly in turkey meat from conven-
tional farming. 
 A meta-analysis published in The Lancet Planetary 
Health showed that limiting the use of antibiotics in animal 
farms reduced the prevalence of drug-resistant bacteria by 
about 15% and by 24-32% in case of multi-drug resistant 
microbes [33]. The World Health Organization recom-
mends a restrictive use of antibiotics in animal production 
in order to protect their effectiveness in humans. 
 Weaknesses of the organic sector in the context of its 
impact on the natural environment and human health are 
presented below, together with the possibilities to reduce 
them. 
W1: Air pollution in the effect of animal manure applica-
tions and other agricultural practices 
 Both conventional and organic farms contribute to 
greenhouse gases (GHG) emission. Their main sources are: 
ruminants’ digestion, land use conversion to produce ani-
mal feed, growing feed crops, animal excrements and agri-
cultural soils. However, it was found that conversion to or-
ganic farming resulted in the 26% reduction in GHG emis-
sion, mainly due to non-use of mineral nitrogen fertilizers 
and the reduction in the number of agro-technical opera-
tions (lower fuel consumption) [34]. Promoting soil cover-
age in organic farming is also an important factor for the 
GHG balance. GHG emissions from animal agriculture can 
be minimized by more frequent excrements removal, the 
use of bedding additives (drying and limiting fermentation 
processes), installing specialized ventilation systems, ad-
justing the amount of dietary protein to the needs of ani-
mals, slurry storage in sealed chambers, use of adsorbers, 
installation of fertilizer cooling systems [34, 35]. 
W2: Increased risk of biological contamination of organic 
foods  
 Due to the limited use of antibiotics and synthetic plant 
protection products, as well as the increased use of natural 
fertilizers and animal grazing system in organic agriculture, 
the risk of biological contamination of organic foods could 
be increased. However, currently there is no such evidence. 
The use of natural fertilizers indeed could affect the occur-
rence of potentially pathogenic microorganisms in the soil 
(i.e. Salmonella and coliforms), as confirmed by Zielińska 
et al. [36]. However, in the same study, it was found that 
the fermentation of slurry causes a significant reduction in 
the number of pathogens or their complete elimination, 
which indicates safety of the properly processed natural fer-
tilizers. The study of Mruczyk and Jeszka [37] showed 
higher content of ochratoxin A, but lower concentration of 
zearalenone in organic compared to the conventional cereal 
products. Higher concentration of Fusarium toxins in or-
ganic compared to conventional pastas was reported by 
Serrano et al. [38]. At the same time Solarska et al. [39] 
during their two-year observations did not find ochratoxin 
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A and aflatoxin in organic cereals, while the contents of de-
oxynivalenol and zearalenone in organic cereal samples 
were very low. 
 Also, the study of Twarużek et al. [40] did not give 
clear evidence for greater susceptibility of organic raw ma-
terials (grains) to mycotoxin contamination. Some re-
searchers point to the increased prevalence of pathogens in 
organic foods, e.g. Oliveira et al. [41] indicate a higher fre-
quency of E. coli detection in organic lettuce [, while Cui et 
al. [42] reported more frequent contamination of poultry 
with Campylobacter and Salmonella. However, in a review 
by Smith-Spangler et al. [43] based on the analysis of 223 
studies, it was found that the risk of E. coli contamination 
did not differ between organic and conventional products. 
Frequent microbial contamination of pork and poultry has 
been observed, but it has not been associated with the ani-
mal husbandry system (organic vs conventional).  
W3: Increased risk of parasitic diseases in organic animal 
farming 
 According to the scientific literature, the occurrence of 
parasites is more frequent in animals from organic com-
pared to the conventional husbandry, due to access of ani-
mals to paddocks and pastures. E.g. the more frequent oc-
currence of liver fluke and Toxoplasma gondii in animals 
from the organic farms was reported. However, in case of 
proper cleaning and heat treatment of meat, occurrence of 
parasites isn’t always associated with an actual impact on 
human health. 
 Jańczak et al. [44] detected antibodies against T. gondii 
in 10% of goats from organic husbandry, while Michalski 
and Platt-Samoraj [45] found T. gondii in 63% of organic 
animals. They also emphasized a risk of occurrence of live 
forms of T. gondii in goat’s milk, indicating a risk of 
toxoplasmosis in humans as a result of the consumption of 
unpasteurized goat's milk. 
W4: Allowing food additives with the adverse health ef-
fects 
 Among the additives allowed in organic processing 
there are some preservatives with a potentially negative im-
pact on human health, such as e.g. sulfur dioxide, potassium 
pyrosulfite, potassium nitrate and sodium nitrite, which can 
also be used in conventional production. As consumers 
choose organic food mainly because of its quality and 
health-related properties (measured, among the others, by 
its composition, including lack of additives with the adverse 
health effects), any controversial ingredients in terms of 
their safety should be avoided in organic processing. 
W5: Allowing crop protection treatments with a strong 
toxicity for humans and other organisms 
 Among substances raising concerns, and allowed for use 
in organic farming, there are i.e. preparations containing 
copper compounds. They are used as plant protection prod-
ucts with fungicidal activity. Copper can be accumulated in 
soils and cause changes in the composition of soil micro-
flora, which leads to deterioration of soil properties. High 
copper concentrations may reduce the abundance of nitro-
gen-fixing bacteria, actinomycetes and fungi, leading to the 
reduction in soil fertility [46]. As confirmed in the study of 
Bielicki et al. [46], spraying plants with a copper-based 
preparation resulted in a reduction in the population of soil 
microflora. In addition, almost 60 times higher copper con-
centrations were detected in the leaves of these plants com-
pared to the leaves of plants from the control plots. It has 
been confirmed that copper-based fungicides pose risk to 

the aquatic organisms, bees, birds and mammals, and for 
workers performing spraying [47]. 
W6: Difficulties in the effectiveness of the control and 
certification system in organic farming 
 In comparison with conventional food production, or-
ganic farming is subject to the specific control in at least 
annual manner, as well as additional random controls. None 
of those can review, however, a day by day compliance of 
the farmers with the organic production regulations, for ex-
ample the use of certified cleaning substances or animal ac-
cess to the pastures. The solution for this would be an in-
creased farmers’ education, pointing out an importance of 
organic rules for natural environment and human health. 
W7-8: High prices and limited availability of organic 
products & Limited consumers trust in the sector 
 According to the IMAS International report [48], high 
prices and lack of trust are two the most important barriers 
against organic food purchase by the Polish consumers. 
While about 64% of consumers, especially from rural areas, 
consider organic food as too expensive and not worth the 
price, another 25% of the consumers have no confidence in 
its environmental friendliness, and 15% do not trust in or-
ganic certification process. This situation might be a result 
of unfair or dishonest practices of some organic farmers and 
processors, such as the use of prohibited chemicals, unau-
thorised use of organic labelling, or misleading labels on 
conventional products with words ‘natural’ or ‘biological’ 
causing confusion in uneducated customers. The decreased 
confidence in organic sector is also caused by strong media 
attention in cases of organic food contamination and recalls. 
 All the above slow down organic sector development, 
and thus beneficial effect of the organic farming on the 
natural environment and human health. The rise of organic 
food sale would also increase the conversion rate of farms 
to organic management and farmers’ income, which could 
lead to investments in farm innovations (solar panels for 
heat or electricity generation, wind turbines, better animal 
housing, closed slurry tanks, etc.). On the other hand, this 
could also lead to the increase in financial support for or-
ganic sector, including research aiming at organic agricul-
ture development.  
 The list of actions that could decrease the negative ef-
fect of organic farming on the environment and increase its 
positive impact on human health, is presented below: 
O1: Farmers’ education 
 Organic farmers’ education in form of lectures, work-
shops, and materials such as leaflets, short publications and 
guides accompanied by the development of education cen-
tres could minimise weak spots of organic agriculture. 
 As reported by Drygas et al. [49], 42% of organic farm-
ers in Poland consider consulting as an important tool in 
knowledge transfer. The 13% of them pointed inconsis-
tency and ambiguity of the national regulations as main 
cause stopping organic sector development, and at the same 
time 90% of farmers admitted that they use help of advisors 
when preparing applications for subsidies [. According to 
Kondratowicz-Pozorska [50] underfunding and the lack of 
expert advisory centres are the main barriers in technical 
development of organic farms in Poland.  
 Educational programs on organic farming practices, cur-
rent legal regulations and good agricultural practice (e.g. 
principles of application and storage of organic fertilisers or 
using innovative solutions), could help to reduce the nega-
tive impact of organic farming on the environment. Also, 
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dissemination of knowledge about the beneficial effects of 
organic agronomic practices on natural environment and 
human health could be considered as an encouragement for 
farmers to convert their farms to organic and increase or-
ganic sector development. 
O2: Research into the possibilities of replacing some sub-
stances used in organic crop protection and food process-
ing with safer ones 
 To date, no substitute has been found for Cu-fungicides, 
and more research is needed to develop natural agents that 
could efficiently fight fungal diseases on crops without the 
risk of negative impact on the natural environment. 
 In the organic food processing the use of sulphur diox-
ide and potassium metabisulphite as food additives has re-
cently been limited to mead only. While both nitrates and 
nitrites have not been replaced by safer preservatives, the 
ongoing research in this area is indicating such possibility. 
Results of Wójciak et al. [51] suggest that the addition of a 
probiotic bacteria strain and acid whey enables the produc-
tion of organic raw-ripening sausage without the addition of 
sodium nitrate (III) and (V), while maintaining the appro-
priate colour and shelf-life of the product. 
O3-7: Consumers’ education about the advantages related 
to the organic food production and consumption; Trend to 
‘healthy eating’, increased consumer interest in natural 
and regional food with special health-related values; Di-
versification of the products assortment and the develop-
ment of new and existing distribution channels; Increas-
ing consumers’ wealth; Permanent subsidising of the or-
ganic sector 
 The dynamic development of Polish organic sector 
could be assured by the increase of producers and consum-
ers interest in organic food, being a result of, among others, 
fashion, increased awareness and wealth of consumers, as 
well as better selection and availability of organic products. 
Stable funding of organic sector could provide help for or-
ganic farmers, encourage them to convert from conven-
tional practices to environmentally friendly ones, and en-
able farm modernisation. 
 The development of the organic sector could be also 
supported by the increased financing of the research and 
development in the area of i.e. organic food safety, use of 
natural resources or new technologies in agronomy and 
food processing. As a result, this would indirectly contrib-
ute to the sector improvement in terms of its impact on the 
natural environment and human health. 
 The external threats that could cause the reduction of 
the positive impact of the organic agriculture on the natural 
environment and human health are listed below: 
T1: Lack of complete isolation from the external con-
taminations 
 Despite strict rules of organic agriculture, organic crops 
are not free from contamination, such as toxic metals or 
pesticide residues. The presence of these contaminants is 
mostly caused, however, by environmental pollution or 
cross-contamination from conventionally managed fields. 
An appropriate distance from conventional farms, physical 
barriers in the form of tall trees or other plants, wide field 
margins, or drainage ditches are considered as an effective 
protection from cross-contamination [52]. However, it is 
very difficult to ensure a complete separation from all pol-
lutants. 
 Pesticides used in conventional farms, due to their vola-
tility, travel long distances from place of application, caus-

ing contamination of the soil, plants and water. As shown 
by Kubiak et al. [53], 60% of the pesticides volume is lost 
to the atmosphere during application, by evaporation or 
wind erosion from soil surface, and by post-application 
emission from plant surface (it accounts for 3-90% losses, 
depending on pesticide used). 
 The environment is considered the main source of toxic 
metals found in organic crops. Thus, the levels of metals in 
organic crops grown on the open field are usually higher in 
comparison with crops from greenhouse cultivation [54]. At 
the same time higher concentration of toxic metals was 
found in plant leaves than in fruits and roots. The level of 
contamination of crops was also correlated with the levels 
detected in the air and linked with absorption of metals 
from the soil. 
T2-4: Reduction of subsidies for organic farmers; Fre-
quent changes of legal regulations and the possibility of 
their misinterpretation; Competition with the imported 
foods 
 According to the study by Drygas et al. [49] the major-
ity of farmers surveyed (52.4%) admitted that without sub-
sidies for organic production, they could not bear expenses 
on the current level, which could lead to their conversion 
back to conventional agriculture. This would reduce the 
area cultivated according to the environmentally friendly 
rules, lower the organic food supply, increase prices, and 
consequently slow down the organic food sector develop-
ment in Poland. 
 Competition between the local and the imported prod-
ucts (i.e. low prices and high quality of the imported foods) 
as well as inconsistency and ambiguity of the current legal 
regulations, are important factors limiting the organic sector 
development, thus, indirectly, reducing the positive impact 
of the overall agricultural production on the environment 
and human health [49]. 
 
4. Summary and conclusions 
 
 Organic farming methods protect the soil from erosion 
and degradation, and build its fertility. They protect ground 
and surface waters from pollution and eutrophication. Lack 
of intensive agricultural practices, lack of chemical fertiliz-
ers and low animal density in organic farms are only few 
reasons for a lower carbon footprint and climate change 
impact of organic agriculture. Organic farmers protect natu-
ral biodiversity, promote local species and breeds, respect 
animal welfare. Organic foods are usually characterized by 
higher quality, measured by i.e. higher concentrations of 
natural antioxidants, lower and less frequent contamination 
with pesticide residues and cadmium. Organic food con-
sumers show less skin allergies, lower risk of some cancers 
(non-Hodgkin lymphoma) and preeclampsia. Moreover, 
they evaluate their health status better than conventional 
food consumers. Organic farming has a positive impact on 
human health not only by providing high quality produce, 
but also by protecting the environment, which translates 
into the health of the population. 
 The weaknesses of the organic sector identified in the 
undertaken SWOT analysis consist of i.e. increased risk of 
parasites, biological contamination, allowing food additives 
and crop protection treatments with potential adverse health 
effects, difficulties in the effectiveness of the control and 
certification system, high prices and limited produce avail-
ability, limited consumers trust. Most of them could be re-
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duced by i.e. appropriate education of producers, processors 
and consumers, and by providing stronger support for the 
research on organic farming. 
 On the basis of the undertaken analysis, it can be con-
cluded that organic agriculture has more strengths than 
weaknesses, and that taking advantage of the identified op-
portunities and minimizing existing threats would affect its 
further development, with benefits to the environment and 
humans. 
 

5. References 
 
[1] The World of Organic Agriculture - Statistics and Emerging 

Trends, H. Willer and J. Lernoud, Editors. 2018. 
[2] Council Regulation (EC) No. 834/2007 of 28 June 2007 on 

organic production and labelling of organic products and re-
pealing Regulation (EEC) No. 2092/91. 

[3] Średnicka-Tober D., Kazimierczak R., Hallmann E.: Charak-
terystyka europejskich konsumentów żywności ekologicznej 
– motywy, działania i implikacje. Problemy Zarządzania, 
2016, 14, 1(58), 100-108. 

[4] Jastrzębska E.: Wpływ pestycydu Unix 75 WG i insektycy-
dów: Nomolt 150 S.C. i Dursban 480 EC na liczebność mi-
kroorganizmów glebowych i właściwości fizyczno-
chemiczne gleby. Nauka Przyroda Technologie, 2010, 4.  

[5] Wyszkowska J., Kucharski J.: Biologiczne właściwości gleby 
zanieczyszczonej Chwastoxem Trio 540 SL. Roczniki Glebo-
znawcze, 2004, 50, 311-319. 

[6] Kuś J., Jończyk K.: Produkcyjne i środowiskowe następstwa 
ekologicznego i konwencjonalnego systemu gospodarowania. 
Journal of Research and Application in Agriculture Engineer-
ing, 2009, 54(3), 183-188. 

[7] Natywa M., Sawicka A., Wolna-Maruwka A.: Aktywność 
mikrobiologiczna i enzymatyczna gleby pod uprawą kukury-
dzy w zależności od zróżnicowanego nawożenia azotem. 
Woda Środowisko Obszary Wiejskie, 2010, 10, 111-120. 

[8] Gajda A.M., Przewłoka B., Gawryjołek K.: Ocena oddziały-
wania systemu uprawy roli na środowisko glebowe na pod-
stawie zmian parametrów mikrobiologicznej aktywności gle-
by. Nauka Przyroda Technologie, 2010, 4. 

[9] Czyżyk F., Rajmund A.: Leaching of biogenic elements 
(NPK) from fertilized light soil. Proceedings of ECOpole, 
2014, 8, 369-375. 

[10] Tuck S.L., Winqvist C., Mota F., Ahnström J., Turnbull L.A., 
Bengtsson J.: Land-use intensity and the effects of organic 
farming on biodiversity: a hierarchical meta-analysis. Journal 
of Applied Ecology, 2014, 51, 746-755. 

[11] Rundlöf M., Smith H.G.: The effect of organic farming on 
butterfly diversity depends on landscape context. Journal of 
Applied Ecology, 2006, 43, 1121-1127. 

[12] Schmidt M.H., Roschewitz I., Thies C., Tscharntke T.: Diffe-
rential effects of landscape and management on diversity and 
density of ground-dwelling farmland spiders. Journal of Ap-
plied Ecology, 2005, 42, 281-287. 

[13] Smith H.G., Dänhardt J., Lindström A., Rundlöf M.: Con-
sequences of organic farming and landscape heterogeneity for 
species richness and abundance of farmland birds. Oecologia, 
2010, 162, 1071-1079. 

[14] Radkowska I.: Wykorzystanie pastwisk w ekologicznym chowie 
bydła mlecznego Wiadomości Zootechniczne, 2013, 3, 43-54. 

[15] Hardeng F.: Mastitis, Ketosis, and Milk Fever in 31 Organic 
and 93 Conventional Dairy Herds. Journal of Dairy Science, 
2001, 84, 2673-2679. 

[16] Barański M., Średnicka-Tober D., Volakakis N., Seal C., 
Sanderson R., Stewart G.B., Benbrook C., Biavati B., Mar-
kellou E., Giotis C., Gromadzka-Ostrowska J., Rembiałkow-
ska E., Skwarło-Sońta K., Tahvonen R., Janovska D., Niggli 
U., Nicot P., Leifert C.: Higher antioxidant and lower cad-
mium concentrations and lower incidence of pesticide residu-
es in organically grown crops: a systematic literature review 

and meta-analyses. British Journal of Nutrition, 2014, 112, 5, 
794-811. 

[17] Średnicka-Tober D., Baranski M., Seal C.J., Sanderson R., 
Benbrook C., Steinshamn H., Gromadzka-Ostrowska J., 
Rembialkowska E., Skwarlo-Sonta K., Eyre M., Cozzi G., 
Larsen M.K., Jordon T., Niggli U., Sakowski T., Calder P.C., 
Burdge G.C., Sotiraki S., Stefanakis A., Stergiadis S., Yolcu 
H., Chatzidimitriou E., Butler G., Stewart G., Leifert C.: 
Higher PUFA and n-3 PUFA, conjugated linoleic acid, alpha-
tocopherol and iron, but lower iodine and selenium concen-
trations in organic milk: a systematic literature review and 
meta- and redundancy analyses. British Journal of Nutrition, 
2016, 115, 6, 1043-1060. 

[18] Średnicka-Tober D., Baranski M., Seal C., Sanderson R., 
Benbrook C., Steinshamn H., Gromadzka-Ostrowska J., 
Rembialkowska E., Skwarlo-Sonta K., Eyre M., Cozzi G., 
Krogh Larsen M., Jordon T., Niggli U., Sakowski T., Calder 
P.C., Burdge G.C., Sotiraki S., Stefanakis A., Yolcu H., Ster-
giadis S., Chatzidimitriou E., Butler G., Stewart G., Leifert 
C.: Composition differences between organic and conven-
tional meat: a systematic literature review and meta-analysis. 
British Journal of Nutrition, 2016, 115, 6, 994-1011. 

[19] Jarych-Szyszka M.: Wpływ nawożenia azotowego na zawar-
tość azotanów (V) w bulwach ziemniaka. Żywność. Nauka. 
Technologia. Jakość, 2006, 2, 76-84. 

[20] Wichrowska D., Wojdyła T.: Wpływ herbicydów na zmiany 
zawartości azotanów (V) w bulwach ziemniaka po zbiorach i 
przechowywaniu. Zeszyty Naukowe Uniwersytetu Ekono-
micznego w Poznaniu, 2011, 206, 27-36.  

[21] Wójcik-Stopczyńska B.: Azotany (V) w bulwach ziemniaka. 
Ziemniak Polski, 2014, 24, 29-34. 

[22] EFSA: The 2015 European Union report on pesticide residues 
in food. EFSA Journal, 2017, 15, 4791. 

[23] Oliveira A.B., Moura C.F., Gomes-Filho E., Marco C.A., Ur-
ban L., Miranda M.R.: The impact of organic farming on 
quality of tomatoes is associated to increased oxidative stress 
during fruit development. PLoS One, 2013, Vol. 8, 2, 20. 

[24] Garcia-Esquinas E., Pollan M., Tellez-Plaza M., Francesconi 
K.A., Goessler W., Guallar E., Umans J.G., Yeh J., Best L.G., 
Navas-Acien A.: Cadmium exposure and cancer mortality in 
a prospective cohort: the strong heart study. Environmental 
Health Perspectives, 2014, 122, 4, 363-370. 

[25] Eriksen K.T., Halkjaer J., Meliker J.R., McElroy J.A., Soren-
sen M., Tjonneland A., Raaschou-Nielsen O.: Dietary cad-
mium intake and risk of prostate cancer: a Danish prospective 
cohort study. BMC Cancer, 2015, 15, 177, 015-1153. 

[26] Chourasiya S., Khillare P.S., Jyethi D.S.: Health risk assess-
ment of organochlorine pesticide exposure through dietary in-
take of vegetables grown in the periurban sites of Delhi, In-
dia. Environmental Science and Pollution Research Interna-
tional, 2015, 22, 8, 5793-5806. 

[27] Bradbury K.E., Balkwill A., Spencer E.A., Roddam A.W., 
Reeves G.K., Green J., Key T.J., Beral V., Pirie K.: Organic 
food consumption and the incidence of cancer in a large pro-
spective study of women in the United Kingdom. British 
Journal of Cancer, 2014, 110, 9, 2321-2326. 

[28] Średnicka-Tober D., Kazimierczak R., Rembialkowska E.: 
Organic food and human health - a review. Journal of Re-
search and Applications in Agricultural Engineering, 2015, 
60, 4, 102-107. 

[29] Torjusen H., Brantsaeter A.L., Haugen M., Alexander J., 
Bakketeig L.S., Lieblein G., Stigum H., Naes T., Swartz J., 
Holmboe-Ottesen G., Roos G., Meltzer H.M.: Reduced risk 
of pre-eclampsia with organic vegetable consumption: results 
from the prospective Norwegian Mother and Child Cohort 
Study. BMJ Open, 2014, 4, 9, 2014-006143. 

[30] Miranda J.M., Vazquez B.I., Fente C.A., Calo-Mata P., Ce-
peda A., Franco C.M.: Comparison of antimicrobial resis-
tance in Escherichia coli, Staphylococcus aureus, and Listeria 
monocytogenes strains isolated from organic and conven-



Dominika ŚREDNICKA-TOBER, Karolina KRAŚNIEWSKA, Marcin BARAŃSKI, Ewa REMBIAŁKOWSKA, „Journal of Research and Applications in Agricultur al Engineering” 2018, Vol. 63(3) 
Ewelina HALLMANN, Renata KAZIMIERCZAK 130

tional poultry meat. Journal of Food Protection, 2008, 71, 12, 
2537-2542. 

[31] Osterberg J., Wingstrand A., Nygaard Jensen A., Kerouanton 
A., Cibin V., Barco L., Denis M., Aabo S., Bengtsson B.: An-
tibiotic Resistance in Escherichia coli from Pigs in Organic 
and Conventional Farming in Four European Countries. PLoS 
One, 2016, 11, 6.  

[32] Luangtongkum T., Morishita T.Y., Ison A.J., Huang S., 
McDermott P.F., Zhang Q.: Effect of conventional and or-
ganic production practices on the prevalence and antimicro-
bial resistance of Campylobacter spp. in poultry. Applied and 
Environmental Microbiology, 2006, 72, 5, 3600-3607. 

[33] Tang K.L., Caffrey N.P., Nobrega D.B., Cork S.C., Ronksley 
P.E., Barkema H.W., Polachek A.J., Ganshorn H., Sharma N., 
Kellner J.D., Ghali W.A.: Restricting the use of antibiotics in 
food-producing animals and its associations with antibiotic 
resistance in food-producing animals and human beings: a 
systematic review and meta-analysis. Lancet Planet Health, 
2017, 1, 8, 316-327. 

[34] Jarosz Z., Faber A., Syp A.: Ocena zmian wielkości emisji 
gazów cieplarnianych po zmianie profilu gospodarstwa z 
konwencjonalnego na ekologiczny. Woda-Środowisko-
Obszary wiejskie, 2013, Vol. 13, 43-53. 

[35] Smurzyńska A., Dach J., Czekała W.: Technologie redukują-
ce emisje uciążliwych gazów powstających podczas chowu 
zwierząt gospodarskich. Inżynieria Ekologiczna, 2016, 47, 
189-198. 

[36] Zielińska K.J., Stecka K.M., Kupryś M.P., Kapturowska 
A.U., Miecznikowski A.H.: Ocena stopnia skażenia bakte-
riami potencjalnie patogennymi runi łąkowej i gleb nawożo-
nych płynnymi nawozami organicznymi. Journal of Research 
and Applications in Agricultural Engineering, 2011, 56(4), 
212-215. 

[37] Mruczyk K., Jeszka J.: Porównanie zawartości ochratoksyny 
A i zearalenonu w produktach zbożowych z upraw ekolo-
gicznych i konwencjonalnych. Nauka Przyroda Technologie, 
2013, 7.  

[38] Serrano A.B., Font G., Manes J., Ferrer E.: Emerging Fusa-
rium mycotoxins in organic and conventional pasta collected 
in Spain. Food and Chemical Toxicology, 2013, 51, 259-266.  

[39] Solarska E., Kuzdraliski A., Potocka E.: Mikotoksyny w zbożach 
z upraw ekologicznych. Journal of Research and Applications in 
Agricultural Engineering, 2012, 57(4), 100-102. 

[40] Twarużek M., Grajewski J., Kwiatkowska J., Soszczyńska E.: 
Mikologiczna ocena jakości ziarna zbóż pochodzących  
z ekologicznego i konwencjonalnego systemu uprawy. Jour-
nal of Research and Applications in Agricultural Engineering, 
2012, 57(4), 159-163. 

[41] Oliveira M., Usall J., Vinas I., Anguera M., Gatius F., 
Abadias M.: Microbiological quality of fresh lettuce from or-
ganic and conventional production. Food Microbiology, 
2010, 27, 679-684. 

[42] Cui S., Ge B., Zheng J., Meng J.: Prevalence and antimicrobial 
resistance of Campylobacter spp. and Salmonella serovars in or-
ganic chickens from Maryland retail stores. Applied and Envi-
ronmental Microbiology, 2005, 71, 7, 4108-4111. 

[43] Smith-Spangler C., Brandeau M.L., Hunter G.E., Bavinger 
J.C., Pearson M., Eschbach P.J., Sundaram V., Liu H., 
Schirmer P., Stave C., Olkin I., Bravata D.M.: Are organic 
foods safer or healthier than conventional alternatives?: a sys-
tematic review. Annals of Internal Medicine, 2012, 157, 5, 
348-366. 

[44] Jańczak D., Świątek M., Szymańska Ż., Niżnikowski R., Go-
łąb E.: Ocena rozpowszechnienia zarażenia Toxoplasma 
gondii w grupie rasowych kóz mlecznych z hodowli eko-
logicznej. Medycyna Weterynaryjna, 2017, 73, 736-738. 

[45] Michalski M., Platt-Samoraj A.: Extent of Toxoplasma gondii 
invasion in goat and sheep from the Olsztyn region. Medy-
cyna Weterynaryjna, 2004, 60, 70-71. 

[46] Bielicki P., Bryk H., Rozpara E., Masny S., Broniarek Nie-
miec A., Niedzielska D., Pąśko M., Harbuzov A., Bełc I., 
Stań A., Jaroń Z., Bogumił S.: Metody zastąpienia miedzi w 
ochronie upraw sadowniczych w rolnictwie ekologicznym. 
Sprawozdanie z realizacji zadania w 2013 roku. Instytut 
Ogrodnictwa w Skierniewicach, 2013.  

[47] EFSA: Peer review of the pesticide risk assessment of the 
active substance copper compounds copper(I), copper(II) 
variants namely copper hydroxide, copper oxychloride, 
tribasic copper sulfate, copper(I) oxide, Bordeaux mixture. 
EFSA Journal, 2018, 16, 5152. 

[48] IMAS 2017: Żywność ekologiczna w Polsce 2017. IMAS 
International Sp. z o.o. http://imas.pl/wp-content 
/uploads/2017/12/Zywnosc_ekologiczna_w_Polsce_2017_ 
IMAS_International.pdf.  

[49] Drygas M., Bańkowska K., Nurzyńska I., Wycech K., Gradka 
I., Lesisz T.: Uwarunkowania ekonomiczne i społeczne roz-
woju rolnictwa ekologicznego w Polsce. Polska Akademia 
Nauk, Instytut Rozwoju Wsi i Rolnictwa, 2017.  

[50] Kondratowicz-Pozorska J.: Wdrażanie koncepcji biogopodar-
ki w ekologicznych gospodarstwach rolnych – szacunek 
kosztów wdrożonych przedsięwzięć. Roczniki Naukowe 
Stowarzyszenia Ekonomistów Rolnictwa i Agrobiznesu, 
2016, 18, 160-165. 

[51] Wójciak K.M., Dolatowski Z.J., Kołożyn-Krajewska D.: Sta-
bilność oksydacyjna ekologicznej kiełbasy surowo dojrzewa-
jącej z dodatkiem probiotycznego szczepu Lactobacillus casei 
ŁOCK 0900 i serwatki kwasowej. Żywność. Nauka. Techno-
logia. Jakość, 2014, 2, 93-109. 

[52] Coleman P.: Guide for Organic Crop Producers, 2018. 
https://www.ams.usda.gov/sites/ de-
fault/files/media/GuideForOrganicCropProducers.pdf. 

[53] Kubiak R., Bürkle L., Cousins I., Hourdakis A., Jarvis T., 
Jene B., Koch W., Kreuger J., Maier W.-M., Millet M., Rein-
ert W., Sweeney P., Tournayre J.-C., Van den Berg F.: Pesti-
cides in air: considerations for assessment, 2018. 
http://eusoils.jrc.ec.europa.eu/public_path/projects_data/focus
/air/docs/FOCUS. 

[54] Pandey J., Pandey U.: Accumulation of heavy metals in die-
tary vegetables and cultivated soil horizon in organic farming 
system in relation to atmospheric deposition in a seasonally 
dry tropical region of India. Environmental Monitoring and 
Assessment, 2009, 148, 1-4, 61-74. 

 
 
Acknowledgements 
The study was funded by the Polish Ministry of Science and Higher Education, within funds of the Faculty of Human 
Nutrition and Consumer Sciences, Warsaw University of Life Sciences (WULS), for scientific research. 


