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Abstract

The aim of this work was to show what effect biotechnology can have on the quality of human life, and on the
condition of the natural environment. A number of biotechnological processes have been analyzed that can
significantly improve the quality of human life, while at the same time caring for the natural environment. The
prospects for the development of these processes on the global and Polish market were also analyzed. As it turned
out, some of the process analyzed need further refinement to be implemented on a global scale, while others may
be successfully implemented in the coming years, contributing to the improvement of the quality of such aspects
of human life high-quality food products, health protection and good public health. Biotechnological processes
may also have wide application in the protection and remediation of the natural environment.
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Streszczenie

Celem niniejszej pracy byto wykazanie, jaki wptyw moze mie¢ biotechnologia na jako$¢ ludzkiego zycia, oraz na
stan $rodowiska naturalnego. Przeanalizowano szereg procesow biotechnologicznych, mogacych w znaczacy
sposob poprawi¢ jakos$¢ zycia czlowieka, z jednoczesng dbaloscig o srodowisko naturalne. Przeanalizowano
rowniez perspektywy rozwoju tychze proceséw na rynku $wiatowym oraz polskim. Jak si¢ okazato, niektore z
tych procesow wymagaja dalszego dopracowania, by mozna je wdrazaé¢ na skalg §wiatowa, natomiast inne moga
z powodzeniem, w ciagu najblizszych lat, zosta¢ wprowadzone w celu lepszego dostgpu do produktéw
spozywczych wysokiej jakosci oraz zachowanie spoleczenstwa w dobrej kondycji zdrowotnej. Procesy
biotechnologiczne moga rowniez mie¢ szerokie zastosowanie w ochronie iremediacji sSrodowiska naturalnego.

Stowa kluczowe: biotechnologia, zycie cztowieka, ochrona srodowiska, GMO

Introduction lenges that force continuous development and search

for effective methods of improving life on earth.

In recent years, the world's population has grown and
now stands at 7.433 billion (Fundusz Ludno$ciowy
Narodéw Zjednoczonych, 2016). Along with the in-
crease in the population, the needs of the society are
also growing, especially in the areas of health pro-
tection, consumption, education, improvement of the
quality of life and its standards. There are new chal-

Civilization progress also entails dangers, such as
developing civilization diseases and threats caused
by environmental contamination. The growing hu-
man population needs to provide high-quality food,
clean water, access to effective medicines, as well as
guarantee safety and maintain a high standard of liv-
ing. All these factors force the development of many
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branches of science, including biotechnology, which
will eliminate or minimize the negative effects of
global civilization development and face new chal-
lenges (Dorocki and Jastrzebski, 2012).
The growing awareness and level of knowledge and
available technology make it possible that the prob-
lems that were once unresolvable can be overcome,
among others thanks to the development of science
such as biotechnology. It is an interdisciplinary field
combining techniques and knowledge of many exact
sciences, including biology, including genetic engi-
neering, chemistry and physics. It means a techno-
logical application that uses biological systems, liv-
ing organisms, their parts or products to manufacture
or modify raw materials, finished products and pro-
cesses for a specific purpose on an industrial scale
(Przybecki et al., 2010, Betyna, 2017). The dynamic
development of biotechnology is now visible in
many areas of life, and has a significant impact on
the environment in which we live (Przybecki et al.,
2010).
The aim of this work was, therefore, to analyze the
possibilities of improving the quality of human life
as well as the state of the natural environment that
results from the development of biotechnology. The
following research hypotheses were put forward in
this analysis:
o Biotechnology will be increasingly used in
agricultural production and cultivation of
GMO crops as well as in the food economy.
e Biotechnology processes using microor-
ganisms can be used in cleaning the envi-
ronment from organic pollutants.

1. Environmental protection

The dynamic development of civilization in recent
years and the growing awareness of protection and
care for the natural environment, recently contribute
to the development of branches of bioengineering,
which would enable the implementation of the so-
called sustainable development, which would pro-
vide all the needs of society, while keeping in mind
the welfare of the natural environment and other liv-
ing organisms, not just people (Skowronski, 2006).
The progress of civilization itself contributes to the
creation of many new threats that the environment
did not have before. There are more and more pollu-
tants, more and more areas are being degraded or ir-
reversibly devastated (Skowronski, 2006). It re-
quires people, as beings responsible for this state of
affairs, to react adequately to prevent further devas-
tation or repair the effects of damage already done.
Thanks to the development of modern biotechnol-
ogy, the idea of sustainable development seems
closer than ever (Skowronski, 2006; Poskrobko,
2011). This chapter will present selected techniques
that can improve the quality of our environment and
contribute to the reclamation of its already damaged
part.

1.1. Nano-technology in environmental protection
Recent changes in nanotechnology have helped to
test carbon nanotubes (CNTSs) as one of the best-
studied nanomaterials. Utilizing the advantages of
the extraordinary physical, chemical and electronic
properties of CNT, a wide range of applications in
various fields of engineering and environmental pro-
tection was proposed, such as: wastewater treatment,
monitoring of air pollution, production of green en-
ergy (Hwang et al., 2007a, b; Onget al., 2010).

Carbon nanotubes in wastewater treatment
Wastewater discharges from domestic, industrial or
agricultural sources cover a wide range of pollutants
and raise serious concerns around the world as they
have a negative impact on water quality. Impurities
in wastewater, such as heavy metal ions, 1,2-dichlo-
robenzene and dioxins (they are irrelevant, highly
toxic and carcinogenic) can result in accumulative
poisoning, cancer and nervous system damage (Bail-
lie et al., 2004; Dalton et al., 2004; Fagan et al.,
2007). The removal of these impurities depends on
the sorptive properties of the CNT sorbent, due to the
high surface to volume ratio and controlled pore size
distribution, they have exceptional sorption capacity
and high sorption performance compared to conven-
tional granulated and pulverized activated carbon
that has internal constraints such as sites surface ac-
tive and sorption activation energy (Ong et al.,
2010). These properties of high sorptive potential
can therefore be used to purify waste water from or-
ganic and inorganic contaminants and as nanofilters
to reduce particle concentrations in wastewater (Sri-
vastava et al., 2004; Ong et al., 2010).

However, the use of CNT in wastewater treatment is
not limited to filtration and sorbent; several scientists
(Endo et al., 2008, Kang et al., 2008, Cortes et al.,
2009) have observed the strong antimicrobial prop-
erties of CNT. This behavior allows the CNT to re-
place chemical disinfectants as a new effective way
to control pathogenic microorganisms (Kang et al.,
2008). The use of CNT in the water disinfection pro-
cess avoids the formation of harmful disinfection by-
products (DBPs), such as trihalomethanes, haloace-
tic acids and aldehydes, because they are not strong
oxidants and are relatively inert in water (Savage and
Diallo, 2005; Mostafavi and Shamspur, 2009 ).
Highly purified CNTs exhibit strong antimicrobial
activity against Gram-positive and Gram-negative
bacteria as well as their spores (Ong et al., 2010).

CNT in air pollution

The properties of carbon nanotubes allowed them to
be used as elements to detect and monitor the con-
centration of toxic gases released in the environment.
Detection by this gas sensor is based on changes in
resistance or conductivity in the CNT as a result of
direct contact with gas. CNT based gas sensors have
many advantages over conventional semiconductor
oxide gas sensors, such as low energy consumption,
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low operating temperature and high sensitivity (Ong
et al., 2010).

Carbon-based nanocomposites

Waste generation is proportional to global economic
growth (Ong et al., 2010). Waste, especially syn-
thetic polymer waste, has a negative impact on the
environment. Therefore, to address this problem, the
European Community proposed a waste manage-
ment concept based on two complementary strate-
gies: avoiding waste through improved product de-
sign and increased waste recycling and reuse, with
an emphasis on life cycle assessment (LCA) to gen-
erate a transparent and a complete environmental im-
pact assessment resulting from all stages of the life
cycle of a given product or activity and using it to
assess its environmental characteristics (Baillie,
2004; Ong et al., 2010).

Future prospects for solving waste disposal problems
posed a challenge to the synthesis of green nanocom-
posites through the use of biodegradable polymers in
the context of a new generation of wave materials
(Wang et al., 2005; Dhillon et al., 2018). The green
nanocomposite trend, which uses natural renewable
resources, includes the LCA concept that promotes
recycling and re-use of waste. Biodegradable poly-
mers have great potential commercial value and
arouse great interest of scientists as an alternative to
replace non-renewable petroleum based polymers
due to their susceptibility to decomposition. How-
ever, most biodegradable polymers have poorer me-
chanical properties and a low temperature of thermal
strain, which limits their use in a wide range of ap-
plications. Therefore, CNT nanoparticles can act as
a reinforcement for biodegradable polymers to pro-
vide a set of composite materials with improved me-
chanical properties, greater durability and better
thermal stability (Ong et al., 2010).

Another advantage offered by green nanocomposites
is the possibility of recycling the introduced CNTs
due to the susceptibility to biodegradable polymer
degradation (Savage and Diallo, 2005). The degra-
dation of the biodegradable polymer can be achieved
by microbial degradation or enzymatic degradation
under specific pH and temperature conditions (Sav-
age and Diallo, 2005). After degradation, recovered
CNTs can act as a reinforcing filler for the produc-
tion of new composites. Reuse and recycling CNT
can reduce landfilling while being cost-effective in
terms of material processing (Ong et al., 2010).

Bioengineering of microorganisms in environmental
remediation

Methane is an important greenhouse gas produced
from many natural and anthropogenic sources. It
plays an important role in general global warming
(Kundzewicz and Juda-Rezler, 2010). A significant
amount of methane is removed through microbial
oxidation by methanotrophic bacteria, which are
widespread in the environment, including many ex-

treme environments. The key enzyme of these mi-
croorganisms, methane monooxygenase (MMO), es-
pecially soluble MMO, is distinguished by its wide
substrate specificity (Wojcik and Tomaszewska,
2005). This unique ability, i.e. the catalysing of en-
vironmental responses, has attracted the attention of
microbiologists and biochemical engineers. In recent
years, significant advances have been observed in
the use of methanotrophs for environmental remedi-
ation. They are used in methane removal and biodeg-
radation of toxic compounds (Wojcik and To-
maszewska, 2005). The removal of methane pro-
duced on landfills has been extensively studied, and
the results indicate that micro-organisms can be used
to remove mine gas.

In recent years, many bioreactors have been devel-
oped that use methanotrophs for bioremediation
(Smith et al., 1997, Ferrai et al., 2010). Another ap-
plication for microorganisms in the bioremediation
of the environment is its purification from PAHSs
(polycyclic aromatic hydrocarbons) (Wéjcik and To-
maszewska, 2005, Waraczewska et al., 2018). There
are used special strains, among others from the genus
Pseudomonas, Arthrobacter, Alcaligenes, Coryne-
bacterium (Wojcik and Tomaszewska, 2005). When
the efficiency of natural bioremediation is not satis-
factory, bioremediation supported by biogenic ele-
ments is used. Bioremediation of this type is applied
to soils contaminated with fossil fuels and to waters,
mainly groundwater (Waraczewska et al., 2018).

Bioremediation supported by ultrasounds

Recent tests have shown that ultrasound can be used
in many remediation techniques, i.e. decomposition
or degradation of sewage sludge, improvement of
drinking water quality or purification of used water
(Wang et al., 2010). The above data is presented in
Table 1.

Table 1. Application of ultrasounds in environmental en-
gineering in selected aspects (Wang et al., 2010).

The purpose of the impact | Action
Inactivation of harmful
microorganisms, separa-
tion of solid bodies, re-
moval of incrustations in
water pipes and wells
Degradation of pollutants,
improvement of biologi-
cal degradation, disinte-
gration of solids
Improvement of drainage,
decomposition of sludge
flakes to allow sedimenta-
tion

Drinking water

Used water

Sewage sludge

Advantages and limitations of using ultrasound

The use of ultrasound improves the effectiveness of
biological remediation. It is relatively cheaper than
chemic or physical purification. Its use, however, has
limitations. It cannot be used with a biological
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Table 2. Effectiveness of natural bioremediation and stimulated with hydrogen peroxide (Waraczewska et al., 2018).

Type of bioremediation Duration The purified phase % Removal of The type of xenobiotics
xenobiotics
57% PAHs
Natural 90 days
Groundwater 99% PAHs
81% PAHs
Stymulowana H202 60 days
Groundwater 99% PAHs

method to treat wastewater or water that contain bac-
teriotoxic compounds. It cannot be cleaned in this
way also when microorganisms are not able to
spread the pollutants themselves, because the ultra-
sounds only support their work, they are not able to
make the bacteria break down the relationship when
they cannot. These factors are most often found in
industrial wastewater (Wang et al., 2010).

Stabilization of slopes prone to erosion

In recent years, to stabilize the soil easily undergoing
erosion, higher plants with a properly selected root
system are used. The root system of these plants
serves as the basic structural element, stabilizing the
soil. Thanks to this solution, the use of other artificial
stabilizing materials is unnecessary, and hence, it is
a much more natural process (Robertson and Samy,
2015; Morgan and Rickson, 2003). Various types of
plants are used for this purpose, among others: for-
sythia (Forsythia ssp.), Rose (Rosa L.) and many
others. Vegetable stabilizers are much cheaper and
more durable than synthetic stabilizers. This solution
is widely used in the United States to protect the
slopes from erosion (Gray and Sotir, 1996, Morgan
and Rickson, 2003).

1.2. Biotechnology in environmental remediation

Effectiveness of bioremediation
Thanks to advances in biotechnology, bioremedia-
tion has become one of the fastest growing areas of
environmental renewal, using microorganisms to re-
duce the concentration and toxicity of various chem-
ical pollutants, such as: petroleum hydrocarbons,
polycyclic aromatic hydrocarbons, polychlorinated
phenols, phthalate esters, nitroaromatic compounds,
solvents dust, pesticides and heavy metals (Dua et
al., 2002). Many bioremediation strategies have been
developed to utilize contaminated waste and clean
up degraded areas. The choice of the most effective
remedy strategy for a particular contamination at a
given time is done taking into account three basic
principles:
e Possibility of biological transformation of
pollutants into less toxic products.
e Availability of contaminants for microor-
ganisms in the treated area.

e  The possibility of optimizing the biological
activity of the data of microorganisms.

In the case when the effectiveness of native microor-
ganisms occurring in a given environment does not
allow a satisfactory degree of decomposition of a
given xenobiotic, so-called biostimulation. It is a
method of providing microorganisms with large
amounts of organic substances, in order to stimulate
them to multiply biomass and faster xenobiotic dis-
tribution (Waraczewska et al., 2018). This paper
compares the effectiveness of natural bioremediation
and stimulated bioremediation. Data on this subject
is presented in Table 2.
As you can see, the degree of purification of both
water and soil is high in both cases, however, biore-
mediation stimulated in the case of soil cleaning is
much more effective than natural bioremediation.
Both methods are therefore suitable for the purifica-
tion of polluted PAH from petroleum. In turn, other
authors (Robertson and Samy, 2015) have shown
that the addition of elements such as activated carbon
can further improve the effectiveness of assisted bi-
oremediation.

The effect of the addition of elements such as nitro-

gen and phosphorus was also investigated. To study

the effectiveness of particular types of bioremedia-
tion, the following bioreactors were created (2 for

each trial) (Waraczewska et al., 2018):

e Natural bioremediation,

e Biostimulation with oxygen, nitrogen, phospho-
rus and carbon,

e Bioaugmentation with Pseudomonas aeruginosa
and Bacillus subtilis strains,

e  Bioaugmentation with Pseudomonas aeruginosa
and Bacillus subtilis strains stimulated with the
addition of nitrogen, phosphorus, oxygen and
carbon.

The bioremediation process lasted 60 days. The ef-
fectiveness of individual variants is presented in Ta-
ble 3.
The study showed that the most effective method is
bioaugmentation using specialized Pseudomonas ae-
ruginosa and Bacillus subtilis strains additionally
stimulated by biogenic elements (Waraczewska et
al., 2018). These methods, like natural bioremedia-
tion, can be successfully used in cleaning and pro-
tecting the environment.



Badora & Celinska/Problemy Ekorozwoju/Problems of Sustainable Development 1/2020, 109-117 113

Table 3. Effectiveness of various types of bioremediation
(Waraczewska et al., 2018).

Effec- Dura-
Type of bioremediation tiveness -
tion
[%]
Natural bioremediation 51,40% 60
days
Bioaugmentation with Pseudomo-

. . e 60
nas aeruginosa and Bacillus subtilis davs
strains 62,90% y
Biostimulation with oxygen, nitro- 81.90% 60
gen, phosphorus and carbon days
Bioaugmentation with Pseudomo-
nas aeruginosa and Bacillus subtilis 897 % 60
stimulated with the addition of nitro- ' days
gen, phosphorus, oxygen and carbon

2. Food industry and human nutrition

Trends in the development of GMO crops

In recent years, a decrease in the area of GMO crops
has been observed in many European countries
(Chorazy and Lisowska, 2011). This may result in an
increase in food prices obtained from GMO crops,
and the long-term persistence of a low share of GMO
crops in agriculture can completely eliminate trans-
genic plants as a food source. The current food trends
and consumer preferences are also conducive to this.
Contemporary consumers prefer foods certified with
GMO-free (Gegbski and Kosicka-Gebska, 2008).
Trends in the development of GMO-based agricul-
ture are presented in Table 4. As can be seen, in most
European countries in the years 2008-2010 a de-
crease in the cultivated area was observed. The big-
gest decrease was in Germany, the smallest one in
Poland, where the area of GMO cultivation remained
stable. Sweden and Portugal were the only countries
with a positive growth rate. This may suggest that
the interest in growing GMO crops is not constant
over the years and may be subject to periodic fluctu-
ations. Other authors (James, 2010, Niemrowicz-
Szczytt et al., 2012) report that currently the area of
GMO crop cultivation in the world (excluding the
EU) is constantly growing.

The impact on the selection of a crop (transgenic or
not) can have many factors, such as the availability
of transgenic seeds in the market or the profitability
of the crop. Also, the policies of states, including EU
member states, and all restrictions on cultivation and
trade in GM varieties, may discourage (or encour-
age) farmers to use transgenic varieties. Another im-
portant factor is also the mentioned food preferences
of consumers. If we could convince the public that
genetically modified plants are completely safe and
have improved values, GMO plant production could
turn out to be more profitable and their market price
would significantly decrease with their availability,
and the increased demand for products from them re-
ceived.

Plants genetically modified in food production
Every year there are reports of receiving new trans-
genic plants (James, 2010, Niemrowicz-Szczytt et
al., 2012). However, only a few species and several
features introduced to them have registered varieties
and are grown on a larger scale (Niemrowicz-Szczytt
etal., 2012). According to data published by ISAAA
(International Service for the Acquisition of Agri-bi-
otech Applications) (James, 2010, Niemrowicz-
Szczytt et al., 2012), in total around 148 million ha
of genetically modified plants were cultivated in
2010, including 17 countries in the world, the area of
cultivation exceeded 50,000 ha. Individual plants,
along with the country of their cultivation, are pre-
sented in Table 5.

The area of cultivation of GMO plants is constantly
growing. Their cultivation is demonstrated in 29
countries around the world (Niemrowicz-Szczytt et
al., 2012). Most of these plants are grown in the
USA-66.8 million ha. The next largest country is
Brazil (25.4 million ha), followed by Argentina (22.9
million ha), India (9.4 million ha) and Canada (8.8
million ha). The largest area of GMO cultivation is
soy (about 50%), followed by maize (about 31%),
cotton (about 14%) and rapeseed (about 5%) (James,
2010). At present, these are GMO species that are the
most commonly cultivated (Niemrowicz-Szczytt et
al. 2012). In addition to the four mentioned species,
there are others that are grown on a smaller scale or
only introduced in certain countries. These include
potato (Czech Republic, Sweden and Germany),
sugar beet (USA and Canada), papaya (USA and
China), alfalfa and pumpkin (USA), paprika, tomato
and poplar (China) (James, 2010). Lucerne GMO
has been introduced to cultivation in the US since
2011.

The most varieties have introduced herbicide re-
sistance genes (about 61% of the crop area), then
with double or triple resistance (herbicides and in-
sects — about 22%) and insects themselves (about
17%) (Niemrowicz-Szczytt et al. , 2012). Proponents
of the modification argue that genetically modified
plants show greater resistance to adverse environ-
mental conditions, as well as to viruses and fungi,
which allows reducing the amount of chemicals
used, and thus potentially less contamination of the
natural environment (Niemrowicz-Szczytt et al.,
2012). Transgenic plants with various introduced
genes have been obtained in many centers in the
world (Niemrowicz-Szczytt et al., 2012). However,
they do not appear on the market because they do not
guarantee high income. It has long been announced
that the Golden Rice market will be introduced with
increased content of provitamin A and soybeans with
an increased content of omega-3 fatty acids, as well
as species of economically important plants with in-
creased tolerance to drought (Ansell and McGin,
2009).
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Table 4. Area (ha) of GMO crops in Europe in 2008-2010 (Chorazy and Lisowska, 2011).

Country 2008 2009 2010 Change (%)
Spain 79269 76057 67726 -15
Portugal 4856 5202 4869 0,3
Romania 6130 3244 823 -87
Germany 3173 30 28 -99
Czech Republic 8380 6480 4830 -42
Slovakia 1931 875 875 -55

Poland 3000 3000 3000 0

Sweden 0 0 103 100
Overall I'd 106739 94888 82254 -23

Table 5. Area of GMO crops cultivation in individual countries (James, 2010, Niemrowicz-Szczytt et al., 2012).

Lp. Country Surface (mln ha) A species of transgenic plant
1. USA 66,8 Corn, soybean, cotton, rape, beetroot, alfalfa, papaya, pumpkin
2. Canada 8,8 Rape, maize, soybeans, sugar beet
3. Mexico 0,1 Cotton, soy
4. Brazil 254 Soy, corn, cotton
5. Argentina 229 Soy, corn, cotton
6. Chile <0,1 Soy, maize, rape
7. Honduras <0,1 Maize
8. Costa Rica <0,1 Cotton, soy
9. Columbia <0,1 Cotton
10. Philippines 0,5 maize
11. Bolivia 0.9 Soy
12. Uruguay 1,1 Soy, corn
13. Paraguay 2,6 Soy
14. Portugal <0,1 Maize
15. Spain 0,1 Maize
16. Czech Republic <0,1 Corn, potato
17. Slovakia <0,1 Maize
18. Poland <0,1 Maize
19. Germany <0,1 Potato
20. Romania <0,1 Maize
21. Sweden <0,1 Potato
22. Egypt <0,1 Maize
23. South Africa 2,2 Corn, soy, cotton
24. Burkina Faso 0,3 Cotton
25. Myanmar 0,3 Cotton
26. Australia 0,7 Cotton, rape
27. China 3,5 Cotton, papaya, poplar, tomato, sweet pepper
28. Pakistan 2.4 Cotton
29. India 9,4 Cotton

Summary 148 -
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New technologies related to GMO contributed to the
development of food control methods (Malepszy,
2006; Malepszy et al., 2009). Establishment of a net-
work of reference laboratories allows the state to
control and assess the risk of GMO imported to a
given country (Niemrowicz-Szczytt et al., 2012).

GMOs in Polish agriculture

Poland as an angricultural country is an interesting
example. In Poland there is a ban on the GMO seed
trade, but there is no ban on agricultural production.
The cultivation of genetically modified plants is
therefore legal (Twardowski and Weglenski, 2012).
In 2008, about 3,000 hectares of Bt maize were
grown in Poland, but it should be emphasized that
these are estimates, because in Poland there is cur-
rently no obligation to register GM crops
(Twardowski and Weglenski, 2012). It can be as-
sumed that the Bt corn cultivation area is much
larger. The seed is imported from neighboring coun-
tries. From March 2010, agricultural production of
Amflora potato is possible in European Union coun-
tries. Potato Amflora GMO (registered by the EU on
March 2, 2010) - is an industrial variety, starchy,
which produces amylose to a small extent, and bio-
synthesizes almost exclusively amylopectin. This
variety is not suitable for consumption. The issue of
the production of industrial feeds is now a key issue
for Poland. The basis for the production of fodder
necessary for the production of meat (poultry, beef
and pork), milk and eggs and all derived products is
soybean meal, produced from GMO soybeans after
extrusion of oil. Soybean meal is imported by Poland
in the amount of approx. 2 million tons per year,
mainly from South America. About 98% of this meal
comes from GMO soy, which is about 20-30%
cheaper than unmodified (non-GMO). It should be
noted that the attempt to purchase 2 million tonnes
of non-GMO soy in the global market would increase
the price of such a product. Soybean meal is widely
used as fodder on poultry farms (Twardowski and
Weglenski, 2012). 5052 farms produce poultry, em-
ploy 15,000 people and 40,000 seasonal workers.
The ban on the use of GMO feeds threatens the bank-
ruptcy of 1/3 of farms and poultry plants, especially
smaller companies, and first of all family enterprises.
According to estimates of the National Research In-
stitute of Animal Production (PIB), the following so-
cial effects should be expected (Twardowski and
Weglenski, 2012, Gebski and Kosicka-Gebska,
2014):

e Decrease in the production of poultry meat
and the resulting increase in its price and
derivatives,

e Decrease in consumption of poultry meat
by 30-50%,

e Increased family maintenance costs,

e Limiting the consumption of meat will af-
fect the poorest families,

e The need to import meat and uncertainty as
to its quality,

e High import costs,

e Restriction of the poultry production sector.

Conclusions

Biotechnology, understood as genetic recombination
of plants, is less and less used in most EU countries,
due to legal restrictions and consumer reluctance to
buy products from modified plants, while interest in
transgenic plants increases in countries where do-
mestic policy is not so restrictive, and where there
are nutritional trends, prompting people to buy prod-
ucts from GMO plants.

Food and other products obtained from GMO have
been fully accepted in the USA, Canada, Brazil and
other countries. In Europe, there is a reluctant or hos-
tile attitude towards them. This is primarily due to
the fact that Europe is in terms of using new technol-
ogies in agriculture lagging behind the United States
and wants to stop the flow of cheaper food and feed
from the USA. Reluctance to GMOs means that legal
regulations in this area are much more restrictive in
the European Union than in other countries. Unfor-
tunately, the shape of draft GMO laws developed in
Poland shows that the proposed provisions will be
even more restrictive than the EU legal require-
ments.

Specialists indicate that in the future abandoning ag-
robiotechnology can lead to a significant increase in
food prices. In countries not using biotechnology in
agriculture, there would be a rapid decline in the
quality of life in relation to countries that use it skill-
fully. A particularly important case is the further de-
velopment of Polish agriculture, where it is neces-
sary to take into account such factors as: fragmenta-
tion of arable land and the social role of small-scale
farms and organic production in comparison with the
importance of large-scale agricultural production.
As it turned out, bioremediation based on live micro-
organisms is a very effective method, allowing the
neutralization of a large amount of organic pollu-
tants, and thus can be successfully used to improve
the condition of the natural environment.
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