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Background. An excessive use of antibiotics in human and veterinary medicine
contributes to the additional selection pressure on microorganisms and leads to the
rapid spread of dangerous microorganisms with an increased ability to resist numerous
classes of antibiotics. Aquatic ecosystems are among the main resistance genes pools,
and therefore should be subject to mandatory control. Apparently, the spread of antibi-
otic-resistant microorganisms depends not only on the concentration of antibiotics en-
tering water bodies with wastewaters, but also on other qualitative characteristics of the
aquatic environment.

The aim of this work was to determine the correlation between the content of heavy
metals (Cu, Ni, Zn, Cr) and nitrogen compounds (NO,, NO, and NH,) in water and the
distribution of antibiotic resistant microorganisms in research sites on the Uzh River
(Ukraine) that are affected by anthropogenic impact. Based on our seasonal monitoring
during 2016-2017, which included determining the content of nitrogen compounds and
heavy metals in the research sites, and as a result of the study on the microbiocenosis
structure with a subsequent determination of antibiotic sensitivity of the dominant strains
isolated from water samples, we conducted analysis of the correlation between the
concentrations of these substances and the distribution of antibiotic resistant strains.
This enabled us to identify the potential factors that contribute to the development of
antibiotic resistance in microorganisms.

Material and methods. The relationship between the chemical parameters and the
percentage of antibiotic-resistant microorganisms was determined using the linear
Pearson’s correlation coefficient (r). Statistical data processing was performed using
the software package ,Microsoft Excel”. Results with a p-value less than 0.05 (p<0.05)
were considered statistically significant.
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Results. The relationship between the level of antibiotic resistance of microorga-
nisms and chemical pollution has been established. A strong correlation between exces-
sive concentrations of Zn and elevated concentrations of Ni relative to background va-
lues and increased antibiotic resistance is characteristic of the area under conditions of
technogenic transformation. In the urbanised area, a relationship between an increase in
antibiotic resistance and Ni concentrations was observed in the studied samples. In the
agricultural area, a strong correlation between nitrogen compounds, namely nitrates, and
an increase in antibiotic resistance of microorganisms has been established.

Conclusion. The obtained results that establish a correlation between the concen-
trations of chemical substances in water and the activation of antibiotic resistance in
microorganisms can indicate the degree of aquatic ecosystems transformation under
anthropogenic impact. Thus, a comprehensive monitoring of the environmental quality
of aquatic ecosystems is essential.

Keywords: heavy metals, nitrogen compounds, antibiotics, aquatic ecosystems,
microorganisms, antibiotic resistance

INTRODUCTION

The issue of antibiotic resistance of microorganisms arose in the 1950s after the
first antibiotics that radically changed approaches to the treatment of infectious diseases
had been discovered. This problem still persists today, posing particular threat for deve-
loping countries [8; 22]. Uncontrolled consumption and unreasonable prescriptions of
antibiotics, lack of control over the circulation of antibiotic-resistant microorganisms and
antibiotic resistance genes in the environment are the main social reasons for the rapid
antibiotic resistance development [18, 19]. Realizing the scale of the problem, countries
with a high level of development have imposed control over the presence of antibiotics
in food products, in particular, poultry, livestock and bottled water. It is equally important
to establish a mechanism of control over the spread of antibiotics in the environment,
especially in water. Water is a key element of the substance turnover, it is included in
food chains; hence it can be one of the key factors in the migration of antibiotics. After
consumption by humans and animals, most antibiotics that are not fully assimilated and
utilized are excreted in the feces and enter rivers, lakes and groundwater [8]. It has
been proved that antibiotics used in farming are not completely assimilated by animal
bodies and an estimated 25 % to 75 % of antibiotics are excreted into the environment [9].
Many studies proved that hospital effluents, wastewaters from sanitary treatment facili-
ties and domestic effluents are virtually the main sources of antibiotics inflow into sur-
face waters [10; 11; 16; 31].

The potential ability of microorganisms to survive in water is ensured by the hori-
zontal transfer or mutation of genes [27]. Mobile genetic factors and integrons in the
genomes of resistant microorganisms can be propagated and spread by transformation,
conjugation, etc. [25]. In addition, contaminants such as heavy metals and detergents
in the environment can promote the horizontal transfer of genes responsible for antibio-
tic resistance [26; 32].

The results of previous research showed that heavy metals could activate the pro-
cess of gaining resistance even at low permissible concentrations. Studies on the effect
of subinhibitory concentrations of Cu(ll), Ag(l), Cr(VI) and Zn(ll) on Escherichia coli proved
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that they promoted transfer of antibiotic resistance genes between strains of this bac-
terium by conjugation [30].

The analysis of scientific literature on the determination of antibiotic resistance
genes in surface waters and drinking water once again proved a high priority of this
problem. Thus, according to studies conducted in Slovakia aimed to identify antibiotic-
resistant bacteria in 12 rivers and 6 lakes, most of the studied strains were resistant to
tetracycline, vancomycin and ampicillin [7]. Test samples collected from the Danube
River in Hungary were tested for antibiotic resistance. According to the obtained results,
39 % of all isolated strains of E. coli and 15 % of Klebsiella spp. showed resistance to
all tested antibiotics, except tigecycline [1]. A number of other studies conducted on
surface water samples of the Danube River demonstrated a high level of prevalence of
antibiotic-resistant bacteria and the respective resistance genes [12; 13; 17; 23]. A sig-
nificant influence of organic substances on the development of antibiotic resistance in
microorganisms in surface waters has been proved. In particular, high correlations be-
tween nitrites, nitrates and antibiotic resistance genes in microorganisms have been
established [29].

The aim of this work was to determine the correlation between the content of heavy
metals (Cu, Ni, Zn, Cr) and nitrogen compounds (NO,, NO, and NH,) and the amount of
antibiotic resistant microorganisms in research sites on the Uzh River (Ukraine) affected
by anthropogenic impact of different character.

MATERIALS AND METHODS

The results obtained during 2016—-2017 seasonal monitoring of chemical parame-
ters (nitrogen compounds, heavy metals) and microorganisms isolated from water of
the Uzh River, subsequently identified and tested for sensitivity to antibiotics [4; 5; 6],
were used as materials for determining the correlation between the degree of antibiotic
resistance of microorganisms and the content of chemical compounds in the water sam-
ples. The strains of microorganisms isolated from water samples were identified by
morphological characteristics of colonies on Hottinger agar (pH7.2) with the subse-
quent differentiation on the selective media of Endo, Ploskirev, and Bismuth-sulfite agar.
The genera and species of the bacteria were identified based on a set of biochemical
tests Enterotest 24 and Enterotest 16 (Lachema, Czech Republic). The antibiotic sensi-
tivity of the bacteria was determined by the Kirby-Bauer disk diffusion method on the
Mueller-Hinton agar using commercial disks (HI MEDIA, India) according to EUCAST
(European Committee on Antimicrobial Susceptibility Testing) [4].

Correlation analysis was performed using a package of statistical programs
“Microsoft Excel”. In particular, the relationship between the concentrations of heavy
metals, nitrogen compounds and the degree of antibiotic resistance of microorganisms
was determined using the linear Pearson’s correlation coefficient (r). The correlation was
considered weak at r-value less than 0.25. If r-value was between 0.25 and 0.75, the
correlation was considered moderate. At r greater than or equal to 0.75, the correlation
was considered strong. Differences at p<0.05 were considered statistically significant.

To determine the relationship between the indicators of chemical pollution and the
degree of antibiotic resistance of microorganisms, the most common strains of bacteria
were selected: Escherichia coli A2 (n = 114) — with altered enzymatic properties — iso-
lated from water in the area under conditions of technogenic transformation, Escherichia
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coli A5 (n = 151) — with hemolytic activity — from the area affected by urbanization, and
Citrobacter freundii C2 (n = 98) that dominated in the agricultural area [4].

The sampling sites with the highest indicators of anthropogenic pollution were taken
into account. The concentrations of heavy metals and nitrogen compounds recorded in
areas under different types of anthropogenic impact were analyzed. The research sites
were located in three areas:

e an area under conditions of technogenic transformation (100 m downstream from
the confluence of the Domoraj and the Uzh River, within the town of Perechyn,
where the Perechyn forest chemical plantis located, 48°43'37.1"'N, 22°28'42.1"E);

e an area affected by urbanization (on the outskirts of the city of Uzhhorod,
48°37'10.2"N, 22°15'26.4"'E);

e an agricultural area (located in the proximity of the village Storozhnytsia, where
agricultural lands and farms are concentrated, 48°36'11.7"”"N, 22°12'18.3"E)
(Fig. 1).
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Fig. 1. The map of the research sites on the Uzh River: No 1 — 100 m downstream from the confluence of the
Domoraj and the Uzh River (area under conditions of technogenic transformation); No 2 — on the
outskirts of the city of Uzhhorod (area affected by urbanization); No 3 — in the proximity of the village
Storozhnytsia (agricultural area)

Puc. 1. Kaptocxema gocnimkyBaHux ainsHok pivkm Yxx: Ne 1 — 100 M Hukye BnagiHHa cTpymka Jomopaox
(TexHoreHHo-TpaHccopmoBaHa TepuTtopist); Ne 2 — 3a M. Yxropog, (ypbaHizoBaHa Teputopisi); Ne 3 —
3a c. CTopoXHUUs (arpapHa TepuTopis)
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RESULTS AND DISCUSSION

The data on the spatial distribution of heavy metals in the Uzh River enabled us to
identify areas with high concentrations of pollutants. Among them was the area under
conditions of technogenic transformation, where exceeded threshold limit values of Cu,
Cr, Zn were observed. In the urbanized and agricultural areas, Cr and Cu concentra-
tions slightly exceeded the normal levels [6]. Regarding the contamination with nitrogen
compounds, the territory under conditions of technogenic transformation was identified
as the most affected area where the concentration of ammonium nitrogen exceeded
18 times the threshold limit values for fisheries (9.19 mg/L July). Similarly, the indicators
of nitrite ions concentrations exceeded eight times the normal values (0.63 mg/L July)
in the summer. Less polluted was the urban area, where small concentrations of nitro-
gen compounds were recorded, and the content of nitrates was within acceptable limits.
In the agricultural area, higher concentrations of nitrogen compounds compared to ur-
ban areas were found. Although the content of nitrates there did not exceed the thresh-
old limit values for fisheries, it was the highest compared to other areas [5]. Probable
sources of pollutants in the Uzh River are the forest chemical plant and domestic waste-
waters, as well as agricultural lands and farms located on the banks of the river [14, 20].

The entry of Cu and Zn into natural waters can possibly be due to food additives
used in animal husbandry. Now that antimicrobial growth promoters have been banned,
the latter are in great demand, provoking the development of antibiotic resistance [3].
Excessive concentrations of both organic and inorganic substances can be the trigge-
ring factors for stress reactions in microorganisms, which in turn activate the mecha-
nisms of resistance or increase susceptibility to antibiotics. In the natural environment,
many microorganisms form complexes, especially with such metals as Zn, Cu and Ni,
but increased concentrations of metals act as stressors, being toxic to microorganisms.
As a result, bacteria activate various protective and adaptive mechanisms that can trig-
ger cross-resistance mechanisms. Metals can destroy microorganisms in the same
ways as antibiotics, therefore, the mechanism of developing resistance to antibiotics is
activated in bacteria as a protective reaction [2].

The results of correlation analysis indicate a close relationship between the con-
centrations of Zn and an increase in antibiotic resistancy of the microorganisms isolated
along the entire length of the Uzh River. In the area under conditions of technogenic
transformation, a particularly strong positive correlation was observed between the con-
centrations of Zn and antibiotics that inhibit nucleic acid synthesis. Thus, it can be as-
sumed that Zn cations affect the RNA-polimerase activity by substituting manganese
ions in the active center of the enzyme, thus affecting the level of transcription of bacte-
rial cell genes in the case when these ions are in excess [24] (Fig. 2). The cultivation of
E. coli in chemostats on appropriate media with a low content of inorganic phosphate
allowed for maximum bioavailability of zinc and, with the addition of increased concen-
trations of zinc, made it possible to determine the effect of zinc on the regulation of
64 genes expression in response to stress. The latter included operons responsible for
the formation of antibiotic resistance [15].

A weak correlation between Ni concentrations and antibiotic resistant microorga-
nisms was observed in the study areas, except the urbanized one where Ni concentra-
tions are closely correlated with resistance to antibiotics that inhibit bacterial wall synthe-
sis: ampicillin r = 0.78, p<0.05; ceftriaxone r = 0.87, p<0.05; ampicillin/sulbactam r = 0.67,
p<0.05; meropenem r = 0.88, p<0.05, N = 10) (Fig. 3).
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Antibiotics inhibiting the synthesis of nucleic acids
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Fig. 2. Correlations between concentrations of heavy metals and the degree of antibiotic resistance of the
strains of microorganisms isolated from the surface waters of the Uzh River in the area under condi-
tions of technogenic transformation (n = 10; p<0.05). AMP — ampicillin; AMP/S — ampicillin/sulbactam;
CNS - cefuroxime; CFR/S — cefoperazone/ sulbactam; MER — meropenem; IMP — imipenem; CFA —
ceftriaxone; OFL — ofloxacin; LMF — lomefloxacin; CIP — ciprofloxacin; GAT- gatifloxacin; NOR — nor-
floxacin; LEV — levofloxacin

Puc. 2. KopensuiiHi B3aeM0O3B’sI3kM Mi>X KOHLIEHTPALisiMM BaxKux MeTaniB i cTyneHem aHTubioTukopesuc-
TEHTHOCTI LUTamiB MiKpOOpraHiamiB, BUAINEHWX i3 NOBEPXHEBUX BOA PiYKN YK HA TEXHOTEHHO-TPaHC-
opmoBaHii Teputopii (n = 10; p<0,05). AMP — amniyunid; AMP/S — amniuunin/cynbbaktam; CNS —
uedypokeum; CFR/S — uedonepason/cynsbaktam; MER — meponeHem; IMP — imineHem; CFA — Led-
TpiakcoH; OFL — odpnokcaumH; LMF — nomednokcaumH; CIP — umnpodnokcaumnH; GAT — raTicnokca-
uuH; NOR — HopdnokcaumH; LEV — neBodnokcaumH

As previously established, elevated concentrations of nickel activate adaptation
mechanisms in bacteria, for example in E. coli they contribute to the formation of a bio-
film by means of the induction of the approppriate genes transcription [21]. However,
a negative correlation was found with respect to Cu, Cr and Pb, which might be a con-
sequence of both the direct impact and a complex interaction in the hydroecosystem.

The analysis of nitrogen compounds indicators (nitrates, nitrites, ammonium nitrogen)
revealed high correlations between nitrates concentrations and the degree of antibiotic re-
sistance of the studied microorganisms in the area affected by urbanization and the agri-
cultural area (Fig. 4). In the agricultural area, strong links were observed between concen-
trations of nitrites, ammonium nitrogen and strains resistant to antibiotics that inhibit bac-
terial wall synthesis and nucleic acid synthesis (ofloxacin r = 0.77, p<0.05; lomefloxacin
r =0.82, p<0.05; ciprofloxacin r = 0.89, p<0.05, N = 10). According to the results, the highest
concentrations of nitrogen compounds were recorded in this part of the water body [5].
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Fig. 3. Correlations between concentrations of heavy metals and the degree of antibiotic resistance of the
strains of microorganisms isolated from the surface waters of the Uzh River in the area affected by
urbanization (n = 10; p<0.05). AMP — ampicillin; AMP/S — ampicillin/sulbactam; CNS — cefuroxime;
CFR/S — cefoperazone/sulbactam; MER — meropenem; IMP — imipenem; CFA — ceftriaxone; OFL —
ofloxacin; LMF— lomefloxacin; CIP — ciprofloxacin; GAT— gatifloxacin; NOR — norfloxacin; LEV — levo-
floxacin

Puc. 3. KopensuinHi B3aeM03B’A3KkM MiXK KOHLEHTPALisIMU BaXXKUX MeTaniB i CTyneHem aHTMGioTMKopesunc-
TEHTHOCTI LUTaMiB MiKpOOpraHi3aMiB, BUAINEHUX i3 MOBEPXHEBUX BOA, PiYKM YK Ha ypbaHisoBaHii Tepu-
Topii (n = 10; p<0,05). AMP — amniumnid; AMP/S — amniumnid/cynbbaktam; CNS — uedypokcum;
CFR/S - uedonepa3soH/cynbbaktam; MER — meponeHem; IMP — imineHem; CFA — LedTpiakcoH;
OFL - odnokcauuH; LMF — nomednokcauuH; CIP — uunpodpnokcaumH; GAT — raTicprniokcauuh;
NOR - HopdonokcauuH; LEV — neBodnokcaunH

The high degree of correlation between concentration of nitrates and multidrug-re-
sistancy of microorganisms might be due to common sources of pollution, since the
main routes for nitrates to enter aquatic ecosystems are uncontrolled domestic waste-
water discharges, mineral fertilizers from agricultural lands and farms located on the
banks of the river. The peculiarities of relief of the water body could have contributed to
its pollution, since the river in the studied areas acquires a flat type, with a slower water
flow and an increased level of siltation. The influence of antibiotics on the internal pro-
cesses occurring in the water body is important. For example, it was proved that the
presence of antibiotics can inhibit the processes of denitrification in a water body, which
in turn causes a number of environmental problems [28]. Thus, both the increased con-
tent of nitrates in water resulting from the inhibition of their decomposition and the high
content of antibiotic-resistant microorganisms may have a common cause, namely the
intensive use of antibiotics.
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Fig. 4. Correlations between concentrations of nitrates compounds and the degree of antibiotic resistance of
the strains of microorganisms isolated from the surface waters of the Uzh River in the agricultural area
(n =10; p<0.05). AMP — ampicillin; AMP/S — ampicillin/sulbactam; CNS — cefuroxime; CFR/S — cefo-
perazone/ sulbactam; MER — meropenem; IMP — imipenem; CFA — ceftriaxone; AMC — amikacin;
DOC - doxycycline; TET — tetracycline

Puc. 4. KopensuiiHi B3aeMO3B’A3KM MiXX KOHLEHTpaLUisMX HITpaTiB i CTyneHeM aHTUMBIOTUKOPE3NCTEHTHOCTI
LUTaMiB MiKpOOpraHiamiB, BUIINEHMX i3 MOBEPXHEBMX BOA, PiUkM YK Ha arpapHin Teputopii (n = 10;
p<0,05). AMP — amniuunid; AMP/S — amniumnin/cyns6aktam; CNS — uedypokcum; CFR/S — uedone-
pa3oH/cynbbaktam; MER — meponexem; IMP — imineHem; CFA — uedTpiakcoH; AMC — amikauuH;
DOC - gokeuumnid; TET — TeTpauyukniH

The study has establised clear relations between the development of antibiotic re-
sistance and the concentrations of metals and nitrogen compounds in the water body.
Such dynamics can be a consequence of both common sources of pollution and the
direct influence of pollutants on the development of mechanisms of resistance.

CONCLUSIONS

The mechanisms of the formation and spread of antibiotic resistance of microor-
ganisms in the environment are important areas of research. A close correlation has
been established between Zn ions concentrations and antibiotic resistance of bacteria
in all research sites. However, the highest degree of correlation was observed in the
area under conditions of technogenic transformation, where high concentrations of this
element were recorded. Strong links between metals (Ni, Zn) and antibiotic resistance
indicators were also found in the study area affected by urbanization. A close relation
between the concentrations of nitrogen compounds, namely nitrates, and an increasing
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antibiotic resistance in microorganisms is characteristic of the agricultural area. This
might be the result of the excessive use of mineral fertilizers combined with the pecu-
liarities of the relief of the area.

Apparently, the acquisition of antibiotic resistance in bacteria is a consequence of
complex processes in the aquatic ecosystem. Therefore, the investigation of complex
genetic and biochemical mechanisms that determine various factors of antibiotic resis-
tance in microorganisms is necessary. It is essential to establish the dominant mecha-
nisms of collective selection of bacterial antibiotic resistance, detect the concentrations
of antibiotics that can affect biogeochemical processes, and continuously monitor the
level of antibiotic-resistant microorganisms in aquatic ecosystems.
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90 M. V. Savenko, M. V. Kryvtsova

O HMMM 3 OCHOBHUMX pe3epBYyapiB reHiB CTINKOCTi, TOMY 1 MaloThb Mignsraty 000B'A3KOBOMY
KOHTpono. MIMOBIpHO, MOWMpeHHs aHTMBIOTUKOPE3UCTEHTHUX MIKPOOpraHiamis 3arne-
XWUTb HE nuLle Bif KOHUEHTpaLii aHTUBIOTUKIB, LLO NOTPannsitoTh Y BOAOWMY 3i CTIHHUMMN
BOAAMW, ane n Bif iHWNX XapakTEePUCTUK SKOCTI BOAHOro cepenosuila. MeTor poboTu
Oyno BU3Ha4YeHHs1 B3aEMO3B's13Ky Mixk BMiCTOM Baxkkux metani (Cu, Ni, Zn, Cr) i cnonyk
asoty (NO,, NO, i NH,) y Bogi Ta noLumpeHHAM aHTUBiOTUKOPE3NCTEHTHOCTI MiKpoopra-
Hi3MiB, Ha NpUKNagi pisHNX OiNAHOK pidkM Y (YkpaiHa), Lo MakTb 0COBNMBOCTI aHTPO-
NMOreHHOro HaBaHTaXeHHs. Ha OCHOBI NpoBeAeHOro HamMm MOCE30HHOIO MOHITOPUHIY
npotarom 2016—2017 pokiB, WO BKMAKYAB BU3HAYEHHS BMICTY CMOJSTYK a30TYy, BaXKUX
MeTaniB i AOCNIAXEHHSI CTPYKTYPU MiKpOBioLeHO3y 3 MoganbLUMM BU3HAYEHHAM Yy Tin-
BOCTi 40 @aHTUBIOTMKIB OMIHAHTHUX LUTaMIB y 3pa3kax BOAW, NPOBEAEHO aHani3 kopens-
LiHOI 3aNeXHOCTI, Mi>K KOHLIEHTPaLiiM/ LMX PEYOBUH i PiBHEM MOLUMPEHHST aHTNBIOTN-
KOCTIMKMX LITaMiB, 9KUA OaB 3MOry BU3HAYUTU MMOBIPHI YMHHUKU CNIPUAHHSA PO3BUTKY
aHTUBIOTUKOCTINKOCTI MiKpOOpPraHi3miB.

Matepianu i MmeTogun. BusHayeHHS 3B’s13Ky Mi>K XiMiYHHUMW NOKa3HMKaMM 1 BifCOT-
KOM aHTUBIOTUKOCTINKMX MIKpOOpPraHiaMiB NpoOBOAMIM 3a 4OMOMOIOK JiHiMHOro Koedi-
uieHTa kopensuii lMipcona (r). CtatTuctnyHy o6pobKy AaHMX NPOBOAUITIM 3 BUKOPUCTAH-
HAM nakeTy nporpam “Microsoft Exel”. CTaTMCTMYHO 3HaYyWMMK BBaXkanu daHi 3 Oo-
CTOBIpHicTo p<0,05.

Pe3ynbraTn. BcTaHOBNEHO B3aEMO3B'I30K MK piBHEM aHTUBIOTUKOCTINKOCTI MiK-
pOoOpraHi3amiB Ta XiMiYHMM 3abpygHEHHsIM cepenoBuLLa. [1rs TeXHOreHHO-TpaHC(opMo-
BaHOI AiNAHKN XapaKTEPHUIN MOCUMMEHUI 3B’A30K MiXK HAAHOPMOBUMM KOHLEHTpaLisiMK
Zn i nigBuULLEHNMM BIAHOCHO (POHOBUX KOHUEeHTpauin Ni Ta 3pOCTaHHAM CTINKOCTi MiK-
poopraHiamiB 40 aHTUBIOTUKIB. Ha ypOaHi3oBaHi TepuTopii NPOCTEXYETHCS 3B’A30K MixX
3POCTaHHAM PE3NCTEHTHOCTI Ta KoHUeHTpauin Ni y gocnigkyBaHux 3paskax. Toai gk
AN1s MicLIeBOCTI, Lo nignagarna nig BrfvB CinbCbKOrocnogapcbKoi AisribHOCTi, BCTAHOB-
NEHO MOCUIIEHNI 3B’AI30K MidK CMIOJTyKaMu a3oTy, a caMe HiTpatamu, Ta 3pOCTaHHAM pe-
3WCTEHTHOCTI MIKpOOpPraHi3miB.

BucHOBKW. BCTaHOBMNEHO, L0 B3aEMO3B’A30K MiXK KOHLEHTPALIMUN XiMiYHUX pevo-
BVH Yy BOAi Ta MOCUNEHHAM aHTUBIOTUKOPE3NCTEHTHOCTI MIKPOOpPraHi3aMiB MOXe CrnyryBa-
TV iHOMKATOPOM CTYNeHsa TpaHcdopmMaLii rgapoeKkocucTeMun Nig BNSIMBOM aHTPOMOreH-
HOro HaBaHTaXeHHs. Lle noBoauTb HEOOXIAHICTb 3anpoBamKEHHS OiNbLL KOMMIIEKCHOIO
KOHTPOIIO Y BOAHUX €KOCUCTEMAX.

Knroyoei crioea: Baxki MeTanu, CNosmykn asoTy, aHTUBIOTMKKN, BOOHI EKOCUCTEMM,
MiKpOOpraHiamu, aHTUBIOTUKOPE3NCTEHTHICTb
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