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Abstract 
The article is devoted to the problem of soil contamination with antibiotics. In the conditions of a field model experiment, 
resistance of microorganisms in ordinary black soil to contamination with antibiotics (oxytetracycline, tylosin) in 
the concentration of 500 mg per 1 kg of soil was studied. By the degree of resistance to antibiotics, the studied eco-trophic 
groups of microorganisms formed the following sequence: micromycetes > Azotobacter bacteria > amylolytic bacteria > 
ammonifier bacteria. By the speed of recovery, microorganisms formed the following sequence: Azotobacter bacteria > 
micromycetes > amylolytic bacteria > ammonifier bacteria. 
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INTRODUCTION 
Currently, the problem of environment pollution with 

veterinary antibiotics and pathogenic microorganisms acquiring 
resistance to them is paid special attention to. Oxytetracycline and 
tylosin are widely used worldwide, both for therapeutic purposes, 
and as growth stimulants. According to the data of Research 
Techart company, the livestock breeding sector in Russia annually 
uses about 3.5 thous. t of antibiotics. Of these, 23% are used for 
treatment of diseases and preventive care, 19% are used as growth 
stimulants, 36% are used as antiparasitic preparations, and 22% 
are used as prophylactic agents [1]. Since many antibiotics are 
water-soluble, up to 90% of one dose may be excreted with urine, 
and 75% - with faeces of animals [2, 3]. 

The antibiotics mainly get into the soil through the use of 
manure [4] and wastewater [5] as fertilizers on agricultural lands. 
Currently, antibiotics are more and more frequently detected in 
ground and in drinking water, wastewater, and in agricultural soil 
[6, 7] in the concentrations of up to 300 ng/g-1 for tetracycline and 
11 ng/g-1 for sulfanilamides [8, 9]. High concentrations of 
tetracyclines were detected in the soils in Turkey and Spain, up to 
0.5 mg/kg-1 and 0.2 mg/kg-1, respectively [10, 11]. Concentrations 
of tetracycline (20 mg/l-1) and chlortetracycline (1 mg/l-1) were 
detected in pig defecators [12]. In addition, various antibiotics are 
naturally formed in soils; however, concentrations and types of 
the antibiotics that enter soil and water are very different from the 
natural background [13]. 

Currently, agricultural workers are blamed for ingress of 
farmland antibiotics into the surrounding water bodies. Municipal 
water treatment systems are unable to filter out antibiotics, and 
therefore it is very important to understand how such 
contamination affects the state of ecosystems. 

The data about the effect of antibiotics on the soil 
microbiocenosis have not been found in Russian literature. It is 
only in some studies that antibiotics were used for determining the 
ratio of fungi and bacteria in the biomass of various types of soils, 
and the effect of pharmaceuticals on the biota in water bodies [14-
16]. Many results obtained by foreign authors are associated with 
laboratory modeling of soil contamination with antibiotics. This is 
due to the fact that laboratory model experiments have certain 
advantages, compared to field experiments. Firstly, they provide 
the possibility of maintaining constant soil humidity and 
temperature, while in the conditions of the field, the results of 
experiments are highly dependent on the weather conditions. 
Secondly, they provide the possibility of ensuring soil mixing to 
complete homogeneity in all vessels, which allows avoiding 
discrepancies in soil properties. And finally, they provide a 
possibility of studying various pollutants separately, in 

predetermined concentrations. Thus, many questions about the 
effect of pollutants on the processes in the soil may only be 
answered through laboratory model experiments. 

This research was aimed at assessing resistance of 
microorganisms in ordinary black soil to contamination with 
antibiotics (oxytetracycline, tylosin) in field conditions. 

MATERIALS AND METHODS 
Tylosin is a macrolide antibiotic produced by 

Streptomyces fradiae; it is widely used in livestock and poultry 
breeding as a therapeutic and prophylactic agent and growth 
stimulant. In Russia, several oral preparations of tylosin are 
registered: Tilan (Elanco, USA); Tylanic® water soluble powder 
(VIC group, Russia); Pharmasin (Balkanfarma, Bulgaria). 
According to the available data, tylosin-based preparations take 
the leading position in preventing mycoplasmal infections and 
chronic respiratory disease in poultry. They are active against 
most Gr+ and some Gr– bacteria. 

Oxytetracycline is a derivative of tetracycline; it is 
produced by the Streptomyces rimosus fungus. The preparation is 
produced in the form of sterile yellow crystalline powder – 
oxytetracycline hydrochloride; it is odorless, and well soluble in 
water. It is a pluripotent antibacterial preparation. It is active 
against most Gr+ and some Gr– bacteria. 

Field model experiments were performed at the Botanic 
Garden of the Southern Federal University (Rostov-on-Don). The 
object of the research was ordinary black carbonated soil of the 
South-European facie. Thickness of the humus layer in black soil 
was about 80 cm, the granulometric texture was heavy loamy, 
reaction of the medium was 7.7, humus content was 4.1%, total 
nitrogen (by Kjeldahl) — 0.25%; total phosphorus (by Ginsburg 
et al.) — 0.18%; mobile phosphorus (by Machigin) — 28.8%; and 
total potassium (by Berzelius) - 2.06%. This type of soil was 
chosen due to the fact that black soil takes the most part of the soil 
cover in the South of Russia, and is the main land resource for 
agricultural production [17]. 

In the field experiments, experimental plots were arranged 
according to the generally adopted field experiment procedure 
[18, 19]. Plots with the area of 1 m2 were used. The experiment 
was repeated three times. Soil samples for determining biological 
parameters were taken on day 5, 30, and 60 of the experiment. 
The average daily air temperature was 18-20°C at the beginning 
of the experiment, 22-25°C by day 30, and 27-30°C by day 60. 
Soil humidity was maintained by water irrigation at about 60% of 
the normal field capacity. 

Antibiotics were introduced into the soil in the form of 
solutions at the concentration of 500 mg per 1 kg of soil. These 
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concentrations were chosen based on literature data about residual 
amounts of antibiotics in the environment [20], as well as on the 
results of previously performed exploratory laboratory research 
[21]. Plots untreated with antibiotics were used for reference. 

The laboratory and analytical studies were performed with 
the use of the methods generally adopted in soil biology and 
ecology [22, 23]. Comprehensive study of black soil 
microbiocenosis included determination of microorganisms 
counts by the method of deep introduction of appropriate dilutions 
onto solid nutrition media: ammonifying bacteria - onto meat-and-
peptone agar, amylolytic bacteria – onto starch-and-ammonia 
agar, micromycetes – onto acidified Czapek's medium, R. 
Azotobacter bacteria - onto Ashby medium (by the method of 
lumps fouling). 
 

RESULTS AND DISCUSSION 
The field model experiments’ results are shown in Fig. 1, 

2. 
Reaction of the medium (pH) is an important chemical 

indicator of soils, on the one hand, due to its effect on the content 
of humic components, and on the other hand, due to its effect on 
soil microbial activity [24]. In studying the pH of black soil, a 
trend to lowering the pH towards the acid side is observed (Fig. 
1), especially on day 30 of exposure. Most likely, this trend is 
observed because stable groups of microorganisms remain, which 
produce compounds containing H+. Later, reaction of the medium 
shifts to the initial values. Earlier, in studying the effect of 
antibiotics on the biological properties of soils during laboratory 
simulation (benzylpenicillin, tetracycline), the authors showed the 
pH changes with the duration of exposure toward the alkaline side 
[25, 26], i.e. pH change depends on the chemical nature of the 
antibiotic. Thus, antibiotics disrupt the natural medium of soil 
microorganisms, which causes changes in their counts, and the 
structure of the microbiocenosis as a whole. 

The introduction of antibiotics into the soil resulted in 
changes in the number of major soil microorganisms; a downward 
trend in their numbers was observed during all periods of 
exposure. The studied groups of microorganisms differed by their 
resistance to the introduced antibiotic (Fig. 2). 

Oxytetracycline has the best inhibitory effect on the 
number of ammonifying bacteria (20-60% of the reference, 
p<0.05, n=6) in all periods of exposure. No statistically veracious 
differences were found in the number ammonifying bacteria on 
days 5 and 30 of the experiment. On day 60 of the experiment, the 
number of bacteria in this group was still not restored. 

Similar data about the dynamics of the number of 
ammonifying bacteria were obtained in model experiments with 
various types of radiation [27]. In case of contamination with 
heavy metals [28], oil and oil products [29] in relatively small 
dosages (up to 1 MPC), and immediately after the moment of 
contamination (up to 1 month), the number of microorganisms in 
the soil in some cases increases, after which it decreases, and does 
not restore even after 360 days. In addition, compared to the effect 
of sterilization with high temperatures [30] and with pesticides 
[31], the effect of antibiotics on soil microorganisms is more 
prolonged, since, for example, after soil sterilization with high 
temperatures, the number of microorganisms recovered to the 
reference values as early as on day 60 of the experiment. 

Prolonged effect of antibiotics on soil microorganisms 
indicates their accumulation in the soil. Stone et al. [32] detected 
active metabolites of tylosin 150 days after the antibiotic had been 
introduced into the soil. Loke et al. [33] showed that with pH 
below 7.4, strong ionic bonds were formed between protonated 
tylosin and anionic components of soil, indicating high tylosin 
sorption in the soil. Positive correlation was detected between 
tylosin and oxytetracycline sorption and the content of humus, pH 
and cation exchange capacity of soil [34]. High tylosin sorption 
capacity was observed in the soils rich in humus, rather than in 
sandy soils [35, 36]. 

Amylolytic bacteria were more resistant to the studied 
antibiotics than ammonifier bacteria. On day 5 of the research, the 
maximum reduction in the bacteria count was observed (60% of 
the reference, p<0.001, n=6). Same as with ammonifier bacteria, 
the greatest inhibitory effect was observed for oxytetracycline. 
Further exposure revealed no significant changes in the number of 
amylolytic bacteria; the trend to restoring the number to the 
reference values was observed. Other studies showed that 
antibiotics, such as sulfonamide, tetracycline, trimethoprim, also 
had inhibiting effect on the number and activity of amylolytic 
bacteria [37].  

As expected, the results of the field modeling of black soil 
contamination with antibiotics revealed no significant effect of 
antibiotics on soil micromycetes. The used antibiotics inhibited 
bacteria growth and development. On day 5 of the experiment, an 
increased number of micromycetes was observed, compared to 
the reference. This can be explained by removing the competition 
with bacteria, and active colonization of the ecological niche with 
micromycetes. On day 30 and 60 of the experiment, no changes in 
the number of micromycetes were observed. 

 
 

 
Fig. 1. Changes in the medium reaction (pH) of black soil contaminated with antibiotics (TYL is tylosin, OTC is oxytetracycline) 
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Fig. 2. Changes in the number of microorganisms in black soil upon contamination with antibiotics (a – ammonifying bacteria, b – 

amylolytic bacteria, c – micromycetes) (TYL is tylosin, OTC is oxytetracycline) 
 

 
Azotobacter bacteria were less sensitive to the antibiotics 

introduced. Changes in the number of bacteria were observed only 
on day 3 of exposure (decrease by 30-40% from the reference 
when exposed to tylosin, and by 50-60% when exposed to 
oxytetracycline, respectively); no changes were observed at later 

dates. With that, nitrogen-fixing bacteria were more sensitive to 
contamination with heavy metals, oil, ionizing radiation than other 
groups of bacteria [38, 39]. 

Thus, the introduction of antibiotics causes changes both 
in the number of major groups of soil microorganisms and in the 
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structure of microbial coenosis as a whole. In addition, the 
observed recovery of the population of certain groups of 
microorganisms is an evidence of the fact that microorganisms 
acquire resistance to antibiotics. In the research by Y. A. 
Markova, et al., [40] the resistance of the Enterobacteriaceae 
bacteria to 11 antibiotics isolated from the soil, from tissues, and 
from the surface of certain cultivated and wild plants was studied. 
 

CONCLUSIONS 
By the degree of resistance to antibiotics, the studied 

microorganisms formed the following sequence: micromycetes > 
Azotobacter bacteria > amylolytic bacteria > ammonifier bacteria. 
Recovery of the microbiological parameters is not direct, i.e. one 
cannot say that greater recovery rate occurs with increasing the 
time of exposure. On the rate of recovery, microorganisms in 
ordinary black soil have formed the following sequence: 
Azotobacter bacteria > micromycetes > amylolytic bacteria > 
ammonifier bacteria. 
 

ACKNOWLEDGMENTS 
This study was funded by a grant from the Russian 

Science Foundation No. 18-76-00010 and by a grant RFBR 
according to research project No. 18-34-00388 
 

REFERENCES 
1. Alekseev, N. R., Shelepov, I. A., Antibiotiki i korma [Antibiotics 

and fodders], Modern Farmer 2013, 4, 48–51. 
2. Halling–Sørensen, B., Nors Nielsen, S., Lanzky, P. F., Ingerslev, F., 

Holten Lutzhoft, H. C., Jorgensen, S. E., Occurrence, fate and effects 
of pharmaceutical substances in the environment: A review, 
Chemosphere 1998, 36, 357–393. 

3. Halling–Sørensen, B., Inhibition of aerobic growth and nitrification 
of bacteria in sewage sludge by antibacterial agents, Arch. Environ. 
Contam. Toxicol. 2001, 40, 451–460. 

4. Kemper, N., Veterinary antibiotics in the aquatic and terrestrial 
environment: A review, Ecological Indicators 2008, 8, 1–13. 

5. Thiele–Bruhn, S., Pharmaceutical antibiotic compounds in soils: A 
review, Plant Nutr. Soil Sci. 2003, 66, 145–167. 

6. Yang, J.–F., Ying, G.–G., Zhao, J.–L., Tao, R., Su, H.–C., Liu, Y.–
S., Spatial and seasonal distribution of selected antibiotics in surface 
waters of the Pearl Rivers, China, Environ. Sci. Health 2011, 46, 
272. 

7. Zhou, L.–J., Ying, G.–G., Zhao, J.–L., Yang, J.–F., Wang, L., Yang, 
B., Trends in the occurrence of human and veterinary antibiotics in 
the sediments of the Yellow River, Hoi River and Liao River in 
northern China, Environ. Pollut., 2011, 159, 1877. 

8. Höper, H., Kues, J., Nau, H., Hamscher, G., Eintrag und Berbleib 
von Tierarzneimittelwirkstoffen in Boden, Bodenschutz 2002, 4, 
141–148. 

9. Hamscher, G., Pawelzick, H. T., Hoper, H., Nau, H., Different 
behaviour of tetracyclines and sulfonamides in sandy soils after 
repeated fertilization with liquid manure. Environ. Toxicol. Chem. 
2005, 24, 861. 

10. Andreu, V., Vazquez–Roig, P., Blasco, C., Pico, Y., Determination 
of tetracycline residues in soil by pressurized liquid extraction and 
liquid chromatography tandem mass spectrometry, Anal. Bioanal. 
Chem. 2009, 394, 1329–1339. 

11. Karci, A., Balcioglu, I. A., Investigation of the tetracycline, 
sulfonamide, andfluoroquinolone antimicrobial compounds in 
animal manure and agricultural soils in Turkey, Sci. Total Environ. 
2009, 407, 4652–4664. 

12. Campagnolo, E. R., Johnson, K. R., Karpati, A., Rubin, C. S., 
Kolpin, D. W., Meyer, M. T., Esteban, J. E., Currier, R. W., Smith, 
K., Thu, K. M., McGeehin, M., Antimicrobial residues in animal 
waste and water resources proximal tolarge–scale swine and poultry 
feeding operations, Sci. Total Environ. 2002, 299, 89–95. 

13. Zhang, W., Sturm, B. S. M, Knapp, C. W, Graham, D. W., 
Accumulation of tetracycline resistance genes in aquatic biofilms 
due to periodic waste loadings from swine lagoons, Environ. Sci. 
Technol. 2009, 43, 7643–7650. 

14. Susyan, E. A., Ananyeva, N. D. Blagodatskaya, E. V., Razdelenie 
gribnogo i bakterialnogo substrat–indutsirovannogo dihaniya s 

ispolzovaniem antibiotikov v pochvah raznih ekosistem [Separation 
of fungal and bacterial substrate–induced respiration with the use of 
antibiotics in soils of various ecosystems], Microbiology 2005, 
74(3), 394–400. 

15. Ananyeva, N. D., Stolnikova, E. V., Susyan, E. A., Khodzhaeva, A. 
K., Gribnaya i bakterialnaya mikrobnaya biomassa (selektivnoe 
ingibirovanie) i produtsirovanie CO2 i N2O dernovo–podzolistimi 
pochvami postagrogennih biogeotsenozov [Fungal and bacterial 
microbial biomass (selective inhibition) and production of CO2 N2O 
in sod-podzolic soils of post-agrogenic biogeocoenoses], Soil 
Science 2010, 11, 1387–1393. 

16. Samoilenko, N. N., Ermakovich, I. A., Vliyanie farmatsevticheskih 
preparatov i ih proizvodnih na okruzhayuschuyu sredu [The effect of 
pharmaceuticals and their derivatives on the environment], Water 
and Ecology: Problems and Solutions 2014, 2(58), 78–87. 

17. Valkov, V. F., Kazeev, K. Sh., Kolesnikov, S. I., Pochvi yuga Rossii 
[Soils of the South of Russia], Everest, Rostov-on-Don 2008. 

18. Metodi polevih i vegetatsionnih opitov s udobreniyami i gerbitsidami 
[Methods of field and vegetation experiments with fertilizers and 
herbicides], Moscow 1967. 

19. Dospekhov, B. A., Metodika polevogo opyta [Methods of field 
experiments], Kolos, Moscow 1979. 

20. Thiele–Bruhn, S., Seibicke, T., Schulten, H.–R., Leinweber, P., 
Sorption of sulfonamide pharmaceutical antibiotics on whole soils 
and particle–size fractions, J. Environ. Qual. 2004, 33, 1331–1342. 

21. Akimenko, Y. V., Kazeev, K. S., Kolesnikov, S. I., Ekologicheskie 
posledstviya zagryazneniya chernozema antibiotikami 
[Environmental consequences of black soil contamination with 
antibiotics], Publishing house of the Southern Federal University, 
Rostov–on–Don 2013. 

22. Zvyagintsev, D. G., Metodi pochvennoi mikrobiologii i biohimii 
[Methods of Soil Microbiology and Biochemistry], Publishing 
House of MSU, Moscow 1991. 

23. Kazeev, K. S., Kolesnikov, S. I., Biodiagnostika pochv: 
metodologiya i metodi issledovanii [Biodiagnostics of soils: 
Methodology and research methods], Publishing house of the 
Southern Federal University, Rostov-on-Don 2012. 

24. Andersson, S., Nilsson, S., Influence of pH and temperature on 
microbial activity, substrate availability of soil–solution bacteria and 
leaching of dissolved organic carbon in a humus, Soil Biology & 
Biochemistry 2001, 33, 1181–1191. 

25. Akimenko, Y. V., Kazeev, K. S., Kolesnikov, S. I., Vliyanie 
antibiotikov (benzilpenitsillina, farmazina, nistatina) na chislennost' 
mikroorganizmov v chernozeme obiknovennom [Influence of 
antibiotics (benzylpenicillin, formazine, nystatin) on the number of 
microorganisms in ordinary black soil], Siberian Ecological Journal 
2014, 2, 253–258. 

26. Akimenko, Y. V., Kazeev, K. S., Kolesnikov, S. I., Vliyanie 
antibiotikov (benzilpenitsillina, farmazina, nistatina) na 
biologicheskie svoistva chernozema obiknovennogo [Influence of 
antibiotics (benzylpenicillin, formazine, nystatin) on the biological 
properties of ordinary ordinary black soil], Soil Science 2014, 9, 
1095–1101. 

27. Denisova, T. V., Kazeev, K. S., Kolesnikov, S. I., Valkov, V. F., 
Integral'naya otsenka elektromagnitnih vozdeistvii razlichnoi prirody 
na biologicheskie svoistva pochv yuga Rossii [Integral assessment of 
electromagnetic impacts of different nature on the biological 
properties of the soil of the South of Russia], Soil Science 2011, 11, 
1386–1390. 

28. Kolesnikov, S. I., Yaroslavtsev, M. V., Spivakova, N. A., Kazeev, K. 
S., Sravnitelnaya otsenka ustoichivosti biologicheskih svoistv 
chernozemov yuga Rossii k zagryazneniyu Cr, Cu, Ni, Pb v 
modelnom eksperimente [Comparative assessment of sustainability 
of biological properties of black soils in the South of Russia to 
contamination with Cr, Cu, Ni, Pb in a model experiment], Soil 
Science 2013, 2, 195. 

29. Kolesnikov, S. I. Aznauryan, D. C., Kazeev, K. Sh., Valkov, V. F., 
Ustoichivost biologicheskih svoistv pochv yuga Rossii k neftyanomu 
zagryazneniyu [Resistance of biological properties of soils in the 
South of Russia to contamination with oil], Ecology 2010, 5, 357–
364. 

30. Akimenko, Y. V., Kazeev, K. S., Kolesnikov, S. I., Vliyanie raznih 
sposobov sterilizatsii na biologicheskie svoistva chernozema 
obiknovennogo [The effect of various methods of sterilization on 

Y. V. Akimenko et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3406-3410

3409

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCYQFjAB&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEnterobacteriaceae&ei=EHK_U5npD-WF4gTh2YD4DQ&usg=AFQjCNFK1dR_OP0JOswKqrqvdMw9jPXpDw&bvm=bv.70810081,d.bGE


biological properties of ordinary black soil], Modern Problems of 
Science and Education 2013, 6, 721. 

31. Kazeev, K. S., Loseva, E. S., Borovikov,a L. G., Kolesnikov, S. I.,
Vliyanie zagryazneniya sovremennimi pestitsidami na
biologicheskuyu aktivnost' chernozema obiknovennogo [The effect
of contamination with modern pesticides on the biological activity of
ordinary black soil], Agricultural Chemistry 2010, 11, 39–44.

32. Stone, J. J., Clay, S. A., Spellman, G. M., Tylosin and
chlortetracycline effects during swine manure digestion: Influence of
sodium azide, Bioresource Technology 2010, 101, 9515–9520.

33. Loke, M.–L., Tjørnelund, J., Halling–Sørensen, B., Determination of
the distribution coefficient (logKd) of oxytetracycline, tylosin A,
olaquindox and metronidazole in manure, Chemosphere 2002, 48, 
351–361. 

34. Oliveira, M. F., Sarmah, A. K., Lee, L. S., Rao, P. S. C., Fate of
tylosin in aqueous manure–soil systems, Soil Science Society of
America National Meeting, Indianapolis 2002. 

35. Rabølle, M., Spliid, N. H., Sorption and mobility of metronidazole,
olaquindox, oxytetracycline and tylosin in soil, Chemosphere 2000, 
40, 715–722.

36. Ingerslev, F., Halling–Sørensen, B., Biodegradability of
metronidazole, olaquindox, and tylosin and formation of tylosin

degradation products in aerobic soil–manure slurries, Ecotox. 
Environ. Safety 2001, 48, 311–320. 

37. Thiele–Bruhn, S., Seibicke, T., Schulten, H.–R., Leinweber, P.,
Sorption of sulfonamide pharmaceutical antibiotics on whole soils
and particle–size fractions, J. Environ. Qual. 2004, 33, 1331–1342.

38. Denisova, T. V., Kazeev, K. Sh., Radiochuvstvitelnost raznih grupp
mikroorganizmov chernozema obiknovennogo k gamma–
izlucheniyu [Radiosensitivity of various groups of microorganisms
in ordinary black soil to gamma radiation], Ecology 2008, 2, 110–
115. 

39. Kolesnikov, S. I., Kazeev, K. S., Tatosyan, M. L., Valkov, V. F., 
Vliyanie zagryazneniya neft'yu i nefteproduktami na biologicheskoe
sostoyanie chernozema obiknovennogo [The effect of contamination
with oil and oil products on the biological state of ordinary black
soil], Soil Science 2006, 5, 616-620.

40. Markova, Y. A., Romanenko, A. S., Tabarova, O. N., Dukhanina, A. 
V., Zagryaznenie rastitelnih organizmov patogennimi i uslovno–
patogennimi bakteriyami. [Contamination of vegetable organisms
with pathogenic and conditionally pathogenic bacteria], Siberian
Ecological Magazine 2007, 14(6), 927–931.

Y. V. Akimenko et al /J. Pharm. Sci. & Res. Vol. 10(12), 2018, 3406-3410

3410




