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Abstract 

In earlier studies we showed for the first time the growth of microorganisms in culture media containing 
white phosphorus as the only phosphorus source. This fact suggests the possibility of developing methods for 
biodegradation of white phosphorus, i.e., its neutralization in the environment by microorganisms. However 
an effective biological decontamination of the substance is impossible without a thorough study of its 
toxicological properties. There should be performed a comprehensive study of the impact of white phosphorus 
on microorganisms, as well as the possibility of formation of lethal metabolites which more toxic than the 
initial substance. Genotoxicity is an important indicator of toxicity, since the structure of the hereditary 
material is the same in all living organisms, i.e., the result obtained on bacteria is easily extrapolated to 
humans. Our previous research has revealed the absence of genotoxicity of white phosphorus. Genotixicity 
was estimated by the Ames test, which demonstrated that white phosphorus is not a mutagen. However, with 
all the advantages of this method, the use of the Ames test only is not enough to reliably assess the 
genotoxicity. For this purpose a whole battery of tests is used, and the SOS-lux test for DNA damaging 
activity is among them. In the present work SOS-lux test has demonstrated genotoxicity of white phosphorus. 
This result is obtained for the first time – all the available literature sources reported no genotoxic properties 
of white phosphorus. Our previous research has revealed the absence of genotoxicity of white phosphorus. 
Genotixicity was estimated by the Ames test, which demonstrated that white phosphorus is not a mutagen. 
However, with all the advantages of this method, the use of the Ames test only is not enough to reliably assess 
the genotoxicity. For this purpose a whole battery of tests is used, and the SOS-lux test for DNA damaging 
activity is among them. In the present work SOS-lux test has demonstrated genotoxicity of white phosphorus. 
This result is obtained for the first time – all the available literature sources reported no genotoxic properties 
of white phosphorus.It has been shown that genotoxicity for a mixture of white phosphorus and hydrogen 
peroxide is much higher than that for white phosphorus only, i.e., P4 peroxide oxidation products appear to 
possess greater genotoxicity than that of the initial material. It was also found that the most pronounced SOS 
response, which correlates with the intensity of DNA damage, occurs approximately 6 hours after placing the 
culture of Salmonella in medium containing white phosphorus. White phosphorus exhibits the largest DNA 
damaging activity in a concentration range of 25-250 μg/ml. Toxic (and genotixic) properties of culture 
medium with white phosphorus retained after 8 months when stored frozen. 

 
References 
[1] A.Z. Mindubaev, D.G. Yakhvarov. Biodegradation as a method of waste treatment. Part 1. 

Biodegradation of xenobiotics. Butlerov Communications. 2013. Vol.33. No.3. P.1-37. ROI: jbc-02/13-
33-3-1 

[2] A.Z. Mindubaev, D.G. Yakhvarov. Biodegradation as a method of waste treatment. Part 2: A look at the 
problem. Are xenobiotics xenobiotics? Butlerov Communications. 2013. Vol.34. No.4. P.1-20. ROI: jbc-
02/13-34-4-1 

[3] A.E. Kuznetsov, N.B. Gradova, S.V. Lushnikov, M. Engelhart, T. Weisser, M.V. Chebotarev. Applied 
ecobiotechnology. The textbook for high school. Ed. BINOM. Second ed. 2015. Vol.2. 485p. (russian) 



Full Paper _________ A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.F. Sakhapov, N.V. Kulik, Sh.Z. Validov,  
       S.T. Minzanova, L.G. Mironova, A.A. Yusufovich, and D.G. Yakhvarov 

 2 _______________ http://butlerov.com/ _______________ ©Butlerov Communications. 2017. Vol.49. No.1. P.1-20.  

[4] A.S. Sirotkin, M.V. Shulaev, S.A. Ponkratova, E.N. Nurullina, V.M. Emelyanov. Bio-sorptional 
wastewater treatment technologies. Bulletin of the Kazan Technological University. 2010. No.6. P.65-75. 
(russian) 

[5] O.V. Turkovskaya. Biological and technological aspects of microbial treatment of wastewater and natural 
sites of surfactants and petroleum products: Doctoral thesis. Saratov. 2000. 43p. (russian) 

[6] A.S. Sirotkin. Technological and ecological foundations of bio-sorptional process wastewater: Doctotal 
thesis. Kazan. 2003. 40p. (russian) 

[7] V.V. Nagaev, M.V. Shulaev, A.S. Sirotkin, V.M. Emelyanov. Development of bio-sorptional treatment 
technology of chromium containing wastewater. Chemical industry. 1998. No.3. P.33-35. (russian) 

[8] M.V. Shulaev. Development and research of bio-sorption technology of cleaning of chromium-containing 
wastewater: Ph.D. dissertation. Kazan: Ed. of Kazan State Technological University. 1996. 118p. 
(russian) 

[9] R.R. Karimov, M.V. Shulaev, D.Y. Morozov, V.M. Emelianov. Biotechnology and the Environment 
Including Biogeotechnology. Nova Science Publ., Inc., New York. 2004. Р.79-88. 

[10] D.Y. Morozov, M.V. Shulaev, I.A. Khramov, L.I. Khabibullina. Study of adsorption treatment of 
wastewater containing heavy metal ions. Chemical Industry. 2007. Vol.83. No.3. P.141-144. (russian) 

[11] A.S. Sirotkin, S.A. Ponkratova, M.V. Shulaev. Modern technological concept of aerobic biological 
wastewater treatment. Kazan: KSTU. 2002. 163p. (russian) 

[12] S. Sato, Y. Honda, M. Kuwahara, H. Kishimoto, N. Yagi, K. Muraoka, T. Watanabe. Microbial scission 
of sulfide linkages in vulcanized natural rubber by a white rot basidiomycete. Ceriporiopsis 
subvermispora. Biomacromolecules. 2004. Vol.5. No.2. P.511-515. 

[13] Y. Tokiwa, B.P. Calabia, C.U. Ugwu, S. Aiba. Biodegradability of Plastics. Int. J. Mol. Sci. 2009. 
Vol.10. No.9. P.3722-3742. 

[14] D.R. Karsa, M.R. Porter. Biodegradability of Surfactants. Springer Science & Business Media. 1994. 
257p. 

[15] U. Merrettig-Bruns, E. Jelen. Anaerobic Biodegradation of Detergent Surfactants. Materials. 2009. 
Vol.2. No.1. P.181-206. 

[16] M.J. DiGeronimo, A.D. Antoine. Metabolism of Acetonitrile and Propionitrile by Nocardia 
rhodochrous LL100-211. Applied and Environmental Microbiology. 1976. Vol.31. No.6. P.900-906. 

[17] F.H. Mateus, J.S. Lepera, V.L. Lanchote. Determination of Acetonitrile and Cyanide in Rat Blood: 
Application to an Experimental Study. Journal of Analytical Toxicology. 2005. Vol.29. No.2. P.105-109. 

[18] Y. Oda, N. Oida, T. Urakami, K. Tonomura. Polycaprolactone depolymerase produced by the bacterium 
Alcaligenes faecalis. FEMS Microbiology Letters. 1997. Vol.152. P.339-343. 

[19] C.S. Karigar, B.G. Pujar. Metabolic pathway of homophthalic acid in Pseudomonas alcaligenes. FEMS 
Microbiol Lett. 1993. Vol.110. No.1. P.59-64. 

[20] J.В.M. Luengo, J.В.L. García, E.R. Olivera. The phenylacetyl-CoA catabolon: a complex catabolic unit 
with broad biotechnological applications. Molecular Microbiology. 2001. Vol.39. No.6. P.1434-1442. 

[21] R. Teufel, V. Mascaraque, W. Ismail, M. Voss, J. Perera, W. Eisenreich, W. Haehnel, G. Fuchs. 
Bacterial phenylalanine and phenylacetate catabolic pathway revealed. PNAS. 2010. Vol.107. No.32. 
P.14390-14395.  

[22] M. Bartosik, Z. Zakowska, K. Cedzińska, K. Rozniakowski. Biodeterioration of optical glass induced 
by lubricants used in optical instruments technology. Pol J Microbiol. 2010. Vol.59. No.4. P.295-300. 

[23] A. Estokova, V.O. Harbulakova, A. Luptakova, M. Prascakova, N. Stevulova. Sulphur Oxidizing 
Bacteria as the Causative Factor of Biocorrosion of Concrete. 10th International Conference on 
Chemical and Process Engineering. 2011. Vol.24. P.1-6. 

[24] G. Lalwani, W. Xing, B. Sitharaman. Enzymatic degradation of oxidized and reduced graphene 
nanoribbons by lignin peroxidase. J. Mater. Chem. B. 2014. Vol.2. No.37. P.6354-6362. 

[25] G. Bendz, I. Lindqvist, V. Runnström-Reio. Biochemistry of Silicon and Related Problems. Springer. 
1978. 591p. Chapter 6. W. Heinen. Biodegradation of Silicon-Oxygen-Carbon- and Silicon-Carbon-Bonds 
by Bacteria - A Reflection on the Basic Mechanisms for the Biointegration of Silicon. P.129-147. 

[26] T.S. Rao, M.H. Joshi, V.P. Venugopalan, S.V. Narasimhan, G.M. Krishnan, C.A. Babu. Microfouling 
problem in acid transfer unit of boron plant. BARC Newsletter. 2007. Vol.12. No.287. P.14-18. 

[27] J.S. Teh, K.H. Lee. Utilization of n-Alkanes by Cladosporium resinae. Applied Microbiology. 1973.  
Vol.25. No.3. P.454-457. 

[28] V.F. Smirnov, D.V. Belov, T.N. Sokolova, O.V. Kuzina, V.R. Kartashov. Microbiological Corrosion of 
Aluminum Alloys. Applied Biochemistry and Microbiology. 2008. Vol.44. No.2. P.192-196. Original 



GENOTOXICITY OF WHITE PHOSPHORUS _______________________________________________________ 1-20 

©Бутлеровские сообщения. 2017. Т.49. №1. _____________ E-mail:  journal.bc@gmail.com ________________ 3  

Russian Text. V.F. Smirnov, D.V. Belov, T.N. Sokolova, O.V. Kuzina, V.R. Kartashov. Prikladnaya 
Biokhimiya i Mikrobiologiya. 2008. Vol.44. No.2. P.213-218. 

[29] T. Smith, K. Pitts, J.A. McGarvey, A.O. Summers. Bacterial Oxidation of Mercury Metal Vapor, Hg(0). 
Applied And Environmental Microbiology. 1998. Vol.64. No.4. P.1328-1332. 

[30] H.A. Videla. Biocorrosion and biofouling of metals and alloys of industrial usage. Present state of the 
art at the beginning of the new millennium. Rev. Metal. 2003. Vol.39. P.256-264. 

[31] K.O. Oliveira, C.D.F. Milagre. Monitoring the biodegradation of benzonitrile herbicide – ioxynil 
octanoate - by HPLC-MS/MS. 38a Reunião Anual da Sociedade Brasileira de Química. 2015. T0306-1. 

[32] P.W. Rantek, N.G. Maurice,; B. Joseph,; B.J. Wadher. Nitrile converting enzymes: an eco-friendly tool 
for industrial biocatalysis. Biotechnol. Appl. Biochem. 2013. Vol.60. No.5. P.459-481. 

[33] T. Cai, L. Chen, J. Xu, S. Cai. Degradation of Bromoxynil Octanoate by Strain Acinetobacter sp. XB2 
Isolated from Contaminated Soil. Curr Microbiol. 2011. Vol.63. No.2. P.218-225. 

[34] Z. Frková, N. Badawi, A. Johansen, N. Schultz-Jensen, K. Bester, S.R. Sørensen, U.G. Karlson. 
Degradation of three benzonitrile herbicides by Aminobacter MSH1 versus soil microbial communities: 
pathways and kinetics. Pest Manag Sci. 2014. Vol.70. No.8. P.1291-1298. 

[35] V.E. Tregubova. The behavior of radionuclides and organic components in the process of biological 
treatment of hydrophobic organic liquid radioactive wastes. Ph.D. dissertation by specialty 02.00.14 – 
radiochemistry. 2016. 140p. (russian) 

[36] J. R. Lloyd, J.A. Cole, L.E. Macaskie. Reduction and Removal of Heptavalent Technetium from 
Solution by Escherichia coli. Journal of bacteriology. 1997. Vol.179. No.6. P.2014-2021. 

[37] X. Liu, X.-W. Yang, C.-Q. Chen, C.-Y. Wu, J.-J. Zhang, J.-Z. Ma, H. Wang, Q.-S. Zhao, L.-X. Yang, 
G. Xu. Hypercohones A–C, acylphloroglucinol derivatives with homo-adamantane cores from 
Hypericum cohaerens. Nat. Prod. Bioprospect. 2013. Vol.3. No.5. P.233-237. 

[38] B. Combourieu, L. Elfoul, A.-M. Delort, S. Rabot. Identification of new derivatives of sinigrin and 
glucotropaeolin produced by the human digestive microflora using 1h NMR spectroscopy analysis of in 
vitro incubations. Drug Metabolism and Disposition. 2001. Vol.29. No.11. P.1440-1445. 

[39] A.-S. Claeson, M. Sandström, A.-L. Sunesson. Volatile organic compounds (VOCs) emitted from 
materials collected from buildings affected by microorganisms. J. Environ. Monit. 2007. Vol.9. No.3. 
P.240-245. 

[40] L.G. West, A.F. Badenhop, J.L. McLaughlin. Allyl Isothiocyanate and Allyl Cyanide Production in 
Cell-Free Cabbage Leaf Extracts, Shredded Cabbage, and Cole Slaw. J. Agric. Food Chem. 1977. 
Vol.25. No.6. P.1234-1238. 

[41] N.B. Jensen, M. Zagrobelny, K. Hjernø, C.E. Olsen, J. Houghton-Larsen, J. Borch, B.L. Møller, S. Bak. 
Convergent evolution in biosynthesis of cyanogenic defence compounds in plants and insects. Nature 
Communications. 2011. Vol.2. No.273. P.1-7. 

[42] E.E. Conn. Biosynthesis of Cyanogenic Glycosides. Naturwissenschaften. 1979. Vol.66. No.1. P.28-34. 
[43] B.A. Halkier, C.E. Olsen,  B.L. Møller. The Biosynthesis of Cyanogenic Glucosides in Higher Plants. 

The (E)- and (2)-isomers of p-hydroxyphenylacetaldehyde oxime as intermediates in the biosynthesis of 
dhurrin in Sorghum bicolor (L.) Moench. The Journal of Biological Chemistry. 1989. Vol.264. No.33. 
P.19487-19494. 

[44] S.A. Zid, Y. Orihara. Polyacetylenes accumulation in Ambrosia maritima hairy root and cell cultures 
after elicitation with methyl jasmonate. Plant Cell Tiss Organ Cult. 2005. Vol.81. No.1. P.65-75. 

[45] T. Hiratsuka, H. Suzuki, R. Kariya, T. Seo, A. Minami, H. Oikawa. Biosynthesis of the Structurally 
Unique Polycyclopropanated Polyketide-Nucleoside Hybrid Jawsamycin (FR-900848). Angew. Chem. 
Int. Ed. 2014. Vol.53. No.21. P.5423-5426. 

[46] A.G.M. Barrett, D. Hamprecht, A.J.P. White, D.J. Williams. Iterative Cyclopropanation: A Concise 
Strategy for the Total Synthesis of the Hexacyclopropane Cholesteryl Ester Transfer Protein Inhibitor 
U-106305. J. Am. Chem. Soc. 1997. Vol.119. No.37. P.8608-8615. 

[47] J.S. Wiseman, R.H. Abeles. Mechanism of Inhibition of Aldehyde Dehydrogenase by Cyclopropanone 
Hydrate and the Mushroom Toxin Coprine. Biochemistry. 1979. Vol.18. No.3. P.427-435. 

[48] J. Jacob, G. Raab. 2,2-Dialkylacetic Acids - A New Class of Naturally Occurring Lipid Constituents. Z. 
Naturforsch. 1995. Vol.50. No.1-2. P.123-126. 

[49] V.M. Dembitsky, T. Maoka. Allenic and cumulenic lipids. Progress in Lipid Research. 2007. Vol.46. 
No.6. P.328-375. 

[50] M. Herraiz, G. Reglero, T. Herraiz, E. Loyola. Analysis of Wine Distillates Made from Muscat Grapes 
(Pisco) by Multidimensional Gas Chromatography and Mass Spectrometry. J. Agric.  Food Chem.  
1990. Vol.38. P.1540-1543. 



Full Paper _________ A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.F. Sakhapov, N.V. Kulik, Sh.Z. Validov,  
       S.T. Minzanova, L.G. Mironova, A.A. Yusufovich, and D.G. Yakhvarov 

 4 _______________ http://butlerov.com/ _______________ ©Butlerov Communications. 2017. Vol.49. No.1. P.1-20.  

[51] C. Pizarro, I. Esteban-Díez, C. Sáenz-González, J.M. Gonzílez-Sáiz. Vinegar classification based on 
feature extraction and selection from headspace solid-phase microextraction/gas chromatography 
volatile analyses: A feasibility study. Analytica Chimica Acta. 2008. Vol.608. No.1. P.38-47. 

[52] K.K. Sakimoto, A.B. Wong, P. Yang. Self-photosensitization of nonphotosynthetic bacteria for solar-
to-chemical production. Science. 2016. Vol.351. No.6268. P.74-77. 

[53] Y. Jiang, K. Loos. Enzymatic Synthesis of Biobased Polyesters and Polyamides. Polymers. 2016. Vol.8. 
No.243. P.1-53. 

[54]  E. Stavila, K. Loos. Synthesis of lactams using enzyme-catalyzed aminolysis. Tetrahedron Letters. 
2013. Vol.54. No.5. P.370-372. 

[55] A. Jousset, N. Eisenhauer, M. Merker, N. Mouquet, S. Scheu. High functional diversity stimulates 
diversification in experimental microbial communities. Science Advances. 2016. Vol.2. No.6. 
P.e1600124. 

[56] Toxicological profile for vinyl chloride. U.S. Department of Health and Human Services. USA.  2006. 274p. 
[57] G. Golshak. Bacteria metabolism. М.: Mir. 1982. 310p. (russian) 
[58] K.T. Saracoglu, A.H. Acar, T. Kuzucuoglu, S. Yakupoglu. Delayed diagnosis of white phosphorus 

burn. Burns. 2013. Vol.39. P.816-831. 
[59] Z. Zhou, H. Gao. Experimental Study on Combustion Characteristic of Yellow Phosphorus Tail Gas. 

Energy Procedia. 2012. Vol.16. P.763-768. 
[60] M.P. Talkhaev, L.I. Borisova, V.V. Bukseev, E.V. Roman, Y.A. Alushkin, V.I. Yuryeva, S.D. 

Pimenov, V.A. Kornelaev, D.E. Shevchuk, M.G. Kostyuzheva, I.V. Marshall. The method of 
preparation of phosphate raw materials to the production of Phosphorus. RF patent for the invention 
(19)RU(11)2074110.1997. Reference number: 93037059/26. IPC: 6C 01B 25/01 A. (russian) 

[61] A.Z. Mindubaev, D.G. Yakhvarov. Phosphorus: properties and application. Butlerov Communications. 
2014. Vol.39. No.7. P.1-24. ROI: jbc-02/14-39-7-1 

[62] F. Wang, W.K.H. Ng, J.C. Yu, H. Zhu, C. Li,  L. Zhang, Z. Liu, Q. Li. Red  phosphorus: An elemental  
photocatalyst for hydrogen formation from water. Applied Catalysis B: Environmental. 2012. Vol.111-
112. P.409-414. 

[63] V.A. Alekseenko, S.A. Buzmakov, M.S. Panin. Geochemistry of the environment. Publishing house of 
Perm State National Research University. 2013. 359p. (russian) 

[64] Y.Y. Lurie Analytical chemistry of industrial wastewater. Moscow: Chemistry. 1984. 448p. (russian) 
[65] I.S. Belyuchenko, A.V. Smagin, G.K. Voloshin, V.N. Gukalov, O.A. Melnik, Y.Y. Nikiforenko, E.V. 

Tereshchenko, L.N. Tkachenko, N.B. Sadovnikov, D.A. Slavgorodskaya. Basics of environmental 
monitoring. A Practical Guide for bachelors. Krasnodar KubSAU. 2012. 252p. (russian) 

[66] I.S. Belyuchenko, O.A. Melnik. Agricultural ecology. Krasnodar Ed. KSAU. 2010. 297p. (russian) 
[67] I.S. Belyuchenko. Introduction to the anthropogenic environment. Textbook. Krasnodar: KubSAU. 

2011. 265p. (russian) 
[68] I.S. Belyuchenko. Combined crops in crop rotation of agricultural landscape. Krasnodar: KubSAU. 2016. 

262p. (russian) 
[69] D.A. Antonenko, I.S. Belyuchenko, V.V. Gukalov, V.V. Korunchikova, O.A. Melnik, Y.Y. Nikiforenko, L.N. 

Tkachenko. Complex compost and its effect on soil properties and crop productivity. Krasnodar: KubSAU. 
2015. 181p. (russian) 

[70] E.A. Polienko. Ecological assessment of the impact of humic substances on soil condition and plants. Abstract 
of Ph.D. dissertation by specialty 03.02.08 - ecology (biological sciences). 2016. 24p. (russian) 

[71] T.A. Gorshkova, M.V. Ageev, S.I. Amenitsky, O.P. Guryanov, N.N. Ibragimova, P.V. Mikshina, N.E. 
Mokshina, V.V. Salnikov, A.V. Snegireva, S.B. Chemikosova, T.E. Chernova. Biogenesis of plant fibers. 
Moscow: Nauka. 2009. 264p. (russian) 

[72] T.A. Gorshkova. The plant cell wall as a dynamic system. Moscow: Nauka. 2007. 429p. (russian) 
[73] R.S. Rathore , N. Garg , S. Garg, A. Kumar. Starch phosphorylase: role in starch metabolism and 

biotechnological applications. Crit Rev Biotechnol. 2009. Vol.29. No.3. P.214-224. 
[74] V.L. Rath, M. Ammirati, P.K. LeMotte, K.F. Fennell, M.N. Mansour, D.E. Danley, T.R. Hynes, G.K. 

Schulte, D.J. Wasilko, J. Pandit. Activation of Human Liver Glycogen Phosphorylase by Alteration of the 
Secondary Structure and Packing of the Catalytic Core. Molecular Cell. 2000. Vol.6. No.1. P.139-148. 

[75] H.S. Han, P. Supanjani, K.D. Lee. Effect of co-inoculation with phosphate and potassium solubilizing 
bacteria on mineral uptake and growth of pepper and cucumber. Plant Soil Environ. 2006. Vol.52. 
No.3. P.130-136. 

[76] A.Z. Mindubaev, J.A. Akosah, F.K. Alimova, D.M.Afordoanyi, R.M. Kagirov, S.T. Minzanova, L.G. 
Mironova, O.G. Sinyashin, D.G. Yakhvarov. On the White Phosphorus Degradation by Wastewater 



GENOTOXICITY OF WHITE PHOSPHORUS _______________________________________________________ 1-20 

©Бутлеровские сообщения. 2017. Т.49. №1. _____________ E-mail:  journal.bc@gmail.com ________________ 5  

Mud. Uchenye Zapiski Kazanskogo Universiteta. Seriya Estestvennye Nauki. 2011. Vol.153. No.2. 
P.110-119. (russian) 

[77] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, C. Bolormaa, A.D. Voloshina, N.V. Kulik, S.T. 
Minzanova, L.G. Mironova, D.G. Yakhvarov. The possibility for anaerobic detoxication of white 
phosphorus. Butlerov Communications. 2013. Vol.33. No.1. P.22-34. ROI: jbc-02/13-33-1-22 

[78] A.Z. Mindubaev, A.D. Voloshina, D.G. Yakhvarov. Biological degradation of white phosphorus: 
feasibility and prospects. Butlerov Communications. 2013. Vol.33. No.2. P.1-17. ROI: jbc-02/13-33-2-1 

[79] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, S.T. Minzanova, L.G. Mironova, D.G. Yakhvarov, F.K. 
Alimova, S.C. Ahossiyenagbe, C. Bolormaa. The possibility of anaerobic biodegradation of white 
phosphorus. Ecological Bulletin of the North Caucasus. 2013. Vol.9. No.2. P.4-15. (russian) 

[80] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, S.T. Minzanova, L.G. Mironova, D.G. 
Yakhvarov.  New proof of biodegradation of white phosphorus. Butlerov Communications. 2013. 
Vol.36. No.10. P.1-12. ROI: jbc-02/13-36-10-1 

[81] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, C. Bolormaa, A.D. Voloshina, N.V. Kulik, S. T. 
Minzanova, L.G. Mironova, D.G. Yakhvarov. Microbial metabolism of the white phosphorus. Butlerov 
Communications. 2013. Vol.36. No.12. P.34-52. ROI: jbc-02/13-36-12-34 

[82] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe,S.T. Minzanova, L.G. Mironova, D.G. 
Yakhvarov.  Relationship between microbial metabolism and rate of destruction of white phosphorus in 
sewage sludge. The North Caucasus Ecological Herald. 2014. Vol.10. No.1. P.88-96. (russian) 

[83] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S. T. 
Minzanova, L.G. Mironova, D.G. Yakhvarov. Metabolites and tolerant microflora in substrates with white 
phosphorus 0.1%. Butlerov Communications. 2014. Vol.37. No.3. P.67-78. ROI: jbc-02/14-37-3-67 

[84] A.Z. Mindubaev, F.K. Alimova , S.C. Ahossiyenagbe,  C. Bolormaa, A.D. Voloshina., E.V. Gorbachuk, 
N.V. Kulik, S.T. Minzanova, L.G. Mironova, D.G. Yakhvarov. The perspectives of white phosphorus 
degradation by sewage sludge microorganisms. Materials of International scientific-practical conference 
“World Environment Day (Environmental readings-2014)”. Omsk. 2014. P.149-162. (russian) 

[85] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, E.V. Gorbachuk, S. T. Minzanova, L.G. 
Mironova, D.G. Yakhvarov.  Metabolic pathway of white phosphorus. The North Caucasus Ecological 
Herald. 2014. Vol.10. No.3. P.36-46. (russian) 

[86] C. Bolormaa, K.A. Saparmiradov, F.K. Alimova, A.Z. Mindubaev. A comparison of phytotoxicity 
indices, fungicidal and bactericidal activity of Streptomyces from a variety of habitats. Butlerov 
Communications. 2014. Vol.38. No.6. P.147-152. ROI: jbc-02/14-38-6-147 

[87] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, C. Bolormaa, A.D. Voloshina, E.V. Gorbachuk, 
N.V. Kulik,  L.G. Mironova, A.V. Pankova, D.G. Yakhvarov. Decontamination of industrial waste 
water containing white phosphorus, using SALT microflora. Ecology and Safety Journal. 2014. №1-2. 
P.68-72. (russian) 

[88] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, C. Bolormaa, A.D. Voloshina, E.V. Gorbachuk, 
N.V. Kulik,  L.G. Mironova, A.V. Pankova, D.G. Yakhvarov.  Neutralization of white phosphorus by 
means of microflora of sewage sludge. Materials of Symposium "Chemical Technology and 
Biotechnology of new materials and products" in the framework of the VI International Conference of 
the Russian Chemical Society named after D.I. Mendeleev. Moscow. 2014. P.64-66. (russian) 

[89] A.Z. Mindubaev, F.K. Alimova, S.C. Ahossiyenagbe, E.V. Gorbachuk, S. T. Minzanova, L.G. 
Mironova, D.G. Yakhvarov.  Resistant microflora in substrata with phosphorus content 0.1% by mass, 
and its cultivation in artificial media. The North Caucasus Ecological Herald. 2014. Vol.10. No.4. 
P.66-74. (russian) 

[90] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S.C. Ahossiyenagbe, F.K. Alimova, 
S.T. Minzanova, L.G. Mironova, A.V. Pankova, C. Bolormaa, K.A. Saparmyradov, D.G. Yakhvarov. 
White phosphorus as a new object of biological destruction. Butlerov Communications. 2014. Vol.40. 
No.12. P.1-26. ROI: jbc-02/14-40-12-1 

[91] A.Z. Mindubaev, F.K. Alimova, D.G. Yakhvarov, C. Bolormaa, K.A. Saparmyradov. Comparison of 
phytotoxicity, fungicidal and bactericidal activity of Streptomices from different biotopes. 
Determination of species rank for strain A8. The North Caucasus Ecological Herald. 2015. Vol.11. 
No.1. P.51-58. (russian)  

[92] A.Z. Mindubaev, D.G. Yakhvarov, F.K. Alimova, S.T. Minzanova, S.C. Ahossiyenagbe,C. Bolormaa, 
A.D. Voloshina, N.V. Kulik, L.G. Mironova, K.A. Saparmyradov, E.V. Gorbachuk. White phosphorus 
is a new object of microbiological degradation. Proceedings of the IV International Ecological 
Scientific Conference "Problems of reclamation of household waste, industrial and agricultural 
production". Krasnodar. 2015. Vol.2. P.156-161. (russian) 



Full Paper _________ A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.F. Sakhapov, N.V. Kulik, Sh.Z. Validov,  
       S.T. Minzanova, L.G. Mironova, A.A. Yusufovich, and D.G. Yakhvarov 

 6 _______________ http://butlerov.com/ _______________ ©Butlerov Communications. 2017. Vol.49. No.1. P.1-20.  

[93] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, S.T. Minzanova, L.G. 
Mironova, K.A. Saparmyradov, K.R. Khayarov, D.G. Yakhvarov. The inclusion white phosphorus in 
the natural cycle of matter. Cultivation of resistant microorganisms. Butlerov Communications. 2015. 
Vol.41. No.3. P.54-81. DOI: 10.37952/ROI-jbc-01/15-41-3-54 

[94] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, D.G. Yakhvarov. White phosphorus as 
phosphorus source for the microorganisms. Collection of Scientific Papers of III Russian Conference 
with international participation "Chemistry and modernity." Cheboksary. 2015. P.80-83. 

[95] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, S.T. Minzanova, L.G. 
Mironova, A.V. Pankova, D.G. Yakhvarov. Inclusion of white phosphorus in the natural phosphorus 
cycle. The North Caucasus Ecological Herald. 2015. Vol.11. No.2. P.16-24. (russian) 

[96] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, K.A. Saparmyradov,  
A.V. Pankova, S.T. Minzanova, L.G. Mironova, D.G. Yakhvarov. Neutralization of white phosphorus 
microflora. Collection of Proceedings of conference "Natural and social ecosystem." Cheboksary. 
2015. P.81-88. 

[97] A.Z. Mindubaev, A.D. Voloshina., E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, K.A. Saparmyradov, 
A.V. Pankova,  S.T. Minzanova, L.G. Mironova, D.G. Yakhvarov. Turning white phosphorus in the 
natural cycle of matter. Materials of International scientific-practical conference “World Environment 
Day (Environmental readings-2015)”. Omsk. 2015. P.158-170. (russian) 

[98] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S.T. Minzanova, L.G. Mironova, F.K. 
Alimova, K.A. Saparmyradov, D.G. Yakhvarov. Increase of resistance to white phosphorus in 
microorganisms as a result of directed selection: biochemical analysis of Streptomyces sp. A8 strain. 
The North Caucasus Ecological Herald. 2015. Vol.11. No.3. P.10-18. (russian) 

[99] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, Alimova, K.A. Saparmyradov, S.T. 
Minzanova, L.G. Mironova, D.G. Yakhvarov. Ecotoxicants white phosphorus as phosphoric fertilizing 
for microorganisms. Ecology and Safety Journal. 2015. No.1-2. P.46-51. (russian) 

[100] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, Alimova, D.G. Yakhvarov. Microflora, 
carrying out white phosphorus metabolism. Collection of theses of VII annual conference of Russian 
Chemical Society named after D.I. Mendeleev: "Resource and energy-saving technologies in the 
chemical and petrochemical industry." Moscow. 2015. P.76-78. (russian) 

[101] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, D.G. Yakhvarov. White 
phosphorus biodegradation and carrying out its microflora. Collection of scientific works based on the 
II International Conference "Environmental protection of toxicants". Ufa. 2015. P.9-12. (russian) 

[102] A.Z. Mindubaev, S.T. Minzanova, L.G. Mironova, F.K. Alimova, D.E. Belostotskiy, D.G. Yakhvarov. 
The effect of the amaranth phytomass on the white phosphorus biodegradation rate. The North 
Caucasus Ecological Herald. 2015. Vol.11. No.4. P.73-79. (russian) 

[103] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, S. Z. Validov, N.V. Kulik, F.K. Alimova, S.T. 
Minzanova, L.G. Mironova, D.E. Belostotskiy, K.A. Saparmyradov, R.I. Tukhbatova, D.G. Yakhvarov. 
Adaptation of microorganisms to white phosphorus as a result of directed selection. Genetic 
identification of sustainable Aspergillus and metabolic profiling of Streptomyces A8. Butlerov 
Communications. 2015. Vol.44. No.12. P.1-28. DOI: 10.37952/ROI-jbc-01/15-44-12-1 

[104] A.Z. Mindubaev, S.Z. Validov, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, F.K. Alimova, S.T. 
Minzanova, R.I. Tukhbatova, L.G. Mironova, D.G. Yakhvarov. Identification of resistant to white 
phosphorus Aspergillus. The North Caucasus Ecological Herald. 2016. Vol.12. No1. P.70-75. (russian) 

[105] A.Z. Mindubaev, S.T. Minzanova, L.G. Mironova, Belostotzkii D.E., F.K. Alimova, D.G. Yakhvarov. 
Action of amaranth biomass of biodegradation of white phosphorus. Proceedings of the International 
ecological Scientific Conference of the "Combined crops of field crops in the rotation agricultural 
landscape". Krasnodar. 2016. P.68-73. (russian) 

[106] A.Z. Mindubaev. Biodegradation of white phosphorus: the poison became fertilizer. Biomolecule. 2016. 
http://biomolecula.ru/content/1932 (russian) 

[107] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, S.T. Minzanova, L.G. Mironova, F.K. 
Alimova, D.G. Yakhvarov. The possibility of neutralization of industrial wastewater containing white 
phosphorus, with the help of microorganisms. Russian Journal of Applied Ecology. 2015. No.3. P.42-
47. (russian) 

[108] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, Sh.Z. Validov, D.G. Yakhvarov. 
Selection of resistant microorganisms to white phosphorus. The collection of materials of the annual 
Russian scientific-practical conference with international participation "Ecology of the native land: 
problems and solutions". Kirov. 2016. Book.1. P.188-191. (russian) 



GENOTOXICITY OF WHITE PHOSPHORUS _______________________________________________________ 1-20 

©Бутлеровские сообщения. 2017. Т.49. №1. _____________ E-mail:  journal.bc@gmail.com ________________ 7  

[109] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, Sh.Z. Validov, F.K. Alimova, K.A. Saparmyradov, 
D.G. Yakhvarov. Rendering harmless pollution white phosphorus with help microorganisms. Abstracts 
of III Russian conference with international participation «Current scientific and technical problems of 
ensuring Russia's chemical safety».Moscow. 2016. P.33. (russian) 

[110] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, N.V. Kulik, Sh.Z. Validov, F.K. Alimova, D.G. 
Yakhvarov. The growth of microbial resistance to white phosphorus. Collection of Scientific Papers IV 
Russian conference with international participation "Chemistry and modernity." Cheboksary. 2016. 
P.44-47. (russian) 

[111] A.Z. Mindubaev, A.D. Voloshina, Sh.Z. Validov, E.V. Gorbachuk, N.V. Kulik, K.A. Saparmyradov, 
D.G. Yakhvarov. Adaptation of microorganisms to increasing concentrations of white phosphorus. 
Collection of Proceedings of part-time conference "Natural and social ecosystem." Cheboksary. 2016. 
P.75-80. (russian) 

[112] A.Z. Mindubaev, A.D. Voloshina, Sh.Z. Validov, N.V. Kulik, S.T. Minzanova, L.G. Mironova, D.G. 
Yakhvarov, A.Yu. Akkizov. Aspergillus niger AM1 culture growth in medium with two phosphorus 
sources. The validity of the definition "biodegradation" with respect to white phosphorus. Butlerov 
Communications. 2016. Vol.46. No.5. P.1-20. DOI: 10.37952/ROI-jbc-01/16-46-5-1 

[113] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, S.T. Minzanova, L.G. Mironova, D.G. Yakhvarov, E.V. 
Gorbachuk, Sh.Z. Validov, K.A. Saparmyradov. Selection of microorganisms on the growth of 
resistance to white phosphorus. Proceedings of the XVI International Symposium "Energy and energy 
efficiency". Kazan. 2016. P.322-325. 

[114] A.Z. Mindubaev, A.D. Voloshina, S.T. Minzanova. The growth of bacterial culture in medium with 
potassium phosphite as the sole phosphorus source. Ecological Bulletin of the North Caucasus. 2016. 
Vol.12. No.3. P.81-84.  

[115] A.Z. Mindubaev, K.A. Saparmyradov, E.V. Gorbachuk, A.V.  Pankova. Selection of microorganisms 
for resistance to white phosphorus. Russian Journal of Applied Ecology. 2016. No. 2. P.42-46. (russian) 

[116] A.Z. Mindubaev, A.D. Voloshina., N.V. Kulik, E.V. Gorbachuk, D.G. Yakhvarov. An example of loss 
of stability to white phosphorus in a microorganism. Color changes of Streptomyces and fungi in the 
cultivation with P4. Collection of materials of the Vth All Russian conference with international 
participation "Modern problems of chemistry and pharmacy", Cheboksary. 2016. P.65-66. (russian) 

[117] A.Z. Mindubaev, K.A. Saparmyradov, F.K. Alimova, D.G. Yakhvarov. Determination of species 
belonging of strain Streptomyces sp. A8 by genetic sequence of gene 16S RNA. Collection of materials 
of the Vth All Russian conference with international participation "Modern problems of chemistry and 
pharmacy", Cheboksary. 2016. P.67. (russian) 

[118] A.Z. Mindubaev, Sh.Z. Validov, D.G. Yakhvarov. Determination of strain Aspergillus niger, resistant 
to white phosphorus. Collection of materials of the Vth All Russian conference with international 
participation "Modern problems of chemistry and pharmacy", Cheboksary. 2016. P.68. (russian) 

[119] A.Z. Mindubaev, A.D. Voloshina., N.V. Kulik, E.V. Gorbachuk. The dependence of the resistance to 
white phosphorus in microorganisms from their taxonomic affiliation. Collection of materials of the Vth 
All Russian conference with international participation "Modern problems of chemistry and 
pharmacy", Cheboksary. 2016. P.69-70. (russian) 

[120] A.Z. Mindubaev, F.K. Alimova, A.D. Voloshina,  E.V. Gorbachuk, N.V. Kulik, S.T. Minzanova, R.I. 
Tukhbatova, D.G. Yakhvarov. Method for detoxification of white phosphorus using microorganism 
strain Trichoderma asperellum VKPM F-1087. Patent RF No 2603259 from 1.11.2016. Bul. 33. 
Reciprocity date 28. 07. 2015. Registration number 2015131380 (048333). The decision to grant a 
patent on 29. 08. 2016. (russian) 

[121] A.Z. Mindubaev, A.D. Voloshina., N.V. Kulik, Sh.Z. Validov, E.V. Babynin, D.G. Yakhvarov.  
Investigation of microorganisms resistant to white phosphorus. Collection of abstracts of the II 
International school-conference of students, graduate students and young scientists "Materials and 
technologies of XXI century", Kazan. 2016. P.276. (russian) 

[122] A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.F. Sakhapov, N.V. Kulik, S.Z. Validov, S.T. 
Minzanova, L.G. Mironova, A.Y. Akkizov, D.G. Yakhvarov. Genotoxicity of white phosphorus. 
Butlerov Communications. 2017. Vol.49. No.1. P.1-20. DOI: 10.37952/ROI-jbc-01/17-49-1-1 

[123] A.Z. Mindubaev, A.D. Voloshina., N.V. Kulik, Sh.Z. Validov, E.V. Babynin, K.A. Saparmyradov, S.T. 
Minzanova, L.G. Mironova, D.G. Yakhvarov. Selection of cultures of microorganisms for resistance to 
white phosphorus and their identification. Journal of Ecology and Industrial Safety. 2016. No.2. P.22-27. 
(russian) 

[124] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, Sh.Z. Validov, E.V. Babynin, D.G. Yakhvarov. 

Investigation of microorganisms resistant to white phosphorus. Collection of materials of Scientific-



Full Paper _________ A.Z. Mindubaev, E.V. Babynin, A.D. Voloshina, I.F. Sakhapov, N.V. Kulik, Sh.Z. Validov,  
       S.T. Minzanova, L.G. Mironova, A.A. Yusufovich, and D.G. Yakhvarov 

 8 _______________ http://butlerov.com/ _______________ ©Butlerov Communications. 2017. Vol.49. No.1. P.1-20.  

practical conference with international participation "Oil and gas complex: Challenges and 
Innovations" in the framework of the X International Specialized Exhibition "Oil production. Refining. 
Chemistry". Samara. 2016. P.37. (russian) 

[125] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, Kh.R. Khayarov, Sh.Z. Validov, D.G. Yakhvarov. 
White phosphorus biodegradation and implement it microorganisms strains. XX Mendeleev congress on 
general and applied chemistry, Ekaterinburg. 2016. Vol.3. P.277. (russian) 

[126] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, Kh.R. Khayarov, Sh.Z. Validov, D.G. Yakhvarov. 
White phosphorus biodegradation and implement it microorganisms strains. XX Mendeleev congress on 
general and applied chemistry, Ekaterinburg. 2016. Vol.3. P.277. 

[127] A.Z. Mindubaev, K.A. Saparmyradov, F.K. Alimova. Comparison of antagonistic properties of 
Streptomyces from different biotopes. Russian Journal of Applied Ecology. 2016. No.3. P.28-32. 
(russian) 

[128] A.Z. Mindubaev, Sh.Z. Validov, A.D. Voloshina, N.V. Kulik, D.G. Yakhvarov. The growth of culture 
of Aspergillus niger АМ1 in medium with two phosphorus sources. Collection of materials of VI All 
Russian conference with international participation "Actual problems of chemical engineering and 
environmental protection." Cheboksary. 2016. P.68-69. (russian) 

[129] A.Z. Mindubaev, Sh.Z. Validov, D.G. Yakhvarov. Validity of definition "biodegradation" concerning to 
white phosphorus. Collection of materials of VI All Russian conference with international participation 
"Actual problems of chemical engineering and environmental protection." Cheboksary. 2016. P.70. 
(russian) 

[130] A.Z. Mindubaev, A.D. Voloshina, E.V. Gorbachuk, Ch.R. Chayarov, Sh.Z. Validov, D.G. Yakhvarov. 
Strains of microorganisms performing biodegradation of white phosphorus. Collection of abstracts of 
the VIII All-Russian Conference of Young Scientists "Strategy of interaction of microorganisms and 
plants with the environment." Saratov. 2016. P.66. (russian) 

[131] A.Z. Mindubaev, A.D. Voloshina, S.T. Minzanova.  Possibility of neutralization of white phosphorus 
contamination. Ecological Bulletin of the North Caucasus. 2016. Vol.12. No.4. P.63-70.  

[132] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, D.G. Yakhvarov. Biodegradation as a way of 
neutralization of white phosphorus - dangerous toxicants. Collection of papers of International 
scientific conference "Chemistry and Environmental engineering»- XVI. Kazan. 2016. P.453-456. 

[133] A.Z. Mindubaev, A.D. Voloshina, Sh.Z. Validov, N.V. Kulik, D.G. Yakhvarov. The growth of 
resistance to white phosphorus in microorganisms. Collection of papers of International scientific 
conference "Chemistry and Environmental engineering» - XVI. Kazan. 2016. P.456-459. (russian) 

[134] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, Sh.Z. Validov, E.V. Babynin, D.G. Yakhvarov. 
Biodegradation as a way of neutralization of white phosphorus. Collection of papers of ХIV All Russian 
scientific-practical conference with international participation "Biodiagnostics of condition of natural 
and natural-technogenic systems." Kirov. 2016. P.405-409. (russian) 

[135] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, K.A. Saparmyradov, S.T. Minzanova, L.G. Mironova, 
D.G. Yakhvarov. Biodegradation as a way of neutralization of white phosphorus. Collection of papers 
of National scientific-practical conference with international participation "Environmental issues in the 
region and ways of their solution", held within the framework of the Siberian Ecological Forum "Eco-
BOOM». Omsk. 2016. P.212-218. (russian) 

[136] A.Z. Mindubaev, A.D. Voloshina, Sh.Z. Validov, E.V. Babynin, N.V. Kulik, K.A. Saparmyradov, D.G. 
Yakhvarov. Selection of microorganisms on resistance to white phosphorus. Collection of papers of 
National scientific-practical conference with international participation "Environmental issues in the 
region and ways of their solution", held within the framework of the Siberian Ecological Forum "Eco-
BOOM». Omsk. 2016. P.218-224. (russian) 

[137] A.Z. Mindubaev, A.D. Voloshina, N.V. Kulik, Sh.Z. Validov, D.G. Yakhvarov. The possibility of 
biological treatment of white phosphorus contamination. Collection of abstracts of Interdisciplinary 
scientific-practical conference "Theoretical and practical aspects of the functional ecology." 
Pushchino. 2016. P.118-122. (russian) 

[138] Toxicological profile for white phosphorus. U.S. Department of health and human services. USA. 1997. P.248. 
[139] J.C. Dacre, D.H. Rosenblatt. Mammalian  toxicology  and  toxicity  to  aquatic  organisms  of  four  

important  types  of  waterborne  munitions  pollutants  - an  extensive  literature  evaluation. Commander,  
US  Army  Medical  Bioengineering  Research  & Development  Laboratory,  ATTN:  SGRD-UBG-C,  
Aberdeen  Proving  Ground,  Maryland  21010. Final comprehensive report. 1974. 166p. 

[140] D. Burrows, J.C. Dacre. Mammalian  toxicology  and  toxicity  to aquatic  organisms  of  white  
phosphorus and  "phossy  water"  a  waterborne munitions  manufacturing  waste  pollutant  - a  



GENOTOXICITY OF WHITE PHOSPHORUS _______________________________________________________ 1-20 

©Бутлеровские сообщения. 2017. Т.49. №1. _____________ E-mail:  journal.bc@gmail.com ________________ 9  

literature  evaluation. Associated Water and Air Resources Engineers Inc.Nashville, TN  37204, 
Incorporated. Army Medical Research and Development Command. 1973. 44p. 

[141] B. Michel. After 30 Years of Study, the Bacterial SOS Response Still Surprises Us. PLoS Biology. 
2005. Vol.3. No.7. P.1174-1176. 

[142] R.T. Cirz, J.K. Chin, D.R. Andes, V.e de Crécy-Lagard, W.A. Craig, F.E. Romesberg. Inhibition of 
Mutation and Combating the Evolution of Antibiotic Resistance. PLoS Biology. 2005. Vol.3. No.6. 
P.1024-1033. 

[143] J.R. Van der Meer, S. Belkin. Where microbiology meets microengineering: Design and applications of 
reporter bacteria. Nat Rev Microbiol. 2010. Vol.8. No.7. Р.511-522.  

[144] D.L. Cooper, S.T. Lovett. Toxicity and tolerance mechanisms for azidothymidine, a replication gap-
promoting agent, in Escherichia coli.  DNA Repair (Amst). 2011. Vol.10. No.3. Р.260-270. 

[145] Y. Davidov, R. Rozen, D.R. Smulski, T.K. Van Dyk, A.C. Vollmer, D.A. Elsemore, L.A. LaRossa, S. 
Belkin. Improved bacterial SOS promoter&Colon; lux fusions for genotoxicity detection. Mutation 
Research/Genetic Toxicology and Environmental Mutagenesis. 2000. Vol.466. No.1. Р.97-107. 

[146] Y. Mao, M. Varoglu, D.H. Sherman. Molecular characterization and analysis of the biosynthetic gene 
cluster for the antitumor antibiotic mitomycin C from Streptomyces lawendulae NRRL 2564. Chemistry 
& Biology. 1999. Vol.6. No.4. P.251-263. 

[147] J.A. Bueren-Calabuig, A. Negri, A. Morreale, F. Gago. Rationale for the opposite stereochemistry of 
the major monoadducts and interstrand crosslinks formed by mitomycin C and its decarbamoylated 
analogue at CpG steps in DNA and the effect of cytosine modification on reactivity. Org. Biomol. 
Chem. 2012. Vol.10. No.8. P.1543-1552. 

[148] E. Linley, S.P. Denyer, G. McDonnell, C. Simons, J.-Y. Maillard. Use of hydrogen peroxide as a 
biocide: new consideration of its mechanisms of biocidal action. J Antimicrob Chemother. 2012. 
Vol.67. No.7. P.1589-1596. 

[149] R.A. Bender. Regulation of the Histidine Utilization (Hut) System in Bacteria. Microbiology and 
Molecular Biology Reviews. 2012. Vol.76. No.3. P.565-584. 

[150] J.M. Landete, I. Pardo, S. Ferrer. Histamine, histidine, and growth-phase mediated regulation of the 
histidine decarboxylase gene in lactic acid bacteria isolated from wine. FEMS Microbiol Lett. 2006. 
Vol.260. No.1. P.84-90. 

[151] M. Hemmilä, M. Hihkiö, J.-P. Kasanen, M. Turunen, M. Järvelä, S. Suhonen, A.-L.a Pasanen, H.  
Norppa. Cytotoxicity and genotoxicity in vitro and irritation potency in vivo of two red phosphorus-
based pyrotechnic smokes. Mutation Research.  2010. Vol.701. No.2. P.137-144. 

[152] V.F. Garry, J. Griffith, T.J. Danzl,R.L. Nelson, E.B. Whorton, L.A. Krueger, J. Cervenka. Human 
Genotoxicity: Pesticide Applicators and Phosphine. Science. 1989. Vol.246. No.4927. P.251-255. 

[153] B.B. Pal, S.P. Bhunya. Mutagenicity testing of a rodenticide, zinctox (zinc phosphide) in a mouse in 
vivo system. In Vivo. 1995. Vol.9. No.1. P.81-83. 

[154] D. Yakhvarov, P. Barbaro, L. Gonsalvi, S. M. Carpio, S. Midollini, A. Orlandini, M. Peruzzini. A 
Snapshot of P4 Tetrahedron Opening: Rh- and Ir-Mediated Activation of White Phosphorus. Angew. 
Chem. Int. Ed. 2006. Vol.45. No.25. P.4182-4185. 

[155] M.K. Kadirov, J.G. Budnikova, K.V. Kholin, M.I. Valitov, S.A. Krasnov, T.V. Gryaznova, O.G. 
Sinyashin. Spin adduct of anion-radical at electrochemical reduction of white phosphorus. News 
Academy of Science. Chemical Series. 2010. No.2. P.456-458. (russian) 

[156] J.A. Swenberg, K. Lu, B.C. Moeller, L. Gao, P.B. Upton, J. Nakamura, T.B. Starr. Endogenous versus 
Exogenous DNA Adducts: Their Role in Carcinogenesis, Epidemiology, and Risk Assessment. 
Toxicological Sciences. 2011. Vol.120. No.1. P.130-145. 

[157] M. Park, S.-L. Tsai, W. Chen. Microbial Biosensors: Engineered Microorganisms as the Sensing 
Machinery. Sensors. 2013. Vol.13. No.5. P.5777-5795.  

[158] L. Su, W. Jia, C. Hou, Y. Lei. Microbial biosensors: A review. Biosensors and Bioelectronics. 2011. 
Vol.26. No.5. P.1788-1799. 

[159] S.F. D’Souza. Microbial biosensors. Biosensors & Bioelectronics. 2001. Vol.16. No.6. P.337-353. 
[160] R. Tecon, J.R. van der Meer. Bacterial Biosensors for Measuring Availability of Environmental 

Pollutants. Sensors. 2008. Vol.8. No.7. P.4062-4080. 
[161] B.M. Willardson, J. F. Wilkins, T.A. Rand, J. M. Schupp, K.K. Hill, P. Keim, P.J. Jackson. 

Development and Testing of a Bacterial Biosensor for Toluene-Based Environmental Contaminants. 
Applied And Environmental Microbiology. 1998. Vol.64. No.3. P.1006-1012. 
 


