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ABSTRACT 
Marine luminous bacteria were used to monitor toxicity of alpha- (Am-241, 
U-235+238) and beta- (tritium) radionuclide solutions. Increase or inhibition 
of bacterial luminescence was observed under exposure to radionuclides. 
Radiation toxicity of Am and chemical toxicity of U were demonstrated. 
Effects of U were similar to those of stable heavy metals: sensitivy was about 
10-5M. Sensitivity of the bacteria to Am-241 was 300 Bq/L (10-11M). 
Inhibition of bacterial growth was observed under exposure to Am-241 and 
tritium. Role of peroxides and electron transfer processes in the effects of 
radionuclides on luminous bacteria is discussed. 
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INTRODUCTION 

 
      Increase of radioactive contamination is an important problem of ecology. Recent years 
have seen a change in the conceptual approach in radioecological studies: biota in toto is 
considered to be a target of radiation impact, with the human included as part of biota and 
integrated into the biosphere by a multiplicity of functional interrelations. Microorganisms are 
the simplest and basic part of the biosphere, and their physiological state can serve an 
indicator of the condition of the biosphere as a whole. Hence, microorganisms can be used as 
sensors for monitoring the environmental radiotoxicity. 

 
      Assay systems based on luminous bacteria are good candidates for monitoring the 
environmental toxicity. The tested parameter here is bacterial luminescent intensity, which 
can be easily measured instrumentally. The advantages of the bioluminescent assays are 
rapidity, sensitivity, simplicity, and availability of the devices for toxicity registration. 

 
      Bioluminescent bacteria have been used as a bioassay for almost a half of a century. The 
bioassay was described in its current form in 1969 (1). Later, it was modified by different 
researchers and adapted for their specific purposes; numerous applications of the bacterial 
bioassay are known (2-7). Now, the bioluminescent ecological assay is a traditional and 
important biotechnological application of the bioluminescence phenomenon. 

 
      Toxicity monitoring of radionuclide solutions is of interest for modern radioecology. 
General radiotoxicity was previously investigated using bioluminescence of the recombinant 
Escherichia coli strains exposured to gamma-ray irradiation (8). In our work, we used 
solutions of alpha- and beta- radionuclides (Am-241, U-235+238, and tritium) as models for 
studing the effects of ionizing radiationn on luminous bacteria Photobacterium Phosphoreum.  
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RESULTS AND DISCUSSION 

 
      Bioluminescent bioassays have been used to study the effect of low-level alpha-ray 
irradiation in (9). In this work, three bioluminescent assay systems were applied: intact 
bacteria, lyophilized bacteria, and bioluminescent system of coupled enzyme reactions. 
Solutions of 241Am(NO3)3 were used in this paper as sources of α-radiation, they were added 
to 16-h culture of Photobacterium phosphoreum 1883 IBSO from the Collection of Luminous 
Bacteria CCIBSO.  
 
     The bioluminescence increase (activation process) was shown to predominate in all three 
assay systems subjected to short-term exposure (to 20-55 h) and inhibition processes – in the 
systems subjected to longer-term exposure to radiation. Fig. 1 demonstrates the effect of 
241Аm3+ on the bioluminescent intact bacteria as an example.  
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Fig. 1. Bioluminescent intensity (Irel) of intact bacteria vs. time of exposure in 

solutions of 241Аm3+ (C = 2⋅10-10M, A = 6000 Bq/L) (1) and Eu3 (C = 2⋅10-10M) (2) (9). 
 

 
      The absence of the effect of nonradiative americium analogue – Eu – under similar 
experimental conditions was demonstrated, too. The comparison of two curves (Fig.1) brings 
up the conclusion that the effect of 241Аm3+ was caused by its radiation properties. In the 
paper mentioned (9), the impact of 241Аm3+ was shown to depend on its concentration, the 
level of organization and integrity of bioluminescent assay system. Bioluminescent assay 
system in vivo (intact bioluminescent bacteria) was found to be more sensitive to 241Am3+ 

(down to 10-11 M, 300 Bq/L). 
 
      Effect of Am-241 on growth of luminous bacteria Р. Phosphoreum was studied in (10). It 
was found that radioactive solutions of Am-241 (0.2–6.7 kBq/L) suppressed bacterial growth.  
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       The effects of Am-241 on luminous bacteria could be attributed to peroxide compounds 
generated in water solutions as secondary products of radioactive decay.  
      Effect of UO2(NO3)2 on bioluminescent bacteria P.Phosphoreum was studied in (11). It 
was compared with the effect of solutions of the more active radionuclide - 241Am(NO3)3 
studied earlier (9). Bioluminescence inhibition was observed under uranyl concentrations 
exceeding 10-5M (30 Bq/L); and bioluminescence activation was not observed under all 
uranyl concentrations and exposure times (Fig.2). The effect was comparable to that of the 
stable heavy metal – Eu (Fig.2), as well as the effects of a number of metallic salts studied 
earlier (12). 
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Fig. 2. Bioluminescent intensity (Irel) vs time of exposure in solutions of UO2(NO3)2 

(A), and Eu(NO3)3 (B). Concentrations of the salts: 1 - 10-3, 2 - 10-7, 3 - 10-11M. 
 
     Hence, the effect of uranium, radionuclide of low specific activity, was attributed to its 
chemical properties, not radiation ones.  
 
     Effect of tritium labeled amino acid valine (0.3 – 1.0 MBq/ml) on luminous bacteria Р. 
Phosphoreum was studied in (13). The amino acid was used as a nutrient medium for the 
bacteria. Tritium was found to suppress bacterial growth, but stimulate luminescence: 
luminescence intensity, quantum yield and time of light-emitting were increased. Activation 
of the luminescent function was explained by redistribution of electronic density at β-decay, 
and affecting biochemical processes in the bacterial media.  
 
     Hence, our study promotes elaboration of bioluminescence-based assay to monitor 
radiotoxicity of radionuclides in aquatic solutions. 
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