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 1.        Chlorella 
vulgaris  Daphnia magna 
Table 1. Toxicity indices of decabromodiphenyl oxide (DBDPO) based on bioassays with Chlo-
rella vulgaris and Daphnia magna 

 -  / 
Test subject type 

 ,  /  
Mass of DBDPO, mg 

  
  /  

Registered toxic effect 

   
, % / Incidence of 

toxic effect, % 

Chlorella vulgaris 

 / Control – 100±1 
2500    

   
 /  

Increasing algal culture 
colony growth through 

stimulation 

140±1* 
5000 122±2* 

7500 119±2* 

15000 115±1* 

Daphnia magna 

 / Control 
    

  / No signs of toxic effects 
 are observed 

2500 
5000 
7500 

15000 
. * –          

(p < 0.05). 
Notes. * – in comparison to the control group, the difference within the group is statistically 

significant (p < 0.05). 
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 2.        -

   Chlorella vulgaris  Daphnia magna 
Table 2. Toxicity parameters of decabromodiphenyl oxide (DBDPO) thermal degradation pro-
ducts through biotoxicity testing on Chlorella vulgaris and Daphnia magna 

 -
 / Test 

subject type 

 ,  / 
Mass of DBDPO, mg 

  
  /  

Registered toxic effect 

  
, % / Incidence 

of toxic effect, % 

Chlorella 
vulgaris 

 / Control – 100±13 
1000    

  /  
Increasing algal culture colony 

growth through stimulation 

153±9* 
4000 115±1 

6000 103±9 

Daphnia magna 

 / Control   
   / 

No signs of toxic effects are 
observed  

– 1000 
4000 
6000 

. * –          
(p < 0.05). 

Notes. * – in comparison to the control group, the difference within the group is statistically 
significant (p < 0.05). 
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 3.        -
   Planorbis 

Table 3. Toxicity indicators of thermal degradation products of decabromodiphenyl oxide 
(DBDPO) through biotoxicity assessment on Planorbis 

 ,  / 
Mass of DBDPO, mg 

  
,  / 

Initial size of 
embryos, mm 

  
 5-  ,  / 
Embryo size at 

5 days, mm 

  
,  /  

Dynamics of growth 
changes, number of 

times 

  
 5 , % / 

Incidence of  
embryo demise 

within 5 days, % 
 / Control 1.04±0.03 (n = 6) 2.5±0.07 (n = 6) 2.4±0.06 – 

1000 0.9±0.07 (n = 5) 3.6±0.10* (n = 4) 4.5±0.13* 20 
4000 0.9±0.03 (n = 7) 2.9±0.06* (n = 6) 3.6±0.08* 14 
6000 1.4±0.07* (n = 8) 4.1±0.15* (n = 8) 2.9±0.11* – 

. * –          
(p < 0.05). 

Notes. * – in comparison to the control group, the difference within the group is statistically 
significant (p < 0.05). 

 
         

.      5  -
  . 

 

 
              / a                                     / b                                  / c                                       / d 

 Planorbis  5-        
:  –  ,  – 1000 ,  – 4000 ,  – 6000  

Figure. Incubated Planorbis embryos after 5 days following exposure to the products of thermal 
decomposition of decabromodiphenyl oxide: a – control group, b – 1000 mg, c – 4000 mg, d – 
6000 mg 

 
        -

       .    
     2 .      -

      3    -
.  

     ( Br, / 3)  -
          

   (M , )     .  
  (R = 0.97, p < 0.05)    

  . 
Br = 0.6618+0.00002M  



 
 
 
 
 

  

      2   2024                                                                    229 
 
 
 
 

        
   ,    . 

,         
1000  6000 ,      -  Chlorella 
vulgaris   Planorbis.       -

 Chlorella vulgaris  53%       -
     1000 .    

   4000      6000     
      ,  -
  . 

          
  ,        -

. ,  5-       ,  -
  ,    1000  , -

  4.5±0.13 .        
 2.4±0.06 .      -

        , 
      .  8-   

      ,   
 ,       .   -

           
20%     .     -

       , , -
   . 
 

 
 ,   ,       -
       -

   -     Chlorella vulgaris  
  Planorbis.  

,        -
,      ,   

    .  
  ,        

    .    ,     
         -
   Chlorella vulgaris,       

  Planorbis.      
 -    ,    

,     .  ,   
        ,  

:  , , ,     
 ( , 2004). 



 
 
 
 
 

. . , . . , . .   . 

230                                                            2   2024 
 
 
 
 

 ,       , 
     ,   -

  ,     
       . 

 
  

 . .          
  //    :   

XIV  -   «    -
»,  370-      . : 

 -     , 2019. . 214 – 216.  
 . .,  . .,  . . -   

 -    -    -
 //    . : . 2018. 

 2. . 143 – 150. https://doi.org/10.17308/geology.2018.2/1555 
 . .,  . .      -

 //   . 1981.  12. . 42 – 44. 
 . .,  . .,  . .,  . .  -

        -
        // -

   . 2013.  4 (34). . 7 – 17.  
 . .           

: . … . .- . . , 2017. 182 .  
 . .,  . .,  . .    

          
  //    : 

-     :   
-  ,  60-     

     / . . . . . : -
  , 2022. . 462 – 465.  

 . . : . :  2 . .: - , 2004. . 1. 
608 . 

 . .,  . .,  . .,  . .   -
  -     //  -
  . 2013.  2 (32). . 38 – 49. 

Bastos P. M., Eriksson J., Vidarson J., Bergman A. Oxidative transformation of polybromin-
ated diphenyl ether congeners (PBDEs) and of hydroxylated PBDEs (OH-PBDEs) // Environmen-
tal Science and Pollution Research. 2008. Vol. 15, iss. 7. P. 606 – 613. 
https://doi.org/10.1007/s11356-008-0045-9 

Chen S., Ma Y., Wang J., Chen D., Luo X.-J., Mai B.-X. Brominated flame retardants in chil-
dren’s toys; concentration, composition, and children’s exposure and risk assessment // Environmen-
tal Science & Technology. 2009. Vol. 43, iss. 11. P. 4200 – 4206. https://doi.org/10.1021/es9004834 

Darnerud P. O., Eriksen G. S., Johannesson T., Larsen P. B., Viluksela M. Polybrominated 
diphenyl ethers: Occurence, dietary exposure, and toxicology // Environmental Health Perspec-
tives. 2001. Vol. 109, suppl. 1. P. 49 – 68. https://doi.org/10.1289/ehp.01109s149 

de Boer J., Wester P. G., van-der Horst A., Leonards P. E. Polybrominated diphenyl ethers 
in influents, suspended particulate matter, sediments, sewage treatment plant and effluents and 



 
 
 
 
 

  

      2   2024                                                                    231 
 
 
 
 

biota from the Netherlands // Environmental Pollution. 2003. Vol. 122, iss. 1. P. 63 – 74. 
https://doi.org/10.1016/s0269-7491(02)00280-4 

Hardy L. The toxicology of the three commercial polybrominated diphenyl oxide (ether) 
flame retardants // Chemosphere. 2002. Vol. 46, iss. 5. P. 757 – 777. https://doi.org/10.1016/s0045-
6535(01)00240-5 

Hardy L., Schroeder R., Biesemeier J., Manor O. Prenatal oral (gavage) developmental toxi-
city study of decabromodiphenyl oxide in rats // International Journal of Toxicology. 2002. 
Vol. 21, iss. 2. P. 83 – 91. https://doi.org/10.1080/10915810252866051 

Horrocks R. The potential for bio-sustainable organobromine-containing flame retardant 
formulations for textile applications – A review // Polymers. 2020. Vol. 12, iss. 9. Article number 
2160. https://doi.org/10.3390/polym12092160 

Wang R., Tang T., Feng S., Xie J., Tao X., Huang K., Zou M., Yin H., Dang Z., Lu G. Debro-
mination of polybrominated diphenyl ethers (PBDEs) and their conversion to polybrominated 
dibenzofurans (PBDFs) by UV light: Mechanisms and pathways // The Journal of Hazardous Ma-
terials. 2018. Vol. 354. P. 1 – 7. https://doi.org/10.1016/j.jhazmat.2018.04.057 

Watkins D. J., McClean M. D., Fraser A. J., Weinberg J., Stapleton H. M., Sjödin A., Web-
ster T. F. Exposure to PBDEs in the office environment: Evaluating the relationships between 
dust, handwipes, and serum // Environmental Health Perspectives. 2011. Vol. 119, iss. 9. P. 1247 – 
1252. https://doi.org/10.1289/ehp.1003271 

Wu Z., Han W., Yang X., Li Y., Wang Y. The occurrence of polybrominated diphenyl ether 
(PBDE) contamination in soil, water/sediment, and air // Environmental Science and Pollution 
Research. 2019. Vol. 26, iss. 23. P. 23219 – 23241. https://doi.org/10.1007/s11356-019-05768-w 

Zhang M., Buekens A., Li X. Brominated flame retardants and the formation of dioxins and 
furans in fires and combustion // The Journal of Hazardous Materials. 2016. Vol. 304. P. 26 – 39. 
https://doi.org/10.1016/j.jhazmat.2015.10.01 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

. . , . . , . .   . 

232                                                            2   2024 
 
 
 
 

Original Article 
https://doi.org/10.35885/1684-7318-2024-2-222-234 
 

Biotesting of decabromodiphenyl oxide using 
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Abstract. The results of biotesting of decabromodiphenyl oxide using a multicomponent test sys-
tem are presented. It has been demonstrated that its aqueous solutions exhibit a reverse dose-
dependent effect in stimulating the growth of colonies of the green algae Chlorella vulgaris and 
show no signs of toxic effects on Daphnia magna. During the thermal decomposition of decabro-
modiphenyl oxide at a temperature of 400°C, a mixture of products is formed, one of which is 
bromine. The decomposition product is released into the air and possesses toxic properties, as evi-
denced by stimulation of the growth of colonies of the green algae Chlorella vulgaris, as well as 
the death and growth abnormalities of Planorbis mollusk embryos. Therefore, water samples con-
taining decabromodiphenyl oxide can be assessed for toxicity by biotesting methods, using cul-
tures of green algae Chlorella vulgaris and 24-hour-old Planorbis embryos as test subjects. It is 
noteworthy that in the context of the prevailing perception of the safety of decabromodiphenyl ox-
ide, based on its poor water solubility and low toxicity to biological organisms, there arises a need 
to study embryotoxic effects of the thermal decomposition products on both animals and humans. 
Keywords: Chlorella vulgaris, Daphnia magna, decabromodiphenyl oxide, antipyrene, biotesting, 
toxicology 
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