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Abstract- In this study, we determined the biological kinetic coefficient of mixed consortium of bacteria which live on only 
1,4-dioxane as the sole source of energy and carbon. Relatively low half-speed concentration (Ks =7.47mg1,4-dioxane/L) and 
high cell yield (YT = 0.434mgVSS/mg1,4-dioxane) were observed to suggest the high affinity of bacteria. Also, The rate of 
substrate utilization and microbial growth can be slowed down or speeded up by the presence of extra carbon source. The 
experiment was conducted to investigate the effect of normal carbon source in wastewaters such as dextrose and THF an 
analog structure of 1,4-dioxane, to biodegradation of 1,4-dioxane by mixed consortium.Dextrose was showed to be consumed 
together with 1,4-dixoane by enriched culture, but don’t have any influence on 1,4-dioxane biodegradation while THF was 
proved as a competitive inhibition of 1,4-dixoane. 

 
Index Terms- 1, 4-Dioxane, Biodegradation, Parameter, Cometabolism. 
 
I. INTRODUCTION 
 
1, 4-dioxane is known to be the most widely used as a 
stabilizer of chloride organic solvent. Also, it is 
reported to be widely included in living materials such 
as kitchen cleaners, cosmetics, and even food 
additives. Because of its probable impact as human 
carcinogen, United States Environmental Protection 
Agency (USEPA) has defined it as a management 
object classifying as carcinogen group B2.Due to the 
high solubility to water and low vapor pressure of 
1,4-dioxane, it is hardly removed by deaeration or 
absorption using activated carbon. It was reported that 
there are some bacteria which utilize 1,4-dioxane as a 
sole energy and carbon source. However, the main 
limitation of biological treatment process appears to 
be the slow degradation rate of 1, 4-dioxane.  
In this study the kinetics of 1,4-dioxnae 
biodegradation was estimated and cometabolic 
degradation of 1,4-dioxane with THF and normal 
BOD source was also evaluated in the extra carbon 
sources effect test. 
 
II. MATERIAL AND METHODS 
 
A. Determinataion of kinetic coefficients for 1, 
4-dioxane biodegradation 
Assays were conducted in a series of 100ml bottles 
and each was innoculated by bacteria in 1,4-dioxane 
culture medium and incubated in shaking incubator at 
25℃. The initial concentration of 1,4-dioxane from 
the sample was 200 mg/L and incubated for 48 hr. To 
measure the concentration of dissolved 1,4-dioxnae, 
each sample was obtained at predetermined time and 
filtered by syringe filter. At the same time, cellular 
growth was assessed by measuring MLVSS. 
 
B. Effects of extra carbon source on 1, 4-dioxane 
biodegradation 

Tests were conducted in a series of 100 mL flasks, 
containing 50mL medium inoculated with the same 
biomass concentration of enriched culture and 100 
mg/L 1,4-diaxane. A duplicated flasks were 
considered as controls with sole carbon source 
1,4-dioxnae, while three duplicated flasks containing 
1,4-D along with 20, 75 and 150 mg/L of THF to 
evaluate the influence of THF; another three 
duplicated flasks were added with 20, 100, 500 mg/L 
of Dextrose to investigate the effect of Dextrose. 
 
C. Analysis method 
The concentration of 1,4-dioxane during incubation 
was measured by soluble COD and GC-MS. COD was 
measured by DR/2010 Portable Data Logging 
Spectrophotometer (HACH) and COD reactor. For 
GC-MS, iquid-liquid extraction (LLE) and Perkin 
Elmer Clarus 600 GC/MS was used. 
 
III. RESULT AND DISCUSSION 
 
A. Determinataion of kinetic coefficients for 1, 
4-dioxane biodegradation 

 
Table 1.Kinetic parameters of 1, 4-dioxane 

biodegradation by mixed culture 

 
 
The maximum specific rate of substrate utilization 
obtained in this study was relatively small compared to 
the existing rate (qm= 1.09mg 1,4-D/hr/mg protein of 
Pseudonocardiadioxanivoran CB 1190 and qm= 
0.1mg 1,4-D/hr/mg protein of 
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PseudonocardiabenzenivoransB5 (Mahendra S. et al. 
2006). It is considered to come from that the 
microbacteria used in this study were a consortium not 
a single strain. the cell yield is relatively large 
compared to the yield (0.02-0.09 mg-protein/mg 
1,4-dioxane : Li et al. 2010, 0.179-0.223 
mg-protein/mg 1,4-dioxane : Kazunari et al. 2012) 
reported in the previous study. Also, the half-speed 
concentration (Ks) is relatively small (7.47mg/1,4-D/L) 
to suggest that the microbacteria in this study had high 
affinity to degrade 1,4-dioxane. 
 
B. Effects of extra carbon source on 1,4-dioxane 
biodegradation 
Mixed cultures was showed the capability of 
degrading 1,4-dioxane and Dextrose simultaneously, 
however, the degrading rate of dextrose substrate was 
showed much higher than 1,4-D and did not effect on 
1,4-D substrate utilization.(Fig. 1) 
 

 
Figure 1Cometabolism of dextrose and 1,4-dioxane as COD 

 
The fig.2 shows that THF initially inhibited the 
degradation of 1,4-dioxane, probably by excluding 
1,4-dioxane from the active site of the degrading 
enzyme, thus test that amended little or no THF 
initially degraded 1,4-dioxane faster than cultures that 
received more THF. This made it appear that less or no 
THF led to better 1,4-dioxane degradation. Or in other 
way of expression, THF has negative effect on 1,4-D 
biodegradation. 
 

 
Figure 2Degradation of 1, 4-D in the presence of different 

concentration of THF 

CONCLUSION 
 

1. The maximum specific substrate utilization rate 
in this study (0.1045 mg 1,4-D/mg VSS/day-) 
was relatively small compared to the value 
presented in the previous study, which is 
considered to attribute to the mixture of bacteria 
used in this study not a single strain. 

2. The bacteria degrading 1,4-dioxane have ability 
to degrade general BOD, however, without 
substrate inhibition (enzyme competition) 
between 1,4-dioxane and dextrose.  

3. On the result of evaluating the effects of THF 
which is a structure analog of 1,4-dioxane, the 
interference by substrate inhibition was 
observed. 
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