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Biological Transformation Reactions 

 

Biodegradation: 

1. Primary biodegradation; 

2. Ultimate biodegradation; and 

3. Acceptable biodegradation. 

 

Xenobiotic organic compounds 

 

 

 

 

Enzyme 

Michaelis-Menten kinetics 

 

Microbial population 

Monod kinetics 

 

Biological transformation agents for the Xenobiotic organic compounds 

1. Plants; 

2. Animals; and 

3. Microorganisms. 

 

The types of microorganisms are environmental condition dependent.  However, many 

microorganisms exhibit similar biochemical pathways and capabilities.  The ultimate 

degradation of an organic compound may not be performed by a single microorganism. 

 

Important environmental factors for the types of microorganisms present are temperature, 

pH, strength, oxygen concentration, etc. (e.g., Fig. 14.3) 
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from Schwarzenbach, R. P., Gschwend, P. M., and Imboden, D. M. (1993) 

Environmental Organic Chemistry, John Wiley & Sons 
 

Enzyme 
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from Schwarzenbach, R. P., Gschwend, P. M., and Imboden, D. M. (1993) 

Environmental Organic Chemistry, John Wiley & Sons 
 

 

 

Enzyme inhibitions 

 

When E = enzyme; S = substrate; I = inhibitor; and  

ES = enzyme-substrate complex;  

 

Competitive inhibition; 

E + S ↔ ES →E + P 

E + I ↔ EI 

 

Uncompetitive inhibition; 

E + S ↔ ES →E + P 

ES + I ↔ ESI 
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Noncompetitive inhibition; 

E + S ↔ ES →E + P 

E + I ↔ EI 

ES + I ↔ ESI 

 

Substrate inhibition; 

E + S ↔ ES →E + P 

ES + S ↔ SES 

 

Product inhibition; 

E + S ↔ ES →E + P 

ES + P ↔ ESP 

 

 

Michaelis-Menten Kinetics 
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from Schwarzenbach, R. P., Gschwend, P. M., and Imboden, D. M. (1993) Environmental 

Organic Chemistry, John Wiley & Sons 

 

  

 

 

where v = rate of substrate removal (= - dS/dt); 

 Vmax = fastest possible substrate removal rate; and 

 KMM = concentration of substrate at v = Vmax/2. 
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from Schwarzenbach, R. P., Gschwend, P. M., and Imboden, D. M. (1993) Environmental 

Organic Chemistry, John Wiley & Sons 

 

 

Monod Kinetics 
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from Schwarzenbach, R. P., Gschwend, P. M., and Imboden, D. M. (1993) Environmental 

Organic Chemistry, John Wiley & Sons 

 

To quantify the microbial population dynamics in the system. 

 

 

 

where X = cell concentration (or cell abundance); and 

 µ= specific growth rate [T
-1
]; 
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where µmax = maximum growth rate [T
-1
]; and 

 KM = Monod constant. 

      (concentration of substrate at µ = µmax/2) 

 

  

 

where Y = yield of the biological process. 

 

New cell production rate, 

  

 

and 
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If S << KM, 
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If S >> KM, 
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from Schwarzenbach, R. P., Gschwend, P. M., and Imboden, D. M. (1993) Environmental 

Organic Chemistry, John Wiley & Sons 

 

The time for biodegradation to remove a xenobiotic compound: 

 X S Y
crit o

≅ ⋅  

 t
X

X
crit

crit

o

≅








ln /

max
µ  


