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Introduction. The most widely organochlorine herbicides 
used in North America are 2,4-dichlorophenoxyacetic acid 
(2,4-D), atrazine, simazine, and, in minor grade diuron. 
These herbicides can be simultaneously or sequentially 
applied in agricultural fields; thus, the contamination of 
water bodies usually could occur by a combination of two 
or more herbicides. For this reason, the study of 
communities able to degrade a mixture of these 
organochlorine herbicides is proposed. 
Methods.  
In this study, the bacterial community was composed by 
the combination of three microbial consortia. Each of them 
can degrade a specific herbicide. 
The community was immobilized in a packed-bed biofilm 
reactor (PBR). The salts medium used a combination of 
the following herbicides, in mg L

-1
, diuron, 20; atrazine, 20; 

simazine, 5, and 2.4-D, 50. After inoculation, the reactor 
was continuously fed, increasing the herbicide loading 
rates (BV,H), which ranged between 3 and 15 mg L

-1
h

-1
. 

The attached cell mass was analyzed for their viable cell 
counting. The concentration of herbicides, chlorides, 
chemical oxygen demand (COD), and total organic carbon 
(TOC) was determined in the PBR outflowing liquid. The 
concentration of herbicides was measured by high-
performance liquid chromatography (HPLC). 
At the end of PBR’s operation, the bacterial community 
was detached from the support. Bacterial strains were 
isolated, identified and screened for the presence of genes 
involved in the degradation of the different herbicides. 
Isolated genomic DNA from each strain of the bacterial 
community was used as PCR template for identification 
and screening purposes.  
Results.  
After six months of PBR's operation, the results showed 
that colonization of the porous support had an initial period 
of slow growth followed by an accelerated growth at the 
highest loading rate until the cell counting reaches a stable 
value. 
In concordance with the community enrichment, a 
decrease in the concentration of herbicides and various 
metabolic by-products was observed. At the end of the 
continuous bioprocess, no herbicides or their metabolic 
intermediates, with the only exception of cyanuric acid 
were detected. The efficiency of dehalogenation and the 
reduction of COD and TOC reached values of 100, 91 and 
92% respectively. 
The enriched culture obtained was composed of eight 
bacteria and several genes involved in the degradation of 
different herbicides were detected in each strain (Table 1). 
The genes tfdA, tfdC and tfdD (Hogan et al., 1997; Chang 
y Ka, 1998; Morimoto y Fujii, 2009), involved in the 

catabolism of 2,4-D, were amplified. The puhB gene 
involved in the degradation of diuron was also detected 
(Khurana et al., 2009). Amplicons for the genes atzA, 
atzB, atzC and atzD, (De Souza et al., 1998; Martinez et 
al. 2001) responsible for the degradation of triazine 
herbicides were also amplified. 
Table 1. Catabolic genes detected in the bacterial community attached to 

the PBR’ porous support. 
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C1 Pseudomonas 
sp. 

99%  JN093012.1 
♦ ♦ ♦  ♦  ♦ ♦ ♦ 

C2 Bosea sp. 99%  HQ260890.1  ♦ ♦  ♦ ♦ ♦   

C3 Gordonia sp 99%  GU367115.1 ♦ ♦ ♦       

C4 Mycobacterium 
sp 

99%  JF772584.1 
♦ ♦      ♦  

C5 Bosea sp. 99%  DQ440824.1 ♦ ♦ ♦     ♦  

C6 Kaistia sp. 98%  FJ006913.1 ♦  ♦    ♦   

C7 Mycobacterium 
smegmatis 

99%  
 

NR_074726.1 
♦ ♦ ♦ ♦   ♦ ♦  

C8 Nocardioides 
simplex 

99%  AF005013.1 
♦ ♦ ♦ ♦      

 
 

Conclusions.  
The integrated community was functionally efficient for the 
degradation of the combination of the halogenated 
herbicides 2,4-D, atrazine, simazine and diuron. 
All strains have a role in the degradation of the different 
herbicides. 
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