
ORIGINAL PAPER

Biodegradation of the herbicide propanil, and its
3,4-dichloroaniline by-product in a continuously
operated biofilm reactor

Vı́ctor Emmanuel Herrera-González • Nora Ruiz-Ordaz •

Juvencio Galı́ndez-Mayer • Cleotilde Juárez-Ramı́rez •
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Abstract The persistence of propanil in soil and aquatic

environments along with the possible accumulation of

toxic degradation products, such as chloroanilines, is of

environmental concern. In this work, a continuous small-

scale bioprocess to degrade the herbicide propanil, its main

catabolic by-product, 3,4-dichloroaniline (3,4-DCA), and

the herbicide adjuvants is carried out. A microbial con-

sortium, constituted by nine bacterial genera, was selected.

The isolated strains, identified by amplification and

sequencing of their 16S rDNA, were: Acidovorax sp.,

Luteibacter (rhizovicinus), Xanthomonas sp., Flavobacte-

rium sp., Variovorax sp., Acinetobacter (calcoaceticus),

Pseudomonas sp., Rhodococcus sp., and Kocuria sp. The

ability of the microbial consortium to degrade the herbicide

was evaluated in a biofilm reactor at propanil loading rates

ranging from 1.9 to 36.8 mg L-1 h-1. Complete removal of

propanil, 3,4-DCA, chemical oxygen demand and total

organic carbon was obtained at propanil loading rates up to

24.9 mg L-1 h-1. At higher loading rates, the removal

efficiencies decayed. Four of the identified strains could

grow individually in propanil, and 3,4-DCA: Pseudomonas

sp., Acinetobacter calcoaceticus, Rhodococcus sp., and

Xanthomonas sp. The Kokuria strain grew on 3,4-DCA, but

not on propanil. The first three bacteria have been related to

biodegradation of phenyl urea herbicides or chlorinated

anilines. Although some strains of the genera Xanthomonas

and Kocuria have a role in the biodegradation of several

xenobiotic compounds, as far as we know, there are no

reports about degradation of propanil by Xanthomonas or

3,4-DCA by Kocuria species.

Keywords 3,4-Dichloroaniline � Bacterial consortium �
Fixed bed reactor � Kocuria, Xanthomonas

Introduction

Propanil (3,4-dichloropropananilide; N-(3,4-dichloro-

phenyl) propamide; 3,4-DCPA) is an anilide herbicide. Its

main use is for the control of broad-leaved and grass weeds

in rice, and its mode of action is via the inhibition of Hill

reaction in photosynthetic electron transfer (photosystem II

[PSII]) (Sahid et al. 2011). As other herbicides, propanil

affects non-target organisms and presents severe risks for

birds, small mammals, and several species of the aquatic

biota (Galhano et al. 2011); macro invertebrates (Taylor

et al. 1994), plankton communities (Jak et al. 1998), and

fishes (Call et al. 1987). In the marine environment, PSII

herbicides used in agriculture affect corals and their sym-

biotic dinoflagellate algae. The herbicide penetrates the

coral tissues reducing the photochemical efficiency of the

algal symbionts (Jones 2005).

Propanil is an unstable compound, its photodegradation

in water and soil leads to the accumulation of 3,4-dichlo-

roaniline (3,4-DCA), which is more toxic than the herbi-

cide (Wendel and Mason 2009). 3,4-DCA is not a readily

biodegradable or hydrolysable compound, and it usually

accumulates in soils and water by the catabolism of prop-

anil or chlorinated phenylamide herbicides, such as diuron

and linuron. Under anaerobic conditions, slow degrada-

tion to more refractory monochloroanilines takes place

(Hund-Rinke and Simon 2005), and projections of
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mineralization rates observed in short-term experiments

indicate that the residual life in soil of herbicide-derived

chloroanilines may extend for up to 10 years (Bartha 1971).

Because of propanil ecotoxicity, its water solubility

(130–500 mg L-1 at 25 �C) (Mackay et al. 2006), its

persistence in soil and aquatic environments (Danchour

et al. 1986), and the possible accumulation of the toxic

by-product 3,4-DCA, the complete removal of both com-

pounds from contaminated sites is of environmental con-

cern. The removal of non point source pollutants such as

agrochemicals that affect soils and water bodies is difficult.

To facilitate their removal, the use of wetlands, runoff

holding ponds, or permeable reactive barriers could be a

suitable technical choice.

For propanil degradation, photocatalytic and electro-

chemical oxidation techniques could be used (Garrido et al.

2001; Konstantinou et al. 2001). Physicochemical pro-

cesses are useful to degrade organic compounds, princi-

pally when they are concentrated, but for degradation of

micropollutants, these methods could be uneconomic. For

micropollutant degradation biological treatments have been

recommended (Carvalho et al. 2010; Correa and Steen

1995). In case of agrochemical pollutants, a practical

solution to remove them from water could be the use of

specialized microbial consortia attached to porous material

acting as a permeable reactive barrier.

Besides the active compounds, the inclusion of additives

considered inert in commercial formulation of pesticides

has become a common practice in their production. How-

ever, the full extent of the toxicity of the adjuvants used in

pesticide formulations to aquatic life has been rarely

assessed (Eke et al. 1996). Adjuvants include chemicals

with diverse functions in the pesticide formulation. For

example, wetting and dispersing agents such as polyoxe-

thylated alkylphenols, polyoxethylated fatty alcohols,

tridecyl alcohol polyglycol ether, alkylphenylsulfonates,

salts of ligninsulfonic acid, dibutylnaphthalenesulfonic

acid, swelling polysaccharides, defoamers including tribu-

tylphosphate or dialkylpolysiloxanes, antifreeze agents

such as ethyleneglycol, propyleneglycol, or glycerol, oli-

goester surfactants, polyols such as sorbitol, maltitol, iso-

maltitol, or lactitol, and preservation agents such as

benzoic acid, or formaldehyde (Albrecht and Frisch 1989;

Bevinakatti and Waite 2012). Beside pesticides, diverse

adjuvants have been found in groundwater and top soils

(Hildebrandt et al. 2007). These chemicals may have var-

ious toxicological profiles, ranging from possible harmless

products, to others that could represent a serious toxico-

logical threat (Cox and Surgan 2006; Tobiassen et al.

2003). Although a pure microbial strain would be able to

metabolize a mixture of carbon sources such as propanil

and adjuvants, a mixed microbial community would be

more reliable to metabolize mixed substrates.

Hence, in this work, a continuous small-scale bioprocess

to degrade propanil, its main catabolic by-product, 3,4-

dichloroaniline, as well as the adjuvants of the herbicide,

using a microbial consortium attached to a porous support,

is proposed.

Materials and methods

Herbicide

The main substrate used in this study was a commercial

presentation of propanil (N-(3,4-dichlorophenyl) propana-

mide) provided by Bayer Crop Science, named Surcopur

360 CE (Bayer México). It contains 35.6 % of propanil,

and 64.4 % of organic and inorganic adjuvants.

Standards of propanil (PS-356) and 3,4-dichloroaniline

(F2506) were provided by Chem Service Inc., PA USA.

Culture media

During the experimental process, a minimal-mineral-salts

medium (MS) was prepared, and its formulation was (in g

L-1); K2HPO4, 0.4 and MgSO4, 0.1. Five millilitre of an

oligo-elemental solution (in mg L-1, FeSO4 7H2O, 2.0;

MnSO4�H2O, 0.20; Na2MoO4�2H2O, 0.10; CuSO4, 0.20;

H3BO3, 0.02) were added to reach the final concentration.

MS medium plus 50 ppm of equivalent propanil (MSP)

was used as a selective medium for microorganisms able to

degrade propanil; for the propagation of the inoculum, and

as the medium supplied to the biofilm reactor.

MSP-Agar (2 %) was used as selective medium for

maintenance of the bacterial consortium and the isolated

bacterial strains.

Peptone-yeast extract Agar medium (PY) was used to

observe the cultivable microbial diversity.

Selection of a microbial consortium able to degrade

propanil

Samples of agricultural soils from the states of Veracruz

and Tabasco, México, were used to isolate a microbial

community able to use propanil as nitrogen source. A

continuous microbial enrichment in a small fixed bed

continuous selector was used for microbial enhancement

and selection. The selector was packed with alternating

layers of soil (&0.5 cm) and porous support (&2.5 cm).

The selector was filled with MS-propanil medium (VL =

350 mL) and batch-cultivated for 7 days; then, the same

medium was supplied at a flow rate of 14 mL h-1. The

propanil concentration in the outflowing liquid was eval-

uated periodically. After 8 weeks of continuous oper-

ation, the propanil concentration diminished markedly.
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Afterward, the selector was drained and dismantled. The

porous stone fragments were separated and used to inoc-

ulate a fixed bed bioreactor. Samples of stone fragments

colonized with the enriched microbial community were

cryopreserved in a glycerol-water mixture (70:30) at

-80 �C for future use.

Identification of the cultivable strains found

in the microbial consortium

Bacterial colonies showing morphological differences in

PY agar plates were propagated in liquid PY medium for

24 h. Using the primers U968 and L1401 (Felske et al.

1996), the DNA extracted and purified from recovered cells

was PCR-amplified. DNA amplicons of about 500 bp of

16S rDNA were purified and sequenced at the Laboratory

of Molecular Biology Institute (UNAM). To identify the

bacterial isolates, 16S rDNA sequences were compared

with those stored in the NCBI GenBank. Reported species

showing the highest similarity were regarded as the iso-

lated strains.

Evaluation of the isolated strains to grow on propanil

or 3,4-dichloroaniline

All the isolated strains were seeded on MSP or MS-3,

4-DCA agar plates. After incubation at 28 �C for 72 h, the

presence of colonies or microcolonies able to use propanil

or 3,4-dichloroaniline as carbon and nitrogen sources, was

determined.

Fixed bed bioreactor

The fixed bed bioreactor (FBR) was a bubble column

packed with fragments of a porous volcanic stone named

tezontle in México. The characteristics of the porous

material were obtained according to Gómez-De Jesús et al.

2009. A scheme of the bioreactor used is shown in Fig. 1.

The FBR nominal volume was 0.9 L. The volume occupied

by the porous support (VS) was 0.498 L, and the interstitial

liquid volume (VL) was 0.402 L. The later was used to

calculate the volumetric loading (BV) and removal rates

(RV) of the herbicide. An aeration rate of 0.15 L min-1 was

maintained during the operation of the reactor.

Kinetics of propanil biodegradation

Once the FBR was inoculated with the enriched microbial

community, it was batch-operated for 72 h to allow the

microbial colonization of the porous bed. Afterward, the

FBR was continuously fed with MS medium containing

propanil (CR = 48.15 ± 1.38 mg L-1) at known loading

rates BV ¼ FðCRÞ
VL

. In all cases, COD, TOC, propanil, 3,4-

DCA and chloride concentrations were periodically ana-

lyzed in effluent samples.

The following kinetic and stoichiometric terms were

used to evaluate the overall bioreactor performance. The

term RV ¼ dc
dt is the volumetric removal rate of the com-

pound c and is equivalent to reactor’s productivity; it can

be estimated in continuous systems, operating in steady

state condition, as RV ¼ FðCR�cÞ
VL

; the term CR is the con-

centration of the compound c in the inflowing liquid. The

removal rate RV, joined to the removal efficiency g ¼ RV

BV
, is

useful to evaluate the biodegradation capabilities of the

microbial consortium.

Periodic measurements of effluent’s UV spectrograms

(k = 190–300 nm) were made to verify the stability of the

continuously operated bioreactor after a change in the flow

rate F. Usually, a new steady state was reached after six

hydraulic retention times HRT ¼ VL

F .

Analytical methods

Spectrophotometric determination of propanil

Propanil concentration was determined by its absorption at

k = 245 nm in a Beckman DU 650 spectrophotometer.

Propanil and 3,4-dichloroaniline determination by HPLC

Propanil and 3,4-DCA were determined in an HPLC

Beckman–Coulter System Gold 125, equipped with an

Fig. 1 Fixed bed bioreactor used for propanil biodegradation. Air

input (1), Liquid medium input (2), Packed bed (3), Air vent (4),

Liquid and air output (5), Porous glass diffuser (6)
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UV–Vis detector. A reversed-phase C18 column was used.

The mobile phase was a methanol–water mixture (70:30).

The water was previously acidified to pH 3 with ortho-

phosphoric acid. The flow rate was 0.6 mL min-1, and the

run time was 8 min (Carvalho et al. 2010).

Determination of chemical oxygen demand (COD)

and total organic carbon (TOC)

The removal of propanil and the organic adjuvants that

compose the herbicide formulation was measured by two

methods; the chemical oxygen demand (COD) and the total

organic carbon (TOC). The former is related to the amount

of oxygen required to oxidize the propanil to CO2,

ammonia and water (dichromate does not oxidize ammonia

into nitrate); and is easily calculated from the next balance

equation.

C9H9Cl2NO þ 10 O2 ! 9 CO2 þ NH3 þ 3 H2O

þ 2Cl�

The estimated COD equivalence for the compound was

1.468 mg O2 [mg propanil]-1, and the carbon content of

propanil is 0.495 mg C [mg propanil]-1. The differences

observed between the values of COD and TOC for propanil

pure, and those experimentally obtained, correspond to the

oxygen consumed by the oxidizable herbicide adjuvants.

The methods Hach 8000 (range 3–150 mg COD L-1) and

Hach 10129 (range 0.3–20 mg C L-1), were used for COD

and TOC determinations (Water Analysis Handbook

2002).

Chloride released by propanil dehalogenation

For chloride determination, the mercuric thiocyanate

method, Hach 8113, range 0.1–25 mg Cl L-1 was used

(Water Analysis Handbook 2002).

Results

Identification of bacterial isolates

Nine bacterial isolates were obtained after the enrichment

procedure. By PCR amplification, sequencing, and com-

parison of bacterial 16S rDNA amplicons with NCBI

GenBank sequences, the strains were identified (Table 1).

Growth of the bacterial isolates on commercial herbicide

formulation, propanil and 3,4-DCA.

The isolates were individually seeded in agar plates of MS

medium containing propanil or 3,4-dichloroaniline. After

24 h of incubation at 28 �C, the ability of each isolate to

use the different substrates as carbon and nitrogen source

was registered. Four of the identified strains grew indi-

vidually on propanil, and on 3,4-dichloroaniline; Xantho-

monas sp., Acinetobacter calcoaceticus, Pseudomonas sp.

and Rhodococcus sp. As expected, the bacterial consortium

grew well on both substrates. Growth of the isolated strain

of Kocuria was only observed on 3,4-dichloroaniline

(Table 2).

Removal of herbicide in the continuously operated FBR

FBR operational conditions

Eleven flow rates F were probed throughout FBR opera-

tion. They varied from 14 to 300 mL h-1, corresponding to

dilution rates D from 0.035 to 0.746 h-1 and HRT from

28.71 to 1.34 h.

In all cases, the supplied MSP medium contained

the commercial herbicide formulation at concentrations

Table 1 Cultivable strains identified in the bacterial consortium

Isolate Identified strain Similarity

(%)

Accession

number

C1 Acidovorax sp. 99 GU086421.1

C2 Luteibacter (rhizovicinus) 99 FJ561269

C3 Kocuria sp. 99 HQ224638.1

C4 Xanthomonas sp. 99 HQ891021.1

C5 Flavobacterium sp. 95 GU065286.1

C6 Variovorax sp. 99 EU111702.1

C7 Acinetobacter
(calcoaceticus)

99 FJ976566.1

C8 Pseudomonas sp. 99 FR682927.1

C9 Rhodococcus sp. 99 GU576173.1

Table 2 Growth of bacterial isolates on propanil and 3,4-DCA

Isolate Microorganism(s) Propanil

(99 %

purity)

3,4-DCA

(99 %

purity)

C1 Acidovorax sp. - -

C2 Luteibacter (rhizovicinus) - -

C3 Kocuria sp. - ?

C4 Xanthomonas sp. ? ?

C5 Flavobacterium sp. - -

C6 Variovorax sp. - -

C7 Acinetobacter
(calcoaceticus)

? ?

C8 Pseudomonas sp. ? ?

C9 Rhodococcus sp. ?? ??

Bacterial consortium ??? ???
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corresponding to an equivalent value (CR) of 48.14 ±

1.38 mg propanil L-1; thus, the volumetric loading rates

BV, varied from 1.68 to 36.9 mg propanil L-1 h-1. The

TOC and COD values at the FBR entrance were 73.44 ±

1.64 mg C L-1 and 148.4 ± 5.25 mg COD L-1, respec-

tively. The corresponding volumetric loading rates at the

FBR entrance varied from 2.52 to 53.62 mg C L-1 h-1 for

BV,TOC, and 5.23–116.06 mg COD L-1 h-1 for BV,COD.

Considering the chlorine content of the propanil mole-

cule, the calculated chloride ion concentration at the FBR

entrance was 16.45 ± 0.72 mg Cl L-1, and the corre-

sponding volumetric loading rates of chloride varied from

0.60 to 11.81 mg Cl L-1 h-1.

Propanil removal from the herbicide formulation

Figure 2 shows the change in the volumetric removal rate

RV of propanil when volumetric loading rates BV were

increased in the FBR. The removal efficiency g of propanil

could be easily observed from the solid line representing

the slope g = RV/BV.

At BV values up to 25 mg propanil L-1 h-1, removal

efficiencies of 100 % were estimated. However, at higher

BV values (36.78 mg propanil L-1 h-1) the volumetric rate

RV did not increase proportionally with BV; in consequence,

a decay in the removal efficiency of propanil was observed

(g = 66 %). Except the maximum loading rate tested,

accumulation of 3,4-DCA, or other metabolic aromatic

intermediate, were not detected spectrophotometrically,

or by HPLC analysis. The maximum stoichiometric

removal rate for 3,4-DCA was estimated in 17.5 mg

3,4-DCA L-1 h-1.

Among the few known processes for propanil biodeg-

radation, Carvalho et al. (2010) describe the use of a

microbial consortium for propanil and 3,4-DCA removal in

a repeated batch or repeated fed batch suspended cell

culture. The estimated RV values for propanil and 3,4-DCA

varied from 14.3 to 21.44 mg propanil L-1 h-1, and

1.9–7.56 mg 3,4-DCA L-1 h-1, respectively. The RV val-

ues for both compounds obtained in the fixed bed reactor

are comparable with those reported by Carvalho et al.

(2010).

Propanil dechlorination

Because dechlorination is involved in 3,4-dichloroaniline

degradation, where 4-chloroaniline or 4-chlorocatechol

could appear as metabolic intermediates (Hongsawat and

Vangnai 2011), the chlorine released along the FBR

operation was determined. Figure 3 shows the theoretical

and experimental chloride release rates obtained at differ-

ent propanil removal rates. Dechlorination rates stoichio-

metrically correspond to the complete dechlorination of the

propanil degraded. These results are consistent with the

absence of chlorinated aromatic by-products in the FBR’s

outflowing liquid.

COD and TOC removal

Besides propanil, other carbon sources are present in the

herbicide formulation as organic co-formulants; thus, COD

and TOC determinations are indicative of the removal of

the mixed substrates, propanil and organic adjuvants. Fig-

ure 4 (COD removal) and Fig. 5 (TOC removal), show that

at loading rates up to 73 mg COD L-1 h-1 and 36.7 mg

TOC L-1 h-1, respectively, the mixed substrates were

simultaneously, and almost entirely removed by the

Fig. 2 Volumetric removal rate RV of propanil at different loading

rates BV. The 100 % removal efficiency of propanil is the slope

g = RV/BV represented by the solid line

Fig. 3 Comparison of theoretical and experimental dechlorination

rates RV,Cl obtained at the different loading rates of chlorine contained

in propanil BV,Cl. The continuous line represents the complete

dechlorination of the propanil consumed
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microbial consortium. Nevertheless, at higher loading

rates, decays in the COD and TOC removal efficiencies

were estimated. The gCOD and gTOC values were, respec-

tively, 62.8 and 59.3 %.

By determining the values of the chemical oxygen

demand and the TOC content of propanil, the plots shown

in gray in Figs. 4 and 5, corresponding to the removal rates

of propanil pure, were obtained. The difference with the

upper curves (total COD and TOC removal rates) is due to

the biodegradation of the organic adjuvants originally

present in the herbicide formulation.

Propanil degradation

A final run was made by replacing the commercial pre-

sentation of the herbicide (containing adjuvants) with

propanil (99 % purity), feeding the reactor at a volumetric

loading rate of 5.98 mg propanil L-1 h-1. By liquid

chromatography, the disappearance of propanil was

observed, and accumulation of aromatic by-products was

not detected (data not shown). These results are indicative

that the microbial consortium did not require the presence

of cosubstrates for propanil catabolism.

Discussion

Only four of the identified strains grew individually

on propanil, and on 3,4-dichloroaniline; Xanthomonas

sp., Acinetobacter calcoaceticus, Rhodococcus sp. and

Pseudomonas sp.

Strains of Xanthomonas in bacterial consortia able to

degrade o-chloroaniline and 2,4-dichloroaniline, have been

reported (Wang et al. 2007), and in several papers, the last

three bacteria have been related to biodegradation of phe-

nylurea herbicides (Correa and Steen 1995; Carvalho et al.

2010; Kaufman and Blake 1973) or chlorinated anilines

(Janke et al. 1984; Vangnai and Petchkroh 2007). Several

strains of Variovorax also degrade phenylurea herbi-

cides such as diuron (Sørensen et al. 2008) and linuron

(Dejonghe et al. 2003).

The role of the genus Kocuria in the biodegradation of

keratin (Vidal et al. 2000) and several xenobiotic com-

pounds such as polycyclic aromatic hydrocarbons (Ahmed

et al. 2010), chlorophenols (Karn et al. 2011), trinitrotol-

uene (Solyanikova et al. 2012) and synthetic dyes (Parsh-

etti et al. 2010), is well documented. Nevertheless, as far as

we know there are no reports about biodegradation of

propanil or 3,4-DCA by species of the genus Kocuria. The

isolated Kocuria strain degrade 3,4-DCA, but could not

grow on propanil. These results suggest that this strain

lacks aryl acylamidase, enzyme responsible for the initial

degradation of propanil to 3,4-DCA and propionic acid.

This enzyme is found in rhizosphere microflora, including

the bacterial genera Pseudomonas, Alcaligenes, Rhizobium

and Bradyrhizobium (Hoagland et al. 1994).

It is known that the other cultivable strains present in the

bacterial consortium are involved in the biodegradation of

other xenobiotics. By example, species of Acidovorax have

been found dominant in microbial communities able to

degrade aromatic hydrocarbons (Aburto and Peimbert

2011), in microbial communities isolated from oil sands

(Golby et al. 2012), in benzene-contaminated ground-

water (Aburto et al. 2009), and also in ampicillin-bearing

Fig. 4 Removal rates RV,COD of the mixed substrates (propanil and

organic adjuvants) at different COD loading rates BV,COD. (Filled
circle) RV,COD of mixed substrates, (Gray circle) Estimated RV,COD of

propanil. The 100% removal efficiency of COD is the slope g =

RV,COD/BV,COD represented by the solid line

Fig. 5 Removal rates RV,TOC of the mixed substrates (propanil and

organic adjuvants) at different TOC loading rates BV,TOC. (Filled
triangle) RV,TOC of mixed substrates, (Gray triangle) Estimated

RV,TOC of propanil. The 100% TOC removal efficiency is the slope

g = RV,TOC/BV,TOC represented by the solid line
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wastewater (Shen et al. 2011). Members of the genus

Acidovorax could assimilate synthetic nitroarene com-

pounds such as nitrotoluene (Ju and Parales 2011). Species

of the genus Flavobacteriun have been reported as mem-

bers of microbial consortia involved in the biodegradation

of dioxane (Sun et al. 2011), methyl parathion and chlor-

pyrifos (Pino and Peñuela 2011). Strains of Luteibacter

degrade petroleum hydrocarbons (Zhang et al. 2011),

polychlorinated biphenyls (Leigh et al. 2006), and orga-

nophosphate insecticides such as methamidophos (Wang

et al. 2011). The presence of bacteria in the biofilm con-

sortium, unable to degrade propanil or chloroanilines could

suggest a role carried out by these strains in biofilm

integrity or biodegradation of herbicide adjuvants.

In conclusion, the selected consortium immobilized in

the biofilm reactor could degrade propanil and the

adjuvants present in a commercial presentation of the

herbicide. Determinations of propanil dechlorination, as

well as TOC and COD removal, suggest the complete

degradation of propanil, its chlorinated by-products, and

the organic additives of the herbicide formulation. Fur-

thermore, the microbial consortium did not require the

presence of cosubstrates to use propanil as the sole

source of carbon and nitrogen, and no metabolic inter-

mediaries were detected by HPLC at loading rates up to

25 mg L-1 h-1.

To carry out the biological removal of ecotoxic com-

pounds present in agricultural wastewaters, the technical

and economical feasibility of the process should be con-

sidered. Permeable biological barriers (biobarriers) that use

inexpensive biofilm-supporting materials with good

mechanical strength could be a feasible option for treat-

ing agricultural wastewaters. The porous volcanic stone

(tezontle) used as packing material in the biofilm reactor is

a vesicular basaltic-andesitic-scoria accumulated in the

trans-mexican volcanic belt. It is broadly distributed in

central México and is widely used as building and con-

struction material. The characteristics of this support

material; size, irregular shape, and porosity, joined to its

mechanical resistance, made it a good candidate for bio-

barriers construction.

As a final point, among the few known processes for

propanil biodegradation, Carvalho et al. (2010) described

the use of a microbial consortium for propanil and

3,4-DCA removal in a repeated batch or repeated fed batch

suspended cell culture. In this work, the RV values obtained

for both compounds are similar or higher to those reported

in the aforesaid paper.
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