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Abstract 

Biobed system is a simple method to minimize point source contamination during 
manipulation of pesticides and is based on the adsorption and degradation potential 
of a biomix composed by top soil, peat, and straw and covered with a grass layer. In 
our study, the biomix was prepared with Andisol, peat and straw in a volumetric pro-
portion of 1:1:2, and adsorption and degradation studies were done. Degradation of 
chlorpyrifos (160 mg a.i. kg-1) and formation of TCP (3, 5, 6-trichloro-2-pyrinidol) 
at different pre-incubation times (0, 15 and 30 days) and with different moisture 
contents (40, 60 and 80 % of water holding capacity) were evaluated, ligninolytic 
enzyme activity and microbial respiration in the biomix were periodically analyzed.
Adsorption isotherms were fitted using Freundlich and linear models for Andisol 
and the biomix. The adsorption assays demonstrated that biomix has a higher ca-
pacity to retain chlorpyrifos than top soil. The pre-incubation period, WHC and the 
concentration of the chlorpyrifos of the biomix influenced the degradation of the 
contaminant and TCP formation as well as the biological activities in the biomix. 
The TCP was formed during the first steps of chlorpyrifos degradation and was later 
degraded in the biomix under all studied conditions. In conclusion, biomix with 
Andisol, peat and straw (1:1:2), pre-incubated by 15 days and incubated with 60% 
of WHC is capable to degrade chlorpyrifos efficiently.
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1. Introduction

Pesticides play an important role in the success of mo-
dern farming and food production. However, inade-
quate management of pesticides can lead to contami-
nation of surface and groundwater, because pesticide 
residues can persist in the environment for variable 
periods of time (Anwar et al., 2009). The release of 
pesticides into the environment generally occurs by 
diffuse (nonpoint) or localized (point) sources. Point 
sources such as spillages, tank filling, or cleaning the 
spraying equipment have been identified as the major 
contamination risks (Jaeken and Debaer, 2005). The-
se activities are often performed specifically on-farm 
sites, generally near a water supply, therefore, high 
concentrations of pesticide residues can be found in 
these places (Castillo and Torstensson, 2007). 

A simple, low-cost and low maintenance tech-
nology (biobed) was developed in Sweden to reduce 
point-source contamination by pesticides (Torstens-
son and Castillo, 1997). Biobeds are based on the 
adsorption and degradation of pesticides by a biomix 
composed by top soil, peat, and straw and covered 
with grass. Each component in the biomix plays an im-
portant role in the dissipation of the pesticides in this 
system. Straw stimulates growth of ligninolytic micro-
organisms and the production of extracellular lignino-
lytic enzymes as peroxidases and phenoloxidases. In 
addition, straw promotes growth of microorganisms, 
such as white-rot fungi, with the ability to degrade 
those pesticides characterized by an aromatic ring 
structure (Castillo et al., 2008). On the other hand, peat 
provides sorption capacity, high water retention abil-
ity regulating moisture in the biobed and, also abiotic 
degradation of pesticides (Torstensson and Castillo, 
1997; Castillo et al., 2008). Soil is an important source 
of microorganisms in the biomix and bacteria can act 
synergistically with fungi to degrade pesticides (Cas-
tillo et al., 2008). The presence of soil bacteria can 

enhance the extent of pesticide degradation (Maya et 
al., 2011) as well as degradation of other organic pol-
lutants (Kotterman et al., 1998; Castillo et al., 2008). 
Furthermore, soil has the ability to adsorb pesticides in 
the biobed, due to its humus and clay contents (Castillo 
and Torstensson, 2007). 

Apart from the composition of the biomix, an 
important factor for the efficacy of biobed is age or 
maturity of the biomix before its use in the pesticide 
degradation. The progressive biodegradation of the 
component generates a series of microbial commu-
nities and enzymatic activities that enables an effi-
cient dissipation of pesticides in the biobed system 
and avoids metabolite accumulation (Castillo et al., 
2008). Nevertheless, little information has been repor-
ted in the literature about the influence of this parame-
ter in pesticide degradation in a biobed.

The role of the type of soil in the biomix of the 
biobed has not been studied deeply. However, soil 
plays an important role in pesticide degradation (Cas-
tillo et al., 2008; Diez, 2010; Maya et al., 2011). The 
effect of soil types used for biomix preparation was 
studied by Fogg and Boxall (2004). They found that 
there were no significant differences in the biobed 
performance. Nevertheless, the soils used in their stu-
dy had a low level of organic matter (OM) compared 
with soil of the south of Chile (Andisol and Ultisol). 
Chilean Andisol as component of biomix could be an 
effective support for this system due to its high OM 
content (>10%) with great affinity for organic pollu-
tants due to the presence of humic acid, fulvic acid 
and reactive clay such as Al and Fe hydroxide groups 
(Diez et al., 1999; Cea et al., 2007). 

The moisture level in the biobed is also a relevant 
parameter to promote different microbial environ-
ments that can influence the oxygen level, the micro-
bial activity and the amount of pesticide in solution. 
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According to Castillo and Torstensson (2007), low 
levels of moisture, such as 30% WHC may limit the 
microbial activity and the amounts of pesticides in so-
lution; moisture level of 60% WHC may give enough 
water for microbial processes, solubilization of pesti-
cides, and adequate pore space for oxygen to support 
aerobic processes and, higher solubilization of pesti-
cides occurs at 90% WHC, but oxygen deficiency in 
the system could be expected. Under these conditions 
aerobic microbial processes will be limited and anae-
robic processes may prevail; moreover, it may create 
a risk for transport of chemicals outside the biobed 
(Castillo and Torstensson, 2007).

In Chile, biobed tehnology has not been establis-
hed, yet. Therefore, the aim of our study was to eva-
luate the adsorption and degradation of chlorpyrifos 
in a biomix composed by an Andisol of southern Chi-
le, peat and straw. The effect of pre-incubation time 
and water holding capacity of the biomix in chlorpyri-
fos degradation, TCP formation and biological para-
meters, such as microbial respiration and ligninolytic 
enzyme activity, were evaluated.

2. Materials and Methods

2.1 Chemicals

Analytical grade (99%) chlorpyrifos (O, O-diethyl-
O-(3,5,6-trichloro-2-pyridyl) phosphorothiate) and 
TCP (3,5,6-trichoro-2-pyridinol) were purchased from 
Sigma-Aldrich. Commercial formulated chlorpyrifos 
(Clorpirifos S480) of 48% w/v was purchased from 
ASP Chile. MBTH (3-methyl-2-benzothiazolinone 
hydrazone), DMAB (3-(dimethylamino) benzoic acid) 
were purchased from Aldrich. All other chemicals and 
solvents were of analytical reagent grade (Merck). 

2.2 Preparation of biomix:

The biomix was prepared by mixing top soil (without 
chlorpyrifos application history), commercial peat 
and wheat straw (2 cm long) in the volumetric pro-
portions of 1:1:2. The used top soil was an Andisol 
from Southern Chile, Gorbea locality belonging to 
Freire series (Typic Placudands) with loamy textu-
re (CIREN, 2003), sampled from 0-20 cm deep, air 
dried at room temperature and sieved through a 2 mm 
mesh. The soil has pH 5.5, 8.5 %organic carbon (OC), 
37.4%, sand 41.7% silt and 20.9% clay. The com-
mercial peat has 33.4% cellulose and 21.9 % lignin. 
Wheat straw has 9.9%, lignin 41.8%, cellulose orga-
nic 66.1%, matter pH 5.9 and 0.56% total nitrogen 
The biomix was stored in a polypropylene bag at 4 ºC 
until use. The resulting biomix has pH 6.0, 17%orga-
nic carbon and 0.91% nitrogen (C/N=19). 

2.3 Adsorption study

The assay was performed in triplicate in 50 mL glass 
tubes containing 0.2 g sample (top soil and biomix 
pre-incubated for 15 days), with 20 mL chlorpyrifos 
concentration of 5, 10, 20, 30 and 40 mg L-1. CaCl2 0.1 
mol L-1 was used as background electrolyte solution. 
The assay was performed at the natural pH value of the 
biomix (6.0) and top soil (5.5). A preliminary kinetic 
study indicated that equilibrium between the amount 
of pesticide adsorbed and the amount in solution was 
reached within 8 h. However, a period of 12-h was 
used in order to ensure the equilibrium state in this 
study. After equilibrium, 5 mL of each sample were 
centrifuged at 10 000 rpm (Eppendorf 5804 R centri-
fuge) for 10 min and then passed through a membrane 
filter PTFE of 0.22 µm pore size. The chlorpyrifos 
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concentration in the supernatant was determined by 
High Performance Liquid Chromatography (HPLC).

2.4 Degradation studies

In the first experiment, the effect of biomix pre-incu-
bation at different times on the degradation efficiency 
was evaluated. The biomix with 60% of water holding 
capacity (WHC) was pre-incubated in polypropylene 
bags for 0, 15 and 30 days at 25 ± 1° C. Then, samples 
of each pre-incubated biomix (10 g dry weight) were 
placed in glass jars of 500 mL and were spiked with a 
solution of commercial formulated chlorpyrifos (Clo-
rpirifos S480, diluted in water to reach concentration 
of 160 mg a.i. kg-1). Samples were incubated in the 
dark at 25 ± 1° C for 40 days with moisture content 
of 60% of WHC by adding distilled water. Each ex-
periment was carried out in triplicate under destruc-
tive sampling mode. Biomix without chlorpyrifos was 
used as control. After 0, 5, 10, 20, 30 and 40 days of 
incubation, the residual chlorpyrifos, 3,5,6-trichloro-
2-pyridinol (TCP) formation and ligninolytic enzyme 
activity were measured. The pre-incubation time of 
biomix that showed the highest chlorpyrifos removal 
was selected for further studies. In parallel, microbial 
respiration of the biomix (CO2 evolution) was con-
ducted under the same conditions described above.

In a second experiment, the effect of water hold-
ing capacity in biomix degradation efficiency was 
assessed. Samples of biomix (10 g dry weight) pre-
incubated for 15 days were placed in glass flasks (500 
mL) and distilled water was added to obtain samples 
with 40, 60 and 80% water holding capacity (WHC). 
The biomix was spiked with a stock solution of com-
mercial formulated chlorpyrifos (Clorpirifos S480, 
diluted in water to reach concentration of 160 mg a.i. 
kg-1). After 0, 5, 10, 20, 30 and 40 day incubation in 
the dark at 25 ± 1° C, the residual chlorpyrifos, TCP 

formation and ligninolytic enzyme activity were mea-
sured. Each experiment was carried out in triplicate 
under destructive sampling mode.

2.5 Calculation of adsorption and degradation 
parameters

To evaluate the sorption capacity of the different subs-
trates, the experimental data were fitted to the empiri-
cal Freundlich-type isotherm (Eq.[1]):

      Cs = Kf . Ce
1/n            [1]

Where Cs is the mass of chlorpyrifos adsorbed per 
mass of substrate (mg kg-1); Ce is the concentration of 
chlorpyrifos remaining in the solution (mg L-1) after 
equilibration; Kf is the Freundlich distribution coeffi-
cient (L kg-1); and 1/n is an exponential empirical 
parameter that accounts for nonlinearity in sorption 
behavior (Sposito, 1984). If 1/n = 1, the adsorption 
isotherm is linear, i.e. Kf = Kd. The Kd value was nor-
malized to the organic carbon (OC) content of each 
sample to calculate Koc (Eq. [2]):

  Koc = Kd / ƒoc                      [2]
Where ƒoc is the percent fraction of organic carbon of 
the biomix components or biomix.

The chlorpyrifos degradation in biomix was des-
cribed using the first-order kinetic equation as C= C0 
e-kt , and from the equation, we obtained (Eq. [3]):

               t 1/2 = Ln(2) / k               [3]
Where k is the first order-rate constant (d-1).
The leaching potential of chlorpyrifos was determined 
by the groundwater ubiquity score (GUS) index (Eq.
[4]), (Gustavson, 1989). This index is based on che-
mical adsorption (Koc) and persistence (t 1/2):

         [4]
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2.6 Analysis

Ligninolytic enzyme activity: 
The analysis was performed using the MBTH/DMAB 
assay according to the methodology described by 
Castillo et al. (1994). To extract the enzymes, sam-
ples of the biomix (10 g dry weight) were weighed in 
Erlenmeyer flasks and 50 mL of 100 mM succinate-
lactate buffer (pH 4.5) were added to each sample. 
The flasks were shaken at 100 rpm for 2 h, and 10 
mL of the supernatant were collected and centrifuged 
at 4 000 rpm for 20 min and filtered through 0.45 µm 
membrane (National Scientifics filter unit). The reac-
tion mixture contained 300 µL of 6.6 mM DMAB, 
100 µL of 1.4 mM MBTH, 30 µL of 20 mM MnSO4, 
10 µL of 10 mM H2O2, and 1560 µL of the sample 
in a 100 mM succinic/lactic acid buffer pH 4.5. The 
reaction was followed at 590 nm (ε= 0.053 µM-1cm-1) 
in a spectrophotometer (Spectronic GenesisTM 2PC). 
As no correction was made for the possible presence 
of lignin peroxidase (LiP) and laccase (Lac) activity, 
this measurement may represent the sum of manga-
nese peroxidase, LiP and laccase (Castillo and Tors-
tensson, 2007). 

2.7 Microbial respiration

The CO2 produced in the biomix was evaluated by 
means of incubation experiments according to the 
methodology of Iannotti et al. (1994). The biomix (50 
g) was placed in a 1 L flask with a vial containing 10 
mL of 0.5 mol L-1 NaOH and a vial with 10 mL dis-
tilled water for maintaining a humid atmosphere. The 
flask was hermetically sealed and incubated at 25 ºC. 
The CO2 captured in the NaOH solution was determi-
ned by titrating the remaining alkali with 0.1 mol L-1 
HCl after precipitation of carbonate with 0.1 mol L-1 

BaCl2. The respiration was expressed as accumulated 
mg CO2 100 g biomix-1. 

2.8 Extraction and quantification of chlorpyrifos

The residual concentration of chlorpyrifos in biomix 
was determined by HPLC after extraction with acidi-
fied acetone (acetone + water + concentrated phos-
phoric acid, 98 + 1 + 1 by volume) per gram of sub-
strate (Racke et al., 1996). Briefly, 5 g (in duplicate) 
of biomix were mixed with 30 mL of acidified acetone 
and incubated under shaking (350 rpm) for 2 h at 25 
ºC. Later, the samples were sonicated for 30 min, cen-
trifuged at 10 000 rpm and filtered with PTFE mem-
brane (0.2 μm pore size; Millipore). Samples were in-
jected in a Merck Hitachi L-7100 pump, a Rheodyne 
7725 injector with a 20 µL loop and a Merck Hitachi 
L-7455 diode array detector. The detector was set at 
290 nm and the column was a C18 column (Super-
spher RP-C18, 5µm 4.6 x 150 mm). The mobile phase 
consisted of 60% CH3CN and 40% water/acetic acid 
(95.3/4.3 v/v) with a flow rate of 1 mL min-1 at 25 
ºC. The chlorpyrifos and TCP recovery was more than 
85%. The retention times were 3.7 min for TCP and 
23 min for chlorpyrifos, the detection limits were 0.02 
and 0.01 mg L-1 in the aqueous phase for TCP and 
chlorpyrifos, respectively. The residual chlorpyrifos 
was calculated as a percentage of the initial chlorpy-
rifos concentration. 

2.9 Statistical analysis

All the experiments were carried out in triplicate. Data 
were statistically analyzed by one-way analysis of va-
riance (ANOVA), where statistical differences were 
observed, and means were separated using Tukey’s 
minimum significant difference test (p < 0.05).
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3. Results and Discussion 

3.1 Pesticide adsorption in biomix and top soil

Chlorpyrifos adsorption in biomix and top soil was 
adjusted to both linear and Freundlich equations, 
which were used to calculate the adsorption param-
eters (Kf, 1/n) (Table 1). Adsorption was influenced by 
both the physicochemical properties of the pesticide 
and the type of material used as adsorbent (pH and or-
ganic matter content). The biomix showed the highest 
adsorption capacity by chlorpyrifos, with Kf value of 
4920, compared with soil, where Kf value was 3304. 
The 1/n values were less than 1 (L-type isotherms) for 
both biomix and Gorbea soil indicating a strong af-
finity between the adsorbent and the adsorbate. These 
results can be explained by the high or ganic carbon 

content and pH (24.1%, pH 6.0) of the biomix com-
pared with Gorbea soil that contains 8.5% of organic 
carbon and pH 5.5. Similar results were obtained by 
Romyen et al. (2007), who demonstrated that the ad-
sorption of chlorpyrifos in different agricultural by-
products and soil could be correlated to organic car-
bon content. On the other hand, the high adsorption 
of chlorpyrifos by soil or biomix is explained by its 
hydrophobic character (log Kow 4.7). The adsorption 
parameter for the linear partitioning model was cal-
culated from Eq. [2], in which the partition coefficient 
(Kd) in the biomix was 2753 and 601.7 in soil. How-
ever, the adsorption parameter Koc value for biomix 
was substantially higher than the value for Gorbea 
soil corroborating the high affinity of chlorpyrifos by 
the biomix (Table 1). 

Table1. Freundlich and linear parameters obtained of the sorption isotherms of chlorpyrifos in biomix (50% 
straw, 25% peat, 25% soil) and soil in CaCl2 0.1 mol L-1.

Freundlich Linear

Kf
a 1/n R2 Kd

b Koc R2

Biomix 4920 0.612 0.97 2753 11390 0.96
Soil 3304 0.483 0.99 601.7 7079 0.84

 Parameters obtained of non-linear (a) and linear (b) regression of the experimental data.

3.2 Chlorpyrifos degradation at different pre-
incubation times

The effects of different pre-incubation times (0, 15 
and 30 days) of the biomix on chlorpyrifos deg-
radation (160 mg a.i. kg-1) and TCP formation are 
presented in Figure 1. Values of rate constant (k), 
half-life (t1/2), r

2 and results of the statistical analysis 

for LSD (p<0.05) are reported in Table 2 for the pes-
ticide. The biomix pre-incubated for 15 days showed 
the highest degradation of chlorpyrifos (Figure 1a). 
At the end of the incubation period (40 days), the 
degradation of chlorpyrifos was 70% in the biomix 
pre-incubated for 15 days, 58% in the biomix pre-
incubated for 30 days and 50% in the biomix without 
pre-incubation. 
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Figure 1. Effect of different times of pre-incubation (0, 15 and 30 days) in chlorpyrifos degradation (a) and TCP 
formation (b) at initial concentration of 160 mg a.i kg-1 in biomix and 60% of WHC.
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Degradation of chlorpyrifos was faster in the biomix 
pre-incubated for 15 days (t1/2=19.7 days) than in the 
biomix without pre-incubation (t1/2=39.9 days), show-
ing the relevance of pre-incubation before using the 
biomix with the contaminant. However, no significant 
differences (p<0.05) were found when biomix was 
pre-incubated for 15 and 30 days (Table 2). Our val-
ues of t1/2 are low compared with values reported in 
the literature for chlorpyrifos in some biomix in Eu-
rope. (Fogg et al., 2003; Coppola, et al., 2007; Visch-
etti et al., 2008). These authors reported half life value 
for chlorpyrifos between 43 and 59 days, depending 
on the used biomix. For example, Coppola (2007) re-
ported half-life values of 52 and 37 days for chlorpy-
rifos (100 mg kg-1) in two organic substrates prepared 
with urban-waste compost and garden compost with 

straw, respectively. The differences in the results may 
be associated with the composition of the biomix. In 
our case, we used an Andisol with high organic car-
bon content (8.5 %), acidic pH (5.5) and high level 
of microorganisms that promote the adsorption and 
the degradation of this type of molecules diminishing 
half-life of the contaminant (Cea et al., 2007; Tortella 
et al., 2010). In addition, Getzin (1981) attributed the 
wide variation in the half-life of pesticides to differ-
ent factors such as pH, temperature, moisture, organic 
carbon content and the pesticide formulation. Abiotic 
factors make the hydrolysis of chlorpyrifos possible, 
as it has been reported by Racke et al. 1996. In rela-
tion to this last statement, the possibility that chlor-
pyrifos may also be degraded by abiotic hydrolytic 
processes cannot be excluded.

Table 2. Half-life (t ½), rate constant (k) and GUS (Groundwater Ubiquity Score), index of the biomix with 60% 
WHC at different pre-incubation times (0, 15 and 30 days).

Pre-incubation (d) WHC
(%) k (d

-1) t ½ r2 GUS

0 60 0.020 39.9 a 0.86 0.28
15 60 0.040 19.7 b 0.97 0.14
30 60 0.030 21.8 b 0.97 0.18

The GUS index is used universally for evaluating the 
potential of contamination of groundwater and leach-
ing of pesticide into surface waters through drainage 
systems. If its value is less than 1.8, the pesticide is 
considered non-leachable and the risk of groundwa-
ter contamination is low, whereas if its value is more 
than 2.8, the risk of contamination is high (Gustav-
son, 1989). In our study, all values were less than 1.8, 
inferring that the risk of lixiviation of chlorpyrifos 
is very low (Table 2). This effect is due to the pre-
incubated biomix, which has a good adsorption by the 

pesticide, expressed with a higher adsorption coeffi-
cient of organic carbon (KOC). Henriksen et al. (2003) 
demonstrated that a biobed with a fresh biomix (with-
out pre-incubation) that is subjected to high hydraulic 
loads produces high leaching of pesticides. 

3.3 TCP formation at different pre-incubation times

The formation of 3,5,6-trichloro-2-pyridinol (TCP), 
the first hydrolysis metabolite of chlorpyrifos, was 
observed during the incubation period and it was in-
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fluenced by the pre-incubation period (Figure 1b). The 
highest value of TCP was obtained when the biomix 
was pre-incubated by/for 15 days and the lowest when 
the biomix was not pre-incubated. Furthermore, the 
highest formation of TCP was obtained after 10 days 
of incubation (31, 24 and 18% for 15, 0, and 30 days 
of pre-incubation, respectively. After that, TCP forma-
tion decreased in all samples up to approximately 9% 
after 40 days of incubation by the degradation of the 
native microbial population in the biomix. Maya et al. 
(2011) reported that bacterial community isolates from 
soil have high affinity for degradation of both chlor-
pyrifos and TCP. Sandar and Kole (2005) obtained 
similar results (30% TCP formation) using clay soils 
contaminated with 100 fold field dose of chlorpyrifos. 
The determination of TCP is essential during biologi-
cal degradation of chlorpyrifos as TCP is more soluble 
than chlorpyrifos (49.1 g L-1 at 25 °C), has a longer 
half-life (> 65 days) and has shown to have antimicro-
bial properties (Racke et al., 1988), therefore, it could 
affect the biological process of degradation. 

During the pre-incubation period, physical and 
chemical changes occur in the biomix, due to different 
reactions caused by the proliferation of different micro-
bial populations, which could accelerate the decompo-

sition of biodegradable organic compounds. Castillo et 
al. (2008) reported that biomix age is an important fac-
tor in the behaviour of the biobed because each com-
ponent of biomix has its own biodegradation process, 
which generates proliferation of microbial communi-
ties involved in the pesticide degradation.

3.4 Chlorpyrifos degradation at different water 
holding capacity 

The effect of three moisture levels (40, 60, and 80% 
of WHC) of biomix pre-incubated for 15 days on 
chlorpyrifos degradation (160 mg a.i. kg-1) and TCP 
formation are presented in Figure 2. Values of rate 
constant (k), half-life (t1/2), r

2 and results of the statis-
tical analysis for LSD (p<0.05) are reported in Table 
3 for the pesticide. The biomix with 60% of WHC 
showed the highest degradation of chlorpyrifos (Fig-
ure 2a). At the end of the incubation period (40 days), 
the degradation of chlorpyrifos was approximately 
70, 64 and 56% in the biomix with 60, 40 and 80% 
of WHC, respectively. The humidity in the biomix is 
very important due to a great part of the biological 
activity and physical and chemical processes are in-
fluenced by water content.
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Figure 2. Effect of different water holding capacity (40, 60 and 80%) in chlorpyrifos degradation (a) and TCP 
formation (b) at initial chlorpyrifos concentration of 160 mg a.i kg-1 in biomix, pre-incubation of 15 days.
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The variation of WHC in the biomix affected the 
t1/2 values of chlorpyrifos and significant differences 
were found (p<0.05) among treatments (Table 3). 
Degradation of chlorpyrifos was faster in the bio-
mix with 60% of WHC (t1/2=22.1 days) than in the 
biomix with 40 (t1/2=37.8 days) and 80% of WHC 
(31.3 days), showing the relevance of the humidity 
in the biomix for the degradation of the pesticide. 

The t1/2 increased with the increment in the chlorpy-
rifos concentration twice or more times in respect to 
the low concentration of chlorphyrifos (160 mg kg-

1) (Fernández, 2010). Similar results were reported 
by Sandar and Kole (2005), they found that in the 
samples with 1, 10 and 100 times the field dose, 
half-life times of chlorpyrifos were 20, 23 and 37 
days respectively. 

Table 3. Half-life (t ½), rate constant (k) and GUS (Groundwater Ubiquity Score), index of the biomix pre-
incubated for 15 days with different water holding capacity (40, 60 and 80%). 

Pre-incubation (d) WHC
(%) k (d

-1) t ½ r2 GUS

15 40 0.025 37.8 a 0.94 0.26
15 60 0.035 22.1 b 0.95 0.15
15 80 0.020 31.3 c 0.92 0.22

The GUS index was lower (0.15) in the biomix with 
60% of WHC and increased to 0.26 in the biomix with 
40% of WHC and to 0.22 in the biomix with 80% of 
WHC, showing that the humidity content in the bio-
mix could modify the behaviour of the pesticide in the 
biomix (Table 3). However, these values are under the 
critical value of 1.8. Therefore, the pesticide is con-
sidered as non-leachable and without risk of ground-
water contamination.

3.5 TCP formation at different water holding 
capacity

Figure 2b shows the formation of TCP in the biomix 
incubated with different WHC. We can see that TCP 
formation increased with the increment of moisture 
in the biomix. The highest values of TCP were obtai-
ned after 10 days of incubation, when WHCs in the 
biomix were 60 and 80% (35 and 32%, respectively). 
After that, TCP formation decreased down to approxi-
mately 3% after 40 days of incubation. Similar results 
were obtained by Castillo and Torstensson (2007). 

The authors compared the effect of three moisture 
levels (30%, 60%, and 90% of WHC) in laboratory 
biobed studies and demonstrated that 60% moisture of 
WHC gave the highest dissipation of most tested pes-
ticides, whereas moisture of 30 and 90% WHC limi-
ted the microbial activity. Our results pointed out the 
relevance of the regulation of moisture in the biomix 
of the biobed. However, it may be a difficult task in 
farm biobeds; therefore, it is important to include peat 
or similar water-binding materials in the biomix to 
maintain an adequate level of moisture in the system.

The moisture condition is also an important fac-
tor especially in chlorpyrifos hydrolysis. Racke et 
al. (1996) reported that chlorpyrifos hydrolysis was 
greatly accelerated under low moisture condition (< 
20%). In our assays, 60% water holding capacity was 
maintained during all time of incubation of the bio-
mix. Ideally, the moisture in the biobed should be high 
enough to promote microbial processes and solubiliza-
tion of pesticides, but it still leaves enough pore space 
for oxygen to support aerobic processes. Moreover, 
moisture levels near saturation increase the risk of 
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transport of chemicals from the biobed and promote 
anaerobic processes (Castillo and Torstensson, 2007).

3.6 Biological activity in the biomix

Microbial respiration

Microbial respiration (CO2 production) of the biomix 
pre-incubated at different times (0, 15 and 30 days) and 
contaminated with chlorpyrifos (160 mg a.i. kg-1) was 
evaluated in parallel with the degradation study. The 
accumulative CO2 production was higher in the bio-
mix pre-incubated for 15 days (433 mg CO2 100g-1 of 
biomix) compared with the biomix pre-incubated for 
30 days (370 mg CO2 100g-1 of biomix) and without 
pre-incubation (212 mg CO2 100g-1 of biomix). These 
results could be attributed to the increment in the pro-
liferation of the microorganisms in the biomix during 

the pre-incubation principally by the degradation of 
the components of the biomix, which provide with nu-
trients and readily available carbon sources, hence, a 
higher CO2 production. There were no significant dif-
ferences (p<0.05) in the production of CO2 between 
contaminated and un-contaminated biomix in the three 
times of evaluated pre-incubation, probably due to the 
fact that the added dose of chlorpyrifos did not affect 
the microorganisms in their respiratory activity.

The microbial respiration (Figure 3) and degra-
dation of chlorpyrifos (Figure 1a) at different pre-in-
cubation times followed a similar behavior, obtaining 
both the highest values on 15 days of pre-incubation. 
The respiration rate has been used previously as an 
indicator of pesticide degradation in biobeds, where 
the dissipation rates of some pesticides was correlated 
with basal respiration at 13 different biomix (Castillo 
and Torstensson, 2007). 

Figure 3. Microbial respiration in the biomix with different times of pre-incubation (0, 15 and 30 days) at initial 
concentration of 160 mg a.i kg-1 in biomix and 60% of WHC.
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3.7 Ligninolytic enzyme activity 

Ligninolytic enzyme activity was higher in biomix 
contaminated with chlorpyrifos than in un-contami-
nated biomix in the three evaluated pre-incubation 
times (Table 4). The enzymatic activity was 2.98 U 
kg-1 when the biomix was pre-incubated for 15 days, 
decreasing to 2.37 U kg-1 in the biomix pre-incu-
bated for 30 days. The ligninolytic enzyme activity 

(Table 4) and degradation of chlorpyrifos (Figure 1a) 
at different pre-incubation times followed a similar 
behavior, obtaining both the highest values at 15 
days of pre-incubation. In some works, ligninolytic 
activity has been correlated to the degradation of 
several pesticides, such as isoproturon (Castillo and 
Torstensson, 2007; Von Wirén-Lehr et al., 2001) and 
chlorpyrifos and TCP (Coppola et al., 2007; Pizzul 
et al., 2009). 

Table 4 Accumulative ligninolytic enzyme activity (U kg-1) after 40 days of incubation at 25 ºC in contaminated 
and in control biomix at different pre-incubation time (0, 15 and 30 days) and at different water holding capacity 
(40, 60 and 80%). Chlorpyrifos initial concentration of 160 mg a.i kg-1 of biomix. 

Ligninolytic enzyme activity
(U kg-1)

Pre-incubation  
Time (days)

Water Holding  
Capacity (%)

0 15 30 40 60 80
Contaminated 1.97 ± 0.1 2.98 ± 0.3 2.37 ± 0.1 2.2 ± 0.2 3.1 ± 0.2 2.2± 0.1

Control 1.68 ± 0.1 2.28 ± 0.1 2.07 ± 0.1 2.4 ± 0.1 2.2 ± 0.1 2.1 ± 0.2

Considering that the highest chlorpyrifos degradation, 
the highest microbial respiration and the highest lig-
ninolytic enzyme activity were when biomix was pre-
incubated for 15 days, this pre-incubation time was 
chosen to evaluate the effect of the moisture content 
of the biomix in the pesticide degradation. The results 
showed that enzymatic production was highest in bio-
mix with 60% WHC (3.1 U kg-1) in contaminated bio-
mix (Table 4). No significant differences were found 
under the other conditions (40 and 80% of WHC) 
both in contaminated and un-contaminated biomix 
with average values of 2.2 U kg-1 of ligninolytic en-
zyme activity. Similar results were obtained by Cas-
tillo and Torstensson (2007). The authors found that 
moisture levels of 60% WHC have been shown to be 
optimum for the dissipation of most pesticides and 
is suitable for lignin-degrading fungi. Karanasios 

(2010) reported that similar levels of activity were 
observed in most tested biomixtures, where a signifi-
cant increase in MnP activity was observed on 7 and 
14 d after treatment but its activity returned to levels 
similar to the other biomix, thereafter.

4 .Conclusions

Chlorpyrifos is adsorbed efficiently in the biomix 
prepared with allophanic top soil (Gorbea serie). The 
isotherms were adequately described by the Freundlich 
empirical model, where the parameters Kf and l/n were 
higher in the biomix than in the soil, indicating that the 
contaminant has a greater affinity for the biomix. The 
pre-incubation period and the WHC of the biomix in-
fluenced the degradation of the contaminant, the TCP 
formation and biological activity, being 15 days of pre-
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incubation and 60% of WHC, where the highest chlor-
pyrifos degradation parameters were obtained.
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