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Abstract

The herbicide 2,4-dichlorophenoxyacetic acid (2,4-D) was applied to a typical Brazilian red Latosol soil. The thermal
effects evolved by 2,4-D degradation were followed in a series of microcalorimetric experiments. The power—time curves were
recorded for increasing doses of herbicide, varying from 0 to 6.67 mg g~ ' under a 34.8% controlled humidity. The herbicide
was used as a food source by soil microbes, the degradation causing the thermal effect. The thermal effect increases to
2.67 mg g~'. Above this concentration, a decrease of the thermal effect was observed due to toxicity of 2,4-D to the microbes.

© 2001 Elsevier Science B.V. All rights reserved.

Keywords: Pesticide; Soil; Microcalorimetry; Biodegradation; 2,4-D

1. Introduction

Many chemicals have been extensively used during
the last 50 years. Thus, great interest exists in improv-
ing the ability for predicting the consequences of
chemical compounds in the environment [1]. During
recent years, the use of pesticides has become ubiqui-
tous. An understanding of the interactions of pesti-
cides with the environment plays a key role to test
environmental models to predict impacts and thus, to
implement corrective actions in a short time [2].
Therefore, research concerning the impact of chemi-
cals on the environment is a main priority for the 21st
century [1].

Herbicides are normally used on the majority of
Brazilian crops. They represent around 42% of the
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total pesticides used, while 2,4-dichlorophenoxyacetic
acid (2,4-D) constitutes 40% of the total herbicides
applied. This pesticide is normally used in weed
control for crops such as sugar cane, palm oil, cocoa
and rubber crops, as well as for weeds along highways
[3-5]. Thus, the mobility, toxicity and biodegradabil-
ity of 2,4-D in local soil applications merits special
study. In particular, red Latosol soil is typical of the
Brazilian regions dedicated to sugar cane plantations.
This soil covers approximately 15% of the State of Sdo
Paulo, where most of the sugar cane plantations in
Brazil are found [5].

Some pesticides are good carbon sources for micro-
organisms. 2,4-D belongs to this class, being meta-
bolized by a great variety of soil microorganisms [6—
9]. The biodegradation of such compounds, generates
a thermal effect as a consequence of metabolic activity
of the microorganisms [10-12]. During the process,
any changes in metabolism will affect the thermal
power [13,14]. This complex process can be followed
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via microcalorimetry which is a useful technique for
microbial and metabolic growth studies [15-17]. The
metabolism can be evaluated to determine, whether
the thermal effect depends solely on the initial and the
final states of the system [18].

The procedure is independent of the type of micro-
organism activity. The effect can be continuously
monitored to acquire the activity of a metabolic
process in situ for a long period [18]. This procedure
has rarely been used to investigate microbial growth in
soil. Other techniques are limited from the practical
point of view of applications for such heterogeneous
systems [19-22].

In the present investigation, the degradation of 2,4-
D in soil was followed calorimetrically. This pesticide
was chosen because it is widely used on Brazilian
crops, and its addition in the soil disturbs the equili-
brium of this ecosystem. This disturbance is reflected
in the thermal-power generated by microbial degrada-
tion of 2,4-D, for which data is now reported for a soil/
herbicide system.

2. Materials and methods
2.1. Reagents

All chemicals were reagent grade. The herbicide
2,4-D (Sigma) was of technical grade, with 98%
purity.

2.2. Soil samples

Red Latosol soil from the campus of the State
University of Campinas (47.1°W longitude, 23.8°S
latitude) was used. Samples were collected from a
depth of 5-10 cm, after removal of the top surface
layer [18]. The soil was air dried for 10 days and
homogenized by sieving to less than 2 mm, to separate
roots and large particles [13,18]. The soil was stored in
polyethylene bags at 293 5K and samples were
used for all operations [13,18].

Characterization was carried out by routine meth-
ods. For organic matter determination, samples of dry
soil were placed in a muffle furnace to follow the
decrease in mass for 24 h at a temperature of 823 K, as
recommended [23]. Under these conditions organic
matter is combusted, to leave only the inorganic

component of the soil [23]. Carbon, nitrogen, hydro-
gen and sulfur contents in soil were determined from
elemental analysis by using a Fisons Instruments
CHNS-O model 1110 Elemental Analyzer. Measure-
ments of pH were performed by means of a Digimed
DMPH-2 pHmeter in a suspension of 2.0 g of soil
sample with 5.0cm’ of a strong electrolyte of
1.0 mol dm ™3 calcium chloride, having a 1:2.5 soil:-
solution ratio [18,24]. The results expressed are for
triplicate assays.

2.3. Microcalorimetry

An LKB 2277 Thermal Activity Monitor heat-flow
microcalorimeter, Thermometric AB, Sweden, was
used for all measurements and has been described
previously [19,24]. The thermal effect was obtained
using 5.0 cm” stainless steel ampoules. Teflon sealing
discs which avoid evaporation inside the apparatus
[19], hermetically close these ampoules. Experiments
were carried out at 298.15+ 0.02K [12,18]. All
determinations of the thermal effect were performed
in triplicate in ampoules containing 1.50 g of soil and
0.80 cm® of solution with different doses of 2,4-D.
Under these conditions, moisture applied to the
experimental system was controlled at 34.8%, which
induces the highest microbial activity [18]. The ther-
mal effect associated with nutrient degradation was
recorded as a function of time. The final value was
calculated by comparing the integrated area of the
power—time curve for each experimental determina-
tion [12,18].

3. Results and discussion

The development of the microbial activity in a
chosen system can be affected by the properties
associated with the soil. Thus, the inherent physical
chemical properties such as pH, organic matter con-
tent and elemental constitution are important features
to be considered in such kinds of investigations. The
composition of the soil system selected for the present
study 5.50 + 0.22% of organic matter with the follow-
ing elemental results: 5.22 +0.11; 0.92 £ 0.04 and
2.73+0.14% for carbon, nitrogen and hydrogen,
respectively. This composition leads to a natural pH
of 5.84 £ 0.06.
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Effective illustrations about the stimulus caused on amount of the desired nutrients to the ecosystem [12].
microorganism populations of the selected red Latosol Unequivocal evidence of the degradation of 2,4-D by
soil, through the addition of nutrients, were clearly microbial metabolism is shown by a series of power—
demonstrated before [12,18,19,24]. Stimulation of the time curves obtained from a sequence of assays in

metabolism is directly promoted by the addition of an which only the herbicide 2,4-D was added (Fig. 1).
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Fig. 1. Power—time curves of soil microbial activity during the degradation of the herbicide 2,4-D in 1.50 g of red Latosol soil with controlled
moisture (34.8%), and with different doses of 2,4-D applied to this soil: 0.67 (A), 1.33 (B), 2.67 (C) and 6.67 (D) mg of 2,4-D per 1.0 g of soil.
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Fig. 2. The change in peak-time, PT, indicated by () and in microbial growth rate constant, y, indicated by ([]), as a function of the dose of

2,4-D applied (mg g ).

The curves obtained represent only the microbial
activity due to degradation of the herbicide [19].

Previous investigations on this herbicide showed
that, upon its addition to a given soil sample contain-
ing glucose, a synergistic effect occurred at low con-
centration, reflected in an increase in the power—time
curve signal. However, as the concentration of herbi-
cide was increased a pronounced decrease in the signal
takes place, due to toxic effects [24]. To confirm that
2,4-D can be used as a food source by microorganisms
and this effect changes due to toxicity to microbial
populations in soil. In this study, herbicide was also
added to the soil sample in the absence of glucose.

The thermal effects evolved in all the power—time
curves in Fig. 1 are thus only the result of metabolic
activity of the soil population on 2,4-D. Any other
thermal effect of physicochemical origin was com-
pensated in the reference ampule [18].

From the power—time curves in Fig. 1 the total
thermal effect of metabolism, —Q (J), was obtained
through integration of each curve. The values of peak-
time, PT (h), were obtained when the maximum
activity is displayed. The microbial growth rate con-
stant, i (h~ "), was calculated from the slope of a semi-
logarithmic plot of the exponential phase. These data
are shown in Figs. 2 and 3, respectively.

Increased doses of 2,4-D has little influence on PT
and p values. Despite the small changes in PT and u
values with dose, as shown in Fig. 2, the general
profile of the power—time curves is much changed
by different doses.

The soil microbial activity gave a null value in the
absence of the herbicide, but the presence of different
amounts changed the activity of microorganisms as
indicated in Fig. 3. The total thermal effect increased
up to 1.67 mg g~ '. Above this dose, the total thermal
effect is constant up to 4.00mgg ' and then
decreases. The total thermal effect is expected to
increase as the amount of carbon source increases.
However, the —Q (J) values decrease above a dose of
4.00 mg g_l. Thus, the degradation of 2,4-D must be
followed by a toxic effect of the herbicide or its
metabolites [24].

To better understand the toxic effect of the 2,4-D, in
that occurs together with biodegradation of this pes-
ticide, a representation of the total thermal effect per
dose as a function of applied dose is shown in Fig. 4.

The —Qd values decrease with the increase of an
applied dose of 2,4-D. This confirms toxic effect of the
herbicide. The calorimetric technique detected the
total thermal effect generated by the microbial popu-
lation. So, the final thermal effect observed consists of
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Fig. 3. The total thermal effect, —Q, calculated from metabolism of degradation of the herbicide 2,4-D by the microbial population.

The linear coefficients obtained from Eq. (1), from
which the dose giving a null value of —Qd present was

two effects, the degradation of the herbicide together
with the toxic effect.
The linearized data were obtained by plotting —Qd calculated to be 51.49 mg g~ ":
values against the inverse of the dose applied, as
—Qd = —0.654 + 33.674 x dose ! (1)

shown in Fig. 4.
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Fig. 4. The thermal effect obtained per dose applied from microbial metabolism of 2,4-D, —Qd as function of dose and so as a function of the
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The result shows that 2,4-D can be harmful to typical
Brazilian red Latosol soil, if it is indiscriminately
applied in repeated doses.

4. Conclusion

The herbicide 2,4-D is degraded by microbial
populations of red Latosol soil, but at higher concen-
trations of this, biodegradation is followed by a tox-
icological effect which drastically affects the
microflora of soil. The amount that was able to fully
eliminate the microbial activity of this soil is quite
large, but the indiscriminate application of herbicides
can affect agriculture. Thus, calorimetric data can
make a contribution to understand the effect of the
applications of 2,4-D on soils and, in particular, to
Brazilian soil.
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