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Abstract The aim of this study was to determine the
efficiency of Dugesia dorotocephala on Methyl parathion
removal. An initial concentration of 1.25 ug mL™" of MeP
was used to evaluate the removal capacity of planarian. A
first-order removal kinetics was obtained with a disap-
pearance rate constant (k;) of 0.49 days_1 and 69% effi-
ciency on contaminant removal. This is significantly
different (p < 0.5) from the degradation occurring in con-
trol systems, leading us to conclude that D. dorotocephala
effectively removes MeP from contaminated water.

Keywords Dugesia dorotocephala -
Methyl parathion removal - Acethylcholinesterase

Widespread use of organophosphorus (OP) insecticides,
such as methyl parathion (MeP), has significantly increased
their load in the environment, contaminating aquatic sys-
tems directly or through soil permeation, agricultural
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drainage, or wastewater generated during their production
(Biziuk et al. 1996). The amount of pesticides in surface
water and sediment depends primarily on the proximity of
the latter two to food-producing areas in a given region.
Thus, rivers and lakes surrounded by agricultural areas
show significant pesticide levels.

In the United States, MeP has been found in surface
water at levels above 0.46 pg L™' and in underground
water near point-contamination sources at 0.01 pg L™'
(ATSDR 2001). Recent studies in Mexico have detected
OP pesticides in the water of different reservoirs. Thus,
Favari et al. (2002) report presence of MeP in samples of
Ignacio Ramirez reservoir water (0.21 x 10—
0.35 x 10> mg L"), phytoplankton  (0.17 x 10—
217 x 107  mg Kg™") and fish muscle (0.4 x 10—
0.97 x 107 mg Kg™'). Similarly, Agapito de la Cruz
(2004) found concentrations of 0.004-0.39 mg L' in
water and 3.1-60.8 mg kg~ ' in sediment from the Lechu-
guilla-Ohuira-Navachiste Basin in Sinaloa.

Microorganisms and plants have been traditionally used
to remove xenobiotics. Recently however, benthic organ-
isms, which help eliminate contaminants due to their bio-
concentration capacity, have also been used. De la Vega
et al. (1997) showed that Cambarellus montezumae, Mol-
lusca-Gastrododa Physidae and Girardinichthys multirad-
iatus are able to bioconcentrate OP pesticides (MeP).
Martinez-Tabche et al. (2002) showed fast bioaccumula-
tion of malathion in the snail Stagnicola sp., as did also
Garcia (1999) in the worm Limnodrillus hoffmeisteri.

Planarian worms are benthic organisms. Some 100
species are known to exist. They are an important com-
ponent of aquatic ecosystems due to their biotic interac-
tions with other benthic communities, their contribution to
the diet of other organisms and their involvement in pho-
tosynthesis (Newmark and Alvarado 2002). Kouyoumjian
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and Villeneuve (1979) showed that planarians are able to
slowly absorb sublethal concentrations of diclorodifenil-
tricloroetano (DDT) in water, also finding its metabolites
(diclorodifenildicloroetileno (DDE) and diclor-
odifenildicloroetano (DDD).

The aim of this study was to determine the efficiency of
Dugesia dorotocephala on Methyl parathion removal.

Materials and Methods

The planarian species used in this study was Dugesia do-
rotocephala, which were cultured during 3 months prior
the study in 20 L glass containers placed in a shaded area,
with tap water (pH 6.8-7.2), at room temperature (18—
22°C), natural light/dark periods and constant aeration.
They were fed chicken liver weekly to satiety as suggested
by Kostelecky et al. (1989).

In order to establish the MeP concentration at which
planarian was tolerant, the MeP mean lethal concentration
(LCsp), as well as the acethylcholinesterase activity
(AChE), were determined. The latter due that the main
action mechanism of OP insecticides, is the inhibition of
this esterase (Buttarelli et al. 2000).

The acute toxicity assay was conducted using six
300 mL glass containers filled with 200 mL of an aqueous
solution of MeP at different concentrations of the active
ingredient (control, 1, 3, 5, 7 and 9 mg Lfl), and 10 pla-
narian maintained under the same conditions as for culture.
Mortality rates were determined at 24, 48, 72 and 96 h. The
experiment was performed in triplicate. The LCsy was
estimated by the Probit method.

The AChE activity assay was conducted using six lots of
ten planarian in containers similar to those used in the LCsy
assay and maintained under similar conditions. A
1.25 mg L™" concentration, equal to 1/5 of the LCs value
determined earlier in the acute assay, was added to five of
the test systems and exposed during 2, 4, 6, 8 and 10 days.
The sixth was used as control. At the end of each exposure
period, 0.5 g of surviving organisms were taken, suspended
in 20 mL Tris HCI pH 7.5 and homogenized and centri-
fuged at 12,000 rpm and 4°C by 10 min. The supernatant
was used to determine AChE activity (Hestrin 1949).
Percentage of AChE inhibition was estimated by taking the
basal enzyme activity of test organisms as 100%.

The MeP removal assay was performed using six test
systems, added with1.25 mg L' of MeP (amount at which
no significant differences in AChE activity were found
with respect to controls). Ten planarian were placed in five
of the test systems but not in the sixth one, which was used
as control. The initial and residual insecticide levels in
water were measured by gas chromatography every 48 h
until a minimum quantifiable concentration was obtained in

both; control systems (without planarian) and test systems
(Perkin—Elmer Autosistem XL; detector: FID, 0.25 mm ID,
30 m long, 0.25 df dimethyl polysiloxane capillary column,
injector temperature 280°C, detector temperature 280°C;
initial oven temperature 70°C for 1 min, then increased at
12°C per min to 250°C, held for 2 min and ramped again at
15°C per min to 280°C, concentration range 8-
100 mg L_l; detector: ECD, detector temperature 300°C,
concentration range 1-12 mg L™'). AChE activity was
quantified after 0, 2, 4, 6, 8 and 10 days in order to verify
the health of the test organisms. The experiment was per-
formed in triplicate. Determination was made of the
equation describing the kinetics process and the corre-
sponding parameters.

Biochemical and MeP removal efficiency data were
evaluated by analysis of variance (ANOVA) using SIGMA
STAT v.3 software.

Results and Discussion

The LCso value obtained in the acute toxicity assay was
5.58 mg L' at 96 h, with a confidence interval of 4.20—
6.97. The % test for goodness of fit was not significant at
p < 0.05. This is consistent with the value found by Villar
and Schaeffer (1993), who report an LCs of 4.2 mg L™ in
the same species after 7 days of exposure at 19°C, as well
as with the LCsq of 4.1 mg L~ ! observed in the species D.
trigrina after 96 h of exposure at 19°C (Villar et al. 1993).

Since the AChE inhibition is the main action mechanism
of MeP, it was decided to use this enzyme activity as a
biomarker in order to determine the pesticide concentration
and exposure time tolerated by the test organism and be
able to evaluate its removal efficiency. A 1.25 mg L™'
concentration, equal to 1/5 of the LCsy value determined
earlier in the acute assay was used, founding AChE activity
was constant (Fig. 1) and equal to control values
(» < 0.05), and therefore the planarian health.
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Fig. 1 Acetylcholinesterase (AChE) activity in planarian exposed to

1.25 mg L™" of MeP. Results show the mean of three determinations
and corresponding SD at a 0.05 level of significance
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Fig. 2 Removal kinetics of 1.25 mg L™"' of MeP by planarian in
water. Results show the mean of three determinations and corre-
sponding SD at a 0.05 level of significance

The kinetics of MeP removal by planarian in water
(Fig. 2) adheres to a first-order process, with a disappear-
ance rate constant (k) of 0.493 days_1 and a removal half-
life (t1,) of 4.64 days™'. The degradation half-life of MeP
in river water in the absence of any treatment and under
environmental conditions similar to those used in this study
(22°C temperature and pH 7.3) is reported to be 23 days
(Lartiges and Garrigues 1995). Thus, it is evident that our
model accelerates five-fold the degradation of this com-
pound. Also, comparison of results obtained in control
systems without planarian and test systems with planarian
(Fig. 2) using one-way ANOVA found a significant dif-
ference between the two (p < 0.05). Planarian showed
68.8% MeP removal efficiency at 8 days, while pesticide
degradation in control systems during the same period was
7.27%. Removal was accelerated five-fold in test systems
with planarian. This species may therefore be a good
candidate for use as a bioremedial organism in MeP con-
taminated surface water.
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