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ABSTRACT

Agricultural practices, especially in developing countries, have currently been given high priority among government programmes to
match feeding of an ever-increasing population. The use of herbicides such as paraquat (Para) and 2,4-dimethylamine (2,4-D) have been
greatly employed to control both aquatic and terrestrial weeds and may affect agricultural products. The ecotoxicity of Para and 2,4-D was
determined in Lumbricus terrestris (earthworm), Palamonetes africanus (shrimp) and Tilapia guineensis (fish) using a probit analysis.
This method was used to determine the LCsy over 24, 48 and 96 hrs of herbicide contact with the three organisms. Twenty L. ferrestris
individuals were kept in 5 groups in a glass tank containing loamy soil and sprayed with different concentrations of either herbicide. In
addition, 5 groups of 20 individuals each of T. guineensis and P. africanus were introduced into the glass tank containing sample water of
different concentrations of either herbicide. The behavioral patterns of the organisms were observed and documented. The LCs, for Para
was 162.1, 83.10 and 66.80 mg/L for T. guineensis, 42.80, 28.6 and 20.4 mg/L for P. africanus and 64.60, 50.10 and 39.80 mg/L for L.
terrestris at 24, 48 and 96 hrs, respectively. The LCsq for 2,4-D was 328.8, 175.6 and 140.60 mg/L for 7. guineensis, 105.8, 62.8 and
42.50 mg/L for P, africanus and 1122.0, 630.90 and 562.3 mg/L for L. terrestris over 24, 48 and 96 hrs contact of the herbicides with the
aquatic organisms, respectively. The results showed increasing toxicity of the herbicides on test organisms. As the concentration of the

herbicides increased, the toxicity also increased in the aquatic organisms. This could be due to bioaccumulation of these herbicides
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INTRODUCTION

Agricultural practices, particularly in government prog-
rammes of developing countries, have been prioritized so as
to be able to feed an ever-increasing population. These
could also boost the economy in terms of foreign exchange
of agricultural products among other sources of revenue.
This philosophy has led to improved crop and fishing pro-
duction strategies within which a control strategy for aqua-
tic and terrestrial weeds is paramount (Weed Control Rec-
ommendation 1994; Weed Science Society 1994).

Some organisms such as Lumbricus terrestris, an earth-
worm, contribute enormously to the earth’s physical, che-
mical, geological and biological environment (EPA 1994).
They incorporate crop residue, improve soil structure, in-
crease water holding capacity of the soil and increase water
infiltration rates. Thus, they contribute to the overall consti-
tution of the soil (EPA 1994) and consequently affect crop
production. Some aquatic organisms such as Tilapia guine-
ensis (a fish) and Palamonetes africanus (a shrimp) are
sources of food and revenue and are of high ecological im-
portance to the aquatic environment.

Paraquat (Para) and 2,4-dimethylamine (2,4-D) are both
herbicides that are used to control noxious, poisonous and
aquatic weeds and also used for wildlife habitat improve-
ment (Pesticide Background Statement 1994). However, the
work of Birdsall ez al. (2001) demonstrated that polycyclic
aromatic hydrocarbon (PHAs) and herbicides are important
contaminants of world water systems with an effect on
aquatic organisms. Para is persistent in the soil environment
with a reported field half-life of > 1000 days (Pesticide
Background Statement 1984; Ngenpaa et al. 2003). Al-
though Para is toxic to fish it is often used as an aquatic

herbicide where it is absorbed by plant matter and soil.
Their toxicity to fish varies with the species, size of fish and
the softness or hardness of the water (Bauer and Dial 1995).
Para generally acts by destroying plant cell membranes and
thus inhibits photosynthesis, growth and metabolic activity
of chlorophytes (Ezzat 1990; Steven and Summer 1991). On
the other hand, 2,4-D is used for selective control of broad-
leaf weeds (US EPA 2005). It has been documented by
Wong (2000) to completely inhibit algal growth, photo-
synthesis and chlorophyll synthesis. Thus, it is used in aqua-
tic weed control.

The toxicity of Para and 2,4-D on aquatic organisms sti-
mulated interest to investigate their toxicity on L. terrestris,
P. africanus and T. guineensis.

MATERIALS AND METHODS

Para (Gramaxone®) and 2,4-D (Select®) were obtained from
Zeneca Agrochemicals (C. Zard and Co., Ltd, Lagos, Nigeria). The
chemicals were of analytical grade, undiluted and uncontami-nated.
T. guineensis and P. africanus were obtained from a fresh water
body at Itedo Zion Village in the Lekki area of Lagos State,
Nigeria. L. terrestris was obtained from loamy soil (natural habi-
tat) around Itedo Zion fresh water at Lekki, Lagos state, Nigeria.

T. guineensis and P. africanus were acclimatized in natural
habitat water at 28°C and fed on a normal fish meal diet obtained
from a local fisherman for 10 days. Twenty L. terrestris were also
acclimatized in the wet loamy soil sample in a 2-1 glass cage for 10
days at 28°C and they were fed with decayed plant materials.

The method of the American Public Health Association (1975)
was used to determine the physicochemical parameters of water
samples. A pH meter (portable PH/35032, PHEP) was used to
measure the pH, Winkler titration was used to determine DO, and
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BODs was determined on day 5 from the DO, measurement. A
conductivity meter and thermometer (TH/35002) were used to det-
ermine the conductivity and temperature, respectively.

Several concentrations of Para (10.0, 20.0 40.0 80.0 and 160.0
mg/L) and 2,4-D (100, 200, 400, 800 and 1,600 mg/L) were pre-
pared from stock solutions of 200 and 20 g/L, respectively. 20
organisms each in 5 groups of L. terrestris were kept in a 2-L glass
tank containing loamy soil and the organisms were sprayed with
equal volume (100 ml) of each of Para and 2,4-D. In a separate
experiment, 20 organisms each in 5 groups of 7. guineensis and P.
africanus were also introduced into glass tanks containing sample
water (3 L each) of different concentrations of Para and 2,4-D.

The experiments were monitored for organism death and
behavioral abnormalities over a period of 24, 48 and 96 hrs. The
LCs, of each herbicide was then determined over these periods
using a probit analysis method as described by Miller and Tainter
(1944) and Awodele et al. (2007). Statistical significance between
the groups was analyzed by means of a student’s z-test and
ANOVA. P < 0.05 was considered to be significant.

RESULTS

The result in Table 1 shows the toxicity of Para on 7. gui-
neensis, P. africanus and L. terrestris. There were signifi-
cant decreases in Para LCsyin 7. guineensis from 24 to 48
hrs and also from 48 to 96 hrs and in Para LCsy on P. afri-
canus and L. terrestris from 48 to 96 hrs.

Table 2 shows the effect of 2,4-D on T. guineensis, P.
africanus and L. terrestris. There was a significant decrease
in the LCsy of 2,4-D from 48 to 96 hrs in all three
organisms tested.

Table 3 shows the physiochemical parameters of water
samples at the beginning and end of the experiment. There
were no significant differences in all parameters for both P
africanus and T. guineensis at the beginning and end of the
experiment.

DISCUSSION

Weeds are a major problem in agriculture. Inappropriate
weed control may affect both the crop yield and fish far-
ming. Thus, herbicides are important to control both aquatic
and terrestrial weeds.

The results of this study demonstrate the toxic effect of
two commonly used herbicides, Para and 2,4-D, on three
ecologically important organisms, L. ferrestris, T. guineen-
sis and P, africanus.

Para was toxic to all three test organisms. This corrobo-
rates the reports of the Weed Science Society of America
(1994), the US National Library of Medicine (1995) and
Alexander et al. (1985). After 96 hrs, the LCs, of Para de-
creased significantly [P < 0.05] from 162.1 to 66.80 mg/L
in 7. guineensis, from 42.80 to 20.4 mg/L in P. africanus
and from 64.60 to 39.80 mg/L in L. terrestris, indicating the
increased toxicity of Para on all three test organisms, pos-
sibly as a result of the bioaccumulation of the herbicides.
Ngenpaa et al. (2003) and Wauchope et al. (1992) earlier
demonstrated that soil microorganisms bioaccumulate her-
bicides. Bauer and Dio (1995) showed that Para is toxic to
aquatic organisms, as we showed in this study.

2,4-D was toxic to all three test organisms, decreasing
the LCso over the 96 hrs period of study. This increasing
toxicity is in agreement with the report of US EPA (2005)
and US National Library of Medicine (1995), which
showed 2,4-D is highly toxic to fish and other aquatic orga-
nisms.

We caution the use of 2,4-D and Para to control aquatic
and terrestrial weeds.
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