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ABSTRACT

A wide range of pollutants have been affecting soil for the past years. These pollutants have led to major
disturbances in communities and populations of soil organisms, as well as their function in the soil ecosystem. Studies
have shown that earthworms are considered to be convenient indicators of land use and soil fertility for they are
sensitive to toxic chemicals. According to Weltje (1998 as cited in Daz, 2004), “different factors interact to determine
the amounts of pollutants accumnlated by earthworms. The affinity of metals for soil constituents is the primary
element to take into account. The distribution of metals among the soil phases is important for the bioaccumulation by
earthworms as the main pathways for chemical absorption are the skin for soluble elements, gut transit and digestion.”
This study aims to identify the effectivity of Eudrilusengenae in the bioaccummulation of heavy metals in an artificially
contaminated soil and its significant difference in different levels of concentration in each sample. A total mass of 4.3g
to 4.5g of 7 starved earthworms exposed for seven days to artificially prepared copper sulfate contaminated soil
samples with concentration range of 1000 ppm to 5000 ppm. Soil samples were then tested for copper (Cu?*) ions
concentration using Inductively Coupled Plasma (ICP). The results showed that there was a range 92-94 percent
removal of copper in the contaminated soil which shows the effectivity of Eudrilusengeniae in bioaccumulating heayy
metal. This proves that earthworms are important organisms that may enhance the function of the soil ecosystem. It is

also to note that higher concentrations may highly increase the chance of greater consumption of heavy metals.
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INTRODUCTION

Soil pollution has been considered as a serious problem in many countries. Many soil
pollutants are so complex that these can extremely give negative effects in our environment. Effects
may range from direct toxicity in our soil organisms as well as many indirect effects like affecting
solid processes, effect of climate and other predictable major ecosystem distractions. The pollutants
directly affect tropic groups of soil organisms, invertebrates, plants and microorganisms (Edwards,

1973 as cited in Edwards, 2002).
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In natural environments, there are several stressful factors that are taking place at the same
time. The most diffusive chemicals occurring in soil includes heavy metals, pesticides, petroleum,
and hydrocarbons. Heavy metals are widely spread in the environment that most of these penetrate
the surface of soil layers through pesticides, fertilizers, organic and inorganic amendants, mining,
wastes and sludge residues (Capri &Trevisan, 2002 as cited in Lionetto, Calisi & Schettino, 2012.)
The effects of soil pollution threaten living organisms; decreases soil fertility, contaminate crops and

groundwater, and alter soil structure (Suter, 2000; as cited in Calisi, Lionetto&Schettino, 2011).

In the ecosystem, earthworms play a major part in developing and maintaining soil struc-
ture (Lukkari et al, 2003) that has an impact on the soil formation and organic breakdown, and have
been considered convenient indicators of land use and soil fertility (Suter, 2006; as cited in Calisi,

Lionetto & Schettino, 2011).

Effects of heavy metals on earthworms have been given much focus by many studies
(Bundy et al. 2007; Schleifler et al. 2006; Svendsen et al, 2007; Amaral& dos Santos Rodrigues,
2005; Burgos et al. 2005; Reinecke&Reinecke 2004; Lukkari et al., 2004; Sanchez-Hernandez, 2006
as cited in Calisi et al., 2011). Suthar, Singh &Dhawan (2008) asserted that “metal bioaccumulation

by soil-dwelling earthworms can be used as an ecological indicator of metal availability in soils.”

Given these previous studies, this current paper aims to add to the literature by identifying
the effectiveness of Ewudrilusengenae in the bioaccumulation of heavy metals in an artificially contami-
nated soil. The paper specifically wants to identify the effect to varying initial concentrations of con-

taminated soil.

This study only focused on a specific type of red earthwork that is cultivated in the Philip-
pines— the Eudrilusengenae, also known as the African Night Crawler. The use of cultivated earth-
worms may have affected the mortality rate of the study since these earthworms have not been ex-
posed to contaminants ptior to the experiment. Results may have differed to actual samples of soil
since the sample used in the test was injected with laboratory prepared solution of copper sulfate.
The pH and moisture of the soil and the specific age, weight and size of the earthworm were not

considered as factors in the study.
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MATERIALS AND METHOD

The experiment was conducted to estimate the accumulation ability of the earthworms to
the artificial contaminated soil. The contaminated soil used for this study was composed of soil and
horse manure. Culture techniques (Lowe & Butt, 2005) and artificial soil test (Journal of European

Community, 1988) methods were adapted from previous studies.

Preparation of soil sample

A defined organic soil was used and measured in terms of dry weight. The researchers pre-
pared the soil and the manure by weighing and dividing these into equal samples. After measuring
the soil and manure, these were carefully mixed to assure that there was an equal distribution on the
container. This was also done to delimit and control the samples. The researchers ensured that
each sample was measured at 500g. The sample was then placed in a container with a dimension of

5 inches x 6 inches.

Preparation of Solution

Subsequent to the soil sample preparation, the researchers primed the artificially prepared
spike water. There were 5 different concentrations of the solution prepared in the experiment.
These were: 1000 ppm, 2000 ppm, 3000 ppm, 4000 ppm and 5000 ppm. Using copper sulfate as
the base for the artificial spike water, the amount of chemical used was weighed at 1.5g, 3¢, 4.5¢g, 6g
and 7.5¢g, respective of the level of concentration. The solution was dissolved in distilled water. Af-

ter mixing, the solution was transferred to a glass bottle.

Preparation of Earthworm

The earthworms were starved for one (1) day. They were placed in a sealed container with
holes to provide ventilation. The container was kept free from soil or other materials to assure that
there was no consumption during the starvation period. Moreover, this process was done to ensure
that when the earthworms were placed on the artificially contaminated soil, their stomachs were
free from wastes that may have come from their original environment. Hence, allowing greater

room for accumulation of contaminants.
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Measurement of earthworm mass was made to control accumulation and to avoid vatiation
of results due to the inconsistency in the population of each container. Table 1 shows that a total
mass of 4.3¢g to 4.5g of 7 earthworms were measured regardless of their individual weight and size.

After obtaining the desired amount, the earthworms were placed on the prepared contaminated soil.

Table 1: Mass of earthworm

Earthworms Group Number Weight per Group, g

43273
4.4848
4.4951
4.4575
43184

O B S

Equilibrium analysis

After preparing all the materials for the experiment, the earthworms were exposed to the
soil samples for 7 days. Analysis of the heavy metal content was tested on the 7th day. Exposure

time was based on the method adopted from the Journal of European Community (1988).

Soil analysis

Before testing the sample and in order to analyze copper content, the targeted analyte was
digested through the use of nitric acid. This was accomplished to dissolve the sample. Then, the
sample was diluted in distilled water before the test that used the Inductively Coupled Plasma (ICP).

After testing, the percent absorption was computed using the formula:

C, -C,
% —L 74 X100
C

adsorption =
where:

C,

1 e .
= initial concentration

CE

= equilibrium concentration
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RESULTS AND DISCUSSION

Results of the study indicate that in terms of the heavy metal content, the expetiment up-
held the study’s assumption that earthworms are effective in the bioaccumulation of heavy metal in
contaminated soil. Results further revealed that after the 7-day exposure of the earthworms in the
contaminated soil, there was marked difference in the metal content of the tested soil vis-a-vis the

exposure days. Results of the soil analysis are shown in Table 2.

Table 2: Percent Absorption of earthworms at vary initial concentrations

Ci ppm Ceqppm % Absorption
1000 78.36 92.164
2000 115.02 94.249
3000 211.32 92.956
4000 269.30 93.2675
5000 276.13 94.4774

Table 2 shows that concentrations of copper on the soil samples decreased. This implies
that earthworms seem to significantly accumulate heavy metal concentrations on contaminated
soils. This finding supports the study of Van Gestelet et al. (2009) on the earthworm species L.
rubellus. The results also showed congruence with the study of Lionetto et. al. in 2012 which stated
that high internal metal concentrations were found inside the bodies of these earthworms after be-
ing exposed to highly-contaminated soil. However, analysis of internal metal concentrations inside
the body of earthworms was not part of this study. It only supported the idea that there is presence
of heavy metals inside the body of earthworms which may indicate the increase of its relevance for

the evaluation of contaminants’ effects on soil organisms (Lionetto et al, 2012).
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Figure 1: Percent absorption versus initial concentration

Figure 1 shows the percent absorption of earthworm versus the initial concentration. In the
analysis of heavy metal content, statistics show that there is a large consumption of heavy metal in
each sample that vary in initial concentration. It shows that at the maximum concentration, there is
94.5% absorption of copper left in the sample. The study concludes that the higher the concentra-
tion, the greater consumption of heavy metal is taken. This is accounted because of the higher con-

centration for the earthworms to bioaccumulate.

Findings of this research is parallel to the claims of Dendooven&Ramods(2011) that
proves adding earthworms to contaminated soil can increase the removal of the contaminant.
Moreover, an explanation to this absorption of contaminants is distinguished in Vijver’s (2003)
study which claims that the uptake of pollutants absorbed to solid particles in the soil plays a role in
the ability of earthworms to accumulate contaminants. This is due to the earthworms’ behavior to
burrow into the soil as well as their capacity to digest organic soil constituents (Edwards & Lofty,

1972 as cited in Vijver et al, 2003).
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This phenomenon was further explained by Weltje (1998 as cited in Dai, 2004) who
claimed that different factors interact to determine the amounts of pollutants accumulated by earth-
worms. The affinity of metals for soil constituents is the primary element to take into account. The
distribution of metals among the soil phases is important for the bioaccumulation by earthworms as
the main pathways for chemical absorption are the skin for soluble elements, gut transit and diges-

tion.”

The work of Corter (in Dai 2004) runs parallel with the study especially in determining the

relative toxicity of soil based on the bioaccumulation of earthworms.

CONCLUSIONS

Results of the experiment have shown that Eudriluseugeniae was likely to contribute to the
bioaccumulation of heavy metals in contaminated soils. In the analysis of heavy metal content, es-
pecially at the maximum concentration, there was 94.5% absorption found in the analyzed contami-
nated soil. This has shown the effectiveness of earthworms in absorbing heavy metal content in
contaminated soil. The study revealed that higher concentrations of heavy metals in the soil may

highly increase the chance of greater consumption by the earthworms.

RECOMMENDATIONS

The researchers recommend that future studies on this topic should also consider using
different species of earthworm to further identify, which among them have greater bioaccumula-
tionability. Furthermore, this may also measure the contaminants within material ingested by soil-
dwelling earthworms. The study further suggests the use of other types of chemicals aside from
copper to test the earthworms’ biosorption as this may also yield significant findings. Lastly, the
paper wants further study on earthworms as these may add proof to their capacity to enhance their

function in the environment.
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