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Abstract. One way to reduce the adverse effects of the heavy met-
als mercury in the aquatic environment are using organisms to break
down or convert toxic substances into non-toxic forms, either by phy-
tore- mediation or phycoremediation. This research aimed to analyze
the growth and lipid content of Euglena sp. after mercury exposure.
Universitas Gadjah Mada, Bulaksumur. This research also aimed to analyze the growth of E. palaefolius which
Caturtunggal, Yogyakarta, Indonesia is associated with Euglena sp. In this study, the bioremediation ability
55081 of Euglena sp. and Echinodorus palaefolius through treatment with
mercury concentrations of 5 ppm, 10 ppm, 15 ppm, and 20 ppm, as
L . ~ well as association and non-association treatments. The parameters
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dea.hastaning.(@mail.ugm.ac.id sp. andE. palaefolius measurement and lipid content. The result of
the growth of Euglena sp. experienced a significant increase. Lipid
content in Euglena sp. was also seen high at 10 ppm mercury concen-
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INTRODUCTION

Mercury (Hg) is a toxic metal that can
cause adverse effects on the environment and
the organisms inside. Mercury can be chem-
ically changed, translocated, and accumulate
in the atmosphere for 0.5 to 2 years. In gen-
eral, Hg exists abundantly in three primary
forms, namely elemental, organic, and inor-
ganic. Inorganic mercury (Hg2+) can turn

into organic mercury when it is present in an
aqueous environment, where there is no ox-
ygen through the methylation process. This
makes mercury more dangerous because or-
ganic mercury has the highest toxicity among
other forms of mercury. Organic mercury that
accumulates in the aquatic environment can
penetrate into the membranes and accumulate
in the cells of aquatic organisms. Accumula-
tion of mercury increase when organisms that
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live in these waters are consumed by other or-
ganisms (Kumari et al. 2020; Danouche et al.
2021).

One of the methods to lessen the ad-
verse effect of toxicants or pollutants in the
environment is bioremediation. Bioremedia-
tion is a method that uses organisms to break
down or change the form of a toxic substance
into a non-toxic form. Phytoremediation is a
technique for reducing pollutant toxicity in
polluted environments using plants and their
interactions with other organisms (Kumari et
al., 2020). Meanwhile, phycoremediation is
the reduction or biotransformation of harmful
pollutants and chemicals using macro or mi-
croalgae (Azubuike et al., 2016).

Euglena sp. is a photosynthetic, micro-
scopic, unicellular algae that lack of cell wall.
Euglena sp. can carry out photosynthesis be-
cause it contains chloroplasts and can move
with flagella. Euglena sp. can be used in var-
ious fields including nutrition, energy, health,
and the environment. Euglena sp. lives in
aquatic environments and can live in extreme
conditions, such as heavy metal stressful hab-
itats. There are several survival strategies
of Euglena sp. when it is exposed to heavy
metal stress. The mechanisms consist of in-
ternal metabolism by glutathione, phytochel-
atin, cysteine, and the production of several
enzymes that function to neutralize ions from
heavy metals. Under stress conditions like sa-
linity stress, nitrogen deficiency, and heavy
metal stress like Cd & Cr, the lipid content
of microalgae increases (Suyono et al., 2015;
Khatiwada et al., 2020; Yoshioka et al., 2020;
He et al., 2021).

Echinodorus palaefolius is a semi-aquat-
ic plant that comes from the Alismataceae
family. E. palaefolius is a herbaceous plant,
that has hollow stems, broad leaves, and fi-
brous roots (Nur & Slamet, 2020). This plant
is considered capable as a phytoremediator
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because of its ability to absorb heavy metals.
Besides that, E. palaefolius is easy to obtain,
economical, and not consumed by people. It
has a superior aspect compared to other plants
in the purpose of phytoremediation by accu-
mulating toxicants in specific organs so it
does not interfere with the course of metab-
olism (Nur & Slamet, 2020). This plant can
retain and accumulate mercury in the endo-
dermis, passing through the Casparian band
and entering the cell with an apoplast mecha-
nism. The presence of high concentrations of
heavy metal pollutants can even cause plants
to show symptoms of chlorosis due to heavy
metals being able to penetrate vascular tissue
(Zhang et al., 2019). This research aimed to
analyze the growth and lipid content of Eu-
glena sp. and of E. palaefolius after mercury
exposure.

MATERIALS AND METHODS

The research was done from September
to October 2022 in the Biotechnology Labo-
ratory, Faculty of Biology, Universitas Gadjah
Mada, and Nogotirto Algae Park, Nogotirto,
Gamping, Sleman. The research methods in-
cluded cultivating Euglena sp., administering
mercury treatment, measuring the growth of
Euglena sp., and E. palaefolius, as well as
lipid content in Euglena sp. Cultivation of
Euglena sp. conducted at the Biotechnology
Laboratory, Faculty of Biology, Universitas
Gadjah Mada. Cultivation was carried out by
growing Euglena sp. in CM medium (Cramer
& Myers, 1952). The cultivation composition
consisted of 100 mL of algae and 400 mL of
nutrient medium. The culture was grown for
seven days before being treated. Then various
mercury treatments were given at Nogotirto
Algae Park, Nogotirto, Gamping, Sleman. The
treatment consisted of mercury concentrations
of 0 ppm (T1), 5 ppm (T2), 10 ppm(T3), 15
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ppm (T4), and 20 ppm(T5). The initial den-
sity of cultivated algae was 120,000 cells/ml.
The association treatments between Euglena
sp. and five individuals of E. palaefolius in
one clump was carried out withO ppm (T6), 5
ppm (T7), 10 ppm (T8), 15 ppm (T9), and 20
ppm (T10). The growth of Euglena sp. and E.
palaefolius was measured on days 3 and 12.
The growth of Euglena sp. was measured by
the cell counting method manually with a hae-
mocytometer modification from the methods
of Suyono et al. (2015). The amount obtained
was then analyzed with the following formu-
la:

Cell/mL = Number of counted cells x (1
N

The growth of E. palaefolius was mea-
sured by measuring stem height, number of
stems, and stem diameter. Lipid levels were
measured on day 12 using the Bligh & Dyer
(1959) method. Euglena sp. cells were har-
vested by centrifugation, added methanol,
and chloroform solvents then homogenized.

Treatments

0 20 40 60

Cell Density of Euglena sp. (cells/mL) 1074
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The sample was then added to distilled water,
homogenized, and centrifuged. The superna-
tant was taken, the lipid at the base was taken
and incubated until the solvent evaporated,
and then the lipid content in the sample was
weighed. Quantitative data were analyzed by
analysis of variance (ANOVA) at the 95%
level to determine the effect of the treatment
and continued with the Duncan Multiple
Range Test (DMRT) at the 95% level if there
was a significant difference. The data analysis
was carried out using Ms Excel and SPSS 2.0
software.

RESULTS AND DISCUSSION

Based on Figure 1, growth for all groups
has increased significantly, and the treatment
gave the density of Euglena sp. to grow more.
The highest density was found in group T1,
namely the control with a density of 597.500
cellsymL on the 12th day of observation.
Meanwhile, the lowest density was in T9 and
T10 on 3rd day of treatments with a density of
0 cells/mL.

Figure 1. T1= Treatment of 0 ppm Hg in Eu-
glena sp., T2= Treatment of 5 ppm
Hg in Euglena sp., T3= Treatment
of 10 ppm Hg in Euglena sp., T4=
Treatment of 15 ppm Hg in Eugle-
na sp., T5= Treatment of 20 ppm
Hg in Euglena sp., T6= Treatment
of 0 ppm Hg in association between
Euglena sp. and E. palaefolius., T7=
Treatment of 5 ppm Hg in associ-
ation between FEuglena sp. and E.
palaefolius., T8= Treatment of 10
ppm Hg in association between Eu-
glena sp. and E. palaefolius., T9=
Treatment of 15ppm Hg in associ-
ation between Euglena sp. and E.
palaefolius., T10= Treatment of 20
ppm Hg in association between Eu-
glena sp. and E. palaefolius

W Day3
B Day12
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The measurement result showed that the
control treatment has the highest number of
cells compared to other treatments both in the
control of Euglena sp. and in the control asso-
ciation Euglena sp. with E. palaefolius. In the
control treatments, Euglena sp. can grow well
because there is an optimal condition for cell
division (Suyono et al. 2015).

Figure 2 shows that the diameter of

T6
T7

T8

Treatments

T9

T10

0.00 0.10

the E. palaefolius stems still increases de-
spite exposure to mercury stress. The highest
in- crease in stem diameter was obtained in
treat- ment T8 (10 ppm) by 0.1 cm, and the
low- est increase in diameter was found at T9
(15 ppm) by 0.03 cm. Meanwhile, in T7 (5
ppm) treatment, the diameter stem is decreas-
ing from 0.25 cm to 0.20 cm.

0.20 0.30

The stem diameters of E. palaefolius (cm)

Figure 2. T6= Treatment of 0 ppm Hg in association between Eu-

glena sp. and E. palaefolius., T7= Treatment of 5 ppm
Hg in association between Euglena sp. and E. palaefo-
lius., T8= Treatment of 10 ppm Hg in association be-
tween Euglena sp. and E. palaefolius., T9= Treatment
of 15ppm Hg in association between Euglena sp. and

E. palaefolius

Under conditions of stress on heavy
metals, aquatic plants such as E. palaefolius
will experience changes in morphological
and anatomical structures, one of which can
be seen from the size of the stem diameter.
Changes in stem diameter can occur due to
the role of the stem as a distributor of water
and nutrients to other organs. When the water
being transported contains mercury, the rods
will act as a mechanism to reduce the levels
of mercury present (Claro et al., 2009). This
mechanism affects the anatomical structure
of plant stems. Anatomical differences can
be seen in the metaxylem diameter and cor-
tical thickness. The cortical cells of stressed
aquatic plants will show an increase. Further
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more, there was a significant increase in the
aerenchyma of aquatic plants under heavy
metal stress and metaxylem. Plants do this to
accumulate heavy metals, so they do not go
further and become toxic to plants (Batool et
al., 2014). The trunk of plants has a peripheral
parenchyma cell layer that acts as an assimila-
tor because it contains chloroplasts (Claro et
al., 2009).

Based on the study's results, it was
known that there was an increase in stem di-
ameter in all treatments. The largest increase
in diameter occurred in the T8 treatment (10
ppm). In comparison, the minor increase/de-
crease in diameter occurred in the T9 treat-
ment (15 ppm). The results obtained are par-
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tially in accordance with the existing theory,
the more mercury stress given, the diameter
increase. The trend of stem diameter growth
shows a decrease with increasing mer- cury
concentration.

Based on Figure 3, it is known that the
treatment data that always shows a significant
growth in height is the E. palaefolius plant

T6
T7

T8

Treatments

T9

T10

grown in the control treat- ment (T6), which is
able to show a height of 40 cm on day 12th. In
the treatment T7, the plant actually showed a
significant decrease, so that at the last harvest,
the plant height was 21 cm. Plants in the T8,
T9, and T10 treatments showed a positive or
increasing trend, even though the growth rate
was relatively slow.

Day 3
Il Day6

50

The height of E. palaefolius (cm)

Figure 3. T6= Treatment of 0 ppm Hg in association between Eu-

glena sp. and E. palaefolius., T7= Treatment of 5 ppm
Hg in association between Euglena sp. and E. palaefo-
lius., T8= Treatment of 10 ppm Hg in association be-
tween Euglena sp. and E. palaefolius., T9= Treatment
of 15ppm Hg in association between Euglena sp. and

E. palaefolius

The presence of mercury as a pollutant
affects the plant's height. Heavy metals can
cause inhibition of cell division and elon-
ga- tion, absorption of water and nutrients,
and enzymatic activity causing inhibition of
growth rate. Hg accumulation in plants can
in- hibit root and shoot growth (Hamim et al.,
2019). E. palaefolius can still maintain itself
to stay alive even though it is grown in mer-
cury stress, so it can be said that this plant
can carry out phytoremediation. Even so, the
level of concentration of mercury exposure
also needs to be considered. If the plants are
in conditions where the mercury concentra-
tion exceeds the plant's tolerance ability, this
will cause the plants to die. E. palaefolius can

Jurnal Biodjati 8(1):172—179, May 2023

accumulate heavy metals in specific organs,
such as roots, which will be translocated to
the air tissue and enter the xylem, so it does
not inhibit plant metabolism (Nur & Slamet,
2020). If the pollutant load is very high, it
causes metabolic disturbances and can cause
the death of these plants one by one . Giving
pollutant concen- trations that are too high for
a long time can cause chlorosis in plants, in-
hibiting chloro- phyll synthesis. Heavy met-
als as pollutants can also inhibit the action of
enzymes that catalyze chlorophyll synthesis
(Nur & Slamet, 2020). If plant metabolism is
disrupted for a long term, it will inhibit the
growth of the plant and will fatally cause
death in the plant.
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The lipid content of Euglena sp. living
at various mercury stresses in the FWS-CW
system can be seen in Figure 4. Treatment
TO until TS are 0.067 mg/ml, 0.033 mg/ml,
0.111 mg/ml, 0.047 mg/ml and 0.029 mg/ml.
The highest lipid levels were in the 10 ppm
treatment, and the lowest was in the 20 ppm
mercury concentration treatment. The trend
graph for lipid levels in Euglena sp. tended
to decrease with increasing concentration of
mercury solution. Based on Duncan's test, it
was known that the differences between treat-
ments were not significantly different. This

control
5ppm

10 ppm

Treatments

15 ppm

20 ppm

0.000

0.025

0.050 0.075 0.100

Lipid content of Euglena sp. (mg/ml)

0.125

Treatments

shows that differences in mercury concentra-
tions did not cause a significant decrease in
lipid content in Euglena sp.

Meanwhile in association with E. pa-
laefolius, the highest lipid levels were found
in the 5 ppm mercury treatment (T7) and
the lowest in the 20 ppm mercury treatment
(T10) (Figure 5). The lipid content from T6
until T10 was 0.153 mg/ml, 0.178 mg/ml,
0.029 mg/ml, 0.02 mg/ml, and 0.007 mg/ml.
The graphic trend of lipid content in Euglena
sp. decreased with increasing concentration
of mercury solution. This shows the 5 ppm in

Control

5ppm
10 ppm
15 ppm oK

20 ppm

0.000

0.050

0.100 0.150 0.200

Lipid content of Euglena sp. (mg/ml)

Figure 4. Lipid content of Euglena sp. in the variation of Figure 5. Lipid content of Euglena sp. that growth associat-

mercury stress

the association treatment gave more optimum
lipid content than others.

Lipids in microalgae generally increase
with increasing stress. Lipid levels can in-
crease after salinity stress, nitrogen deficien-
cy, and heavy metals such as Cd, and Cr. This
is because microalgae will produce lipids in
large quantities to prevent water from escaping
from the microalgae cells. In addition, lipids
are also used as cell protectors, because they
are constituents of cell membranes, so when
stressed, they are produced in large quantities
so that the cells remain viable. However, an

Wardana et al.

ed with E. palaefolius in the variation of mercury
stress

increased stress concentration that is too high
can also cause the lipid levels in microalgae
to decrease. This can be because heavy metal
stress can cause the formation of ROS, which
causes oxidative degradation of lipids so that
the lipid struc- ture is damaged. In the results
of research on Euglena sp. living alone lip-
id levels lower as the stress concentration in-
creases. This could be due to the higher stress
concentration, and the lower number of Eu-
glena sp. cells (Rocchetta et al., 2012; Suyono
et al., 2015; Chen et al., 2017; Tossavainen et
al., 2019; He et al., 2021).
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CONCLUSION

Euglena sp. and E.palaefolius are
known to have the potential as bioremedia-
tion agents against mercury pollutants. How-
ever, mercu- ry levels that exceed the toler-
ance limits of both, can stop the growth rate
of Euglena sp. and E. palaefolius, and can be
lethal. The 5 ppm mercury in the association
treatment gave more optimum lipid content
than others. The overall best plant height was
in the treat- ment of 10 ppm mercury.
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