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Abstract The aim of this study is to evaluate the effects
of the effluent of Elazig Municipality Wastewater Treat-
ment Plant on the oxidative defense capacity of aquatic
plants (Lemna minor L. and Lemna gibba L.). For this pur-
pose, malondialdehyde (MDA), glutathione (GSH), oxi-
dized glutathione (GSSG), vitamin A (retinol), vitamin E
(a-tocopherol), and vitamin C (Ascorbic acid) levels were
determined by the HPLC (high performance liquid chro-
matography) in the control groups and the groups adapt-
ing to reactors fed with discharge water. The depletion of
vitamins (A, E, and C), decrease of GSH/GSSG ratio, and
increase of MDA that reflect a precarious state of the cell in
L. minor L. and L. gibba L. were observed after exposure to
wastewater. It can be suggested that the selected biomarkers
are useful in understanding the biochemical mechanisms of
the secondary effluents from wastewater treatment plant in
L. minor L. and L. gibba L. as early warning indicators.

Keywords Non-enzymatic antioxidants - MDA -
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Exposure to the treated municipal effluents is considered
to cause a variety of stress-related changes in the aquatic
organism health (Gagne et al. 2008). Chemical analysis is
not usually sufficient to evaluate water quality as such pol-
luting substances are present in enormous numbers in the
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surface waters (Radic et al. 2011). In general, biomark-
ers has been receiving increasing attention during the last
few years, since they constitute an attractive alternative to
the chemical determinations and to can be carried out as
a supplementary evaluation of the environmental impact of
wastes (Petala et al. 2009). Duckweed is a small, floating
aquatic plant within the family of Lemnaceae (Bergmann
et al. 2000). Meanwhile Lemna minor L. and Lemna gibba
L. are the most common species selected as the model
plants to evaluate the ecological risks exposed by contami-
nants for environmental, and human health (Appenroth
et al. 2010).

Oxidative stress parameters as non-specific end-points
are used to assess the effects of the single chemicals and
complex mixtures of aquatic environmental contami-
nants (Nunesa et al. 2008). Within the antioxidant system,
reduced glutathione (GSH) is known to be one of the first
lines of the defense against the reactive oxygen species
(ROS) (Cnubben et al. 2001; Dickinson and Forman 2002).
Some nonenzymatic antioxidants such as vitamins A and
E are expended under the impact of xenobiotics and their
levels may fall below the normal range (Barim and Kara-
tepe 2010). It has been proposed that lipid peroxidation is
a sensitive measure of oxidative damage and is considered
as a useful biomarker for the oxidative stress (Chen et al.
2005). Lipid peroxidation was assumed indirectly in vitro
as the formation of malondialdehyde (MDA), a by-product
of lipid peroxidation that reacts with thiobarbituric acid
(Ortega-Villasante et al. 2005).

In the present study, the antioxidant responses to the sec-
ondary effluent exposure in L. minor L. and L. gibba L.,
popularly known as duckweed that is an aquatic plant rec-
ommended for use as a reference organism for phytotoxic-
ity assessments, was investigated.
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Materials and Methods

The wastewater of secondary clarifier was taken from
Wastewater Treatment Plant of Elazig, Turkey, while the
natural water is obtained from Antalya, Turkey. Physi-
ochemical characteristics of wastewater and naturel water
are shown in Table 1. L. gibba L. and L. minor L. used in
this study were collected from Botanical Garden of Istan-
bul University.

Control group consists of the plants exposed to the
natural water, while adapted group consists of the plants
exposed to the wastewater. The plants were first grown in
natural water for 1 month in laboratory conditions accepted
as a control group and then exposed to wastewater in the
four of four conical reactors including 75 L of reactor solu-
tion (upper diameters as 50 cm, bottom diameters as 40 cm,
height of water column as 12 cm) separately accepted as
adapted group. Approximately 200 g of each plant was
placed into the reactors. Two reactors containing L. gibba
L., two reactors containing L. minor L. were used. The
reactors were placed outside for providing natural day light
at approximately 30°C. Plants were placed in these reac-
tors were operated in a continuous regime of about 0.02 L/
min of effluent wastewater. The samples of L. minor L. and
L. gibba L. plants were sampled daily during 7 day with
the water in their environment in the control and adapted
groups. Plant samples collected from the reactors daily
were stored in the freezer at —70°C until analyzed. All
studies were conducted (three replicates) using a total of 48

plants.
Physicochemical characteristics [temperature, pH,
electrical conductivity (EC), biochemical oxygen

demand (BODj), chemical oxygen demand (COD), nitrite

Table 1 Physico-chemical characteristics of wastewater in the sec-
ondary clarifier and the reference water

Parameter Unit Wastewater Natural water
Temperature °C) 20.3+0.60 18.60+0.50
pH 7.66+0.10 7.00+.0.10
EC mS/cm 1.16+£0.03 0.36+0.03
BOD; mg/L 50+8 3.8+0.2
COD mg/L 100.00+5.00 8.10+2.00
NO,™-N mg/L 0.66+0.21 0.21+0.02
NO;™-N mg/L 2.60+0.2 2.40+0.01
PO,~3-P mg/L >5.00 0.19+0.02
NH,*-N mg/L <0.06 0.78+0.40
As ug/L 7.1+0.1 1.9+0.1

Al pg/L 59+3 25+3

Cd pg/L 0.31+0.3 <0.05

Cr pg/L 5.1+0.1 1.5+0.01
Ni pg/L 1.9+0.1 0.8+0.02
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nitrogen (NO, -N), nitrate nitrogen (NO;-N), phosphate
phosphorus (PO,™-P), ammonium nitrogen (NH,™-N),
Al, As, Cd, Cr, Ni] of wastewater in the secondary clari-
fier and the natural water (obtained from Antalya) were
conducted. Metal analysis were conducted by using
inductively coupled plasma mass spectroscopy (ICP/
MS—Perkin-Elmer ELAN 9000) technique at ACME
Analytical Laboratories Ltd., Canada.

Dissolved oxygen and temperature were measured in
the field with WTW Oxi 330 dissolved oxygen meter;
pH and Conductivity were measured by Hach Lange 30d
pH and Electrical Conductivity Meter in the field. BODj;
was determined according to standard methods by using
AQUA LYTIC, BOD-System AL606 (APHA 2005). The
chemical oxygen demand (COD) was analyzed using with
Nova60 spectroquant instrument spectrophotometer with
closed reflux Method (5220D). O-PO4'3 measurement
was performed with Nova60 spectroquant instrument
with the use of SM 4500-P (APHA 2005). NH,*-N levels
according to 10023 Test N Tube LR salicylate method,
NO,™-N levels according to 10019 Test N Tube vials
diazotization method and NO;™-N levels 10020 Spec-
trophotometer Test N Tube chromatic acid method, were
determined with Hach Lange DR3800 spectrophotometer.

Analyses of the biomarkers [vitamins (A, E, C), GSH,
GSSG, and MDA] were carried out with a high-perfor-
mance liquid chromatographic system (Shimadzu) con-
sisting of LC-10 ADVP pumps and SIL-10 ADVP, along
with a degasser unit DGU-14A and Class VP software
(Shimadzu, Kyoto Japan).

First, 0.5 g of homogenized plant samples were taken
into the tubes and 0.5 mL of 0.5 M HCIO, was added.
The proteins were precipitated and the solution was vor-
texed for 3 min. Then 2.5 mL of purified water was added
and vortexed for 3 more minutes. The tubes were kept in
the ultrasonic bath for 15 min and then centrifuged for
15 min at 4000 rpm. At the end, the separated phase
was collected in vials and analyzed for vitamin C, GSH,
GSSG, and MDA by the HPLC apparatus (Tavazzi et al.
1992; Cerhata et al. 1994).

Meanwhile, 0.5 g of homogenized plant samples were
taken into the tubes and 5 mL of 60% ethyl alcohol was
added to them and the proteins were precipitated. Similar
to the former tubes, after vortexing them for 3 min, they
were kept in ultrasonic water bath for 15 min. 0.5 mL
of n-hexane were added to each tube then centrifuged at
4000 rpm for 15 min. The separated hexane-phase was
taken to glass crest and extraction of hexane for each
plant sample was repeated twice. Thus, all of the vita-
min E in the plant was taken to the hexane phase. After
the hexane phase was evaporated under nitrogen gas,
the samples were dissolved again in 0.5 mL of methanol
and the methanol in the tube was taken up in vials and
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Fig. 2 MDA levels (nmol/g) in L. gibba L. fronds exposed to sec-
ondary effluent from municipal wastewater treatment plant. Asterisk
shows statistical differences of two-tiled T test between control and
application groups (each day)

analyzed for vitamins A and E by the HPLC instrument
(Miller et al. 1984).

Analysis of variance (ANOVA) and independent sample
t test were used in the SPSS 15.0 package program in com-
paring the differences between the treatment groups and the
control groups in the statistical evaluation of the obtained
data. Descriptive statistics are expressed for the results as
arithmetic mean =+ standard error.

Results and Discussion

Physico-chemical characteristics of wastewater in the sec-
ondary clarifier and the reference water were shown in
Table 1. Control group consists of the plants exposed to the
natural water, while adapted group consists of the plants
exposed to the wastewater.

MDA levels are shown in Figs. 1 and 2; GSH and
GSSG levels and GSH/GSSG ratios are shown in Figs. 3
and 4; vitamin A, E, and C levels are shown in Figs. 5 and
6, in both control and adapted L. minor L. and L. gibba L.
fronds. Consequently it has been found that the amount of
the MDA in the fronds of L. minor and L. gibba exposed
to the effluent are increased compared to the control
(p<0.05) (Figs. 1, 2). The highest MDA level in L. minor
L. and L. gibba L. is observed in the fourth day. The level
of vitamin A in the L. minor L. varies depending on the
exposure time. Vitamin E levels decreased in L. minor L.
exposed to the effluent compared to the control. However
vitamin C levels in L. minor L. significantly increased
compared to control (p <0.05). Furthermore vitamin A

time, day

Fig. 3 Vitamin levels (ug/g) in L. minor L. fronds exposed to sec-
ondary effluent from municipal wastewater treatment plant. Asterisk
shows statistical differences of two-tiled T test between control and
application groups (each day)
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Fig. 4 Vitamin levels (ug/g) in L. gibba L. fronds exposed to sec-
ondary effluent from municipal wastewater treatment plant. Asterisk
shows statistical differences of two-tiled T test between control and
application groups (each day)
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Fig. 5 GSH and GSSG levels and GSH/GSSG ratios measured in the
fronds of L. minor L. exposed to secondary effluent from municipal
wastewater treatment plant. Asterisk shows statistical differences of
two-tiled T test between control and application groups (each day)

and C levels decreased, but vitamin E levels increased in
L. gibba L. exposed to the effluent compared to the con-
trol. GSH and GSSG quantities as well as GSH/GSSG
ratios measured in the fronds of L. minor L. and L. gibba
L. are shown in Fig. 5 and are given in Fig. 6. The GSH
levels in L. minor L. were found high in adapted group
compared to the control group (p <0.05). GSSG levels
in adapted group were found higher than the control in
L. minor L. (p<0.05) but not in L. gibba L. The ratio
of GSH/GSSG decreased in L. minor L. exposed to the
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Fig. 6 GSH and GSSG levels and GSH/GSSG ratios measured in the
fronds of L. gibba L. exposed to secondary effluent from municipal
wastewater treatment plant. Asterisk shows statistical differences of
two-tiled T test between control and application groups (each day)

effluent but increased in L. gibba L. when compared with
the control (Figs. 5, 6). A decrease in the amount of GSH
and an increase in the amount of GSSG are observed in L.
gibba L. frond, particularly after the fourth day (Fig. 6).

This study assessed biochemical response in L. gibba
L. and L. minor L. exposed to the secondary effluents from
municipal wastewater treatment plant of Elazig. Oxidative
defense potentials that were evaluated by using the levels of
MDA, GSH, GSSG, and vitamins A, E, and C in L. gibba
L. and L. minor L.

COD is an index for organic pollutants which can induce
lipid peroxidation and toxicity to submersed plants (Wang
et al. 2002). Qiu-jin et al. (2007) founded that wastewater
with high COD concentration can cause a substantial dam-
age to submersed plant. BOD is a measure of the dissolved
oxygen consumed by microorganisms during the oxidation
of reduced substances in waters and wastes. The discharge
of wastes with high levels of BOD can cause water qual-
ity problems such as severe dissolved oxygen depletion and
fish kills in receiving water bodies (Penn). The levels of
BOD and COD were found to be higher in wastewater sug-
gesting the presence of high levels of organic and inorganic
pollutants (Table 1).

Many environmental pollutants are capable of inducing
oxidative stress in aquatic organisms. As shown Table 1 As,
Al, Cd, Cr, Ni were determined in wastewater. Exposure of
plants to excess concentrations of heavy metals results in
accumulation of the metal in plants and cause an increase
in reactive oxidative species (ROS). The first response to
elevated amounts of ROS is increased levels of enzymatic
and non-enzymatic antioxidants that reduce oxidative stress
(Yamamoto et al. 1997; Razinger et al. 2007). Depending
on concentration, plant species and exposure time, heavy
metals cause changes in antioxidant enzyme activities and
MDA contents in aquatic plants (Prasad et al. 2001; Dogan-
lar 2013). In present study, different concentration of heavy
metals were found in the secondary clarifier (Table 1).
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The level of MDA has been known as an indicator of
oxidative stress (Hou et al. 2007) In current research, It has
been found that the amounts of MDA in the fronds of L.
minor L. and L. gibba L. exposed to the effluent increased
compared to the control (p <0.05). The increase in MDA
levels suggests that the heavy metals in wastewater causes
oxidative stress in the plants. Zhao et al. (2008) suggested
that the amount of MDA increased in the leaves of the
plants exposed to water-stress, which also agrees with our
findings. Karatas and Obek Kamisli (2009) investigated the
variation of MDA in plants placed in the wastewater and
grown in the natural water. Chemicals can increase the lev-
els of MDA by increasing the formation of free radicals or
by reducing the defense capacity against cellular peroxida-
tion reactions (Lackner 1998). They found that the amount
of MDA for the plants placed in the wastewater takes a
maximum value at the second day and then decreases insig-
nificantly until the fourth day, which again agrees with our
findings. In our study, the level of MDA increases until the
fourth day and then decreases insignificantly until the sev-
enth day. Duckweed was observed to adapt to adverse envi-
ronmental conditions within the first 4 days of exposure to
wastewater and then continue to survive under oxidative
stress conditions by elevating some vitamin levels.

Vitamins are organic compounds that must be taken
by plants such as duckweed and are cofactors for various
enzymes. In addition, vitamins A, E, and C play antioxidant
roles against oxidative damage (Stryer 1995). Vitamins
A, C, and E and element Se are some of the major non-
enzymatic antioxidants in the organisms (Halliwell 1994).
Depletion of a vitamin may be due to its utilization in the
metabolic processes. Alterations in the amount of vitamins
may be also due to the high energy demand arising from
the stress conditions caused by xenobiotics. The decreases
in the levels of antioxidant vitamins can result in their con-
sumption for preventing oxidative stresses taking place
during the treatment (Karatas and Obek Kamisli 2009). In
the present study, vitamin A and C levels decreased in L.
gibba L. and also vitamin E levels decreased in L. minor
L. exposed to the effluent when compared to the control.
The depletion of vitamin E shows enhanced sensitivity to
the stress in the precarious state of cell since vitamin E
prevents lipid peroxidation by trapping the free radicals
(Karatas and Obek Kamusli 2009). Vitamins A and C also
have effects on stopping other oxygen radicals because of
the property of scavenging singled oxygen (Hercberg et al.
1998).

ROS can be eliminated by several functionally interre-
lated antioxidant systems that are crucial in adaptation and
ultimate survival of plants during oxidative stress periods
(Mittler 2002). Glutathione is involved as a co-substrate
in conjugation reactions and is an important antioxidant
in plants (Rijstenbil et al. 1994; Hamoutene et al. 1995).
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Xenobiotics can change quantities of reduced GSH (Rama
Devi and Prasad 1998). Indeed, the induction of GSH
shows an adaptation to pollutants and has been proven
to play a critical role in maintaining cellular homeostasis
(Doyotte et al. 1997). The changes in concentrations of
GSH and GSSG are expressed as the ratio of GSSG/GSH
that is one of the bioindicators of oxidative stress (Morel
and Barouki 1999). In our study, the GSH and GSSG lev-
els in L. minor L. were found high in adapted group com-
pared to the control group (p <0.05). The ratio of GSH/
GSSG was decreased in L. minor L. exposed to the effluent
when compared to control (Figs. 5, 6). Zhang et al. (2005)
showed that increment in the amounts of GSH and GSSG
might be due to the result of oxidative stress. In the present
study, the decrease in the amount of GSH and the increase
in the amount of GSSG in L. gibba L. frond, particularly
after the fourth day, may be an expression of the increase in
GSH-dependent responses.

In the present study, vitamin levels were decreased due
to the high energy demand arising from the stress condi-
tions caused by xenobiotics. Chemicals increased the levels
of MDA by increasing the formation of free radicals or by
reducing the defense capacity against cellular peroxidation
reactions. It can be also suggested that xenobiotics change
quantities of reduced GSH, GSSG, and GSH/GSSG. Alter-
ation in GSH, GSSG, GSH/GSSG levels shows an adapta-
tion to pollutants and has been proven to play a critical role
in maintaining cellular homeostasis.

It can be concluded that MDA, GSH, GSSG, GSH/
GSSG and vitamins (A, E and C) in L. minor L. and L.
gibba L. can be considered biomarkers to control water
quality. Measurement of the levels of antioxidant biomark-
ers such as MDA, GSH, GSSG, GSH/GSSG, and vitamin
(A, E and C), shows that they may be promising indicators
of an oxidant impact on aquatic plants.
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