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Abstract

The safety of drinking water source directly affects human health. Ensuring the safety of drinking water
is critical. Microcystin-LR (MC-LR), a toxic and common pollutant, releases by algae into drinking water
source and can impede the in-situ remediation effect of aquatic plant on drinking water source
purification. However, the effect mechanism of the MC-LR on the purification of the drinking water by
aquatic plant remains unclear. This study aims to explore the effects mechanism of MC-LR (0-10 pg L~
1) on drinking water source purification by Hydrocharis dubia (Bl.) backer. After an exposure experiment,
the removal rate of NH,*-N, TR, and COD promoted significantly at low concentrations of MC-LR (< Tug L~

1). And the removal rate of NH,*-N, TP, and COD increased from 78.9-90.7%, 70.0-93.2%, and 46.0—-
77.3%, respectively. With the increase of MC-LR concentration, the pollutant removal rate was obviously
inhibited causing by concentration-dependent. Furthermore, the growth and development of the
Hydrocharis dubia (Bl.) backerroots were significantly promoted at the concentration of 0.2 pgL™"'. The
length, tips, surface area, and average diameter of the root increased by 71.3%, 271.4%, 265.5%, and
113.0%, respectively. Chlorophyll contents under low-concentration MC-LR shows a 14.5%-15.7%
promoting effect compared with the control group (CK). The activities of POD and CAT were also
stimulated with the MC-LR increasing at low concentration. Notably, the MDA contents increased with
increasing MC-LR concentration (p <0.01). Therefore, the presence of MC-LR could affect the purification
efficiency of Hydrocharis dubia (Bl.) backerin drinking water source. This study indicates the effect
mechanism of MC-LR on drinking source water purification by Hydrocharis dubia (Bl.) backer.

1. Introduction

A widespread fertility of harmful cyanobacterial blooms in many marine and fresh-water ecosystems is
serious causing by eutrophication and global climate change(Xu, Pang et al. 2021). Previous studies
showed that the average days of cyanobacterial blooms in the United State increased from seven days
per year under present climate to 18—39 days in 2090 causing by climate change(Chapra, Boehlert et al.
2017). The massive cyanobacterial existing in water environment can block the light and affect the
growth of herbivorous zooplankton(Huisman, Sharples et al. 2004). In addition, some cyanobacteria cell
lysis can release toxins (like Microcystin) into water that can cause digestive and neurological
diseases(Zhang, Whalen et al. 2021). The Microcystin-LR (MC-LR), one of the most common Microcystin,
is set to a guideline limit of 1.0 pg L™ in drinking water by the World Health Organization(Xue, Steinman
et al. 2020). How to control the content of MC-LR in drinking water under guideline limit is an important
work.

To date, the studies show that most methods for algae removal would produce the harmful by-products,
or the heavy metals accumulation such as Cu in ecosystems(Du, Li et al. 2022). Therefore, there is an
urgent need for an effective and eco-friendly way to impede the proliferation of upcoming cyanobacterial
blooms. Phytoremediation technology, an effective method of decreasing cyanobacteria, has gradually
attracted more attention due to its advantages of low cost and the continuable ability of restoring
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drinking water source ecosystem. There are many aquatic plants that can purify water efficiently, of
which the Hydrocharis dubia (BIl.) backer has strong tolerance to waste water, developed roots, fast
growth and reproduction. Moreover, Hydrocharis dubia (Bl.) backer can play a pushing role in the stability
of aquatic ecosystem and water quality purification(Liu, Pang et al. 2020). Previous studies have reported
that Hydrocharis dubia (Bl.) backerhas many adventitious roots that can insert into shallow water matrix
and reproduce quickly in the center of open water. It can absorb nutrients such as N, P, and C, and
compete with algae for light and space to inhibit the excessive reproduction of algae(Li, Wang et al.
2022). However, when cyanobacteria bloom in the drinking water source and release large amounts of
MC-LR, Hydrocharis dubia (Bl.) backer directly contact with them and vulnerable to invasion(Li, Wang et
al. 2022). In addition, there are few has focused on the effects of MC-LR on water purification of
Hydrocharis dubia (Bl.) backer.

MC-LR can affect physiological characteristics of aquatic plant, including root morphology, enzyme
activities, malondialdehyde (MDA) content and photosynthesis parameters. It has been reported that at
different exposure times or dosages, the effects of MC-LR on plants are varied(Li, Wang et al. 2022). MC-
LR usually exists for months or even years in eutrophic water, chronic exposure may occur, which requires
investigating the chronic effect of MC-LR on aquatic plants. And it can influence the nutrient removal
efficiency of aquatic plant by inhibit the plant growth. In addition, MC-LR also has negative effects on
chlorophyll content, net photosynthetic rate, and root system of plants(He, Wei et al. 2022). In many
cases, the toxicity of MC-LR to aquatic plants is related to the induction of oxidative stress, which plays
an important role in the mechanism of MC-LR biotoxicity. In recent years, MC-LR has passive effects on
superoxide dismutase and peroxidase activities of aquatic plants, the oxidative damage caused by it to
cells has attracted extensive attention to researchers. Additionally, MC-LR can induce cells to produce
excessive reactive oxygen species (ROS). The oxidizing stress caused by MC-LR can change the contents
of Glutathione (GSH) and other sulfhydryl-containing substances in cells, and induces changes in
mitochondrial membrane permeability to make membrane potential depolarization. This process further
result in cell damage, lipid peroxidation and even apoptosis, and increase the cytochrome release(Jiang,
Zhang et al. 2022). Baranwal et al. indicated that the production and oxidative damage of ROS in
organisms under pollutant stress may be a significant pathway of organisms poisoning(Baranwal, Kang
et al. 2022). Therefore, it is necessary to pay attention to the influence of algae toxin on aquatic plants.

Hydrocharis dubia (Bl.) backerhas been widely applied in ecological restoration engineering, and their
existence is often accompanied by the growth of algae. However, the effects of MC-LR released by algae
on water purification and the physiological response of Hydrocharis dubia (Bl.) backer are still unclear.
The present work aims to analyze the influence of MC-LR on the remediation of contaminated drinking
water source by Hydrocharis dubia (Bl.) backer. And the physiological responses of Hydrocharis dubia
(Bl.) backer, including plant root morphology and cell structure, chlorophyll and MDA content of leaves,
and antioxidant enzyme system, will be revealed the influence mechanism of MC-LR on the drinking
water source purification by Hydrocharis dubia (Bl.) backer.
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2. Materials and methods
2.1 Plant and experimental design

Hydrocharis dubia (Bl.) backer was purchased from Jinhua Farm Company (Zhejiang, China), and
cultured in 1/5 Hoagland solution for 14 days. Hydrocharis dubia (Bl.) backer with similar growth were
selected and pruned to the same root length and washed with water for subsequent experiments.

The purification experiment of contaminated drinking source water was conducted in an artificial
simulation. According to the water quality standards of China, the specific concentration of contaminated
drinking water source is as follows ammonia (NH,*-N) 2.2 mg L™ 7, total phosphorous (TP) 0.4 mg L™,
and chemical oxygen demand (COD) 45 mg L™ ". In accordance with that, 1.80 g NH,ClI, 0.42 g KH,POs,
0.48 g KNOg, and 12.00 g CgH,,04-12H,0 were dissolved and mixed into a 1 L system, then diluted 300
times (the purity of the above reagents was analytical pure). The MC-LR were purchased from Beijing
Puhuashi Technology Development Co., Ltd. In each group, the same weight of plants was added and
exposed into simulated contaminated drinking water source under different MC-LR concentrations (0, 0.1,
0.2,1,2,510pug L™ 1); The removal efficiency of pollutants in test water was fast, so the experiment of
MC-LR on water purification was carried out for 3 days, and aeration for 2 hours every 12 hours; Three
replicates were prepared for all treatments. After the experiment, representative concentrations were
selected and the following physiological reaction experiments were carried out.

Physiologic response experiments were exposed to different concentrations of MC-LR and maintained in
artificial contaminated water under the described laboratory conditions for a total exposure period of 14
days. Each treatment had three replicates, and each replicate contained two plants of similar size. A
control treatment was set up using a culture medium and plants without MC-LR. The plants were
harvested after 3 days and 14 days of exposure. The 3 days was set to study the sensitivity and adaptive
response in plants to MC-LR stress. To assess plant physiological stress response, malondialdehyde
(MDA), catalase (CAT), superoxide dismutase (SOD), peroxidase (POD) activity, and chlorophyll content
as markers of defense and phytotoxicity were analyzed and evaluated. As roots take time to establish
deep root growth, the evaluation of their physical and chemical properties was carried on after 14 days.
During the experiment, half of the water in the treatment system with the contaminated drinking water
source is replaced every day. They were first rinsed with double distilled water to remove the adsorbed
substance from their surface and then packed individually for the estimation of various parameters.

2.2 Pollutants measurements

Nessler’s reagent colorimetric method and Ammonium Molybdate Spectrophotometry were adopted in the
determination of NH,*-N content and TP content respectively. COD content was determined by Fast
Digestion Spectrophotometry.

2.3 Measurement of plant root growth
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In order to evaluate plant response to different MC-LR exposure, root morphology and change in cell
structure were measured after 14 days of exposure. The length, tips, surface area and average diameter
of the root of Hydrocharis dubia (BIl.) backer were measured by root scanner (LC4800P) and analyzed by
WinRHIZO Pro 2005b, manufactured by REGENT from Canada. Scanning electron microscopy
(SEM/JSM-6510A, manufactured by Japanese Electronic Company) was used to observe the cell change
within the cell structure of the roots before and after exposure.

2.4 Photosynthetic pigment measurements

The chlorophyll Meter (TYS-A) was used to analyze the relative chlorophyll contents (SPAD). The average
value of the leaves measured everyday was assessed as the chlorophyll contents of the current treatment
group.

2.5 Measurement of the antioxidant system

To assess plant physiological stress response, malondialdehyde (MDA), catalase (CAT), superoxide
dismutase (SOD), peroxidase (POD) activity, and chlorophyll content as markers of defense and
phytotoxicity were analyzed and evaluated.

The SOD enzyme activity was determined by the nitroblue tetrazolium photochemical reduction method
(Badger and Andrews, 2002). The POD activity was analyzed by guaiacol method of Espie G S and
Canvin D T with minor modifications (Espie and Canvin, 1997). The CAT activity was measured by UV
absorption method. As reference to Cavender-Bares K with minor modifications (Cavender-Bares et al.,
1999). The MDA content of leaves was determined by thiobarbituric acid (TBA) colorimetry, which refers
to Aravind and Prasad (Aravind and Prasad, 2003).

The antioxidant capacity of leaves in different treatment groups was tested. 0.2 g of Hydrocharis dubia
(Bl.) backer was homogenized with 2 mL of 50 mM PBS (pH 7.8). The mixture was centrifuged at 12000
g and 4°C for 15 min, and the supernatants were used for enzyme assays (Zhang et al., 2007).

2.6 Statistical analysis

All data are the means of three independent replicates and are expressed as means + standard deviation.
A one-way analysis of variance (ANOVA) using SPSS statistical software version 22.0 was used to
analyze the data.

3. Results and discussion

3.1 Effects of MC-LR on the pollutant purification capacity
of Hydrocharis dubia (BIl.) backer

In this study, the effects of different MC-LR concentration on the drinking source water purification by
Hydrocharis dubia (Bl.) backer were revealed by measuring the removal efficiency of ammonia nitrogen,

phosphorous and COD. As shown in Fig. 1, the low MC-LR concentrations (0.1-1 ug L™ ') increased the
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removal of pollutants by Hydrocharis dubia (Bl.) backer (p <0.01) in comparison with the controls,
especially for COD. Within this concentration range, the removal rates of NH,*-N, TP and COD under
optimal condition increased from 78.9%, 70.0% and 46.0—-90.7%, 93.2% and 77.3%, respectively. The
effluent concentrations of NH,*-N, TP, and COD were 0.2-0.4 mg L™",0.02-0.05mg L"',and 12.1-28.8

mg L™ ". When the MC-LR concentration was between 1 ug L™ " and 10 ug L™ 7, the removal rates of NH,*-
N, TR, and COD decreased respectively to 70.1%, 84.9%, and 28.7% with the increase of MC-LR
concentration. The effluent concentrations of NH,*-N, TP and COD were 0.6 mgL~",0.06 mg L™, and 26

mg L™ 7, respectively. It might because the toxicity of MC-LR at concentrations above 1 pg L™ exceeds the
tolerance threshold of Hydrocharis dubia (Bl.) backer, resulting in the tissue growth of Hydrocharis dubia
(Bl.) backerwas inhibited. In this case, the roots had difficulty absorbing and utilizing the nutrients in the
water, and the TP, TN and COD removal efficiencies decreased. The similar results were found by other
studies in the decreasing of fresh weight for /ris pseudacorus L(Wang and Wang 2018), negative effect
on the photosynthesis (Pflugmacher, Jung et al. 2006) and restrain the development of root tissue of the
aquatic plant under superfluous MC-LR. The results indicate that low contents (0.1-1 pg L™ ") are in favor
of the purification effect of eutrophic water by Hydrocharis dubia (Bl.) backer and a passive influence for
Hydrocharis dubia (Bl.) backerremediation with the concentration of MC-LR between 1-10 pg L™ .
Among the concentration scope of 0.1-1 pg L™, the groups of 0.2 ug L™ ' and 0.5 pg L™ ' concentration
were representative. From Fig. 1, the MC-LR concentration of 1-10 pg L™ inhibited the purification of
eutrophic water, of which 1 ug L™ " and 5 pg L™ concentration was representative. Thus, four
representative concentrations (0.2, 0.5, 1 and 5 pg L™ ') were selected to study the physiological response
of Hydrocharis dubia (Bl.) backer.

3.2 Effects of MC-LR on the root growth

The root growth of aquatic plants is related to the nutrient absorption ability of the root system. The
function of roots is main to absorb the water and dissolved inorganic salts and transfers them to the
interior of the aquatic plant for growth(Li, Gu et al. 2020). Moreover, the roots also have the functions of
supporting, breeding, and storing of synthesizing organic substances. Hence, the growth of roots directly
affects the growth of plants. Table 1 shows the effect of MC-LR on the root growth of Hydrocharis dubia
(Bl.) backer seedlings. As illustrated in Table 1, chronic exposure to different concentrations of MC-LR
induced an obvious difference on the root growth of Hydrocharis dubia (Bl.) backer (p <0.01). The low-
concentration MC-LR can stimulate both root length and activity growth, and the degree of promotion is
0.2ugL "'>0.5pg L™ ">1 pg L™ " (p<0.01). Obviously, the root growth rate of Hydrocharis dubia (BI.)
backer was the fastest under 0.2 pg L™ MC-LR treatment, the average root length, root tip, root surface
area and average diameter were 5.62 cm plant™ !, 5 tips plant™’, 2.667 cm? plant™ ', and 1.397 mm plant”
1, respectively. Compared with the CK, the average diameter and surface area of the root, root length and
root tips of Hydrocharis dubia (Bl.) backerincreased by 113.0%, 265.5%, 71.3% and 271.4%, respectively.
The poisonousness of the hydroponic solution exceeds the tolerance of Hydrocharis dubia (Bl.) backer
under the MC-LR concentration of 5 pug L™, which the growth of the root was severely inhibited (p <0.01).
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Compared with the CK, the root length, root tips, root surface area and root average diameter decreased
by 15.2%, 7.1%, 37.0% and 25.9%, respectively. The results indicate that a certain degree of self-protection
of the root was established under the low-concentration MC-LR. The Hydrocharis dubia (Bl.) backer
seedlings can absorb more nutrients through root extension and maintain a normal growth and
development under low toxin concentration environment than that of suitable environment. Therefore, the
low-concentration MC-LR plays a positive role in the growth of Hydrocharis dubia (Bl.) backerroots and a
promoted absorption of pollutants in eutrophic water.

Scanning electron microscopy (SEM) images of Hydrocharis dubia (Bl.) backerroots are shown the same
results in Fig. 2. The root epidermal cells of the CK were flat and the cells were no visible damage. The
degree of epidermal damage of the roots increased by the MC-LR concentration. When Hydrocharis dubia
(Bl.) backer seedlings were exposed to 5 pg L™ MC-LR, the root epidermal cells began to collapse and the
cell wall was distorted. It could be seen that high concentration of MC-LR has obvious inhibitory effect on
root growth. In summary, when the concentration of MC-LR exceeds the tolerance of Hydrocharis dubia
(Bl.) backer seedlings, root tissue structure would be destroyed. And the low concentration (0.1-1 pg L™ 1)
can stimulate the root tissue and the morphology structure of the root remains unchange.

Effect of MC-LR on root grow-{r? t<;I1‘e/jlydrocharis dubia (Bl.) backer.
MC-LR concentration (ugL~  Rootlength  Root tips Root surface Average
) (cm plant” (tips plant” o dlameer
) ) (cm? plant™") (mm)

0 3.28+0.122 14+0.814 0.675+0.020 0.656+0.018
0.2 5.62+0.065 52+1.632 2.467 £ 1.646 1.397+0.009
0.5 415+0.057 56%2.449 0.765+0.012 0.586 + 0.007
1.0 3.49+0.073 37%2.229 0.393+0.035 0.358 £ 0.008
5.0 2.78+0.064 13+0.816 0.425+0.022 0.486 + 0.009

3.3 Effects of MC-LR on photosynthetic pigments

Photosynthetic pigment is one of the criteria for evaluating plant growth. According to the chlorophyll
content of the CK in Fig. 3(a), the photosynthesis of Hydrocharis dubia (Bl.) backer without MC-LR was
significantly affected (p <0.01). It could be seen from Fig. 3(a) that a significant increase in the
chlorophyll content was observed in leaves of Hydrocharis dubia (Bl.) backerat 1 d after 0.2 and 0.5
ug-L™ 1 MC-LR treatment (p > 0.01). With the exposure time under MC-LR increasing, chlorophyll contents
of Hydrocharis dubia (Bl.) backerin each treatment group continued to decrease, but still increased in
varying degrees compared with the CK. The results showed the reduction rates of chlorophyll contents
under the influence of low-concentration MC-LR (< Tpg L™ ") and high-concentration MC-LR (=1 pgL™")
were 42.0%-43.2% and 50.1%-56.2% respectively, while the reduction rate of chlorophyll content in the CK
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was 57.7% (Fig. 3(b)). Overall, chlorophyll contents under the influence of low-concentration MC-LR were
higher than those of other treatments (p <0.01) and showed a 14.5%-15.7% promoting effect compared
with the CK, which promoted the ability of plants to photosynthesize. This result was consistent with
Section 3.2. Plants exposed to environmental stress can produce ROS such as H,0, and O,". Excessive
ROS production may destroy cell membranes and lead to membrane lipid peroxidation and oxidative
stress(Song, Yin et al. 2007, Alzandi and Naguib 2020). MC-LR induces oxidative stress and inhibits plant
growth through the accumulation of reactive oxygen species (ROS) in plants(Cao, Rediske et al. 2018).
Therefore, when Hydrocharis dubia (Bl.) backer was exposed to high concentrations of MC-LR, the
decrease in chlorophyll content might be due to the accumulation of reactive oxygen species (ROS),
leading to cell damage and accelerating the decomposition of chlorophyll(Li, Riaz et al. 2022).

3.4 Effects of MC-LR on MDA content

Membrane lipid peroxidation of plant tissues is shown in Fig. 4. MDA content is often used to indicate the
degree of oxidative damage in plants(Kumar and Prasad 2018). After one day exposure, the MDA content
in leaves of Hydrocharis dubia (Bl.) backer showed no significant changes (Fig. 4), which slightly
increased from 4.28 pmol g "' (O pug L™ ") in the CK to 4.55 pmol g =" (0.2 pg L™ "), 4.50 umol g™ (0.5 g
L=7),5.18 ymol g™ ' (1 pg L™ "), and 5.52 pmol g~ ' (5 pg L™ ) in the experimental group. Within the 3 days
of exposure, the concentrations of MDA were significantly increased with exposure to higher
concentrations of MCLR. Similar result has also been observed in previous study(Li, Gu et al. 2020).
Notably, the MDA contents in low MC-LR concentration (<1 ug L™) treatment group were significantly
increased. Compared with one day of exposure, MDA contents of 3 days of exposure increased by 2.3
pmol g =1, 1.6 pmol g =7, and 1.9 pmol g = respectively. The concentrations of MDA were significantly
increased with exposure to longer time and higher concentration of MC-LR, which indicated that the
interactions between exposure concentration and exposure time for MC-LR all showed significant for
MDA contents.

The contents of MDA in Hydrocharis dubia (Bl.) backer significantly decreased 4.48 umol g~ ' and 4.83
pmol g~ after 3 days under MC-LR treatment with a high concentration of 1 pgL™"and 5pg L™,
meaning that high concentration of MC-LR would hurt the organism of Hydrocharis dubia (Bl.) backer
and makes the Hydrocharis dubia (Bl.) backer have a weak resistance to adverse environment. However,
the Fig. 4 displays that low concentration of MC-LR (0.2 and 0.5 ug L™ ") active the role of ROS molecules
in Hydrocharis dubia (Bl.) backerleaves, which can maintain the normal physiological functions and
avoid the damage of oxidative reaction for Hydrocharis dubia (Bl.) backer. The metabolic effect of ROS is
the aquatic plants self-protection response to the external stress(Zhang, Wang et al. 2018). In contrast,
MC-LR at the concentration of 1 pg L™ " and 5 ug L™ ! could cause long-term ROS accumulation in
Hydrocharis dubia (Bl.) backerleaves, resulting an oxidative cell damage.

3.5 Effects of MC-LR on antioxidative enzymes
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The antioxidant enzymes system can help plants to resist adverse stress and reduce the organism
structure damage. Among the enzymes, the antioxidative enzymes of SOD, POD and CAT play significant
roles in elimination ROS and keep the plants homeostasis. The SOD can catalyze -O," disproportionation
to produce H,0, and O, to reduce oxidative damage(Boldaji, Khavari-Nejad et al. 2012). And the POD and
CAT are important enzymes that catalyze the conversion of H,0, to H,O(Gu and Liang 2020). In this
study, the oxidative stress responses of Hydrocharis dubia (Bl.) backerto MC-LR were analyzed via the
activities of the three enzymes of the seedlings under different MC-LR concentrations. The Fig. 5 shows
that the different concentration of MC-LR induced oxidative stress on the Hydrocharis dubia (Bl.) backer
seedlings. Commonly, an increase in antioxidant enzyme activities is recognised as one of the responses
for oxidative stress in plants. Figure 5(a) displays that the SOD contents increased from 105.3 pg™ ' FW
t0 139.7 p g~ ' FW with MC-LR concentration increasing (0.2-5 ug L™ ), but the contents of SOD are less
than the CK group, indicating that the antioxidant properties of Hydrocharis dubia (Bl.) backer decreased
to some extent. Figure 5(b) shows that POD activities decreased with the MC-LR concentration increases,
and CAT activities reversed under the MC-LR concentration of 0.2-0.5 pg L™ 1. With the concentration of
MC-LR is more than 1 pg L™, the POD and CAT activities all decreased. Compared with the CK, the

Fig. 5(b) and (c) show that the max amount of POD increased by 55.5% under 0.2 ug L™ ' MC-LR, and the
max amount of CAT increased by 100.4% at 0.5 pg L™ ! MC-LR, suggesting that low concentration MC-LR
greatly promoted the activity of POD and CAT. As we know that the POD and CAT are two of the most
vital enzymes involved in eliminating redundant ROS. These two antioxidant enzymes would be
promoted when the H,0, increased in plants, and removed excess H,0, from the plants to protect
themselves from damage.

The enzymatic activity results indicate that increasing reactive oxygen species (ROS) produced by MC-LR
led to oxidative stress (Yang and Wang, 2019). If such substances are not removed in plants, the
accumulation of hydrogen peroxide will occur in plants, which will destroy proteins, cellular nucleic acids,
and cell membranes. In order to avoid the damage caused by oxidative stress, aquatic plants will exert
oxidative stress, and the active oxygen will be eliminated by the antioxidant enzyme system. However, it
should be noted that antioxidant enzymes played different roles for Hydrocharis dubia (Bl.) backerin
different concentrations of MC-LR. For example, SOD responded to different concentrations of MC-LR
and continued to rise, reaching the highest activity under the MC-LR concentration of 5 pg L™'. POD
almost immediately responded to 0.2 ug L™ ! of MC-LR and reached the highest activity, while the highest
level of CAT activity occurred at 0.5 ug L™ ' MC-LR.

In summary, MC-LR is harmful to Hydrocharis dubia (Bl.) backerin the process of purifying eutrophic
water, but Hydrocharis dubia (Bl.) backer can resist the possible damage caused by MC-LR by increasing

activities of CAT, POD, and SOD. MC-LR with a low concentration (<1 pug L™') can improve the antioxidant
enzyme activity and chlorophyll contents of Hydrocharis dubia (Bl.) backer, enhanced its ability to absorb

nutrients. In contrast, when the MC-LR concentration is above 1 pg L™, chlorophyll contents, MDA
contents, and antioxidant enzyme activities decreased, generating antioxidant injury, subsequently the
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abilities to absorb nutrients weakened. Overall, these physiological responses are consistent with the
results of the effects rule of MC-LR on the water purification.

4. Conclusion

This study mainly investigated the effect of the MC-LR on the purification of the drinking water source by
Hydrocharis dubia (Bl.) backer and discussed the effect of MC-LR on plant tissue growth and
physiological response. The purifying effect of Hydrocharis dubia (Bl.) backer on contaminated water
could be promoted at low concentration of MC-LR (< 1 ug L™ ") and inhibited at high concentration (1-10
ug L™1). The physiological characteristics of Hydrocharis dubia (Bl.) backerreveal some stress and injury
induced by MC-LR level. In low concentration of MC-LR, the growth of roots enhanced, and subsequently
improved the ability of Hydrocharis dubia (Bl.) backerto absorb nutrients. While high concentration MC-
LR affects the plant tolerance and inhibited the root growth. As response to that Hydrocharis dubia (Bl.)
backer displays enzymatic defense to tolerate relatively low concentration of MC-LR exposure. The
activities of POD, SOD, and CAT were enhanced under stimulation of low concentration MC-LR. The
relative activities of these three enzymes remove the excess of H,0, from the plant and protect
themselves from damage. These results provide guidance for further revealing the role of MC-LR in
aquatic ecosystems, when the cyanobacterial occur but not in a large scale in water bodies used as the

drinking water source, low concentrations of MCs (<1 pg L™ ") exert a positive effect on contamination
removal by Hydrocharis dubia (Bl.) backer.
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Figure 1

Effects of MC-LR concentration on pollutants removal rate (NH,*-N, TR, COD).
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Figure 2

Effects of MC-LR concentration on root morphology of Hydrocharis dubia (Bl.) backer (CK (a); 0.2 pg L™
(b);0.5pg L7 (©): Tpg L™ (d); 5pg L™ ()
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Figure 3

Effects of MC-LR concentration on chlorophyll content (Trends of relative chlorophyll content in
Hydrocharis dubia (Bl.) backertreated with different MC-LR treatments, (a); Reduction of relative
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chlorophyll content in Hydrocharis dubia (Bl.) backertreated with different MC-LR treatments, (b)).
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Figure 4

Effects of MC-LR on MDA content. All values represent the mean of three replicates + standard deviation.
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Figure 5

Effects of MC-LR concentration on the antioxidant enzyme of Hydrocharis dubia (Bl.) backer (SOD (a);
POD (b); CAT (c)).
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