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This study aims to investigate the toxicity of copper material synthesized by chemical reduction
method and effects of environmental variables on growth of phytoplankton community (dominated
by Microcystis genus) in the Tien eutrophic lake, Hanoi, Vietnam. The variables analyzed include:
physical (pH and Turbidity), chemical (content of NH4+, PO43- and copper metal), biological (con-
tent of Chlorophyll-a, cell density). The characteristic of nanomaterial was confirmed by using UV-
visible spectrophotometer, XRD, SEM and TEM methods. The CuNPs showed they spherical form
and uniform size about 20-40 nm. The experimental results showed that the treated with CuNPs
inhibition on growth against phytoplankton after 8 days. The cell density of phytoplankton commu-
nity and Microcystis genus in samples exposure with CuNPs declined after 8 days from 647.037 and
467.037 down to 381.111 and 202.592, respectively.

Muc dich cia nghién ciru ndy la khao sat doc tinh cua vat liéu nano dong g tong hop bang
phwong phap khir hoa hoc va anh hwong cua cac Yéu té moi truong dén sinh truéng va phat trién
cua quan xd thuc vat noz (chii yéu la chi Microcystis) trong nuoc hoé Tién phii dudng, tai Ha Ngi,
Viét Nam. Cdc thong so phan tich bao gom: thuy ly (pH va dg duc), héa hoc (ham lwong amoni,
photphat va ham luong dong kim logi), sinh hoc (ham lwong chat diép luc, mdt dé té bao). Pdc trung
cua vdt liéu duoc xac dinh bang cdac phwong phap quangpho UV-VIS, XRD, SEM va TEM. Vit liéu
nano dong 6 dang hinh cau, kich thudc dong nhat tir 20 dén 40 nm. Ket qua thir nghiém sau 8 ngay
cho thdy cdc mau co b6 sung vit liéu nano dong ikc ché sinh truong quan xd thue vt néi & nong dg
Img/l. MGt @6 quén xd thue vdt néi va chi Microcystis trong mau xv Iy véi CuNPs da giam tuwong

ing sau 8 ngay tir 647.037 va 467.037 xuong con 381.111 va 202.592.

Keywords:

1. Introduction

Eutrophication occurs due to the increases of phosphate
and nitrate concentrations in aqueous, where the bloom
growth of the cyanobacteria species could be observed. Cy-
anobacteria as a primary producer could play major func-
tion in photosynthesis, they create food chain in water en-
vironment and in material recycle (Wang et al, 2011). Mi-
crocystis genus belongs to cyanobacteria that is widely dis-
tributed from nutrient-poor freshwater to brackish water
and sea water. However, cyanobacteria can also pose many
serious environmental and health risks (Blahoslav et al,

Cyanobacteria, Microcystis aeruginosa, inhibition, nanoparticles

2012). They create a serious threat to quality of water re-
sources, alter aquatic ecosystems and cause water pollution
problem like “water blooming” over the world (Blahoslav
et al, 2012). Therefore, prevention and decrease the pow-
erful development of cyanobacteria are important environ-
mental issues.

Nanotechnology is the technology relating to the synthesis
and application of materials with nanometre sizes (nm) (B.
Mahltig et al, 2013). At the nanoscale, materials will have
special features than traditional materials because their
specific size is smaller than 100 nm, larger surface to vol-
ume ratio, crystalline structure, high reactivity potential,
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creating the effect of resonance Plasmon surface (Jayatissa
et al, 2006; Park et al, 2006). Because of many advantage
features and dimensions equivalent to the biomolecular
nanotechnology is being invested in research in many
fields such as biomedical, pharmaceutical, biotechnology
and especially in environmental pollutant treatment.

With the advantage characteristics, copper nanomaterial
was applied in various fields such as semiconductor mate-
rials, polymers, films, biomonitoring, wastewater treat-
ment and antimicrobial agent in many biomedical applica-
tions (Fred Rispoli et al, 2010; Ingle et al, 2014). However,
the release of nanoparticles into ecosystem can pose many
risks for environment, aquatic organisms and human
health, in which it has been observed to be increasing in
various waters around the world, including altered commu-
nity composition (Das et al, 2012), the metabolism of eco-
system (Colman et al, 2014) and nutrient cycling (Choi et
al, 2009). Recently, some studies showed the toxicity of
CuNPs to yeast (Kasemets et al, 2009), microalgae (Aruoja
et al, 2009), bacteria (Heinlaan et al, 2008) but effect of
CuNPs on phytoplankton community at pilot scale is lim-
ited.

This study aims to investigate the potential effects of nano-
particles on phytoplankton assemblage under natural lake
environmental conditions. The tested samples were taken
from the eutrophic water in Tien Lake. Tien Lake is a small
lake located in Hanoi city, Viet Nam. It is seriously pol-
luted because of many pollution sources from food,
wastewater and surface water. Microcystis genus is ac-
counting for 80% of phytoplankton communities in Tien
Lake. In our studies, the tested variables were selected
based on the most likely natural conditions that could be
found in an aquatic environment. The influence of these
variables on the toxicity of CuNPs was investigated by us-
ing an aquarium design of experiment. The concentration
of nanoparticle is determined based on the results of labor-
atory tests previously. A significant inhibition on growth
and development of phytoplankton community in aquar-
ium tanks exposure with CuNPs was observed.

2. Materials and methods

2.1. Experiment setup

The experiment was carried out with a phyto-plankton as-
semblage collected from a eutrophic lake (Tien Lake, Bach
Khoa Ward, Hanoi) in which cyanobacterial Microcystis
genus was dominant. The experiment was performed in
aquarium tanks containing approximately 10 liters of water
collected from Tien Lake. Copper nanoparticles (CuNPs)
were added in aquariums with the concentration of 1ppm.
Aquariums which contain only lake water (untreated with
CuNPs) were used as control sample. The experiment was
performed in triplicate, in 8 days under room conditions
without aeration process. During the experiment, physical
variables (pH, Turbidity), chemical variables (NH,", PO,
and copper concentrations) and phytoplankton biomass
(Chlorophyll a), density of cell were monitored at Day 0,
1,2,3,4,8. The 200 ml of the surface water samples were
collected from the aquarium tanks in these days and used
to determine the chemical and biological variables.

2.2. Chemical synthesis of copper nanoparti-

cles

The copper nanoparticles were synthesized by a chemical
reduction method at room temperature (overall procedure
showed in figure 1). Copper (II) sulfate salt, CuSO4
(>99%) acting as the precursor for the formation of Cu na-
noparticles was purchased from the Merck Chemical Rea-
gent Co. Sodium borohydride, NaBH,, of 98% purity used
as the main reducing agent was purchased from the
Scharlab (Sentmenat, Barcelona, Spain). In this typical
procedure for preparing 0.4 g of copper metal nanoparti-
cles, 1 g of CuSO,4 was added to 200 ml deionized water in
a flask and vigorously stirred by a IKA RW20 digital stirrer
at 1500 rpm for 15 min to dissolve the salt completely.
Without disrupting stirring, 0.48 g of NaBH,4 was poured
into the flask and the stirring was continued for 10 min ex-
tra. The precipitate was separated from the supernatant by
a Universal 32R D- 78523 centrifuge (Germany) (rotation
speed of 9000 rpm). As long as the zerovalent copper na-
noparticle was able to form a thin oxide layer film on its
surface, there was no need to use a capping agent. To re-
move accompanied ions, the precipitate was washed thor-
oughly with 96° ethanol (not less than five times) using
centrifuge for precipitates’ separation. Then the purified
precipitate was vacuum-dried overnight at 70°C to obtain
the powdery copper metal nanoparticles. The obtained
nanocrystalized metals in the form of superdispersive pow-
ders were stored in hermetic flasks filled with argon gas.
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Figure 1. Overall procedure for preparing nanopwe-
der by chemical reduction method

Morphology and size of the nanoparticles were examined
using a scanning electron microscope (SEM) (FESEM,
S4800 - Hitachi, Japan), a transmission electron micro-
scope (TEM) (JEOL-JEM1010, Japan) and the XRD meas-
ure using a BRUCKER D8-Advance 5005 diffractometer
with Cu Ka radiation.

2.3. Effect of nanoparticles on natural
Phytoplankton Assemblage

2.3.1. Cell counting by optical microscopy

Number of cells was counted directly by using a Neurbeur
counting chamber under light microscope after dispersing
the Microcystis cells by sonication.
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Chlorophyll-a concentration was determined by the Lo-
renzen (1967) method, as following: 10 mL of sample wa-
ter was filtered through a Whatman GF/C glass paper filter
(47 mm diameter) and followed by extraction in 10 ml of
90% acetone. The spectrophotometrically absorbance of
the sample was measured at 750 nm and 650 nm by an UV-
VIS V-630 (JASCO, Japan), before and after acidification,
and the concentration of Chlorophyll a was determined ac-
cording to the equations of Lorenzen (1967).

2.3.2. Ammonium (NH,") and Phosphate (PO,”) meas-
urement

NH," and PO’ were measured by Nessler and Ascorbic
methods, respectively.

2.3.3. The content of copper metal

AAS (Atomic Absorption Spectrophotometric) (Shimadzu
— Japan) method used to measure the content of copper
metal on the first day and last day of experimental period.

2.3.4. Statistical analysis

All experiments were done in triplicate and the data were
calculated as mean + SD (standard deviation) and drawn
by the software excel 2010 and SPSS version 23.0. Statis-
tical significance was accepted at a level of p < 0,05.

3. Results and discussion

3.1. Characteristics of copper nanoparticles

Figure 2 shows the SEM and TEM images of nanocrystal-
line copper prepared by chemical reduction method. It can
be seen that the size of the synthesized copper is in the
range of nanometer. The particles have spherical form and
uniform size about 20 - 40 nm. XRD patterns of the copper
nanoparticles prepared for this work are displayed in figure
3 with 26 values between 25° and 80°. The XRD pattern in
figure 3 shows three characteristic peaks at 43.4°; 50.6°
and 74.2° for the respectively marked indices of (111),
(200) and (220). These characteristic peaks confirm the
formation of a face-centered cubic (FCC) copper phase. A
small peak is also observed at around 36.5° indicates that a
small amount of copper was oxidized and converted into
copper oxide. However, thanks to this thin firm oxide layer
on its surface, there was no need to use a capping agent for
synthetic process of copper nanoparticles and therefore, the
crystalline centers appeared with a higher speed, resulted
in the formation of small particles (Quoc et al, 2014). The
average primary particle size of the copper nanoparticles
was calculated from the XRD data according to Scherrer’s
equation:
D- 09x4 ’
B Y x cos @

Where A is the wavelength (A) of characteristic X-ray, B1/2
is half-value with of peak obtained by XRD and 6 is 43.4°/2
(Klug et al, 1997). In this case, the copper nanoparticles
crystallites size was estimated to be at 23.16 nm.
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Figure 2. SEM (a) and TEM (b) 1mage of nanocryst.al-
line Cu prepared by the chemical reduction method.
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Figure 3. XRD patterns of nanocrystalline Cu prepared

by the chemical reduction method

3.2. Phytoplankton community under CuNPs
exposure

The microscope examination of the phytoplankton sam-
ples collected from the Tien Lake showed the dominance
of cyanobacteria during the study period. In the Tien Lake,
cyanobacteria contributed considerably to the total densi-
ties with the number of cells ranging from 487.222 +
14.928 to 467.037 + 28.422 cells mL™' (Table 1). The main
taxa of the cyanobacteria were Microcystis genus and the
blooms of Microcystis in the Tien Lake composed of three
species: M. aeruginosa, M. wesenbergii and M. ichthy-
oblabe. Other cyanobacteria found in small amounts were
Oscillatoria, Aphanocapsa, Anabaena. Besides Micro-
cystis, the phytoplankton assemblage included a few spe-
cies belonging to several classes of Cyanobacteria, Chlo-
rophyta and Bacillariophyta such as Scenedesmus spl,
Senedesmus sp2, Coelactrum sp, N. gracillis, Nitzschia sp
respectively."
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Aggregation of nanoparticles has been shown to have risk
implications to human and aquatic organisms (Jing Ji et al,
2011; Hund-Rinke et al, 2006; Lovern et al, 2006; Zhu et
al, 2006). Potential effects of metal nanoparticles on
aquatic ecosystems and phytoplankton community had
been investigated. At present, the knowledge on the eco-
toxicological effects of NPs is still limited. It is hard to pre-
dict from the results of single-species tests under controlled
laboratory conditions, therefore realistic experiments have
received considerable attention. A full assessment of the
effective of NPs exposure for aquatic ecosystems will need
to investigate including the biological, physical and chem-
ical variables of natural environments. However, the effect
of different materials is different. The toxicity of metals
(e.g., TiO,, Cu, Ni, Ag...etc) in aquatic environments de-
pends on water quality, particle size or concentration of nu-
trients (Blahoslav et al, 2012).

In our study, the toxicity of the copper nanoparticles
against the phytoplankton (dominated by Microcystis ge-
nus) was monitored in the Tien lake water sample. pH and
Turbidity in control samples increased, whereas those val-
ues in samples treated with CuNPs decreased. However,
the one-way ANOVA results showed that there were no
significant between pH and Turbidity in both kinds of sam-
ples (Control and treated with CuNPs) (p>0.05). CuNPs
exposure caused significant effects on growth of phyto-
plankton biomass. Figure 5 and Table 1 illustrate that the
variables including Phytoplankton density, Chlorophyll a
and concentrations of NH,", PO, have been strongly de-
creased in both kinds of samples (Control and treated with
CuNPs) and significantly different between the first day
and the last day of experimental period. The concentration
of Chlorophyll a in the aquarium tanks treated with CuNPs
was significantly lower than that in control aquarium tanks.
It can be inferred that as the pH decreased, acidic was also
higher, the content of dissolved copper metal was higher

and the agglomeration of nanoparticles increased inside the
algal cell lead to cell death.
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Figure 4. The variability of physical analysis values: pH

(a) and Turbidity (b) of the 2 sets of aquarium (Control

and treated with CulNPs) monitored during 8 days of

experiment. Values are reported as mean of 3 replicates

+SD (n=3)

Table 1. The phytoplankton density in aquarium tanks (control and CuNPs samples) at DO and D8

Phytoplankton density (cell/mL) DO D8
Phytoplankton 623888 + 28333 690000 11111
Control Microcystis 487222 + 14928 427777 + 31991
Phytoplankton 647037 + 32967 381111 + 18492
Treatment with CuNPs 1 g/l 5 i 467037 + 28422 202592 + 14156

Recently, the few studies have investigated the influence
of eutrophication on NPs toxicity, it found that the levels
of nutrient availability increased may lessen the negative
effects of NPs exposure on aquatic bacterial (Xiu et al,
2011), algal (Das et al, 2014) and zooplankton (McTeer et
al, 2014). Some studies explained that the copper metals
attached and absorbed to the algal cell wall, fixed inside the
cell, activated to be more toxic to cells lead to cell death
and sank to the bottom of the aquariums (Chen et al, 2012;
Mafalda et al,2015; Wang et al, 2011). Moreover, the other
research indicated that, the nanomaterials have small size
and different shape can increase the osmotic of the cell
membrane leading to effect on cell osmotic and inhibition
of cell growth (Park et al, 2010). Indeed, Fred Rispoli
(2010) also found that under acidic conditions and higher
temperature, the mean size of nanoparticles aggregate is
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lower. This increases the surface area available for the sol-
ubilization of copper ions into the medium and thus in-
creases the observed toxicity. Serra (2010) demonstrated
that both of two kinds of P in the culture played an im-
portant role modulating the toxicological of Cu. However,
Choi (2009) indicated that the eutrophication pollutant (es-
pecially the abundance of PO,”) had less effect on NPs tox-
icity to bacteria and Chlamydomonas reinhardtii (McTeer
et al, 2014). Some researches support the hypothesis that
metal toxicity is reduced when the concentrations of nutri-
ents increase (Harding et al, 1977; Chen et al, 1994). In the
contrast, several studies indicated that metals caused nutri-
ent limitation and then reduced algal growth (Paulsson et
al, 2002; Meylan et al, 2004). The potential of NPs as a
toxicity factor for phytoplankton community needs to be
investigated further, particularly in natural environments.
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Figure 5. The variability of average concentration of
biochemical parameters: Phosphate (a), Ammonium
(b) and Chlorophyll a (c) of the 2 sets of aquarium
(Control and treated with CuNPs) monitored during 8
days of experiment. Values are reported as mean of 3
replicates + SD (n = 3).

4. Conclusion

The copper nanoparticles were synthesized by reduction
method. The characteristic of nanomaterial was confirmed
by using UV-visible spectrophotometer, XRD, SEM and
TEM. The CuNPs obtained from material synthesized ex-
periments were spherical form and uniform size about 20-
40 nm. The experimental results at laboratory scale showed
that the toxicity of copper nanoparticles inhibited growth
and development of phytoplankton and Microcystis genus
in aquarium tanks containing Tien Lake water.
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