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Abstract

Nanoparticles (NPs) have emerged as a new class of environmental pollutants with the emergence of
nanotechnology. Al.Os; NPs released from different industries, personal care products and wide range of applications
necessarily end up in aquatic environments. Algal growth inhibition tests are an significant indicator model of monitoring
programs designed to predict the effect of NPs on aquatic environments. This study investigated the effects of varying-
duration and concentration exposure on the chlorophyll (Chl) contents of Al,O3 NPs to two species of freshwater green
algae (Desmodesmus sp., and Chodatodesmus mucranulatus) recommended for use in standard algal growth inhibition
tests. To induce Al,O3 NPs effect, we exposed algae to 3- 96 mg/L for 96 hours. In the test groups treated with Al,O3 NPs
in both algae cells, chlorophyll content decreased in 48 hours exposure compared to the control groups and a clear increase
in exposure time to 72 hours was observed. As a result, it was noted that the chlorophyll content of this study varied at
the varying duration and concentrations. Variation in chlorophyll (Chla and Chlb) concentrations for Desmodesmus sp.
and Chodatodesmus mucranulatus.was recorded at the significance level of p<0.01.
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*

Aliimina oksit (Al203) nanopartikiillerine maruz kalan yesil alglerin (Desmodesmus sp. ve Chodatodesmus
mucranulatus) pigment igerigindeki degisiklikler

Ozet

Nanopartikiiller (NP’ler), nanoteknoloji ile birlikte ¢evre kirleticilerinin yeni bir sinifi olarak ortaya ¢ikmustir.
Al>,O3 NP’leri kisisel bakim iirtinleri, farkli endiistriler ve genis uygulama yelpazesinden salinir ve mutlaka sucul ¢evrelere
ulagir. Algal biliylime inhibisyon testleri, bu sucul g¢evrelerde NP’lerin etkisini 6ngdrmek icin tasarlanmis izleme
programlarinin 6nemli bir gostergesidir. Bu ¢alismada, Al,O3 NP’lerinin degisen siiresi ve konsantrasyonlarda, iki tatlisu
yesil alg (Desmodesmus sp. ve Chodatodesmus mucranulatus) tiirlerinde, standart alg biiyiime inhibisyon testi ile klorofil
(kIf) muhteviyatini {izerine etkisi aragtirilmistir. Al,O3 NP etkisini degerlendirmek i¢in algler 72 saat boyunca 3-96 mg/L
konsantrasyonlarinda Al,Os NP’lerine maruz birakildi. Al;O3 NP’leri uygulanan test gruplarinda, kontrol gruplart ile
karsilastirildiginda klorofil muhtevasinda net bir azalma gézlemlendi. Her iki alg hiicresinde Al,O3 NP’leri ile muamele
edilen test gruplarinda klorofil muhteviyati kontrol gruplarina kiyasla 48 saat sonra azaldi, maruz kalma siiresi 72 saate
uzadiginda ise belirgin bir klorofil muhteviyatinda artis gézlendi. Sonug olarak, bu ¢alismanin klorofil muhteviyatt Al,O3
NP’lerinin degisen siire ve konsantrasyonlarda degistigi kaydedilmistir. Desmodesmus sp. ve Chodatodesmus
mucranulatus igin klorofil (kifa ve kifb) konsantrasyonlarinda degisimi p<0.01 anlamlilik seviyesinde 6nemli oldugu
kaydedilmistir.

Anahtar kelimeler: aliiminyum oksit, klorofil, nanotoksikoloji, nanopartikiiller, mikroalgler
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1. Introduction

Nanotechnology is one of the most effective research fields in technology science. Nanotechnology involves the
creation and manipulation of materials at the nanometer level. Nanotechnology uses engineering materials or devices with
nanometer-scale dimensions, typically ranging from 1 to 100 nm. The application and development of many industrial
nanotechnologies increases the potential for harmful effects of nanoparticles (NPs) on the environment. NPs display
entirely new, improved and unique properties based on specific properties such as size, distribution, synthesis method
and morphology (Sadiq et al., 2011; Ozkan et al., 2015). Recently, the widespread use of NPs, especially metal oxide
NPs, has drawn great attention. It is now widely known that the ability of nanoparticle-sized materials to respond is
potentially dangerous for the environment (Gosteva et al., 2015; Colak and Nas 2016). It is necessary to assess the NP
toxicity of aquatic ecosystems as the surrounding water resources are contaminated by the nanotechnology industry
products in various ways. Among these, the most popular NP are aluminum oxide (Al,O3) NPs. Aluminum is one of the
most produced chemicals in nano-sized particles. Aluminum is estimated to account for about 20% of the 2005 world
market NPs (Arul Prakash et al., 2011). Al,Os NPs have been applied in catalysis, reinforcement, polymer modification,
functionalization of textiles, heat transfer fluids, wastewater treatment and structural ceramics. In addition, Al,O3 NPs
have broad biological applications such as biosensors, antigen presentations for biofiltration, drug delivery and
immunization purposes (Arul Prakash et al., 2011). Despite the potential benefits of NPs, they cause concern because of
their negative effects on human health and the environment impacts. Although Al,O; NPs are published data on biological
effects in the aquatic environment, their results are inconsistent. These contradictions in the literature are due to a variety
of factors such as physicochemical properties of NPs, form of synthesis, experimental conditions, indicator organisms
susceptibility, etc., but the real problem is the lack of valid and common analytical evaluations of nanoparticle toxicity.

Alg toxicity tests are widely used to assess the aquatic effects of hazardous substances. Algae play an important
role in the balance of aquatic ecosystems that are at the first level of the organic and oxygen producing trophic chain
(Sadiqg et al., 2011). Microalgae have a very rich carbohydrate content, especially fatty acid content (Cigek et al., 2017).
Algae differs basically in terms of cell structure, pigment composition, storage nutrient and presence, number and
structure of flagella (Shelknanloymilan et al., 2012; Cosan et al., 2015). Therefore, the purpose of the current research
was to study the differences changes in pigment content response of nanosized alumina particles toward green algae
(Desmodesmus sp. and Chodatodesmus mucranulatus) isolated from the aquatic environment.

2. Materials and methods
2.1. Nanoparticles preparation
Nanopowder alumina oxide (Al,O3) were obtained from Nanografi Co. Ltd. (Purity 99+%, average particle size

20-80 nm, Hydrophilic) (Ankara, Turkey). Nanopowder alumina oxide SEM photographs were taken and dimensions
were measured Figure 1. SEM photographs were obtained by using Jeol brand SEM.
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2.2. Test organisms and cultivation conditions

Environmental water samples were taken from the following localities Apa Dam Lake (37°22'10"'N
32°29'40"'E), and Eber Lake (38°39'09''N 31°10'08"'E). The local samples like stone, mud and plants were collected
from their natural habitats carried to the laboratory in glass bottles filled with lake water. In order to obtain monocultures,
the dilution method was applied Rippka. Specimens taken from various aquatic environments placed in glass bottles and
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brought to the laboratory. Inverted microscope was used to obtain single cells from mixed species with pasteur pipette
technique. Subsequently, the single cells obtained were transferred to BG 11 medium (Table 1). These cell were then
inoculated into test tubes containing medium BG-11 medium to form a pure culture according to Rippka's method
(Rippka, 1988). The cultures were incubated at 25 °C for 15-20 days in accordance with photosynthesis, with 12 h light,
12 h darkness under 3000 lux fluorescein light.

2.3. Preparation of Test Solutions

The stock solution of Al,O3 NPs was prepared in deionized water. The solution was then vortexed for 20 seconds
and sonicated for 30 minutes in an ultra sonic water bath (Bandelin, SonoRex) to ensure maximum distribution in water.
After all these steps, the test concentrations determined by preliminary studies were prepared by stock solution dilution.
The prepared test solutions were added to the BG-11 medium.

2.4. Acute toxicity studies

Cells were counted with thoma slide after they were increased. 90 ml of BG-11 medium and 10 ml of test solution
containing 10° cells were added to 200 ml of the erlenmeyer to perform the exposure of the algae species (Desmodesmus
sp., Chodatodesmus mucranulatus) to the Al,O3 NPs. Exposure studies were also carried out in orbital shakers (wiseshake)
to prevent agregations in the stationary environment of Al.O3 NPs, to achieve the desired constant temperature and natural
conditions of algae. The speed of the shaker was set so that the cells would not be damaged, but at the same time would
block the aggregate formation of the particles (85 rpm). The test conditions were set at 25 °C, 12:12 (daylight:darkness).
After the experiment was established, 2 ml samples were taken at 24, 48, 72 hours after each concentration. The algal
chlorophyll content measurements were performed at 72 h as described in the OECD method (Test, 1984).Cell counts
and pigment measurements were made on these samples. Exposure studies were performed in 3 replicates independently
of each other.

Table 2. BG-11 medium used in the purification of species

BG-11 Medium g/L

NaNO3 15 Trace elements mg/L
K2HPO, 0.4 H3BO3 61
MgSQO,. 7H.0 0.75 MnSQO;4 . H.0 169
CaCl,. 2H,0 0.36 ZnS04 .7H,0, 287
Citric acid 0.06 CuSO0.. 5H,0 25
Iron (111) ammonium citrate ~ 0.06 (NH4)6M07024. 4H,O 125
Na,-EDTA 0.01

N82CO3 0.2

2.5. Chlorophyll measurement

Chlorophyll a (Chla), chlorophyll b (Chlb) and carotenoids (Chic) were identified according to Lichtenthaler and
Wellburn (1983). Briefly, 2 ml algae cultures were centrifuged at 2000 rpm, then the supernatant was discarded and 80%
(v/v) acetone was added to the samples and placed at 4 °C for 24 hours. Then, the light absorption of these samples were
measured with a spectrophotometer (Hange-Lange brand DR 2800) at 663, 646 and 470 nm. Pigment contents were
calculated with the formula given below.

Chla =12.21As63-2.81Asss5
Chlb =20.13A646-5.03A¢e3
Chlc :(1000A47o-3.27CCh|a -104Ccmb)/229

2.6. Statistical analyzes

All experiments were repeated independently three times and the data were recorded as mean value with standard
deviation. Analyzes were performed using SPSS one-way analysis of variance (ANOVA), tukey multiple comparison
analysis.

3. Results

3.1. Algae culture

When isolating the algae, an inverted microscope was used and continued until the single cell was lowered.
single cells were transferred to the BG-11 medium and the result was determined as Desmodesmus sp. and Chodatodesmus
mucranulatus species were obtained from the Apa Dam lake and Eber lake. Light microscope images of species after
Al>;O3 NPs exposure are given in Fig. 2 and 3.
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Figure 3. Light microscope images of Chodatodesmus mucranulatus after Al,O3 NPs exposure: a and b) X40, c) X100
3.2. Pigment content

Desmodesmus sp. and Chodatodesmus mucranulatus were exposed to 5-80 nm Al,O3 nanoparticles for 72 h at
3, 6,12, 24, 48 and 96 mg /L concentrations in BG-11 medium.

Betiil Yilmaz OZTURK et al., Changes in pigment content of green algae (Desmodesmus sp. and Chodatodesmus mucranulatus) exposed to alumina
oxide (Al,O3) nanoparticles.



68 Biological Diversity and Conservation — 11/ 3 (2018)

Chlorophyll a A 0,80 Chlorophyll b B

24sa 48 sa T2lsa 243 48 ca 72sa
& Control O3 mg/LAIZO3 @6 mg/LAIZO3 @12 mg/L AI203 B Control 03 mg/LAROS mEmg/LAIZOZ @12 mg/LAR03
m 24 mg/L Al203 E248 mg/L Al203 @96 mg/L A1Z03 024 mg/L A203 @48 mg/L Al203 @96 mg/L AZ03
Chlorophyll a+b Chlorophyll a/b D
C

R

2

BRI

@ Control [13mg/LAI203 EEmg/LAI203 E 12 mg/LA203 @ Control 03 mg/LARO3 @6 mg/LARD3 @12 mg/L A203
@24 mg/L A1203 @48 mg/L AI203 ® 96 mg/L A203 @24 mg/L AI203 @48 mg/L AI203 B 96 mg/L AI203

Figure 4. Chlorophyll (a, b, a+b, a/b) values of Chodatodesmus mucranulatus exposed to Al,Os NPs

In treatment groups, Chla content increased with prolonged exposure duration. Generally, In the treatment groups
of Chodatodesmus mucranulatus, the Chla content increased as the duration of exposure prolonged. However, at the 48
mg /L test concentration, the Chla content decreased for 48 hours exposure and increased again when the exposure
duration prolonged to 72 h. Generally, when we look at the content of chlb, the content of Chlb is increased as the duration
of exposure is prolonged. As is the case in Chla, during 48 h exposure at 48 mg/L, Chlb content decreased by 7% compared
to 24 h and increased again when exposure duration prolonged to 72 (Figure 4).
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Figure 5. Chl (a, b, a+b, a/b) values of Desmodesmus sp. exposed to Al,O3 NPs

In the Desmodesmus sp. as Chodatodesmus mucranulatus was generally increased Chla content in the treatment
groups as the duration of exposure prolonged. In the 96 mg/L only, Chla content reduced at 72 h exposure. Chlb content
of Desmodesmus sp. increased as exposure duration prolonged, as was Chla in Chlb content. At 24 h of exposure at 24
mg/L and at 72 h at 96 mg/L, Chlb content reduced by 8% and 44% respectively (Figure 5). Compared the two green
algae pigments, the content of Chla and Chlb in the control and treatment groups of Desmodesmus sp. is generally higher..

4. Conclusions and discussion
NPs have begun to be used more and more in the last 30 years due to their unique properties such as many

different consumer products, electronics, catalysis, biomedical applications, drugs and drug delivery, cosmetics, energy,
and materials (Nowack and Bucheli, 2007). For this reason, NPs have a potential to pollute the environment nowadays
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much more than in the past (Burklew et al., 2012). However, the positive and hazardous effects of NPs on ecosystems are
still entirely unknown (Oberdoérster et al., 2005). Thus, the environmental risk of NPs, the physicochemical properties of
NPs are referable their nano/small size, synthetic, impurity ratio, large surface area, chemical composition, surface
reactivity, charge, shape and environment interactions (Oberdorster et al., 2005; Qukarroum et al., 2012).

Metal oxide nanoparticles, such as aluminum oxide (Al.Os) are interesting for a wide variety of applications due
to their unique physical and chemical properties (Huang et al., 2010). It has important applications especially in the
ceramic industry and is used as abrasive materials, absorbents and biomaterials and strengthens metal matrix composites.
(Sadiq et al., 2009). Since Al>O3; NPs are highly preferred, many in vivo and in vitro studies have been conducted in the
literature on many cell lines (such as human, mouse), as well as a large number of indicator organisms such as yeast,
bacteria and nematodes. For example, Zhang et al., 2011 studied the toxic effects of nanoparticles of Al,O3 NPs in human
fetal lung fibroblasts (HFL1) in vitro. The results show that Al.Os NPs lead to cellular mitochondrial dysfunction,
morphological modifications and apoptosis at a concentration range of 0.25-1.50 mg /mL, and that toxic effects are clearly
visible in a dose-dependent manner. Jeng and Swanson 2006, in their study of toxicity of Al,O3 NPs in Neuro-2A (mouse
neuroblastoma) cells, noted that Al;O3 NP reduced mitochondrial function at 100 pg/mL concentration. The effect on the
cellular plasma membrane was demonstrated by measuring LDH leakage and did not cause LDH leakage after 24 hours
exposure. In addition, it showed less than 2% apoptosis at 100 pg / mL. Shrivastava et al., 2014 show subacute exposure
effects of Al,O3 NPs with oxidative stress and histological changes in mouse brain and liver. As a result, it is confirmed
that the interaction of absorpted Al,O3; NPs with cellular components can produce reactive oxygen species (ROS), and
that the size of ROS production may lead to cellular toxicity if the cell undergoes antioxidant defense. Pakrashi et al.,
2011 evaluated the cytotoxicity of Al:Os; NPs at low exposure levels in freshwater bacterial isolates (Bacillus
licheniformis). Exposure to 1 ug / mL Al,Oz NP for 2 hours caused a 17% decrease in cell viability according to the
results of the plate count and MTT assay. Wang et al., 2009, evaluated the toxicity of Al,O3 NPs in Aenorhabditis elegans
(nematode). Al,Os NPs are toxic to C. elegans, especially their reproductive ability. Garcia-Saucedo et al., 2011 noted
that low toxicity of Al,Os NPs did not show low or no toxicity in Saccharomyces cerevisiae (yeast) cells.

Algal toxicity tests are widely used to assess effects of hazardous substances in the aquatic environments. Algae
plays a significant task in the stabilization of water environments, the first level of the trophic chain producing oxygen
and organic matter. In our study, the aqueous media employed was BG-11 (Stanier et al., 1971). Because, these media
contain metal ions in trace amounts to maximize the growth of algae. Algae as other plants cells have cell walls that form
the primary site for interaction. This cell wall is a barrier to entry of the NPs into the cells. The main cell wall components
are carbohydrates which are bound to form a complex network and proteins (Sadiq et al., 2011; Knox 1995). In our study,
responses of Desmodesmus sp. and Chodatodesmus mucranulatus to the Al,O3 NPs were dependent on consantration and
duration of exposure. The chla, chlb, chl a+b, chl a/b contents of the six group of treatments are found in Figure 4, 5. chl
contents of the Al,Oz NPs outspread an order of magnitude. In the obtained data, the content of the pigment in the
Desmodesmus sp. is calculated more than the Chodatodesmus mucranulatus. This suggests that Al,Oz NPs give more
toxicity to the C. mucranulatus. However, it is interesting that when the exposure time is up to 72 hours, the content of
chlorophyll is very low of Desmodesmus sp., and the C. mucranulatus remain almost the same. This is probably due to
the increased internalization of Al,O3 NPs by Desmodesmus sp. , which increased the content of chlorophyll in the first
days of the ending exposure and then showed a severe toxic effect. Sadiq et al., 2011, a marked decrease in chl content
was observed in cells treated with Al,O3 NPs compared to those not applied and it was noted that cells were more effective.
Namely, during the experiment a concentration-dependent reduce in chl content was recorded, corroborating that growth
inhibitory effect was due to increased concentration of the particles. In another study, the toxic effect of (ZnO-TiO2)nem
on photosynthetic pigment contents was investigated on freshwater Desmodesmus multivariabilis which was exposed for
72 h'to 0.1, 0.01 and 0.001 mg I* of (ZnO-TiO2)nem. According to this study, the effect of the photosynthetic pigment
contents of (ZnO-TiO2)NCM in varying concentrations indicated differences depending on the exposure duration and
concentration (Daglioglu and Oztiirk, 2018). In the Kulacki and Cardinale (2012) study, the most common ten species of
freshwater pelagic algae in North America were exposed to n-TiO». The results indicated that TiO, NPs may affect some
aspects of the population growth of phytoplankton, but the effects on environmentally relevant concentrations are low.
Daglioglu and Tiirkis at study, effects on the amount of pigment after exposure to the TiO> NPs of duckweed (Lemna
minor) Which the indicator organism of the aquatic environment have researched. At the end of the 96-h exposure period,
chlorophyll a and b levels were discovered important differences between 50-200 mg™ concentrations at p<0.001 level.
Daglioglu and Oztiirk (2016) have been observed that boron particles (nano and micro) accumulate in different amounts
in the Desmodesmus multivariabilis.

Our study; there are studies on the photosynthetic activity and growth of different algae species of aluminum
nanoparticles. Aluminum oxide exhibited toxicity, both different time duration, and varying concentrations. In both
species of algae (Desmodesmus sp. and Chodatodesmus mucranulatus) the concentration-dependent decrease in
chlorophyll content was observed. However, the responses of the algae to the aluminum oxide has similar.
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