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Abstract 

The widespread use of silver nanoparticles (AgNPs)  including water filters, paints, 

cosmetics, deodorants, clothing, textiles, food packaging, electrical appliances and 

medical devices inevitably leads to their release into the natural environment, 

bioaccumulation in organisms and persistent accumulation in natural aquatic 

systems. The aim of this study is to investigate the acute and chronic effects of silver 

nanoparticles, which can contaminate aquatic ecosystems, in freshwater mussels, one 

of the aquatic invertebrate organisms. The model organism of the study, Unio 

delicatus, was obtained from Gölbaşı Lake (Hatay). After  that acclimation was 

performed in the laboratory for two weeks. The mussels were then exposed to 1 and 

10 mg/L AgNPs for 7 and 21 days. At the end of the exposure period, hemolymph 

and tissue samples of the mussels were taken. Total hemocyte count from 

hemolymph samples, lipid peroxidation and glutathione levels from tissue samples 

(digestive gland and gill) were investigated. Acute exposure resulted in an increase 

in the total hemocyte counts, while chronic exposure resulted in a significant 

decrease (P<0.05). Changes in lipid peroxidation and glutathione levels in gill and 

digestive gland tissues of mussels also occurred but not significantly. In conclusion, 

AgNPs caused changes in physiological and biochemical parameters of freshwater 

mussels. 

 

 
1. Introduction 

 

Of all commercial goods using nanomaterials, silver 

nanoparticles (AgNPs) account for 24% of the total. 

The AgNPs are most frequently found in water filters, 

cosmetics, textiles, food packaging, electrical 

appliances, and medical devices [1]. The common use 

of AgNPs inevitably results in their discharge into the 

environment, bioaccumulates in the organisms and 

persistent accumulation in natural aquatic systems 

[2]. Once in the aquatic environment, AgNPs can go 
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through various alteration processes (oxidation, 

dispersion, solubilization, adsorption with soluble and 

particulate organic matter, agglomeration 

/aggregation) [3]. AgNPs that accumulate in sediment 

can be transferred to aquatic organisms through 

environmental exposure. AgNPs taken up by aquatic 

organisms through the aquatic food chain pose a risk 

to human health [2].  

 Mussels have advantages such as the ability 

to make comparisons during the evaluation of 

information obtained from the aquatic environment, 
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to collect information about pollutants in the same 

area for a long time and to be widely used to quickly 

assess the current status of many pollutants [4]. For 

this reason, mussels are one of the leading biological 

indicators used in the measurement and evaluation of 

pollution in water. A mussel with an average size of 

7-8 cm has the ability to filter 10-15 liters of water per 

hour. They filter and feed on all kinds of organic and 

inorganic particles [5]. In addition, freshwater 

mussels take part in the natural purification function 

of the water in their environment due to their filter 

feeding and thus play a decisive role on the ecological 

balance of the environment [6]. Mussels are 

particularly at risk of environmental contamination by 

nanoparticles because they are immobile and feed on 

suspended matter. Particles trapped in the gills during 

feeding and respiration are lowered down the 

digestive tube and accumulate in the "stomach" 

(digestive gland) where they are broken down. 

Therefore, nanoparticles can easily accumulate in 

mussels with aggregation and cause negative effects 

[7]. The freshwater mussel Unio delicatus Lea, 1863 

is one of the most common mussel species in large 

river basins in southwest-eastern Anatolia. Due to its 

distribution areas, it is an indicator species in 

biomonitoring, ecotoxicological and phylogenetic 

studies [8], [9]. 

Nanoparticles have the potential to affect the 

physiology and behavior of aquatic organisms, 

including mussels. Several studies have shown that 

exposure to nanoparticles can lead to various 

physiological changes in marine mussels, including 

changes in the immune system, metabolism, and 

oxidative stress response [1], [10], [11]. Conversely, 

freshwater mussels have been used in few studies to 

investigate the effects of nanoparticles. A study with 

freshwater mussels showed that acute exposure to 

nanoparticles did not change the filtering capacity of 

mussels but had an effect on biomolecules [12]. In the 

literature review, no chronic exposure to silver 

nanoparticles at freshwater mussels were found. The 

aim of this study is investigate the acute and chronic 

effects of silver nanoparticles on freshwater mussels 

Unio delicatus in terms of total hemocyte count 

(THC), lipid peroxidation and glutathione. 

  

2. Material and Method 

 

2.1. Test Organisms and Acclimation to 

Laboratory 

 

Freshwater mussels Unio delicatus (mean weight 

36.3±4.8 g, mean length 5.2±0.1 cm, mean thickness 

2.2±0.2 cm, mean height 1.5±0.1 cm;  N=60) acquired 

from local fishermen in Gölbaşı Lake (Hatay) were 

used in this study. Freshwater mussels were 

transported in aerated water and placed in 15 L 

aquaria containing 10 L of pre-rested tap water 

without chlorine (1 mussel/L) in the laboratory. 

Mussels were acclimatized to laboratory conditions 

for 2 weeks. During this period, the aquarium water 

was altered by siphoning 50% every two days and the 

mussels were fed with Spirulina sp. The aquaria water 

was measured by YSI Professional Plus 

Multiparameter Instrument (USA) in terms of water 

quality during the acclimation period. The mean 

values (mean±SEM) of physicochemical parameters 

of water are as follows: temperature 21.9±0.25ºC; 

dissolved oxygen 6.2±0.56 mg/L; pH 7.5±0.2; 

conductivity: 201.04±0.4 mS/cm; salinity; 0.19±0.02. 

This study is not subject to HADYEK permission in 

accordance with Article 8 (k) of the "Regulation on 

Working Procedures and Principles of Animal 

Experiments Ethics Committees". 

 

2.2. Exposure to AgNPs 

 

Metal based AgNPs were obtained from Nanografi 

(Turkey) with the particle size specified as: 18 nm and 

>99.995% purity. Shape of AgNPs were spherical and 

crystal structure was cubic. The application 

concentrations of AgNPs were determined as 1 and 10 

mg/L by reviewing literature studies [13], [14]. After 

freshwater mussels were placed in aquaria (10 

mussels/L), 500 mL of aquarium water was taken, 

AgNPs were added at the determined concentrations 

and sonicated. After sonication by Ultasons (J.P. 

Selecta, Spain), AgNPs were added to the aquaria. 

The mussels were exposed to 1 and 10 mg/L AgNPs 

for 7 and 21 days [15]. There was one control group 

(aquarium water and mussels) in the experiments. 

Aquarium water quality parameters were measured 

during the experimental period (temperature 

22±0.3ºC; dissolved oxygen 6.4±0.2 mg/L; pH 

7.8±0.5; conductivity: 200.05±0.6 mS/cm; salinity; 

0.20±0.01). After each treatment period, 10 mussel 

samples were taken and hemolymph tissues were 

removed with a 2.5 mL syringe after measuring 

biological data. Then, the gill (G) and digestive gland 

(DG) tissues of mussels were removed. The tissues 

were stored at -80ºC (Wisd Simplified Freezing 

System, WiseCryo Daihan, South Korea) until 

biochemical analysis. 

 

2.3. Total Hemocyte Counts (THCs) 

 

Hemolymph tissue was collected from freshwater 

mussels according to the method of [16]. The THCs 

were counted using a light microscope. 
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2.4. Biochemical Analysis 

 

The lipid peroxidation was measured based on 

malondialdehyde (MDA) production in gills and 

digestive glands, the method of [17] was applied and 

the MDA levels were determined by reading at 535 

and 520 nm using spectrophotometer (Biochrom 

Libra S22, UK). Briefly, following homogenization 

of 100 mg of tissue with 1/5 of 1.15% KCl buffer, 500 

µL of homogenate sample was taken. The 

homogenate mixed with 3 mL of 1% phosphoric acid 

and 1 mL of 0.6% thiobarbutic acid was kept in a hot 

water bath for 45 minutes. Then, 4 mL of butanol was 

added and centrifuged at 3000 rpm for 5 minutes. The 

supernatant portion was read by spectrophotometer. 

The measurement of the glutathione levels in gills and 

digestive glands, the method of [18] was applied and 

the glutathione levels were determined by reading at 

410 and 420 nm using spectrophotometer (Biochrom 

Libra S22, UK). 

 

2.5. Statistical Analysis 

 

To evaluate the experimental results obtained; total 

hemocyte count, glutathione and MDA determination 

results were subjected to normal distribution 

according to Kolmogorov-Smirnov normality test and 

homogeneity of variances tests to determine the 

differences between the experimental groups. After 

all samples met these conditions, one-way ANOVA 

test was performed and significance levels were 

determined with GraphPad 5 statistical data analysis 

program. 

 

3. Results and Discussion 

 

The acute and chronic effects of AgNPs on freshwater 

mussels was evaluated in the present study. Within 

the scope of the study, total hemocyte counts, which 

are physiological parameters, and lipid peroxidation 

and glutathione levels, which are biochemical 

parameters, were examined in freshwater mussels 

exposed to 1 and 10 mg/L silver nanoparticles for 7 

and 21 days. The alterations in total hemocyte counts 

of freshwater mussels exposed to AgNPs for 7 and 21 

days are shown in Figure 1. There was an increase in 

the THCs in the mussels exposed to AgNPs for 7 days 

compared to the control group (p>0.05). At 21 days 

of exposure, a decrease in total hemocyte count was 

observed in the experimental groups compared to the 

control group. There was a 1.7-fold decrease between 

the control group and the 10 mg/L AgNPs exposed 

group (p=0.035). 
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Figure 1. Changes in total hemocyte counts of freshwater 

mussels after exposure to silver nanoparticles. 

 

The effect of silver nanoparticles on lipid 

peroxidation levels in gill and digestive gland tissues 

is shown in Figure 2. As a result of exposure of 

mussels to 1 and 10 mg/L silver nanoparticles for 7 

days, gill and digestive gland MDA levels decreased 

compared to the control group (p>0.05). In 21-day 

exposure, an increase in MDA levels occurred in the 

digestive gland tissues exposed to both 1 mg/L 

AgNPs and 10 mg/L AgNPs (p>0.05). 
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Figure 2. Changes in MDA levels in gill and digestive 

gland tissues of freshwater mussels after exposure to silver 

nanoparticles. 

 

The effect of silver nanoparticles on 

glutathione levels in gill and digestive gland tissues of 

freshwater mussels is shown in Figure 3. As a result 

of exposure of mussels to 1 and 10 mg/L AgNPs for 

7 days, gill glutathione levels increased 3.3 and 4.1 

times compared to the control group. In 21-day 

exposure, a decrease was observed in the 1 mg/L 

group compared to the control group and an increase 

was observed in the 10 mg/L group. The glutathione 
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levels of digestive gland tissues were decreased in 7-

day exposure and increased in 21-day exposure. 
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Figure 3. Changes in glutathione levels in gill and 

digestive gland tissues of freshwater mussels after 

exposure to silver nanoparticles. 

 

 

THCs are commonly used 

physiological/immunological parameter to assess the 

health status of mussels and indicator of the mussels 

to stressors such as pollutants, disease, and changes in 

environmental conditions [8], [9], [16], [19], [20]. In 

the current study, significant decreases in the THCs 

occurred with increasing exposure time to 

nanoparticles. Similar decreases in the THCs were 

observed in bivalves Mytilus coruscus under TiO NPs 

[21], [22]. These results demonstrate the 

immunological effects induced by mussels and 

nanoparticles. 

MDA is a reactive compound that is 

commonly used as a marker of lipid peroxidation and 

are often used as an indicator of the extent of lipid 

peroxidation in tissues exposed to oxidative stress 

[23]. In the context of mussels, measuring MDA 

levels can provide valuable information on the health 

of these organisms and the potential impacts of 

environmental stressors, such as pollution or exposure 

to nanoparticles, on their cellular and physiological 

functions [24]. The gill and digestive gland tissues are 

particularly vulnerable to the damaging effects of 

oxidative stress caused by pollutants including 

nanoparticles [25], [26]. In this study, it was observed 

that there was a change in MDA levels in the gill and 

digestive gland tissues from the groups treated with 

AgNPs. Studies have shown that exposure to 

nanoparticles indicates similar increase or decrease 

on lipid peroxidation in gill and digestive gland 

tissues of mussels, which may lead to cellular damage 

and dysfunction [24], [26], [27], [28]. A significant 

increase in MDA levels were observed at 10 μg/L 

AgNPs in Mytilus galloprovincialis [1]. 

One potential mechanism by which NPs can 

induce toxicity is through the modulation of 

glutathione (GSH) levels. GSH is an important 

antioxidant and detoxification molecule in the 

organisms, and changes in its levels can have 

significant impacts on cellular functions [29], [30]. 

Researches shown that exposure to NPs caused the 

changes in GSH levels in the mussel tissues including 

gills and digestive gland [29], [31], [32]. 

 

4. Conclusion and Suggestions 

 

In this study, the first response to exposure to AgNPs 

was alterations in physiological parameter of the 

mussels. Acute exposure to AgNPs caused increase in 

the THCs, while chronic exposure to AgNPs caused a 

significant decrease. Changes in MDA and GSH 

levels are not significant in the different tissues of 

AgNPs exposed mussels. As a result of the study, 

AgNPs caused alterations in the physiological and 

biochemical parameters of freshwater mussels.  
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