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Introduction

With the rapidly expanding area of nan-
otechnology over the last few years, the use of
nanomaterials has pervaded many consumer
products.1-3 Nanomaterials can be found in var-
ious areas such as health care and consumer
products like cosmetics, food and clothing.3-5

Among all the nanoparticles produced each
year, silver nanoparticles are the fastest grow-
ing nanocompounds, mainly for their antimi-
crobial and anti-odor properties.3,4 Nanosilver
particles have been incorporated in many prod-
ucts ranging from pool cleaning systems, odor-
resistant textiles, cosmetics, electronics as
well as general household appliances.3-

The rapidly growing field of nanotechnology
brings concern on the toxicity and outcomes
from environmental exposure of marine inver-
tebrates to nanoparticles.3 Nanosilver particles
can be found in wastewater and no purifica-
tion method was yet determined to completely
eliminate the nanosilver particles.5 In 1977,
Smith and Carson determined that approxi-
mately 150,000 kg of silver enters the aquatic
system every year from industry and those
numbers have doubled since then.6

Bioaccumulation of silver in the tissues of
marine organisms such as oysters, gastropods,
planktonic crustaceans and algae has been
observed in previous studies.5 The purpose of
the present study is to determine the effect of
nanosilver particles on the phagocytic compe-
tence of blue mussels (Mytilus edulis) under a
realistic salinity gradient in respect to the St.
Lawrence Estuary.

Materials and Methods

Animals and exposure conditions 
Blue mussels were collected from the South

shore of the St. Lawrence Estuary, in Mitis Bay
(48°40’ N, 68° 00’ W). All the collected animals
had a shell length measuring between 45 to 65
mm and were measured using a Vernier
caliper. In the laboratory, the mussels were
randomly divided into three groups and trans-
ferred into three separate aquariums that
received constant salt water supplies and were
left there for 7 days for acclimation. After accli-
mation, an initial sacrifice of 15 organisms
was performed to determine the initial
immune response of the blue mussels. 

After the acclimation period, the aquarium
system was closed off. One aquarium was kept
as a reference tank for the rest of the experi-
ment while the other two were used to simu-
late different salinities gradient (that can be
found in the St. Lawrence Estuary) and organ-
isms of these respective tanks were exposed to
different concentrations (2-3 mg L–1 and 4-5 mg
L–1) of silver nanoparticles. The water of each
tank was manually changed every other day
and the mussels were fed using specialized
food (Shelfish Diet® 1800, Reed mariculture).
The tanks were left at room temperature
throughout the experiment. Inside the refer-
ence aquarium, a salinity level of 15 practical
salinity units PSU (moderate brackish water)
could be found and no silver nanoparticles
were added for the entire duration of the study.
For the second aquarium, the salinity was the
same as the reference tank (15 PSU) and
approximately 4-5 mg L–1 of silver nanoparticles
were added in the water at each water change.
Finally, for the third aquarium, the salinity
level was 21 PSU (heavy brackish water) and
the mussels were exposed to 2-3 mg L–1 of sil-
ver nanoparticles. Two additional sacrifices
(n=15) were made; after 14 days and 28 days
of in vivo exposure to the nanosilver particles.
The mean size (21.43±4.06 nm) of the silver
nanoparticles used in this study was deter-
mined using a Zetasizer (Dynamic Light
Scatter instrument).

Hemocyte collection, determination
of cell number and viability

At each sacrifice, hemocytes were collected
from the adductor muscle of 15 organisms
from each aquarium using a 23G needle and a
3 mL syringe.7

Cellularity and viability were both deter-
mined at each sacrifice by flow cytometry. In
summary, 100 mL of propidium iodide stock
solution (10 mL/mL-1) (Sigma Chemical
Company) was added to 50 µL of the cell sus-
pensions right before flow cytometric acquisi-
tion was performed. 

Phagocytosis
For phagocytosis, hemocytes were mixed

with yellow-green latex Fluospheres
(Molecular Probes Inc., Eugene, Or, USA),
diameter 1.2 mm, at a ratio of 1:100 (hemo-

cytes:beads) in microplates.7 After the
required incubation time of 18 h in the dark at
room temperature (20°C), the microplates
were drained using the inversion method and
the cells were resuspended and fixed with
0.5% formaldehyde. The samples were then
read by a flow cytometer (BD Accuri™ C6,
Becton Dickinson, San Jose, CA, USA). The
hemocyte populations were defined based on
their forward (FSC) and right angle scatter
(SSC) properties.7 Phagocytosis was expressed
in percentage of phagocytic activity (1 bead or
more) and in percentage of phagocytic effi-
ciency (3 beads or more). 

Statistical analysis
The effect of silver nanoparticles was

expressed as mean±SD and were assessed
using an ANOVA followed by a Tukey’s multiple
comparison tests (P≤0.05) using RStudio (s
version 2.15.1).

Results

Total Ag concentration was determined at T0,
T14 and T28 in mussels tissues. Ag accumula-
tion was observed in mussels receiving AgNPS
treatment whereas no accumulation was
observed in the control. At T28, we observed an
increase of around 400% in mussels tissues
from the second aquarium (freshwater) and
around 200% from the third aquarium (brackish
water). These results clearly demonstrate that
AgNPs exposed mussels have accumulated sil-
ver during the exposition (K. Lemarchand, per-
sonal communication, 2014).

Viability and cellularity
No significant differences in the cell num-

ber or the viability could be seen during the
experiment between the different groups.
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Phagocytosis
The results are presented in Figure 1. No

significant differences in the phagocytic
capacity and the phagocytic efficiency of the
blue mussels were noted between the different
groups throughout this experiment. When
comparing the phagocytic activity and efficien-
cy, no differences were observed as between
the two different sacrifices; after 14 and 28
days of exposure to nanosilver. 

Discussion and Conclusions

Toxicity of silver nanoparticles in many fresh
water invertebrate species is now well docu-
mented in literature.1,3,5 Therefore, the lack of
significant impact of silver nanoparticles during
the experiment can most likely be explained by
the small concentration of nanoparticles used
during the study. The goal of this experiment
was to recreate a model with realistic conditions
that can be found in the St. Lawrence Estuary
and for that reason the quantities used were

very small (the maximum concentration being
4-5 mg L–1). Other studies show that when used
at higher doses (0.1 mg L–1) nanosilver has a
significant toxicity on species like Daphnia
magna and can cause significant damages to the
organisms.1 In addition, other studies showed
that the toxicity of silver nanoparticles are less-
ened when the entire animal is exposed com-
pared to the effect seen when the exposure is
done in cell cultures.3 Nanosilver, along with
other nanoparticles with low Zeta potential, will
likely forms aggregates in salinity conditions. It
follows that mussels were perhaps not exposed
to nanosilver aggregates (i.e. not bioavailable)
in these conditions. More research is needed
and nanosilver characterization and silver tissue
loading should be included to confirm that expo-
sure to silver nanoparticles actually took place.
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Figure 1. Phagocytic activity (1 bead and more) and phagocytic efficiency (3 beads and
more) of blue mussel after 7 days of acclimation as well as after 14 and 28 days of expo-
sure to different salinities and concentrations of silver nanoparticules.
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