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Abstract Microplastics, plastic particles \5 mm, are an

emerging concern in aquatic ecosystems. Because

microplastics are small, they are available to many filter-

feeding organisms, which can then be consumed by higher

trophic level organisms, including humans. This study docu-

ments the quantity of microplastics present in wild and cul-

tured Manila clams (Venerupis philippinarum). Three active

shellfish farms and three reference beaches (i.e., non-shellfish

farm sites) in Baynes Sound, British Columbia were chosen to

examine the microplastic concentrations in wild and cultured

Manila clams. Microplastics were isolated using a nitric acid

digestion technique and enumerated from 54 clams (27

farmed and 27 non-farmed). Qualitative attributes, such as

colour and microplastic type (fiber, fragment, or film) also

were recorded. There was no significant difference

(F = 1.29; df = 1,4; P = 0.289) between microplastic con-

centrations in cultured and wild clams. Microplastic concen-

trations ranged from 0.07 to 5.47 particles/g (from reference

beach and shellfish farm clams, respectively). Fibers were the

dominant microplastic (90 %); colourless and dark gray fibers

were the most common colours observed (36 and 26 %,

respectively). Although this indicates that microplastics are

definitely present in seafood consumed by humans, shellfish

aquaculture operations do not appear to be increasing

microplastic concentrations in farmed clams in this region.

Microplastics are an emerging pollutant with the potential

to affect many trophic levels. The definition of what con-

stitutes a microplastic varies in the literature, including any

plastic fragment \1 mm (Browne et al. 2008, 2011) or

\5 mm (Arthur et al. 2009; Fendall and Sewell 2009;

Hidalgo-Ruz et al. 2012; Eerkes-Medrano et al. 2015;

Rocha-Santos and Duarte 2015). Although these particles

can be microscopic, they can persist in the environment for

many years (Moore 2008; Rios et al. 2007). There are two

types of microplastics, which are distinguished by their

sources (Wright et al. 2013b; Duis and Coors 2016). Pri-

mary microplastics enter the environment as microscopic

plastic particles (e.g., microbeads in facial cleansers, fibers

from washing synthetic clothing) (Fendall and Sewell

2009; Browne et al. 2011; Cole et al. 2011). Secondary

microplastics enter the environment as larger macroplastics

(e.g., plastic water bottles, polyethylene bags, fishing gear,

etc.) and become microplastics through environmental

degradation into progressively smaller particles (Rios et al.

2007; Andrady 2011).

Unfortunately, microplastics are not limited to a par-

ticular area of the world or ecosystem (Rocha-Santos and

Duarte 2015). They have been documented along shoreli-

nes around the world on all human-habited continents

(Browne et al. 2011) and are present in sediments (Browne

et al. 2011; Stolte et al. 2015), soils (Zubris and Richards

2005; Rocha-Santos and Duarte 2015), and the water col-

umn of marine (Desforges et al. 2014; Mathalon and Hill

2014; Desforges et al. 2015) and freshwater (Eriksen et al.

2013; Lechner et al. 2014; McCormick 2015) ecosystems.

The ability for microplastics to sorb, concentrate (Mato

et al. 2001; Endo et al. 2005; Ogata et al. 2009), and release

(Teuten et al. 2007, 2009) manufacturing chemicals and

naturally occurring environmental pollutants to organisms,

followed by their bioavailability to a variety of organisms
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(Rocha-Santos and Duarte 2015), makes them a serious

emerging threat to wildlife and natural ecosystems and

potentially human health.

In particular, microplastics are well-documented in the

marine environment. They can be ingested naturally by a

variety of organisms with different feeding mechanisms,

including zooplankton (Desforges et al. 2015), filter-feed-

ing bivalves (Mathalon and Hill 2014; Van Cauwenberghe

et al. 2015), detritivorous lugworms (Van Cauwenberghe

et al. 2015), fish (Boerger et al. 2010; Lusher et al. 2013),

and even humpback whales (Besseling et al. 2015).

Ingestion of microplastics can have negative effects due to

chemical or physical damage of the digestive tract (von

Moos et al. 2012; Wright et al. 2013a; Avio et al. 2015;

Cole et al. 2015; Nobre et al. 2015). This is a concern for

organisms and the implications for their roles in food webs

but also possibly for economically important species, par-

ticularly those cultured for human consumption.

Shellfish are ecologically and economically important.

They are prey for many vertebrate and invertebrate con-

sumers and are a primary food source cultured for human

consumption around the world. In Canada, the aquaculture

industry is valued at around $962 million (Fisheries and

Oceans Canada 2013). Cultured shellfish represent 10 % of

the value of the aquaculture industry in Canada and 24 %

of the mass of cultured organisms (Fisheries and Oceans

Canada 2014). It includes blue mussels (Mytilus spp., 3

species), clams (6 genera), and oysters (Crassostrea spp., 2

species). On the east coast, mussels are the dominant spe-

cies of culture, whereas the west coast hosts more clam and

oyster farms (Fisheries and Oceans Canada 2015). Both

shellfish and finfish aquaculture operations may contribute

to microplastic presence in the marine environment (Des-

forges et al. 2014; Hinojosa and Thiel 2009) through the

use of plastic infrastructure. Specifically, it has been

speculated that shellfish aquaculture operations may be

point sources of microplastics on the west coast of Canada

due to the use of plastic ropes, floats, and nets and due to

the industry’s rapid increase in recent years (Bendell 2015).

Despite this concern, few studies have compared

microplastic concentrations between cultured and wild

aquatic organisms. Microplastic loads specifically in cul-

tured mussels have been relatively well-documented in

Europe (Van Cauwenberghe and Janssen 2014; Vander-

meersch et al. 2015) and China (Li et al. 2015), but only a

few studies have explicitly compared concentrations

between cultured and wild bivalves (De Witte et al. 2014;

Mathalon and Hill 2014; Vandermeersch et al. 2015).

Mussels (Mytilus sp.) have been the main focus of these

studies, and documentation about the microplastic con-

centrations in other cultured species is lacking.

We collected a commonly farmed species, the Manila

clam (Venerupis philippinarum) directly from shellfish

aquaculture leases and ‘‘reference beaches’’ (i.e., non-farm

sites) to determine: (a) if microplastics were present in

these clams on the west coast of Canada, and (b) if dif-

ference exists in microplastic concentrations between

farmed and wild clams. These sites were located in Baynes

Sound on the east coast of Vancouver Island, British

Columbia, which is vital to Canada’s shellfish aquaculture

economy. Furthermore, it has been suggested as an area in

need of study due to the ubiquitous use of plastic by the

shellfish industry (Bendell 2015). This water body hosts

approximately one-half of the shellfish farm leases in

British Columbia within a *20-km stretch of sheltered

water and is an economically and ecologically important

area (Jamieson et al. 2001). We predicted that farmed

clams, which may be exposed to more plastics on farm

sites due to plastic farm infrastructure, would have higher

levels of microplastics than non-farmed clams.

Materials and Methods

Study Area

Baynes Sound is a 20-km long body of water located

between Vancouver Island and Denman Island, British

Columbia that consists of protected bays, open shoreline,

estuaries, inshore marshes, and forests (Jamieson et al.

2001). Tidal flushing occurs between flood and ebb tide

with the net circulation of water flowing from north to

south; the water movement is primarily tidal with occa-

sional wind-influenced currents (Jamieson et al. 2001).

Furthermore, there is evidence of retentive circulation of

water in Deep Bay (S. Dudas, personal communication). It

also supports an extensive shellfish farming industry, with

more than 100 individual leases in the sound on the east

shoreline of Vancouver Island and west shoreline of Den-

man Island (Fig. 1). The industry primarily grows Pacific

oysters (Crassostrea gigas) and Manila clams (Venerupis

philippinarum).

There are several potential microplastic sources in

Baynes Sound. Oyster farming involves the use of

polypropylene fencing, trays, and rope (some rope may be

nylon), whereas clam farming uses anti-predator netting

made of nylon and/or polypropylene. Floats that support

oyster trays and ropes are mostly made of polystyrene.

Other potential local sources of microplastics may include

recreational boat traffic (including recreational fishing gear

that uses plastic fishing line, floats, etc.) and boats in

marinas (including the Deep Bay marina and ferry termi-

nals), which release bilge water and may use microplastics

in cleaners or for ‘‘sand blasting’’ boats. There also is a

possibility for microplastic inputs from residential

wastewater; although the majority of the systems are septic,
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many are failing (CVRD 2015) and may be releasing

unfiltered residential wastewater into the marine environ-

ment. There also is a wastewater outfall site located north

of the Sound in Comox (K. Garrett, CVRD personal

communication); although the net movement of water in

Baynes Sound is from north to south (Jamieson et al.

2001), it is likely that the effluent would bypass the Sound

completely because it is located 3 km offshore (K. Garrett,

CVRD personal communication).

Spatial Data Acquisition

Spatial data was obtained from several sources. Basic

coastline data, waterways, and ocean layers were obtained

from Newton & Gilchrist (2010). Comox Valley Regional

District (CVRD) property parcels (current to 2012) and

terrestrial zoning (current to 2005) were obtained from the

CVRD Public Affairs and Information Systems Branch

(T. Hardy, personal communication). Regional District of

Nanaimo (RDN) property parcel layers were obtained

from the RDN GIS Coordinator (T. Sohier, personal

communication). Shellfish farm leases (‘‘TANTALIS—

Crown Tenures,’’ created 2008 but updated constantly; C.

Ogborne, BC Government, personal communication)

were downloaded from the BC Provincial Government

DataBC website (http://www.data.gov.bc.ca). Shellfish

farm and reference beach coordinates were obtained using

a hand-held GPS unit (Garmin eTrex30, *10 m preci-

sion), and coordinates for ‘‘high marine traffic locations’’

were obtained from Google Earth (v 7.1.2.2041). ESRI

Fig. 1 Baynes Sound with six

sampling sites, three shellfish

farms (square) and three

reference beaches (circle). Note

that the reference beach at site F

is currently an inactive shellfish

farm lease. High marine traffic

areas (triangles) indicate the

ferry (north) and marina (south)
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ArcMap (v. 10.2.2.3552, 2014) was used for all spatial

analysis.

Sample Collection

Clams were collected from six sites: three active shellfish

farms (sites B, D, E) and three references beaches currently

unused by the shellfish farming industry (sites A, C, F)

along the east coast of Vancouver Island in Baynes Sound

(Fig. 1). At shellfish farms sites, anti-predator netting was

pulled back and clams were obtained from directly

underneath the nets. At reference sites, a random location

on the beach was chosen; sampling occurred at an average

tidal height of 2.42 m ± 0.24 m at all sites. Clams were

obtained using a survey method adapted from the Fisheries

and Oceans Canada clam survey manual, whereby Manila

clams were obtained using a 0.5-m 9 0.5-m quadrat to a

depth of 20 cm or greater (Gillespie and Kronlund 1999).

At each site, a 17-m transect was laid parallel to the water

line and three quadrats were evenly spaced approximately

5-m apart. Quadrats were excavated using a hand trowel

and the first three clams of approximately equal size

(40–45 mm length) were retained. A total of 9 clams were

retained from each site, resulting in 54 clams from six sites

(27 clams from three shellfish farms, 27 clams from three

reference sites).

Clams were refrigerated (1 �C) before and during pre-

liminary processing, at which time clams were rinsed and

shell length (lateral length), width (umbo to edge), and

height (depth of shell) were measured using calipers (0.5-

mm precision). Clams were then frozen until acid digestion

could take place. During freezing clams gape, creating a

potential route for contamination. To avoid this, clams

were bound with elastic bands while in the freezer to

maintain pressure on both sides of the shell.

Following similar protocols in other studies (Mathalon

and Hill 2014; Li et al. 2015), clams were not depurated as

we wished to include microplastics that had been both

recently ingested and possibly translocated to tissues.

Typically bivalves are depurated to avoid dealing with sand

particles that may affect the method of processing (Claes-

sens et al. 2013; Van Cauwenberghe et al. 2015) or because

animals were being prepared for use in feeding trials

(Browne et al. 2008; von Moos et al. 2012; Avio et al.

2015). We would expect that microplastic concentrations

reported would be slightly lower if clams had been depu-

rated (Van Cauwenberghe and Janssen 2014).

Acid Digestion and Microplastic Identification

Prior to acid digestion, clam shells were rinsed thoroughly

with water and shelled weights were obtained using a

digital scale (Sartorius CP124S, 0.0001 g precision). Clam

shells were then removed using a scalpel and forceps, and

the soft tissue was weighed separately. Clam tissue was

then digested in 40 mL of 69–71 % nitric acid (HNO3,

ACS grade A200-212, Fisher Scientific) for 4 h in a hot

water bath (*90 �C) using methods adapted from Claes-

sens et al. (2013) and Desforges et al. (personal commu-

nication). Digestions were considered complete when there

was no visible organic material remaining and the solution

was clear and yellow. The digested solution was then

diluted (1:10) with warm (*90 �C) deionized water and

vacuum filtered over 1.2-lm glass microfiber filters

(Whatman GF/C). All beakers and Buchner funnel were

rinsed with deionized water before digestion and through-

out to reduce the amount of sample lost during transfer

stages. Filter paper was then examined under a dissecting

scope (10–409 magnification) for microplastic particles.

When necessary, individual microplastic fragments were

further examined under a compound microscope (10–1009

magnification). Microplastic abundance, colour, and shape

(fiber, fragment, or film) were recorded.

Microplastics were identified by the characteristics

outlined in Desforges et al. (2014) (M. Galbraith and P.

Ross, personal communication), such as flexibility, colour,

structure, and lack of biological features. For example,

glass fibers from filter paper appear dense and smooth

under the microscope (Fig. 2a) and break easily into shards

or geometric fragments. After nitric acid digestion, plastics

retain colours that are not normally observed in the envi-

ronment, for example, bright shades of red, blue, green, or

yellow. Sand and glass were identified as nonplastic due to

their geometric or tetrahedral appearance (they often have

distinct edges and squared corners). Microplastics also tend

to be frayed and folded over, and fibers are never perfectly

straight and rigid (as glass fibers tend to be) (Fig. 2b).

Data Analysis

Values were expressed as the mean number of microplastic

particles per 1 g of clam tissue to standardize for clam size

(‘‘particles/g’’). A nested analysis of variance (ANOVA;

a = 0.05) was used to compare microplastic concentra-

tions found in farmed and non-farmed clams from each of

the six sites, ‘‘site’’ (A–F) nested within ‘‘class’’ (‘‘farm’’

vs. ‘‘wild’’) using the aov function in RStudio (v

0.98.1091). Characteristics, such as colour and type (fiber,

film, or fragment) were also recorded during processing for

qualitative comparisons. The most common microplastic

type was then analyzed further using a Chi square test of

association (a = 0.05) to determine if a relationship

between fiber colour and ‘‘class’’ (‘‘farm’’ vs. ‘‘non-farm’’)

existed using the chisq.test function in RStudio (v

0.98.1091). Qualitative characteristics were then expressed
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as frequency data (i.e., percentages) for overall compar-

isons. All values are reported as mean ± standard devia-

tion (x̄ ± SD).

Procedural Blanks and Contamination Mitigation

To mitigate airborne and lab contamination, cotton clothing

was worn throughout lab processing and metal and glass-

ware were used as much as possible. Some plastic could not

be avoided, such as plastic piping in the water distillation

apparatus, but all glassware and tools were thoroughly

rinsed with deionized water throughout processing and

between clam digestions. All beakers were covered with

tinfoil to reduce air-borne microplastic contamination. Five

procedural blanks also were run using the previously men-

tioned method, which ensured the nitric acid was not con-

taminated and exhibited the level of airborne contamination

present in samples. Filter papers were left out in the fume

hood and on countertops near processing to determine ‘‘hot

spots’’ of airborne contamination.

Several clams and blank samples were spiked with

polyethylene beads (from a facial cleanser) and polystyrene

spheres (approximately 2–3 mm diameter) and were

digested in nitric acid using the same method previously

mentioned. Microscopic analysis indicated that the nitric

acid digestion had little-to-no impact on the integrity of the

polyethylene beads; polystyrene spheres shrunk in size

considerably but were still visible with the un-aided eye.

Results

Wild Manila clams were larger and heavier than cultured

clams, although some variation between sites occurred

(Table 1). All weights reported from here on are soft tissue

weights only.

Fig. 2 a Glass fiber isolated

from filter paper (compound

microscope, 109 magnification;

scale bar represents 2.5 mm).

b Microplastic fiber from

Manila clam exhibiting fraying

(arrows) (compound

microscope, 409 magnification)

Table 1 Mean (±SD) weights (g), sizes (mm) and observed microplastic concentrations (particles/clam) at each study site and across all farmed

and wild Manila clams sampled

Source Site Mass (g) Measurement (mm) Microplastic concentration

Soft tissue Shelled clam Length Width Depth Particles/clam

Wild 10.0 ± 3.8 23.4 ± 9.2 44.6 ± 5.2 36.2 ± 3.9 24.0 ± 3.2 8.4 ± 8.5

A 7.1 ± 2.0 16.8 ± 5.4 41.0 ± 3.5 32.9 ± 2.6 21.7 ± 2.2 6.1 ± 2.5

C 10.1 ± 2.5 23.2 ± 7.0 46.1 ± 4.0 36.7 ± 3.7 23.4 ± 2.6 6.4 ± 5.7

F 13.0 ± 4.3 30.1 ± 10.3 46.7 ± 6.4 38.9 ± 3.3 26.8 ± 2.8 12.7 ± 13.0

Farmed 7.0 ± 1.5 16.6 ± 3.5 40.7 ± 2.8 31.9 ± 2.6 21.1 ± 1.8 11.3 ± 6.6

D 7.4 ± 1.6 16.6 ± 3.3 41.6 ± 3.7 31.3 ± 1.6 20.6 ± 1.3 15.4 ± 6.3

E 6.0 ± 1.0 14.9 ± 1.5 39.0 ± 1.2 30.4 ± 1.4 20.4 ± 0.7 9.3 ± 7.3

B 7.5 ± 1.5 18.5 ± 4.5 41.6 ± 2.6 34.1 ± 3.3 22.2 ± 2.5 9.1 ± 4.3

Length refers to the distance from anterior to posterior; width refers to the distance from umbo to edge; depth to the ‘‘thickness’’ of the clam

between right and left shells
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Comparison of Farmed and Non-farmed Clams

There was no significant difference in microplastic con-

centrations between cultured clams (1.7 ± 1.2 particles/g)

and wild clams (0.9 ± 0.9 particles/g) (F = 1.29;

df = 1,4; P = 0.289). Clams from site D, a shellfish farm,

exhibited the highest concentration of microplastics

(2.2 ± 0.8 particles/g), whereas site C clams, from a ref-

erence beach, exhibited the lowest concentration

(0.6 ± 0.4 particles/g; Fig. 3). We also report concentra-

tions as number of particles per clam for comparison to

external contamination recorded during processing of

procedural blanks and for comparison to other studies

(Table 1).

Microplastic Fibers

Fibers were the most commonly found type of microplas-

tics in Manila clams (90 %), followed by films (5.3 %) and

fragments (4.7 %). Clams from shellfish farms had more

fibers (59 %) than clams from reference beaches (41 %).

Of all the fibers recorded within farmed clams, colourless,

gray, and yellow fibers were the dominant colours; in non-

farmed clams, colourless, red, and yellow fibers were

dominant. Of all the microplastic fiber colours found,

green, gray, and colourless fibers occurred more frequently

in clams from shellfish farms, whereas red, blue, and purple

fibers occurred more frequently in clams from reference

beaches. Yellow fibers occurred in equal frequency at both

shellfish farms and reference beaches. Overall, there was a

significant relationship (v2 = 60.3, df = 6, P\ 0.001)

between fiber colour and site type (farm vs. reference

beach). Colourless fibers accounted for 36 % of the total

fiber colours noted, followed by gray fibers (26 %). The

least common fiber colours were green (5 %) and purple

(2 %).

Procedural Blanks (Controls)

To determine the extent of microplastic contamination that

could be attributed to processing the samples and external

contamination, five procedural blanks were run through the

complete digestion and vacuum filtration procedure. The

average concentration of microplastic contamination was

5.8 ± 2.2 particles/sample (range 3–8 particles/sample).

Again, fibers were the most common (83 %; n = 24),

followed by films (14 %; n = 4) and fragments (3 %;

n = 1). Of the fibers, colourless fibers were the most

common colour (38 %; n = 9), followed by blue (25 %;

n = 6) and red (17 %; n = 4). For comparison, the average

amount of microplastics (before standardizing for clam

mass) was 11.3 ± 6.6 particles/cultured clam and

8.4 ± 8.5 particles/wild clam (Table 1).

Discussion

There were two main objectives to this study: (1) to

determine if microplastics were present in Manila clams

from Baynes Sound, BC, and (2) to investigate differences

in microplastic concentrations between wild and cultured

clams. This study has documented microplastic presence in

Manila clams from the Northeast Pacific Ocean that are

consumed by humans. While concentrations in individual

clams ranged from 0.07 to 5.5 particles/g, every clam had

at least one microplastic item found within. This may be

due to contamination in some cases, but overall these data

suggest that microplastics have become ubiquitous and can

enter the food chain at the benthic bivalve level.
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Microplastic presence in the Northeast Pacific Ocean has

been relatively understudied, despite concern from resi-

dents. Desforges et al. (2014) have documented high fiber

content (*3000 particles/m3) in waters surrounding Van-

couver Island, particularly in nearshore regions of the Strait

of Georgia where Baynes Sound is located. Additionally, it

is now clear that microplastics can enter the marine food

web via zooplankton ingestion or entanglement (Desforges

et al. 2015), but until now other routes of entry to food

webs were unknown. In Baynes Sound specifically, Clu-

zard et al. (2015) documented concentrations of 0.045

microplastic particles/g (w/w) of sediment. Bivalves in the

Northeast Pacific Ocean may be ingesting microplastics

originating from both the water column and sediments, but

detailed water sampling in Baynes Sound would provide

insight into relative concentrations between water and

sediment.

Microplastics have been documented in a variety of

other bivalves, but mussels have been the predominant

study organism to date. It is important to consider

microplastic presence in other species due to economic and

biological differences. Clams and mussels have very dif-

ferent filtration rates (Cusson et al. 2005; Hadley and

Whetstone 2007), and mussels are not as economically

important on the west coast of Canada as they are on the

east coast (Fisheries and Oceans Canada 2015). Average

concentrations in mussels (Mytilus sp.) range from

0.13 ± 0.14 particles/g (Vandermeersch et al. 2015) and

0.36 ± 0.07 particles/g (Van Cauwenberghe and Janssen

2014) in Europe to *2 ± 1 particles/g (Li et al. 2015) in

China. In China, nine species of commercial bivalves were

studied for microplastic contamination, including the

Manila clam (Ruditapes philippinarum). Ark clams (Sca-

pharca subcrenata) had the highest concentration of

microplastics (*11 particles/g), followed by oysters

(Alectryonella plicatula, *7 particles/g). Manila clams

had *3 particles/g (Li et al. 2015), which falls in the range

of values from our study.

The second objective of our study was to determine if a

significant difference exists between cultured and wild

Manila clams. It was hypothesized that cultured clams

would have more microplastics due to proximity to plastic

farm infrastructure, such as anti-predator netting, oyster

culture ropes, etc. Although (on average) there were more

microplastics documented in farmed clams compared with

wild ones, we did not find a significant difference in

microplastic concentrations between wild and cultured

clams from Baynes Sound. This may be due to small

sample sizes, because there was considerable variation in

concentrations between sites. Furthermore, our ‘‘wild’’

clams were still likely influenced by the development in

Baynes Sound. Selecting more remote sites away from

anthropogenic development may show more significant

differences in microplastic concentrations. However, it is

possible that microplastic concentrations are influenced by

other factors, such as large-scale oceanographic currents

and other sources of anthropogenic disturbance (e.g.,

wastewater, boat traffic).

Although microplastic loads in cultured bivalves have

been relatively well-documented (Van Cauwenberghe and

Janssen 2014; Li et al. 2015; Vandermeersch et al. 2015),

comparisons between cultured and wild bivalves consumed

by humans are lacking in the literature. Mathalon and Hill

(2014) compared cultured and wild blue mussels (M.

edulis) on the east coast of Canada and found farmed

mussels to have significantly higher concentrations of

microplastics (178 particles/mussel) compared with wild

mussels (106–126 particles/mussel). In contrast, De Witte

et al. (2014) conducted a quality assessment of the blue

mussel (M. edulis) and also found farmed mussels to have

mean concentrations of microplastic fibers (0.35 fibers/g)

that fell between values for wild mussels from two loca-

tions along the Belgian coast (0.26 fibers/g and 0.51 fibers/

g). In contrast, our study’s farmed Manila clams had

1.7 ± 1.2 particles/g (or *12 particles/clam), and wild

clams had 0.9 ± 0.9 particles/g (or *9 particles/clam),

which falls within values reported by De Witte et al. (2014)

and Mathalon and Hill (2014). Differences in lab pro-

cessing methods, study location, and the biology of clams

versus mussels may explain the differences between these

studies and our study. Specifically, mussel farming meth-

ods differ from those used to grow clams. Most east coast

mussels are grown by long-line (Fisheries and Oceans

2015). The fraying of plastic-based ropes in close contact

with growing mussels may influence the amount of

microplastics ingested compared with other methods with

fewer plastic structures (e.g., bottom or rack culture).

Qualitative features such as microplastic type and colour

also can provide insight into potential plastic sources.

Overall, fibers were the dominant microplastic type in our

study, accounting for 90 % of the microplastics docu-

mented. Desforges et al. (2014) have documented a similar

proportion of fibers (*80 %) in waters surrounding Van-

couver Island, particularly in nearshore regions, most of

which were blue, red, black, and purple fibers. The most

commonly observed fibers in our study were colourless

(36 %), followed by dark gray (26 %); in contrast with

Desforges et al. (2014), blue, red, and purple fibers were

considerably lower in abundance. Of the gray fibers

recorded, 87 % were from farmed clams. It is possible the

source of these dark gray fibers is the black anti-predator

netting (APN) located directly above the clams, although

without spectroscopic analysis (e.g., FT-IR) this cannot be

verified. It has been suggested that clams might have

highest concentrations of blue fibers due to the widespread

use of blue polypropylene rope used on oyster farms
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located near clam farms throughout Baynes Sound (Ben-

dell 2015). In Bayes Sound, blue fibers and particles have

been found in sediment samples, although other fiber and

particle colours were not reported (Cluzard et al. 2015).

Blue was one of the least-common fiber colours found in

our study, accounting for only *6 % (n = 28) of the total

observed fibers. The preliminary results of this study

indicate low abundances of blue fibers are making their

way into benthic organisms, but further analysis of water

and sediment samples, as well as spectroscopic analysis is

required.

Determining environmental microplastic contamination

of field-collected organisms is difficult due to the multi-

tude of potential contamination sources, and the subjec-

tivity of identifying microplastic particles under the

microscope. From our blank control trials, we recorded an

average contamination of 5.8 ± 2.2 particles/filter paper.

Farmed clams had an average concentration of 11.3 ± 6.6

particles/clams and wild clams had an average of

8.4 ± 8.5 particles/clam. If we adjust these biological

samples by our contamination rate, the microplastic con-

centrations decrease to only approximately 5.5 parti-

cles/cultured clam and 2.6 particles/wild clam (*51 and

69 % ‘‘proportion of contamination,’’ respectively).

Mathalon and Hill (2014) reported contamination of

*100 particles/filter paper and concentrations of 178

particles/farmed mussel and 106–126 particles/wild mus-

sel (*56 and 79–94 % ‘‘proportion of contamination,’’

respectively). Therefore, our ‘‘proportion of contamina-

tion’’ is within the range of contamination reported in

previous studies (although mussels and clams have dif-

fering physiology). Another important source of error lies

in the use of microscopic analysis of microplastics. Song

et al. (2015) reported that microscopic analysis underes-

timates abundances considerably compared with spectro-

scopic techniques (e.g., Fourier-Transform Infrared

Spectroscopy [FT-IR]). As well, microscopic analysis

underestimates fragments but overestimates fibers (Song

et al. 2015), which could account for the large proportion

of fibers noted in this study and others (Desforges et al.

2014; Mathalon and Hill 2014).

Due to the importance of the global shellfish farming

industry, future work should incorporate all economically

and environmentally important bivalves (clams, mussels,

and oysters), as differences in bivalve physiology may

affect the degree of microplastic consumption and reten-

tion. Bivalve depuration studies should be undertaken to

determine if there are options to mitigate human exposure

to microplastics through the consumption of shellfish. A

rapidly expanding portion of the microplastics literature

includes the physiological effect of microplastics in field

organisms; further studies determining thresholds of tol-

erable microplastic concentrations and measureable

genomic and physiological responses should be a priority

to help address this pollutant.
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