
17 The plastic ocean: widespread distribution of microplastics in
coastal British Columbia     P.S. Ross, Vancouver Aquarium / Ocean
Pollution Research Program; J.W. Desforges, University of Victoria /
Earth and Ocean Science; J. Fong, Vancouver Aquarium; M. Galbraith,
Fisheries and Oceans Canada; W. Szanizlo, Vancouver Aquarium. 
Microplastics represent an emerging concern in the marine environment,
with recent findings revealing widespread occurrence throughout the
world’s oceans. However, relatively little is known about the sources of
these particles. We are carrying out research to characterize the source,
transport, fate and effects of microplastics in coastal British Columbia
(BC), consisting of studies of i) microplastics in sea water and biota in
the NE Pacific Ocean and ii) debris along the BC shoreline. We recently
observed subsurface seawater microplastics (62 µm to 5000 µm) in the NE
Pacific Ocean at concentrations reaching 9200 particles/m3. Fibres
accounted for approximately 75% of enumerated microplastic particles,
but were higher nearshore than offshore (p< 0.05). Lowest
concentrations were in offshore Pacific waters, increasing up to 27-fold
in nearshore waters adjacent to urban centers. Although this is consistent
with a dominant contribution of land-based origins for the majority of
the microplastics observed, the specific sources are unclear. Some may
originate from the break down over time of larger consumer products.
For example, data from the 2013 Great Canadian Shoreline Cleanup
reveal the near-field extent of macroplastic litter along 1,250 km of
coastal BC to be 43 kg of debris per km. Top ranked items included
cigarette filters, food containers, plastic bags, container lids, glass
bottles, paper bags, cutlery, cans, building materials, straws, plastic
bottles, and cigar tips. While the impacts to ocean life from
microplastics are presently unclear, entanglement by macroplastics,
including packing straps, fishing nets, and lines, continues to represent a
very serious problem for marine mammals in BC. As many as 300
California sea lions and Steller sea lions along southwest Vancouver
Island were found to be entangled in marine plastic debris between 2005
and 2012. The number of entangled sea lions seems to be increasing in
the region, with the most sightings (114) observed in 2011. Collectively,
these results highlight the need for additional information on putative
sources of all types and sizes of plastic debris in the oceans, something
that would facilitate mitigation of a multifaceted and far-reaching
conservation threat. 

18 Modeling the Fate of Nanoplastic and Microplastic in rivers     E.
Besseling, Wageningen University & Research Centre / Aquatic
Ecology and Water Quality Management Group Department of
Environmental Sciences; J. Quik, RIVM; B. Koelmans, WUR.  E.
Besseling†,‡, J.T.K Quik† and A.A. Koelmans†,‡ †Aquatic Ecology and Water
Quality Management Group, Department of Environmental Sciences,
Wageningen University, P.O. Box 47, 6700 AA Wageningen, The
Netherlands ‡IMARES – Institute for Marine Resources & Ecosystem
Studies, Wageningen UR, P.O. Box 68, 1970 AB IJmuiden, The
Netherlands A key pathway of plastics to the marine environment is the
transport from land based sources by rivers. Present detection methods
are insufficient to relate environmental concentrations of primary and
secondary plastics to product emissions and to assess exposure in
general. Therefore, exposure assessments have to rely on models. Fate
and transport models for nano-, micro- and millimetre (NMM) sized
particles can further support the understanding of retention of plastics,
transport to sea and exposure to aquatic organisms. Here, we present a
spatially explicit model for NMM polymer particles implemented for a
river stretch. The model accounts for advective transport, homo- and
hetero-aggregation, sedimentation-resuspension, polymer degradation,
bio fouling and burial. The model was parameterized by use of
experimental data as well as literature data. Model behaviour was tested
by varying particle radius from 100 nm to 10 mm, for polymers of
several densities and at varying extents of bio fouling. Spatially explicit
versus uniform scenarios were compared. It appears that particle size,
polymer type and biofilm formation have dramatic effects on the fate
and retention of NMM sized polymer particles in the river catchment
and on the positioning of accumulation ‘hot spots’ along the river.
Additionally, the spatial detail of the modelled system highly influenced
the predictive value of the model.

19 Microplastics in Estuarine Environments: A Case Study of
Charleston Harbor     J.E. Weinstein, The Citadel / Department of
Biology; H. Wertz, College of Charleston / Marine Biology; A.D. Gray,
The Citadel / Biology; R.C. Riegerix, The Citadel.  Current evidence
suggests that the presence of microplastic debris has the potential to
contribute to the decreased health and sustainability of estuarine species.
The overall objective of this on-going project is to characterize the fate,
transport and innate toxicity of macro-and microplastic debris to
ecologically important species of Charleston Harbor, South Carolina. To
estimate the amount and weight of macroplastic debris in the harbor,
local volunteers collected plastic debris as part of the South Carolina Sea
Grant-sponsored Beach Sweep in September 2013. At eight locations, a
total of 3,646 plastic items were collected yielding an average of 0.91
items per linear meter and an average weight of 14.04 g per linear meter.
The three most common polymers collected were polyethylene
terephthalate, polypropylene, and polystyrene. To determine the amount
of microplastic particles on the shoreline sediments of the harbor, the
intertidal and supralittoral zones at three sites were sampled using a
transect survey, followed by a density separation technique to isolate
particles. Preliminary data demonstrated a high proportion of expanded
polystyrene microparticles in the sediment. To assess the innate toxicity
of microplastic particles to grass shrimp, Palaemonetes pugio, a series
of toxicity tests were conducted. Developmental effects on larval grass
shrimp were assessed using two 21-day toxicity tests with 32 µm and 150
µm polyethylene microspheres. Median transformation times decreased in
a concentration-dependent fashion for both size classes. Mechanical
effects on adult grass shrimp were assessed using a 96-hour toxicity test.
Shrimp were initially exposed to one of five size fractions of
polyethylene microspheres (35, 59, 83, 116, 165 µm) for two hours to
allow for the uptake of the microspheres, then transferred to
microsphere-free water for 96 hours to monitor depuration and
mortality. Shrimp survivorship was a function their ability to depurate
microspheres from their gills and gut. Mortality occurred in a size-
dependent fashion, with the 83 µm fraction having the highest mortality
(40%). Collectively, these results demonstrate that microplastic particles
are present in the shoreline sediments of Charleston Harbor and their
presence may have negative effects on grass shrimp.

20 EFFECTS OF PVC AND PE EXPOSURES IN THE STRESS
RESPONSE OF MARINE MUSSEL P. PERNA     L.G. Goldstein,
Universidade de Sao Paulo / Physiology; M.F. Santana, F. Moreira, A.
Turra, Instituto Oceanografico  Universidade de Sao Paulo /
Departamento de Oceanografia Biológica; M.R. Custódio, Universidade de
Sao Paulo / Instituto de Biociências  Departamento de Fisiologia. 
Among all different pollutants, plastic debris is one of the main
environmental impacts caused by man, being found from beaches and
mangrove to gyres in the middle of the oceans. Macroplastics, with size
above 5mm, are the major plastic debris but microplastics, fragments
under 5mm are the one that can be most harmful for filter feeding
animals such as mussels and oysters. However, it is still debatable if its
effects are physical, due to the increase in indigestible particulate; or
chemical, due to the plastic additives such as phthalates or PCBs. To
study the impact that these components can have in these animals, the
brown mussel Perna perna (Bivalvia) was exposed, in the laboratory, to
two microplastics: white polyvinyl chloride (PVC) powder, used in the
manufacture of several products; and polyethylene (PE) microbeads,
used as abrasives in cosmetics. In one experiment the mussels were
exposed to each of the plastics in two concentrations (0.5 and 2.5g/l)
during 12, 24, 48 and 144 hours. A second set of mussels was exposed
to the same concentrations and times but the plastics were maintained
for 20 days in seawater under constant agitation before the experiment,
so possible additives could be removed. After both experiments, the
digestive glands of all organisms were dissected and the expression
levels of AIF, HSP70 and pp38-MAPK were assessed by ELISA. The
organisms exposed to PE showed increased levels of HSP70 and PP38
according to the concentration and period of exposure No alterations
were detected for AIF. With PVC, only HSP70 levels were significantly
increased after the period of exposure. No differences were observed
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between the results obtained with plastics directly introduced in the
aquaria and those previously maintained in seawater. KEYWORDS:
Microplastics, microbeads, cosmetics, polyethylene, white polyvinyl
chloride, marine pollution 

21 Impacts of Microplastics on the Biological Function of Hyallela
azteca     S. Au, Clemson University Institute of Environmental
Toxicology / Institute of Environmental Toxicology CUENTOX; S.J.
Klaine, Clemson University / Institute of Environmental Toxicology
CUENTOX.  Plastics impact almost every sector of our society.
Worldwide annual production of plastic has reached approximately 280
million tons in 2011, stimulating concerns regarding the release of
plastics into the environment. Plastics with a diameter less than 5 mm
have been classified as microplastics (MPs) by the National Oceanic and
Atmospheric Administration, and can originate from primary
(manufactured to be of microscopic size) or secondary (fragmented from
larger plastics) sources. MPs are in the same size fraction as most
sediment particles and microorganisms, allowing them to be easily
ingested by a variety of organisms. The consequences of MP ingestion
are largely unknown. Persistent organic pollutants also adsorb to the
relatively hydrophobic MP surfaces; the bioavailability of these
adsorbed organic compounds is also unknown. We characterized the
aging of MPs in the presence of organic carbon. This aging resulted in
an increase in specific gravity and a settling of MPs into the benthic
portion of the ecosystem. Differential microbial growth on biofilm
growth on aggregates that remain at the surface and those that are
transported to benthos is observed, which may contribute largely to the
transport and fate of microplastics in aquatic systems. The digestion and
egestion of MPs with biofilm growth was observed in the amphipod
Hyalella azteca, but did not result in significant mortality in acute
exposures. Chronic biossays are underway. We also characterized the
adsorption of the PAH, fluoranthene to pristine MPs. Adsorption
followed a Langmuir isotherm suggesting that fluoranthene formed a
monolayer on the surface of the MPS. The concentration of fluoranthene
adsorbed to MPs at equilibrium far exceeds the LC50 for fluoranthene in
H. Azteca. The bioavailability of this adsorbed PAH to H. azteca will
also be characterized.

22 THE ROLE OF MICROPLASTICS IN BIOACCUMULATION
OF ORGANIC CHEMICALS TO AQUATIC ORGANISMS     A.A.
Koelmans, Wageningen UniversityIMARES / Aquatic Ecology and
Water Quality Management Group; E. Besseling, Wageningen
University; E. Foekema, IMARES.  Pollution with plastic debris and
microplastic fragments has been recognized as a major problem in fresh
and marine water systems. It is generally assumed that microplastic may
act as a vector for transport of chemicals associated with the plastic
particles, like persistent organic pollutants (POPs) or additives, residual
monomers or oligomers of the component molecules of the plastics.
Considering the complex processes involved, modelling approaches
have been proven useful for the interpretation of experimental data as
well as for prognostic assessments of the possible hazards caused by
plastic ingestion. Model based scenario studies have helped to define in
which cases plastic ingestion may be relevant, dependent on plastic type,
chemical properties and species traits. Aim of this talk is to review the
existing empirical evidence for plastic-mediated bioaccumulation, and to
critically discuss the experimental and model approaches used to
quantify the effect of plastic on bioaccumulation of POPs and additives.
This includes a mathematical description of the processes at play, a
review of the model-based inferences described in the literature, novel
model simulations and an outlook to future work and recommendations. 

23 Assimilation of Polybrominated Diphenyl Ethers from
Microplastics by the Marine Amphipod, Allorchestes Compressa    
E. Chua, J. Shimeta, RMIT University; D. Nugegoda, RMIT University
/ School of Applied Sciences; P. Morrison, RMIT University; B. Clarke,
RMIT University / School of Applied Sciences.  Microplastic particles
(MPPs; < 1 mm) are found in skin cleansing soaps and are released
into the environment via the sewage system. MPPs in the environment
can sorb persistent organic pollutants (POPs) that can potentially be

assimilated by organisms mistaking MPPs for food. Amphipods
(Allorchestes compressa) exposed to MPPs isolated from a commercial
facial cleansing soap ingested ? 45 particles per animal and evacuated
them within 36 h. Amphipods were exposed to polybrominated diphenyl
ether (PBDEs) congeners (BDE-28, -47, -99, -100, -153, -154 and -183)
in the presence or absence of MPPs. This study has demonstrated that
PBDEs derived from MPPs can be assimilated into the tissue of a
marine amphipod. MPPs reduced PBDE uptake compared to controls,
but they caused greater proportional uptake of higher-brominated
congeners such as BDE-154 and -153 compared to BDE-28 and -47.
While MPPs in the environment may lower PBDE uptake compared to
unabsorbed free chemicals, our study has demonstrated they can transfer
PBDEs into a marine organism. Therefore, MPPs pose a risk of
contaminating aquatic food chains with the potential for increasing
public exposure through dietary sources. This study has demonstrated
that MPPs can act as a vector for the assimilation of POPs into marine
organisms.

24 Relationship between Persistent organic pollutant concentrations
on ingested plastic debris and tissue concentrations in Norwegian
Northern Fulmars.     D. Herzke, NILU  Norwegian Institute for Air
Research / Environmental Chemistry; A. Götsch, NILU  Norwegian
Institute for Air Research; H. Syslak, Norwegian University of Life
Sciences UMB; R. Kallenborn, NMBU; M. langset, S. Dalsgaard, T.
Anker-Nilssen, K. Fangel, NINA.  Plastic has become a major part of
the marine litter and may threaten marine ecosystems seriously. It is
found in all parts of the marine environment; on shores, in the pelagic
part of the sea column as well as on bottom. Marine litter is found in
unacceptable quantities along the Norwegian coast and the coast of
Svalbard, but knowledge to understand processes and effects are lacking
(KLIF report TA2753, 2011). Marine plastic can also act as a vector for
surface active hydrophobic chemicals polluting the oceans, becoming a
floating accumulation of toxins that are within reach of marine life (Rios
et al. 2010; Lindborg, 2012). In Europe, Northern fulmars have been
used for quite some time to monitor plastic ingestion by seabirds, due to
their longevity and spending almost their whole life off shore. Few data
exist for Northern fulmars from Norwegian waters, but the load of
plastic particles in fulmars beached in SW Norway is monitored
annually as a contribution to EcoQO monitoring implemented by
OSPAR (e.g. van Franeker et al. 2011). In 2012, 8 fulmars and in 2013,
76 fulmars were unintentionally caught as by-catch on long-lines off the
coast of Northern Norway and delivered to the Norwegian Institute of
Nature Research. Liver and muscle samples were collected together with
plastic particles found in the stomach of each individual. Plastic particles
were found in every bird collected in 2012, ranging from 1 to 27 pieces
(0.002 - 0.725 g). In 2013, 72% of the collected birds contained ingested
plastic. Both plastic pieces as well as threads were found in the
stomachs. Liver, muscle and plastic pieces were analysed for persistent
organic pollutants in selected individuals (2012: n=8; 2013: n=30). Birds
with a high, medium and no load of ingested plastic were selected for
comparison. Beached plastic litter was investigated in a similar way,
including DART-MS-TOF experiments to identify the type of plastic.
For the 2012 samples, liver and muscle tissue concentrations of
sumPCB, sumPesticide and sumDDT correlated well with r2 ranging
between 0.48 and 0.78. Plastic concentrations of POPs correlated with
the respective muscle and liver samples too, with muscle correlating
better than liver tissue for PCBs and DDTs, reflecting long-term
exposure (sumPCB in muscle: r2 =0.4, in liver r2 = 0.25;sumDDT in
muscle: r2 =0.81, in liver r2 = 0.20). Pesticides however, showed the
opposite, with sumPest in muscle: r2 =0.19, in liver r2 = 0.31, indicating
a fresh exposure.
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