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ABSTRACT

The disposal o€opper(Cu) mine tailings unto the seafloor afteseparatiorof target minerals
from ore during mining ®ults in the accumulation of heavy metals above background
concentratioa Microplastics (MP) in the environment can adsorb metals, potentially leading
to combined toxicological effects of MP and metdle goal of the present sy was
thereforeto investigate the effect of Cu apdlyethyleneMP on blue musselsMytilus edulig
using Curich mine tailings and dissolved G 6 0).Mussels were exposed for 3 days without
feeding to eight differentreatments These were control (C), low (L) and high (H)
concentrations of dissolved Cu, MP alone (M), mide tailingsediments from Repparfjorden
(T), a mixture of old mingailings andMP (TM), newly processed drill core from the Nussir
mine (FT), and a mixture of MP and high Cu (MW)icroplastics accumulation in the soft
tissues and Cu accumulation in the digestive glands of mussels were meastir@grolysis

gas chrom@graphymass spectrometry (RyC-MS) andinductively coupledplasma- mass
spectrometry ICP-MS), respectively Nitric oxide production and phagocytic activity of
hemocytes were measured as biomarkeng diffelent treatments resulted in no significant
effects on Cu accumulatiorwith highest levels found in mussels exposed to low levels of
dissolved Cu (L)No significant effects were observed for the immune parametiheough
exposure to L and H resulted ilgh and low production of NO, respectiveRurthermoreno
significant combined effect of the @nine tailings and microplastics were fouR@dctors such

as lack of feeding and short exposure time might have influenced the.résdhsr studies on

thecombined and single effexxdf Cu-rich minetailing and MPon mussels are recommended.

Keywords: Mytilus edulis Microplastics Copper Phagocytosis, Nitric oxid&§ubmarine mine

tailings



1.INTRODUCTION

1.1  Project and relevance

This projectaimedto investigate the biological effeodf copper(Cu)-rich mine tailingsand
microplastics (MP) on blue mussels(Mytilus eduli§. The researchinvolved laboratory
exposureexperimerg andthe use oimmuneresponsg such asitric oxide productionand

phagocytosiss biomarkers

Repparfjordend one of the fjords used for the disposal of mine wadt®rway. The ford has

been designated as a finational s ®uenoothis f j or d
designation, many concerns were raised whegtantpermit was granted fahe disposabf

Curich tailingsfrom the Nussir minén the Repparfjorden. Among the opponents to this were

various scientific insttutions (e.g. High North Research Centre for Climate and the
Environment Framsenteret, 20}8civil organizationge.g. Naturvernforbudet, 2019, local

inhabitants, and the Sami Parliament representing indigenous Sami (héagde 2018)

Furthermore, the Environmental Impact Assessment (EIA) conducted by Nussir AS for the
project indicatedimedium negative consequencasthe marine Bvironment in the near zone

and minorconsequences the middle and far zones. Of particular interest in the EIA are the
fimedium negative o0 n s e q of the sutemarine tailings disposal on species oflsaitiom

fauna in thesublittoral zoe, as well ashefislightly negativee 0 n s e q anspedes diversity
among zooplankton, and its associated effectsplanktoneating fish The EIA further
anticipatesa "medium / large negative" consequence for the spawnieg anda "medium
negative" consequence ftire rearing area for fish in the RepparfndChristenseret al.,

2011)

Although the EIA indicated a very low impamt the environment with the est@éiiment of an
ortland landfill as compared to submarinsmbsal, a permit was granted for the elshiment
of submarine disposal of the mine tailinghe EIA identified the most important
remediatiofmitigationmeasursastheestablishmenvf new bentic communities and habitats
for benthic fishafter cess@n of operationsas wellas limitingthe spread of metals from the
disposal site during operations. The EIA further proposed a progiEoding leakage and
aging testschemical monitoringmonitaring of the particle concentration in the fjpmetal
concentrations in discharged sediments, anditoring of metal levels in the marine food chain
(Christenseret al., 2011).



Due to the ongoing agitations against the project, aftie@runderstand red document the
biological effects of xenobiotic exposurm the fjord, biomonitoring and scientific
investigations of the fjord are highly relevant. This study is a contribution to the body of

scientific knowledge on thecological situation in the Repjarden.

1.2 Problem

Mine tailingsareby-producst producedafter theseparatiorof target mineals from ore during
mining. In countriesthat allow submarine tailings disposal, large volunwstailings are
produced from mineand deposited into marine environments for storage. This disposal method
of mine talings is practiced irfNorway, especiallyin fjords. This method is known toave
detrimental impacts on aquatic bigiurd, 2002Neira et al., 2015)

The characteristicand ubiquitous presencé MP (Wright etal., 2013 Anbumani & Kakkar,

2018 in the environments a cause of concern for many environmental and scientific
institutions. Its effect on marine fauna is an area of significant research and it has been
postulated to havdetrimental effec suchas bioaccumuladh, biomagnificationmortality,

and loss of species diversityalko et al., 200pbwhen no mitigation and remediation measures
areconsideredUnpublished data from the Institute of Marine Research, Norway esj{{the
unintended discovery of) theresence of MP amongst fish eggs in about 25%amples
collected from Repparfjordein a study on the quantification of fish eggs in the fj{dahl,

2018) Plastic debris of about 14 mm in size was discovered todsem amongst collected

plankton samplemdicating the presence of MP in fjords in northern Norway

The combination of MP (from both long and sh@mge transport) and elevated metal
concentrations from mine tailings potentially presents significaks i@ marine flora and
fauna.As thefjord is important for its fisheries potential for Norwegian adhEfishers any
long-term contaminatiomayhave adverse impacts not only on #ugiaticbiota but also have
significant economiempacts on thsethatrely on it for their livelihoodsshould fsh stock be

depleted in the fjord



1.3 Project Aim and objectives

Whereas there have been several studies on the effétisaafiMP using mussels and fish as
bioindicators, this present study is the fitgtconsider the interplay betwe€u from mine

tailings and MP using mussels as bioindicators.

The main ainof this thesisvasto studypossble immunologicaleffectsof Cu-containingmine
tailing sedimentn blue musselsand whether cexposurewith MP affect thebiological

responses
To achiere this aim, the following objectivegereset:

U measure the accumulation of Cu and MEhm mussels

a measurghe immune responsd# musselexposedo Cu and MP

The following hypotheses were tested:

a The immunobgical effect of Cu is not affected by MP mussels cdreated with Cu
rich mine tailings and MPHo1).

a Cu accumulationin the digestive glarslof mussels exposed to high concentratioh
dissolved Cu alonis not higher than theombinedexposure of hyh concentrationof
dissolved Cu and MPHoy).

14 Mine waste disposal & microplastics

Mining is an essential industry involved with the extraction and processing of economically
valuable minerals or geological materials from the edttrhas been imptant in the
development of human sogrefrom antiquity to the present dagreating employment
opportunities and providing metals needed for divers€hesaly, 1979 Richards, 2009)The

mining of mineralseither in the artignal or industrial fashion gdone in mat countries around

the globe.The exploration of minerals in Norway is growing rapidly with new sites being
commissioned for exploratiofikvassnes & Iversen, 2013)ccording b World Mining Data

(2020) there was an 89% increase in the tomnaf materials mined globally (excluding
bauxite) from 1984 to 2018 (see Fig. 1). This represents a remarkable growth in the industry
and significant contributionso the economic growth and wellbeirg the countrie (and

corporations) involvedVith thisincrease in global mining activitomes significant increases

5



in the volumeof (contaminated) waste products which must be carefully managed to reduce its

impact on the environment.
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Figure 1. Global mining production (excludirbauxite) from 1984 to 2018. Chart plotted from publicly
available data athttps://www.worldminingdata.info/?World_Mining_Data__Da_Section(World

Mining Data, 2020).

Issues on the volumes of plastic materials in the environment and the long term itripects

on several earth systems have also been in sharp focus and the attention of much research in

recent year¢Barneset al, 2009 Li et al, 2016 Hermabessiere et al., 201 Data published

by Geyer et al. (2017showa marked increasa the global generation and disposal of plastic

from 2000 to dee, and this trend is predicted to aecate over the next 30 years (see Fig. 2).

The global use, indiscriminate disposal, and large production of gldste led to the

widespreadpresenceof MP in the marine environment, exacerbating already contdedna

marine ecosystems.


https://www.world-mining-data.info/?World_Mining_Data__Data_Section
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Figure 2. Cumulative plastic waste generation and disposal showing historical data and projections to

2050. Image reproduced fro@eyer et al. (2017)

1.41 Mine tailings & microplastics

The waste produced after tbeparatiorof targetmineralsis called mine tailings. Mine ilangs

are often a slurry with higlvate content and fine sedimentkindsay et al. 2015 Starke,

2016) The tailings may contain trace metals, residual reagents added to separate and
concentrate the target metadsd reagents added to increase ftbeculation of the tailigs

upon disclarge. A visual representation of submarine mine tailings disposal and MP presence

in the marineenvironment is presented in (FB).
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Figure 3. A model illustrating the disposal of Guine tailings from amine processing pht and the
transport and sedimentation of microplastics in the marine environment

1.4.2 Submarine tailings disposal

Submarine mine tailing disposal (STD) is one of the three different types of mine tailing
disposl in the sea includop coastal tailingdisposal and deegea tailing placement, which
results in the accumulation of heavy metals above background concentrations in the marine
environmen{RamirezLlodra et &, 2015) It refers tothe disposal ofailings unto the seafloor
through underground pipelis@t relatively shallowl{etween 50 and 15@) but submerged
deptls (Skei& SMC, 2014) The general principle for disposal is to avithe tailings having
animpact on the upper watéayer, where primary production occy3old, 2014;Ramirez
Llodra et al., 201p Norway is one of the few countries including Chile, Indonesia, and the
Philippines that currently practies STD regardlessof its environmental issues anithe
uncertaintiesn predicting its longterm effectCornwall,2013;Dold, 2014 RamirezLlodra

et al., 2015 Currenly, Norway haseverahlctiveand inactivemine tailings disposal sit¢see

Fig. 4) (Kvassnes & Iversen, 201BRamirezLlodra et al., 201p The main objective of mine
tailing storages to minimize envionmental andgocial impacts with negligible public akh

and safety risks by ensuring that tailings are physically stable and chemical{ipoid;t2014)

The disposal of mine tailings into the marine environnteagboth positive and negative

consequence



It is advantageous because mine tailings are geotechnically stable on thitooc&aeposited

in a depression or cany@amdrequireminimal land usage in situations of limited land space as
observed in NorwayFurthermore, littldong-term maintenances required after disposaind
they are less vulnerable to oxidation resultilg reduced relea&s of toxic metals to the
environment Erankset al., 2011Cornwadl, 2013;Dold, 2014.

Conversely, sbmarine mine tailingidisposal inpacts the marine environment negativieyy
destroying habitats, changing the topography of the seafloor, smothering biota especially
benthic sessile fauna and infauna such as bivalves and polychaetes, risk of bioacmuwiulati
heavy metals affecting spes abundance and diversity with potahtiuman health risk in fish

and shellfish consumptigrmstrong et al., 2012)old, 2014 RamirezLlodra etal., 2015
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Figure 4. Map of Norway showing locations of active and some inactive STD sites across the country
based on Kvaes & Iversen (2013) and Ramiigpdra et al.(2015).

9



1.5 Study area

Repparfjorenis a fjord locatedn the Hammerfesnunicipality of Finnmark countyNorthern
Norway. There has bee@u mining at different periods in the municipality, however, large
scale operations started in the 1970thvapproximately one million taves of Cu-enriched
tailings being subsequently distiyed at the inner fjord of Repparfjordé&vassnes & Iversen,
2013; Mun et al., 2020 The fjord is influenced by a river called Repparfjordeitach forms
the fjord head andlows out to the open ocean through Kvalsundet and Sarmandss The
length, width and areaof Repparfjoreén are approximately 13 km, 4 km, and 37 km?
respectively.The fjord is characterized by rainner and outer lsin separated by a sill
(Marthinussen, 195. A map of the study area is shownFig. 5.

A permit has been granted to a local mining company, Nussir ASAh&éyNorwegian
Environment Agency for the continual disposal of mine tailings into a new restricted area in the
fiord. The permit allows for the annual discharge of up to two millios ébmine tailings over

a 30year production periotb have startedrom the year 2019Pedersen et al., 2017)he
project has, however, been delayed and is expected to begin in 2021.

10
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1.6  Previous studies

Although studies on the Repparfjordarerelatively scant, there exssa relatively large body
of research on the biologicaffects and consequences of marine tailings disposal onihiota
otherfjords in Norway

A toxicity study conducted b¥illicrap et al. (2011 determined a Lowest Observed Effect
Concentration (LOEC) fomine tailings from Nussir ASA at 100% v/v and a No Observed
Effect Concentration (NOEC) at 32% v/v (v/v: mine tailivgater). The algaSkeletonema
costatum(primary producer), the benthtopepa Tisbe battaglia(primary consumerjpnd the
polychaetevorm Arenicolamarina(deposit feeder) representidgferent trophic levels in the
marine environment were used as bioindicators in the study.

Sedimentological and geochemicahalysisof sedimentcores in Repparfjordeshoweda
restricted distribution ggern of tailingsaffected sediments to a small area of the inner fjord
and to a discrete layer of the outer fjord close to themiith separagsthe inner and outer
flord. The study concluded on a probable exposure of Cu tedblegical communitiesfahe
inner fjord due to the presence of the tailkadfected sediment in layers up to the sediment
water layer(Sternal et al., 2017)

A mineralogical and geochemical studynducted byMun et al.,(2020 determined high Cu
corcentratiors (up to 747.7 ppm) in the uppermost 9 cm sedisienRepparfjorden. The gh

Cu concentratiosiin sedimerg were attributed to the disposal of Cu mine tailings. The low
total organic carbon values obtained in the study showed the impact airsudmine tailings
disposalon benthic biotgMun et al., 202Q)

Rodaet al, (2020 showed the interaicin between Cu and MRlany studies have also shown
the adsorption of Cu on MREherefore highlighting the relevancef monitoring marine litter
and heavy metal®avarpanah & Guilhermino, 201Brenneckeet al 2016 Qiaoet al, 2019)
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2. BACKGROUND

2.1 Marine pollution

The marine environment has been subjectethtbropogenipollution causing changes in the
physical andchemicé properties of thenvironmentor a long time(Bergmanret al, 2015)

The physial and chemical environmentalchanges including alterations in temperature,
salinity, pH, turbidity waterchemistry, colorand gas conteptnay; in turn,affectmostaquatic
biota. Anthropogenic activities such asning (RamirezLlodra et al.,2015) discharge of
sewage effluentAl-Musharafi et al, 2013)ndiscriminate disposal of plastic wagtebreton

& Andrady, 2019) urbanization and industrializatiofWwwang et al., 2013)mpact marine
ecosystems at the global scaded all levels of complex life(Nogales et al., 2011)
Anthropogenicactivities releaseontaminantsuch as heavy metals (e.g. Cu, Hg, As, Pb, Cd,
Co, and Ni) and plast debriswhich may bioaccumulateandbiomagnil in marine organisms
and present potential threat to the marine ecosyst@arnes et al., 20QRainbow, 2002)
Figure 6 shows the global distribution of different types/sources of pollutants in the marine

environnent.

@ Biotic

@ Fisheries (metal)
" Fisheries

@ Glass/ceramics
@ Metal

@ Miscellaneous types
® Paper/cardboard
® Rope

@ Textiles/fabrics
@ Timber

@ Cigarette buds
@ Fisheries (plastic)
@ Plastic fibers

@ Plastic film

@ Plastic pellets

@ Plastic

0 Styrofoam

@& Other

Figure 6. Global composition of marine litter as of 2020 from the Alfred Wegener Institute Helmholtz
Centre for Polar and Marine Resear€AWI-Litterbase, 2020)
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2.2  Immuno-toxicological effects of Cu

Copperis acommonnaturaly occurring substance in the earth's crliss a heavy metakith

a density greater #m 5 g/cm3 According to the Norwegian classification system of
contaminants, the background centratios of Cu in seawater and sediments a1@3 pg/|

and< 35 mgkg, respectively. At concentrations of7>7 pg/land >220 mg/kgin seawater and
sedimens respectively, a class five (V) level of severe acute toxic effect is attained
(Miljgdirektorat, 2016.

Background concentrations of Cu in seawater and sedimentimgduitm the weathering of
Cu-bearingparent rocks and theorcentrationsvary among dferent localitiesbased on the
local geology Copperconcentrations in bothewly processecdhine tailingsand minetailings
depositedin Repparfprden in the 1970swere discoveredto be above the Norwegian
background level®f Cu concentrationsn sedimat with the potential of causing adverse

effectsin the marine envonment(Pedersen et al., 2017)

Non-essential heavy metals such as mercury, ,leatl thallium are toxic even atlow
concentrations. Conversely, essential heavy metals includirayeieeded to maintaiionic
balance, metabolism and form an integral part of amina,auigtleic acidsand other structural
compoundgValko et al., 200k Copper anessential micronutriens necessary for metabol
processes, physiological functigasid formsa cefactorof many important eryames involved

in severalvital biological processed-or example cytochrome coxidasewhich actsas an
enzymatic cefactor in cellular respiratioin eukaryots, and Cu/zinc superoxide dismase
(SOD)enzymeghat provide cellular defense agairsaictiveoxygen specieROS)(Gaetke &

Chow, 2003) Copper however, becomes toxic at elevated levels causing acute and chronic
effects.Long-term exposure anatcumulationof Cuin aquatic organismsauses effectsuch

as impairment of feeding mechanissn(Nicholson, 2003) alteration ofgrowth rates and
reproduction(Fitzpatrick et al, 2008) and oxidative stresgLushchak, 2011Gomes et al.,

2012. Human activities such as mining, smelting, industrial and domestic waste emission, use
of antifouling paintgDafforn et al., 2011Bighiu et al., 201), and sewage sludd€jallborg &

Dave, 2003Yesult in elevated levels of Cu in the marine environniBlidssom, 2015)High

Cu concentratinsin sedimentsrereported to have a negative correlation with species diversity

of benthic fauna, such that among the 50 most frequently occurring species, 20 were missing
from Cu polluted (Cu> 200 ppm) stationsNiorwegianfjords (Rygg, 1985) By comparison,
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the concentration of Cu in thegpper 9 cm othe Repparfjordenailing sedimentshas been
measured to b&47.7 ppm (Mun et al.,2020) The toxicity of Cu is primarily due to the
imbalance between the production of qmadants and the generation of antioxidants to
detoxify theROS termed as oxidative stre@slora et al., 2008)Copperis a redox metal and
its participation in Fenton and Hab®eiss reactionscatalyzeghe formation oROSleading

to oxidative stres@_ushchak, 2011Gomes et al., 202

The Fenton and HabéWeiss reactiomplays a significant roleniROS productionn which Cu
due to its multiple valence statesact with molecular oxygerto produce ROSDaset al.,
2015). Molecular oxygen({ ) reduces or gain electroteading to the formation of superoxide
(0 ) which often produces other ROS such as hydrogen peroX@e (, hydroxyl radical
J0 "O andperoxynitrite 0 0 0 U (Lushchak, 2011) Coppershifts between cuprous(06)
and cupric@ 0 ) ionic forms due to their oxidative and reductive charactesistioe majority
ofthebody 6 s Cu i s Duringtthe EentcamgpHalecWefssmactionof Cu (see
Equations 13), cupric ionreducesto cuprous ion ad subsequently prodes ROS causing
oxidative stresgCuypers et al., 2010)

00 0 © 00 0 - Egn1
Fenton 06 ™00 % 066 J 0 00 - Eqn 2
Haber Weiss 0 00 © 0 J O 00 - Eqn 3

Reactive oxygen specidsave essential roles in cell signaling, apoptosis, gene expression, and
ion transportation but excess levels cause damaging effects to tissues and cells such as lipid
peroxidation, DNA lesions, and mutatifrushchak, 2011)

Coppertoxicity is dependent upon its availability and the physicochemical prepeftthe
particularenvironment such as pH, water hardness, organic contentaisdisediment type
(Campbell et al., 2014)
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2.3  Sedimens containing Cu

Sedimergact as a sink for pollutangsredominantly metal#letalsareremoved from the water
column into sediments bgomplexation,precipitation and adsorption processé@sorstner,
1979 Flemming & Trevors, 1989 The omplexation mechanism controlshe form and

conentration of dissolvedu (Abbasseet al, 2003) Preeipitation or dissolution of € is
determined by theconcentration of the ionand thesolubility prodict constants (kp).

Adsorptionis significantin the removal of dissolved Cu fropolluted surface waters ultiméye

into sedimentswhae Cu is adsobed to living and nodiving particdate matter These
processes and thesultant mobility, speciation, partitioningnd bioavailability of Cu are
dependent on the natural environm@dsdhhs,2004; Ivanina et al., 201,3Thomas, 208).

Some otheseenvironmental factorarepH, nature of the sorberatnd concentration of organic

and inorganic ligand@/iolante et al., 2010 Coppethas a strong affinity for complexation with
organic ligands such as humic substances, dissolved organic matter, and bacterial particles
(Neff, 2002;Abbasse et al., 2003The hidh content of Cu founchithe soft tissues of mussels
collected from the Norwegian Sea off Spitsbergen and the Baltic Sea off Poland was attributed
to the relatively highbioavailability of Cu due to the formation of complexes with humic
substancegPempkowiak et al., 1999Another field study on the benthic colonization on
polluted sedimestin the Oslofjorden reported thatCu in experimental doses of 44®%00

mg/kg impacted the colonization of several taxa as a result of the increased bioavailability of
Cu in sediment witlalower concentration of organic carbffrannum et al., 2004The toxic

effect of Cu increases at low pH and salinigcreasing salinitylecreags precipitation of the

metal ionsthereby increasing the concentration of the dissolved metal. iDesreasing pH
impacs biota living in a contaminated environmenttty increasingthe bioavailabilityand

toxicity of many pHsensitive metalsuch aCu (Ansari et al., 2004L.ewis et al., 2016

The ability of Cu to adsorb toMP may cause synergistieffects inaquatic livhg organisms
(Davarpanah & Guilhermino, 2018iao et al., 2019 Synergism igdlefinedastwo or more
chemicalsexerting darger effect thampredicted(Cedergreen, 2014 a study ofpopulation
growth with microalgae Tetraselmis chuii the asorption of Cu topolyethyleneMP was
confirmed(Davarpanah & Guilhermino, 20133odaet al.(2020 concluded ortheinteraction
betweenCu andpolyethyleneMP and the deleterious effec{genotoxic, neurotoxic,and
physiolayical) caused byhe uptake ofCu andpolyethyleneMP both alone and combinedn
Prochiloduslineatus The uptake of Cu adsorbed btP aggravates toxicity via inhibition of
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Cuwion transport and enhanced oxidative strébgewidespread presence WP in the marine
environmentsignificantly affects the bioaccumulation, homeostasand toxicity of heavy

metals(Brenneckeet al, 2016)

24  Microplastics and their toxicity

Microplasticsare plastic debris or particleangingin size from0.1 to5 mm inther longest
dimension(Cole et al., 2011Bréte et al., 201 Pl ast i ¢ contami nati on i n
has emerged as a consequential issue due to their mass production and usage, indiscriminate
disposal,ubiquitous distribution and loAgange trangort potential, persistenc&and most
importantly the potential threats they pose to marine organisms and ecosystéonsani &

Kakkar, 2018) Microplasticshave been identified in many environmental matrices globally
including surface water, beaches, marine biota, consuswsnleced from the seand deep

sea sedimen{Law & Thompson, 2014)The physical behavior (i.e. migration, sedimentation,

and acamulation), chemical behavior (i.e. degradation and adsorption) araehavior (i.e.
ingestion, translocation, and biodegradation) of MRtrdloute to their negative impacts on the
marine environmer{Vang et al., 201@rate et al., 201)7Microplasticdeachtoxic substances

such asmonomers anglastic additives, capablef causiy carcinogenesis an@ndocrine
disruption(Hermabessiere et al., 201Theyact as vectors for the adsorption of hydrophobic
organic pollutants and heavy metal iohe to their large area to volume ratimd hydrophobic
propertiesThe hydrophbicity of plasticfavorsthefouling of pollutant§Artham et al., 2009)
Microplastics polymer type, shape, size, density, and chemicapasition influencethe

fouling of pollutants Microplastcs have beenshown to induce harmful effecs such as
oxidative damageof cellular componentwia the production o ROS altering antioxidant
capacity genotoxicity,neurotoxicity,biochemical, physiological, behaviorahd histolgical
response§Anbumani & Kakkar, 2018Roda et al.202Q Santos et al., 2020)
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25 Mussels

25.1 Biology andhabitat

Blue mussels are active filter feeders pumping and filtering large volumes of water over their
ciliated gills. They feed mainly on unicellular algae, bacteria, and organic materialg. The
spawnwhen foodavailability is highand excrete excess foad pseudafeces particlesThey

are attached to rocks and other hard substrates using their byssal thread. Eueyhatene
organismsfound in a wide variety of ecological niche, ranging from the littoral to shallow
littoral. Theycan tolerate and adaptuarying environmental parametgfSanada Fisheries and
Oceans, 20Q3Beyer et al., 2017)

25.2 Mussels as bioindicators

Mussels areftenused as bioindicators for assessing the environmental quality of seawater and
for pollution monitoring(Rainbow, 2002Beyer et al., 2017;i et al., 2019) They are ideal
bioindicators due to tlreavailability and abudance hardiness (easy to keep in culture and
suitable for ecotoxicological laboratory exposure studies), sessile nature, filtering feeding
behavior, ability to provide an integrative measure of the concentration and bioavait#bility
pollutants due to #ir ability to absorb and accumulate pollutant with limited biotransformation
(Beyer et al., 2017Mussels ee good model organisms in revealiltP uptake, accumulation,

and toxiaty (Li et al., 2019)andshow greateresponses in toxicitiestswith sedimerd (Besser

et al, 2009 Lusheret al, 2017. Mussels clear MP with the same extent tiaod items
(microalgae) of similar sizéFernandez & Albentosa, 2019 visual repreentdion of the

major internal features of mussels is shown in Fig. 7.
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Figure 7. A visual representation of the dorsal, posterior, and ventral part of mufBajare
reproduced fronCanada Fisheries and Oceans, (24J03)

A complex balance between contaminant uptake and depurdétarmineswhether a
contaminant at angiven time will concentrate or depurate in muss@eyer et al., 2017)
Uptake is facilitated by three mechanisms including passive diffusion, active transport or
endocytosis, and the formation of mirlemad granulegBeyeret al., 2017) The qill tissuds

the main siteof dissolved metalsiptake where metals are bound to metallothionein (MT),
incorporated into lysosomes, and released basally towlaeddood plasma and circulating
hemocyte (Marigdbmez et al, 2002) Particulate metal uptake occurs predominartyy
endocytosisn thedigestive systenof musselgMarigémez et al., 2002T he uptake anddsue
accumulation of absorbed methlsmusselsiepend orseverafactors including essentiality of
the specific metal, chemical speciation duratitime concentrabn of the exposurebiological
factors such as body size, sex, nutritional and reproductive status of narsgeisvironmental
factorssuch assalinity, emperatur@and organianatter concentratioWang & Fisher 1999
Ranbow & Luoma, 2011)Higherlevels of metalconcentrationsverefound to accumulate in
the digestivegland thann other tissues (gills, mantle, and foot)a studyconductedisingthe
greenlipped musselPema canaliculugs a bioindicator for coastal contamination New
ZealandChandurvelart al., 2015)

The digestive gland is the main tissue for mstaiaye in bivalves since it is consequential for
the detoxification of meta(Wallace et al., 20Q3NVanicket al, 2012. Mussels detoxify metal
by binding active metal ions withijoroteirs suchasMT anddepositing them in insoluble forms

in intracellularorganelleglysosomes)Lysosomes are membrabeund organelkinvolved
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