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Abstract

The study of microplastic pollution involves multidisciplinary analyses on a large number of

microplastics. Therefore, providing an overview of plastic pollution is time consuming and,

despite high throughput analyses, remains a major challenge. The objective of this study is

to propose a protocol to determine how many microplastics must be analyzed to give a rep-

resentative view of the particle size distribution and chemical nature, and calculate the asso-

ciated margin error. Based on microplastic data from Tara Mediterranean campaign, this

approach is explained through different examples. In this particular case, the results show

that only 3% of the collected microplastics need to be analyzed to give a precise view on the

scale of the North West Mediterranean Basin (error ��5%), and 17.7% to give an overview

manta per manta (error ��10%). This approach could be an important practical contribution

to microplastic studies.

Introduction
Thecontaminationof themarineenvironmentbyplasticsisamajorenvironmentalconcern
andhasbeenthesubjectof anincreasingnumberof studiesandsurveyssince2000[1]. In this
context,TaraExpedition,aFrenchnon-profit organizationactingfor theenvironmentsince
2003,conductedmicroplasticsamplingfor 7 monthsin 2014acrosstheMediterraneanSea.
Theobjectiveof thisexpeditionwasto characterizemicroplasticcontaminationin orderto
betterdescribetheeffectsof plasticwasteon marineecosystems.In particular,theTaraMedi-
terraneanConsortiumis trying to evaluatethespatialdistribution of floatingdebrisin the
MediterraneanSea,to chemicallycharacterizethedifferenttypesof plasticsandto characterize
bacteriacommunities[2] aswellasthemicro- andmacro-organismsfixedon plasticparticles.
In thelongterm,thescientificknowledgeprovidedby thisprojectwill makeit possibleto bet-
ter targettheactionsto betakento reducepollution byplasticwastein theMediterraneanSea.

More broadly,thenumberof analysesproposedto properlycharacterizethecontamination
of thenaturalenvironmentbymicroplasticshasincreasedanddiversifiedin recentyears[3].
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Thus,whendealingwith baselineobservationssuchasparticlenumbers[4±6],color identifica-
tion [7,8],particlesize[9,10]or particlecategorization(e.g.fibers,fragments)[7,8],morecom-
plexdescriptorsrelatedto surfacemorphology[8,11]or thedeterminationof thepolymer
nature[12±15]arenowmorecommonlyused.Contaminationbypollutantssuchasheavy
metals[11,16,17],endocrinedisruptors[11] andPersistentOrganicPollutants[8,18±20]is
increasinglybeingstudied.In addition to thesephysico-chemicalanalyses,biologicalparame-
terssuchastheorganiccommunitiesliving on thesurfaceof themicroplasticsarebeginning
to beanalyzed[2,21±23].Differentanalysescanalsobemadeon thesamesample,suchasthe
measureof themicroplasticandtheplasticchemicalcompositiondetermination[24]. This
canimply thatdestructiveanalyses,whichcanbeconsideredasalimitation in thestudyof
microplastics[25], shouldberestrictedto aminimum andlibrariesof microplasticsshouldbe
setup andorganizedto beexploitedoveralongperiodof time.However,theanalysisof
microplasticscanbecomplex,evenimpossible,whentheir numberis too large.Microplastic
pollution, althoughubiquitous,isnot uniformly distributedovertheplanet.Areaswith higher
contaminationconcentrationshavebeenidentifiedsuchasthefiveoceanicgyres[26±29],the
Arctic [9], theChinaSea[30,31]andtheMediterraneanSea[24,30±32]andaverylargenum-
berof microplasticshavebeencollectedin theseareas.In suchcase,it is inconceivableto carry
out thedifferentanalysesof all thecollectedmicroplastics.It is thereforenecessaryto select
only arepresentativepart.However,reducingthenumberof analyzedmicroplasticsamples
leadsto adecreasein samplerepresentativeness.

In 2014,theTaraMediterraneanexpeditioncollectedtensof thousandsof microplastics
from varioussiteson thesurfaceof theMediterraneanbasinusingamantanet.Someof these
sampleswerefully analyzedandtwo typesof parameterswereparticularlystudiedaspartof
our study:thegranulometricdistribution of themicroplasticsandtheir chemicalnature.The
objectiveof thisstudyis to verifywhetherit wouldhavebeenpossibleto reducetheamountof
work bysubsamplingthesemicroplastics.To helpsolvetheproblemof theanalysisof alarge
populationof microplastics,anewanalyticalapproachisproposed,basedon astatisticalsub-
samplingmethodcommonlyusedin surveys.Theoriginality of thiswork is theuseof thissta-
tisticalsub-samplingmethodin thestudyof microplastics.Thisapproach,whichdoesnot
dependon theparametersto studyor theanalyticalmethod,will betestedon thedatasetsof
bothparameters(granulometricdistribution,chemicalnature).Thevaluesof theseparameters
will becalculatedandcomparedwith thevaluesobtainedbystatisticalsub-sampling.Thiswill
makeit possibleto verifywhetherthisapproachcanbeappliedin theparticularcaseof the
studyof microplastics.In orderto makethisarticleasdidacticaspossible,it will beorganized
accordingto thefollowingplan:(1) First,wewill presentthesamplecollectionprotocol,sam-
plepreparationfor analysisandanalysisprotocol.(2) Wewill thenexplainthestatisticalproto-
colusedto estimatetheproportionsof thetwo parametersfollowed.(3) Wewill finally apply
our protocolto arealapplication:thestudyof thecontaminationof theNorth-Westbasinof
theMediterraneanSeabymicroplastics.

Samplecollection,preparation andanalysis
Thesamplingcampaignwasconductedin theMediterraneanSeafrom Mayto November
2014in theframeworkof theTARA MediterraneanExpedition.Theaimof theprojectis to
describetheimpactsof plasticwasteon marineecosystemsof theMediterraneanSea.

Samplecollection
Microplasticsweresampledusinga4.4-m-longmantanetof 333�m meshsizewith anet
openingof 16cmx 60cmby trawlingon 120sitesbydayandbynight (Fig1).Themanta
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towedat theseasurfacefor ca.60min behindtheboatatanaveragespeedof 2.5knots.Conse-
quently,theaveragefilteredvolumeof eachmantatrawl wasabout507m3.

Thephysical-chemicaldatawerecollectedusingathermosalinograph(TSG)andahyper-
spectralspectrophotometer(AC-S).OceanColorsatelliteimagesweresuppliedbyACRI-ST
andtheMercatorcirculationmodelwasusedto determinetheareasof interestfor thesampling.
GeographicalcoordinatesareavailableatPangeaDataPublisherhttp://www.pangaea.de.

Preparationof the samples
Preservedorganicmaterialwasfirst removedfrom microplasticsunderadissectingmicro-
scope.ParticleswerecountedandmeasuredusingtheZooScanimageanalysismethodat the
Laboratoired'OceÂanographiedeVillefranche-sur-Mer(LOV, Villefranche-sur-Mer,France)
[24] andthencheckedandweighedat IFREMER,LaboratoireLER/PAC.Finally,themicro-
plasticsfrom 77mantatrawlsweretransferredto theInstitut deRechercheDupuydeLoÃme
(IRDL, Lorient,France)for analysisof their chemicalnature.To testthestatisticalsub-sam-
pling protocol,theparticlesizerangeof microplasticsfrom 42mantastrawlswasused.

Contaminationriskswereavoidedduring thesamplepreparationstagebycleaningthedif-
ferentpartsof theapparatuswith distilledwater,ethanoland/oracetone,andbyworking in

Fig 1. Samplingeffort during the Tara campaignin the MediterraneanSea.OceanDataView[33].

https://doi.org/10.1371/journal.pone.0212088.g001
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controlledconditions(chemicallaboratory).Thepreparationstepandtheovenstepwereper-
formedin anareadedicatedto thetreatmentof TaraMediterraneanSeasamples.Despitethe
needto handletheanalysesof themicroplasticsin theopen-air,thetime for interactionof the
collectedmicroplasticswith potentialairbornemicroplasticswasminimizedasfar aspossible.
After eachanalysisof microplasticsbyAttenuatedTotalReflectanceFourrierTransformInfra-
redSpectroscopy(ATR-FTIR),thesampleholderwascleanedwith ethanolor acetone.The
samplechamberwasalsocleanedout with avacuumcleaneraftereverysixtyanalyses.Further-
more,theuseof plasticapparatuswasavoidedasfar aspossible.If thiswasimpossible,the
Fourier-transforminfraredspectroscopy(FTIR)spectrafrom thesematerialswereobtainedto
checkwhetherpotentialcontaminationhadoccurred.

Thesamplepreparationprotocolusedhereispartiallybasedon classicprotocols[34±37],
but alsoincludesanoriginal stepwhichinvolvestheisolationandnamingof eachplasticparti-
cleitemsin orderto build up amicroplasticslibrary.Foreachof the42mantas,thefirst step
waswetsievingto separatethemicroplasticsaccordingto their sizeclass.A stainless-steelsiev-
ing cascadewith tendifferentmeshsizesrangingfrom 5mm to 32�m wasusedto separate
theitemsinto tensizeclasses(>5 mm, ]5±4]mm, ]4±2]mm, ]2±1]mm, ]1±0.5]mm, ]0.5±
0.315]mm, ]0.315±0.250]mm, ]0.250±0.125]mm, ]0.125±0.063]mm and]0.063±0.032]mm).
The5 mm sieveretainsparticlesin thesizeclasscoarserthan5mm. Foursieveswith mesh
sizessmallerthan0.315mm wereaddedto retainfibersandsmallmicroplasticparticlesthat
couldbeinitially presentin particleaggregates.Wetsievingwascarriedout with 5L of distilled
waterusingaslowflow rate(around0.04L.s-1) throughthesieveset.Then,themicroplastics
collectedin eachsizeclasswereplacedin glassPetridishesandleft for around24hoursin an
ovenat50ÊC.Theparticlesbelongingto sizeclassescoarserthan0.315mm werethentrans-
ferredto 96-wellmicroplatesidentifier (i.e.:TM0001A1for ª���� �����	���
�	º, microplaten
Ê0001andwellnÊA1).Eachof thesemicroplasticswasthusisolatedandwasnamedwith a
uniqueidentifier.Owingto thisprocedure,thesizeclassof eachparticlewasnoted.Particles
finer than0.315mm werestoredin chromatographytubesandnot includedin thisstudy.
Basicinformation suchastheuniqueidentifier, thesizerange,themicroplasticcolor,andany
further observationswerenotedto provideinput for theprojectdatabase.Thus,themicroplas-
tic isolationstepallowsusto give,for everyparticlepresenton themicroplates,auniqueiden-
tifier. Thiscodeisnecessaryfor therandomdrawstep.

Fourier-transform infrared spectroscopy(FTIR) analysis
Thechemicalnatureof plasticitemsin mantaM23(207microplasticparticles)andM14(767
microplasticparticles)wasdeterminedto usenon-destructiveanalysisusinganAttenuated
TotalReflectionFourierTransformInfraredspectrometer(ATR-FTIRVertex70v,Bruker).
Thesetwo mantaswerechosensincethenumberof microplasticparticlescollectedis repre-
sentativeof themedium(100to 500items)andlargesamples(morethan500items).All spec-
tra wererecordedin theabsorbancemodein the4000±600cm-1 regionwith 4 cm-1 resolution
and16scans.To obtainabetterqualitydata,eachplasticfragmentwasplacedon thegerma-
nium diamondcell(ATR GoldenGate)mountedon theFTIRspectrometer.Thespectrumso
obtainedwasthencomparedwith referencespectrato identify thechemicalnatureof thecol-
lectedfragment[24].

Statisticalapproachandprotocol
Thisprotocolisbasedon aclassicstatisticalapproachfrom surveystudies.In thefollowing,a
statisticalapproachandthen,anestimationprotocolwill bepresented.A detailedversionof
thestatisticalprotocolisavailablein thesupplementarymaterials(S1File).

A new protocol to evaluate the characteristics of microplastic contamination

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 4 / 16

https://doi.org/10.1371/journal.pone.0212088


Statisticalapproach
In apopulation(in thisstudy,microplasticsof theMediterraneanSea),to estimatean
unknownproportion �2[0;1] of unitspossessingacharacteristic� (e.g.thechemicalnatureof
amicroplastic),anestimationof theparameterof aBernouilli lawisused.In thisconfigura-
tion, it isconsideredthateachmicroplasticis randomlydrawnandtherefore

� …�
	 ��� ��� ���� �� ��� �	�� �
	 �
� ���� 	�� ���� � †ˆ p

or

�…�
	 ��� ��� ���� �� ��	 � 
�� ��� �	� � �
	 �
�� ���	 ��� ��� �† ˆ 1 � p:

Proportion estimator. TherandomvariableX isdefinedby � = 1 if thechosenunit has�
and� = 0 otherwise.Knowingthedistribution lawof �, it waspossibleto constructagood
estimatorp for theproportion � from asampleof sizen. So,anestimationp correspondsto �
[�] andcouldbecalculatedby

� ˆ
1
�

P 

�ˆ1 � � …1†

For thisestimator,sincethedistribution lawof X isknown,it waspossibleto constructa
confidenceintervalfor p.To constructthis interval,two configurationshadto bedenoted.The
first configuration,in whichtheglobalpopulationsize(N) isunknown,wasusedin thecaseof
theMediterraneanSea,sinceit isnot possibleto know theexactnumberof microplasticspres-
ent.Thesecondconfigurationwasthecasein whichthepopulationsize(N) isknown.The
number(N) of microplasticscollectedmantabymantawasknownandtheproportion would
beestimatedfrom asubsampleof size(n). Basedon thesetwo configurations,aconfidence
intervalcouldbegivenfor eachone.

Confidenceinterval. Oncetheestimatorp of theproportion hadbeendetermined,the
associatedconfidenceintervalhadto becalculated.In theconfigurationwhereN isunknown,
theconfidenceintervalfor theconfidencelevel�� isgivenby

�� a
2

ˆ � � � 1� a
2

•••••••••••••••••
�…1� �†




r" #

…2†

with � 1� a
2
thefractalof order �� of thestandardizednormal law.It iscommonto takeasdegree

of confidenceof 95%(�.	. �� = 0.05;� 1� a
2

ˆ 1:96).For theconfigurationin whichtheproportion

wasestimatedwhenN isknown,aconfidenceintervalfor confidencelevel�� wasgivenby

�� a
2

ˆ � � � 1� a
2

•••••••••••••••••••••••••••••••••••••
�…1� �†



�

…� � 
†
…� � 1†

s" #

…3†

with � 1� a
2
thefractalof order �� of thestandardizednormal law.Theprotocolpresentedbelow

isbasedon thisstatisticalapproach.
Protocols. To estimatetheproportion of microplasticswith acharacteristicC, two proto-

colscorrespondingto thetwo configurationswereused,following the4 stepsdescribedbelow.
Thefirst stepwastheestimationof thenumberof microplasticsneededto obtainagivenaccu-
racy(�.	. thevaluemeasuringhalfwidth of theconfidenceinterval).Thesecondonewasthe
estimationof theproportion.Thethird stepconsistedin givingtheconfidenceintervalof the
estimatedproportion.Thelaststepdescribedthetestsusedfor comparingtwo proportions.
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Step1:Number of microplastics. To beableto studythecharacteristicsof thecollected
microplastics,it is first necessaryto determinetheminimum numberof particlesto bestudied
to reachacertainconfidencelevelin theestimatedproportion. In thestatisticalapproach
(3.1),it hadbeenshownthataccuracydependedon theproportion (p) andsizeof thesub-
sample(n). In thefirst configuration,thedifficulty wasthatp isunknown.Nevertheless,an
upperboundcanbefound to thefunction �(1��) asit ismaximumwhen� ˆ 1

2.
In theconfigurationin whichtheestimationof theproportion of microplasticspossessinga

characteristicC in theMediterraneanSeawasaimedatp canthereforebesubstitutedby 1
2.

Then,thenumberof microplasticsthathadto berandomlydrawnwascalculatedfor three
classicvaluesof accuracy:5%,2.5%and1%.To thisend,thefollowingequationwasused:


 ˆ
…�1� a

2
†2

4��2
…4†

In theconfigurationin whichtheaimwasto estimatetheproportion of microplasticspos-
sessingacharacteristicC in amanta,N isknown.Foragivenerror, thenumberof microplas-
ticsin thesampledpopulationwasobtainedasfollows:


 ˆ

1
4 ‡ ��2

� 1� a
2

� � 2

��2

� 1� a
2

� � 2 ‡ 1
4�

…5†

FromtheEqs(4) and(5), it wasthenpossibleto calculatethenumberof microplasticsto
analyzefor agivenaccuracy.

Step2±3:Proportion andconfidenceinterval. Oncetheminimum numberof particles
to beanalyzedhadbeendetermined,microplasticscanbesubsampledandanalyzed.Thepro-
portion of microplasticswith thecharacteristicC hadto becalculatedusingEq(1).Then,the
confidenceintervalof order �� wascalculated.To constructtheconfidenceinterval,theEq(2)
wasusedfor thefirst configuration(MediterraneanSea)andtheEq(3) for thesecondconfigu-
ration (estimationmantabymanta).

Step4:Comparisonof the proportions. Now that theproportionswereestimatedand
theconfidenceintervalsdefined.Theproportions(p) couldbecomparedwith atheoretical
valueor with theproportion of adifferentsample.So,to assessthesignificanceof thediffer-
encebetweenthevaluesof theproportions(p) obtainedaftersub-samplingandthoseof refer-
ences(�), two statisticalindicatorsarecalculated:theabsoluteerror andthetestof equalor
givenproportions.To comparetheestimatedproportionson two independentsamples,the�!2

testisusedbecauseof thenormaldistribution of theproportions.

Calculation tools
Thisprotocolwasappliedto studytheproportionsof thesizeandchemicalparametersof the
microplasticscollectedin theMediterraneanSea.

ThesubsamplingwasperformedusingRsoftwareversion3.1.2(RCoreTeam,2014)using
thepackageªbaseºversion3.1.2andtheªsample()ºfunction (Beckeretal.,1988;Ripley,1987)
andtheproportion testbetweenthefull populationandthesubsamplepopulationwereper-
formedusingthepackageªstatsºversion3.1.2andtheªprop.test()º function (Newcombe,
1998a;Newcombe,1998b;Wilson,1927).
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Theprotocol in aNutshell
Themethodproposedin thepublicationcanbesummarizedin 5 fundamentalsteps:(1)
Mantaaftermanta,theparticlesareplacedin thewellsof microplates.Eachparticlethen
receivesauniqueidentifier. (2) Theuserdetermineswhetherhewantsto studythecontamina-
tion characteristicsfor eachof themantasor for theareacoveredbyseveralmantas.Hewill
thenchoosetheequationsystemcorrespondingto hisneeds.(3) Theuserthusdeterminesthe
accuracyof theresultsacquiredfor hisstudy.Fromthis information, it determinesthenumber
of particlesto beanalyzedusingequations.(4) A list of identifierscontainingtherequired
numberis randomlydrawn,usingtheRsoftwarein thisstudy,but spreadsheetsoftwarecan
easilyperformthesameoperation.(5) Theparticlesareanalyzedaccordingto themethod
desiredby theuser.

Results and discussion: Application to the Mediterranean Sea
TaraMediterraneanexpeditioncollectedtensof thousandsof microplasticson thesurfaceof
theMediterraneanbasinthatnowneedto beanalyzedbasedon theprotocoldevelopedin this
article.First,theproportionsof thedifferentsizeclasseswill beestimatedat thescaleof the
North-Westbasinof theMediterraneanSea.Then,proportionsof thedifferentsizeclasseswill
beestimatedmantabymanta.Finally,theprotocolwill beusedto studytheproportionsof the
differenttypesof polymersthatcanbeobservedin thesamples.

MediterraneanSea
Step1:Number of microplastics. Theaccuracy(��) wascalculatedasafunction of the

numberof randomdrawnparticles(n 2 [102; 104]). So,then whichfor �� isequalto 5%is
determined.Theaccuracyvaluesdo not decreaselinearlywhenthenumberof particlesran-
domlydrawn(n) increases(Fig2).Theaccuracyincreasesrapidlybeforen = 2,000particles.
Then,theincreasein thenumberof particlesdrawnat randombeyond2,000±3,000particles
doesnot significantlyimprovethequalityof theresultscomparedto therequiredanalytical
effort.Thus,calculationsshowthat385microplasticsrandomlydrawnaresufficientto deter-
mine theproportionswith theaccuracyof 5%.With 1,537microplasticstheaccuracyof the

Fig 2. Statistical subsampling of the full population. Theoreticalevolutionof theaccuracy(��; %)asafunction of thepopulationrandomly drawn(n).
Whenn reached385microplastics,�� is lowerthan5%.

https://doi.org/10.1371/journal.pone.0212088.g002
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resultsincreasesup to 2.5%andup to 1%with 9,604microplastics.In thecaseof thisstudy,
theproportionsof thedifferentsizeclasseswill becalculatedfor thesedifferentaccuraciesin
orderto showtheimpactof thechoiceof �� on theresults.In thecaseof arealstudy,asingle
accuracyvalueissufficient.

Steps2±3:Proportion andconfidenceinterval. For theaccuracyof 5%,385microplas-
ticswererandomlysubsampled.Theresultsshowthat thesizedistribution of microplasticsis
dominatedby thesizeclass[0.5±1]mm, whichaccountsfor 46.2%of theparticles(Fig3).
Next,thesizeclasses[1±2]mm and[0.315±0.5]mm aretwo intermediatesizeclasseswith
29.9%and18.4%of themicroplasticsrespectively.Thesizeclass[2±4]mm is lessobserved
with only 5.5%.Thesizeclass[4±5]mm isnot observed.For theaccuracyof 2.5%,1,537
microplasticswererandomlysubsampled.Thesizedistribution of microplasticsisalsodomi-
natedby thesizeclass[0.5±1]mm, whichaccountsfor 46.7%of theparticles.Thesizeclasses
[1±2]mm and[0.315±0.5]mm remainheretwo intermediatesizeclasseswith respectively
29.9%and18.4%of themicroplastics.Sizeclasses[2±4]mm andthe[4±5]mm areless
observedwith only 5.7%and0.3%of thecollectedmicroplastics,respectively.Finally,for �� =
1%,9,604microplasticswererandomlysubsampled.Thesamesizedistribution asfor thetwo
previousresultsisobservedhere.Thesizeclass[0.5±1]mm accountsfor 48.2%of theparticles.
Thesizeclasses[1±2]mm and[0.315±0.5]mm represent30.6%and16.0%of themicroplas-
tics,respectively.Last,sizeclasses[2±4]mm andthe[4±5]mm arelessobservedwith only
5.0%and0.2%of thecollectedmicroplastics,respectively.

Step4:Comparisonof the proportions. Theproportionsobtainedfor thethreeaccuracy
valuesselectedshowlittle differences.Themaximumabsoluteerror (��a)calculatedfor the
sameproportion,but obtainedfor two differentaccuracyvalues,isequalto 2.5%.Themean
absoluteerror betweenproportionsfor �� = 5%and�� = 1%is1.2%,and0.8%whencomparing
�� = 2.5%and�� = 1%.The�!2 testsshowno statisticaldifferencebetweenthethreesizedistribu-
tionscalculatedfor eachof theaccuracyvalues(p-value>> 0.05).Thez testvaluesarelower
than1.96,sothenull hypothesiscannotberejected.

Fig 3. Resultsof the proport ion of the classsizesfor different accuracyvalues.Despitethesignificant increasein the
numberof particlesanalyzed,theproportionsareverysimilar.

https://doi.org/10.1371/journal.pone.0212088.g003
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Implication for the studyof largemicroplastic data. Thestatisticalmethodappliedin
thisstudyallowsasubstantialreductionin thenumberof microplasticsto beanalyzed.The
resultsobtainedbyanalyzing385to 9,604randomlyselectedmicroplasticsprovidearepresen-
tativeviewof theentirepopulation,with amaximumerror between5and1%.Theseresults
alsohighlight thefactthatanincreasein analyticaleffort after2,000±3,000microplasticsdoes
not significantlyimprovethequalityof theresultscomparedto therequiredanalyticaleffort.
Thismethodologycanbeusedin thecaseof large-scalesamplingcampaignswherethenum-
berof microplasticscollectedcouldbeof theorderof tensof thousandsof particles.With this
approach,it will berelativelyeasyandfast,comparedto analyzingthecompletedataset,to
obtainrobustresultsanddetermineoverallvaluesfor thestudyarea.Furthermore,anincreas-
ing numberof physicochemicaldescriptorssuchasPersistentOrganicPollutants[38±40],
endocrinedisruptors[11,41],heavymetals[11,16,42±44]arestudiedin plasticparticles.In the
sameway,anincreasingnumberof parametersarebeingusedto studyorganismsliving on
microplasticsurfaces[21,22,45,46].It is thereforelikely that,in therelativelynearfuture,
researchprogramswill systematicallyattemptto describemicroplasticpollution usingdiffer-
entdescriptors.Thiswill involvemultiple analyses,whichwill bedifficult, if not impossibleto
performon oversizedmicroplasticssamplepopulations.Theapplicationof thisprotocolisa
veryeffectivesolutionto achievestudyapplicationof multiple sampleanalysisincludingsev-
eralthousandmicroplastics.

Themantaby mantaapproach:Theexampleof the sizeclasses
Wethentestedthesubsamplingprotocolmantabymanta(N = 13,115microplasticsfrom 42
mantas).Theaim is to determinetheproportionsof thedifferentsizeclasseswith anªaccept-
ableaccuracyºfor eachmanta.

Step1:Number of microplastics. Thenumberof particlesto besubsampled(n), for a
givennumberof particlespresentin themanta(N), increasesstronglywhenthevalueof the
precisionof theresultsdecreases(Fig4).Thusfor N = 2,000,n = 1,656(83%)for �� = 1%
whereasn = 324(16%)for �� = 5%andn = 93(5%)for �� = 10%.Thedecreasein thenumberof
particlesisalsonot assignificantfor all N values.Forexample,for �� = 5%thenumberof parti-
clesin themantamustbeequalto 400for then/N ratio to belessthan0.5.For �� = 10%,this

Fig 4. Variations in the number of particlessubsampled(n) asa function of the number of microplastics collected
in the manta(N) for different accuracyvalues.

https://doi.org/10.1371/journal.pone.0212088.g004
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ratio is reachedfor N = 100.Thus,undertheseconditions,whenN tendsto infinity, thenumber
of microplasticsthatneedto besubsampledtendsto 386for �� = 5%and98particlesfor �� =
10%.In theparticularcaseof thisstudy,theaccuracyof 10%hasbeenchosenregardingthe
numberof mantaandtheeffort requiredto analyzethem.In fact,in thecaseof thisstudy,we
estimatethatour capacityof analysisis limited to 2,600particlesamongthe13,155collected
(20%).Usingthemethodologyproposedon theTaraMediterraneancruisedata,thenumberof
particlesto beanalyzed,calculatedon thebasisof theconstraintsestablishedthat for anaccu-
racyof 10%,decreasedfrom 13,155to 2,323.Thisaccuracyvaluemayseemhighcomparedto
thevalueconventionallyusedin manyscientificstudies(5%),but it givesarelativelyaccurate
ideaof theproportionsof theparameterchosenfor thestudy.Fromthepoint of viewof the
presentexample,it allowstheanalysisof 42mantatraits,which,becauseof analyticallimits,
couldnot havebeenanalyzed.Thus,with �� = 10%,thenumberof microplasticsrandomly
selectedpermantais lessthan100,regardlessof thenumberof microplasticsin thesample.The
impactof thisapproachismoreor lessmarkeddependingon thenumberof microplasticsper
sample.In fact,if thenumberof particlesis lessthan100,theanalyticaleffort remainshigh.
Nevertheless,thegainincreasesrapidlywith thenumberof selectedparticles.Forsamplescon-
tainingmorethan1,000microplastics,lessthan10%of particlesneedto beanalyzed.The
choiceof theaccuracyvalueisnecessarilyacompromisebetweenthedesireto obtainresultsas
closeaspossibleto therealvaluesandthelimits in termsof theanalysiscapacityof thesamples.
In thisexample,thisanalysiscapacityshouldbeincreasedto 3,500microplasticsto achievethe
accuracyof 7.5%andto 5,500for theaccuracyof 5%.Thus,evenaslightvariationin thedesired
accuracyhasimportant consequenceson thenumberof samplesto beanalyzed.

Accordingto this,thenumberof microplastics,requiredto obtainanarbitrarymaximum
error of 10%,wascalculatedfor eachmantaandtheproportion of thesizeclasseswasdeter-
minedfor eachmanta.

Steps2±3:Proportion andconfidenceinterval. Theresultsshowthatsomesizeclasses
arebetterrepresentedthanothers.Thus,overallclass[0.5±1]mm representsbetween40and
60%of thecollectedmicroplastics.On thecontrary,classes[2±4]and[4±5]mm areunderrep-
resentedwith generallylessthan10to 15%of thecollectedmicroplastics.Classes[0.315±0.5]
and[1±2]mm areintermediatewith averageproportionsin theorderof 17and30%respec-
tively.However,variationsof theestimatedproportion canbenotedfrom onemantato
another.This impliesthat thedistribution of microplasticsizedependsof thelocationin the
MediterraneanSea.In thiscase,thesevariationsof theestimatedproportion do not appearto
berelatedto thenumberof particlescollectedbut relatedto thelocation.Aswecanseeon Fig
5,theestimatedproportion sufferedverylittle variationwith thegrowthof thenumberof par-
ticles.Theanalysisof theremainingsamplesandthelinking of theseresultswith themetadata
acquiredduring thecampaigncouldhighlight factorsimpactingthegranulometricdistribu-
tion of microplasticsin theMediterraneanSea.

Step4:Comparisonof the proportions. Whencomparingrealproportionsandthose
obtainedafterrandomdrawing99.4%of theestimateshavea��a <10%andcalculationsof the
p-valueshowno statisticaldifferencebetweenrealandestimatedproportionsfor 41mantas
(p-value�0.05).Theonly significantdifferenceisobtainedfor themantawith thehighest
numberof microplastics(p-value<0.05).On averagethedifferencebetweentherealpropor-
tion andtheestimatedproportion is2.6� 2.4%sogenerallyfar below10%.

Themantaby mantaapproach:Theexampleof the polymer type
Thisprotocolcanalsobeusedto studytheproportionsof differenttypesof polymersthatcan
beobservedin thesamples.Thechoiceof thenumberof microplasticsto bestudiedpermanta
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Fig 5. Variation of the sizeclassproportio nsasthe function of the mantapopulation (N; number of microplasticsper manta)andmargin
errors associated.

https://doi.org/10.1371/journal.pone.0212088.g005
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beingstrictly identicalto in point 4.2,only steps2±3and4will bedetailedhere.Sincethecom-
parisonof theresultswith therealproportionsof themantainvolvestheanalysisof all thecol-
lectedmicroplastics,thedemonstrationwill beperformedon theM23andM14manta.

Steps2±3:Proportion andconfidenceinterval. Analysisof theFTIRspectraof micro-
plasticsof two mantas(M14andM23)showsthat thesesamplesconsistmainlyof polyethylene
andpolypropylene(Fig6).Otherpolymers,suchaspolyamideandpolystyrene,accountfor
lessthan5%in M14andM23mantas.Unclearspectra,classifiedasªotherº,accountfor about
17%of all particles.Theseresultsareverysimilar to thosealreadyobservedin theMediterra-
neanSea[24]. Theseresultsarealsosimilar to thosefrom Brest(France)[13] andTamarEstu-
ary(United Kingdom)[47], but with lesspolystyreneparticles.Thisdifferencemaybedueto a
greaterdistanceoffshore.Theremainingmantasampleswill nowbestudiedusingthestatisti-
calapproachto characterizethechemicalnatureof microplasticspresentin thesurfacelayer
of theeastbasinof theMediterraneanSea.

Step4:Comparisonof the proportions. Therealandestimatedproportionsarevery
similarandthemaximum��a is7.7%for M14and3.8%for M23,thereforebelowthefixed
maximumerror of 10%.Furthermore,basedon p-values,theestimatedproportionsdo not dif-
fer statisticallyfrom therealproportions.Thisapproachmakespossibleto considerthegener-
alizationof spectrometricanalysisin thecaseof campaignswith alargenumberof samples.In
thecaseof thisstudy,only two mantashavebeenanalyzedsofar in orderto conductthispre-
liminary study.Thanksto thisprotocol,theothersamplescannowbeanalyzed.

Conclusion
In highlycontaminatedenvironments,thenumberof microplasticscollectedbymantacanbe
veryhighwith valuesrangingfrom hundredsto thousandsof particlesasin theMediterranean
Sea[24]. Undersuchconditions,microplasticanalysiscanbeverytedious,repetitiveandtime
consuming.Statisticalmethods,like theoneusedhere,arecommonlyusedto conductrepre-
sentativesamplingof givenpopulations.Theprotocolof analysisproposedhere,whichin
somecasessignificantlyreducesthenumberof microplasticsto analyze,isanefficientwayto
helpsolvethisproblem.Thus,in thecaseof asamplingcampaign,theresultsobtainedbyana-
lyzing400to 3,000randomlyselectedmicroplasticsmakeit possibleto providearepresenta-
tiveviewof themicroplasticsof theareasampled,with anaccuracyrangingfrom 2 to 5%.This
methodologyis relevantto helpresearchersto analyzemicroplasticscollectedduring study
campaignson thescaleof asea.It canbeusedevenfor smallareasof soil,sedimentor beach
with loweroverallconcentrationlevelsof microplastics.Thisapproachalsoopensthepossibil-
ity to studylargesampleswith successivemethods(ex.FT-IR,RAMAN, SEM).In suchcases,

Fig 6. Realandestimatedproportions of different polymersdeterminedbasedon microplastic FTIR spectra.Real
andestimatedproportionsareverysimilaranddo not statistically differ.

https://doi.org/10.1371/journal.pone.0212088.g006
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wherethetotalnumberof measurementsincreasesrapidly,thestatisticalapproachcanbe
appliedto reducethenumberof manipulationswhilecontrolling theerror within acceptable
limits. It is thereforelikely that in therelativelynearfuture,researchprogramswill systemati-
callyattemptto describethemicroplasticpollution usingdifferentdescriptors.Thiswill
involvemultiple analyses,whichwill bedifficult, if not impossible,on oversizedmicroplastics
samples.Theuseof thisstatisticalapproachbyreducingthenumberof microplasticsrequired
for analysisisaveryrobustandefficienttool.

Supporting information
S1File. Detailedversionof the statisticalprotocol.
(DOCX)

Acknowledgmen ts
Wethankthecommitmentof thefollowing institutions,personsandsponsors:CNRS,UPMC,
LOV, Genoscope/CEA, theTaraExpeditionsFoundationandits founders:agn�sb.1 , Etienne
Bourgois,RomainTroubleÂ, theVeoliaEnvironmentFoundation,LorientAgglomeration,
SergeFerrari,theFoundationPrinceAlbert II deMonaco,IDEC,theªTaraºschoonerand
teams.WethankMERCATOR-CORIOLISandACRI-STfor providingdailysatellitedatadur-
ing theexpedition.Wearealsogratefulto theFrenchMinistry of ForeignAffairsfor support-
ing theexpeditionandto thecountriesthatgraciouslygrantedsamplingpermission.

Thisarticleiscontribution number2 of TaraMediterranean.Dr. M.S.N.Carpenterpost-
editedtheEnglishstyleandgrammar.

Author Contributions
Data curation: MarieEmmanuelleKerros,MaryvonneHenry.

Formal analysis:MikaeÈl Kedzierski,MathildeFalcou-PreÂfol.

Investigation:MikaeÈl Kedzierski,MathildeFalcou-PreÂfol, MarieEmmanuelleKerros,Mary-
vonneHenry.

Methodology:MikaeÈl Kedzierski,JonathanVillain, MathildeFalcou-PreÂfol.

Projectadministration: MariaLuizaPedrotti,SteÂphaneBruzaud.

Supervision:MariaLuizaPedrotti,SteÂphaneBruzaud.

Validation: JonathanVillain, MariaLuizaPedrotti,SteÂphaneBruzaud.

Writing ± original draft: MikaeÈlKedzierski,JonathanVillain, MathildeFalcou-PreÂfol.

Writing ± review& editing: MikaeÈl Kedzierski,MariaLuizaPedrotti,SteÂphaneBruzaud.

References
1. Barboza LG, Gimenez BC (2015) Microplastics in the marine environment: Current trends and future

perspectives. Mar Pollut Bull 97: 5±12. https://doi.org/10.1016/j.marpolbul.2015.06.008 PMID:
26072046

2. Dussud C, Meistertzheim AL, Conan P, Pujo-Pay M, George M, et al. (2018) Evidence of niche partition-
ing among bacteria living on plastics, organic particles and surrounding seawaters. Environmental Pol-
lution 236: 807±816. https://doi.org/10.1016/j.envpol.2017.12.027 PMID: 29459335

3. Qiu Q, Tan Z, Wang J, Peng J, Li M, et al. (2016) Extraction, enumeration and identification methods for
monitoring microplastics in the environment. Estuarine, Coastal and Shelf Science 176: 102±109.

A new protocol to evaluate the characteristics of microplastic contamination

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 13 / 16



4. Ng KL, Obbard JP (2006) Prevalence of microplastics in Singapore's coastal marine environment.
Marine Pollution Bulletin 52: 761±767. https://doi.org/10.1016/j.marpolbul.2005.11.017 PMID:
16388828

5. Frias JP, Gago J, Otero V, Sobral P (2016) Microplastics in coastal sediments from Southern Portu-
guese shelf waters. Marine Environmental Research 114: 24±30. https://doi.org/10.1016/j.marenvres.
2015.12.006 PMID: 26748246

6. Eriksen M, Mason S, Wilson S, Box C, Zellers A, et al. (2013) Microplastic pollution in the surface waters
of the Laurentian Great Lakes. Marine Pollution Bulletin 77: 177±182. PMID: 24449922

7. Guven O, Gokdag K, Jovanovic B, Kideys AE (2017) Microplastic litter composition of the Turkish terri-
torial waters of the Mediterranean Sea, and its occurrence in the gastrointestinal tract of fish. Environ
Pollut 223: 286±294. https://doi.org/10.1016/j.envpol.2017.01.025 PMID: 28117186

8. Akhbarizadeh R, Moore F, Keshavarzi B, Moeinpour A (2017) Microplastics and potentially toxic ele-
ments in coastal sediments of Iran's main oil terminal (Khark Island). Environ Pollut 220: 720±731.
https://doi.org/10.1016/j.envpol.2016.10.038 PMID: 27769770

9. CoÂzar A, MartõÂE, Duarte CM, GarcõÂa-de-Lomas J, van Sebille E, et al. (2017) The Arctic Ocean as a
dead end for floating plastics in the North Atlantic branch of the Thermohaline Circulation. Science
Advances 3.

10. Dris R, Gasperi J, Mirande C, Mandin C, Guerrouache M, et al. (2017) A first overview of textile fibers,
including microplastics, in indoor and outdoor environments. Environ Pollut 221: 453±458. https://doi.
org/10.1016/j.envpol.2016.12.013 PMID: 27989388

11. Kedzierski M, D'Almeida M, Magueresse A, Le Grand A, Duval H, et al. (2018) Threat of plastic ageing
in marine environment. Adsorption/desorption of micropollutants. Mar Pollut Bull 127: 684±694. https://
doi.org/10.1016/j.marpolbul.2017.12.059 PMID: 29475712

12. Song YK, Hong SH, Jang M, Han GM, Rani M, et al. (2015) A comparison of microscopic and spectro-
scopic identification methods for analysis of microplastics in environmental samples. Mar Pollut Bull 93:
202±209. https://doi.org/10.1016/j.marpolbul.2015.01.015 PMID: 25682567

13. Fr�qreL, Paul-Pont I, Moreau J, Soudant P, Lambert C, et al. (2016) A semi-automated Raman micro-
spectroscopy method for morphological and chemical characterizations of microplastic litter. Mar Pollut
Bull 113: 461±468. https://doi.org/10.1016/j.marpolbul.2016.10.051 PMID: 27837909

14. DuÈmichen E, Barthel AK, Braun U, Bannick CG, Brand K, et al. (2015) Analysis of polyethylene micro-
plastics in environmental samples, using a thermal decomposition method. Water Res 85: 451±457.
https://doi.org/10.1016/j.watres.2015.09.002 PMID: 26376022

15. Majewsky M, Bitter H, Eiche E, Horn H (2016) Determination of microplastic polyethylene (PE) and poly-
propylene (PP) in environmental samples using thermal analysis (TGA-DSC). Sci Total Environ 568:
507±511. https://doi.org/10.1016/j.scitotenv.2016.06.017 PMID: 27333470

16. Brennecke D, Duarte B, Paiva F, CacËador I, Canning-Clode J (2016) Microplastics as vector for heavy
metal contamination from the marine environment. Estuarine, Coastal and Shelf Science 178: 189±
195.

17. Boucher C, Morin M, Bendell LI (2016) The influence of cosmetic microbeads on the sorptive behavior
of cadmium and lead within intertidal sediments: A laboratory study. Regional Studies in Marine Science
3: 1±7.

18. Bakir A, Rowland SJ, Thompson RC (2012) Competitive sorption of persistent organic pollutants onto
microplastics in the marine environment. Marine Pollution Bulletin 64: 2782±2789. https://doi.org/10.
1016/j.marpolbul.2012.09.010 PMID: 23044032

19. Bakir A, Rowland SJ, Thompson RC (2014) Enhanced desorption of persistent organic pollutants from
microplastics under simulated physiological conditions. Environmental Pollution 185: 16±23. https://
doi.org/10.1016/j.envpol.2013.10.007 PMID: 24212067

20. Bakir A, O'Connor IA, Rowland SJ, Hendriks AJ, Thompson RC (2016) Relative importance of micro-
plastics as a pathway for the transfer of hydrophobic organic chemicals to marine life. Environmental
Pollution 219: 56±65. https://doi.org/10.1016/j.envpol.2016.09.046 PMID: 27661728

21. Zettler ER, Mincer TJ, Amaral-Zettler LA (2013) Life in the "plastisphere": Microbial communities on
plastic marine debris. Environmental Science and Technology 47: 7137±7146. https://doi.org/10.1021/
es401288x PMID: 23745679

22. Amaral-Zettler LA, Zettler ER, Slikas B, Boyd GD, Melvin DW, et al. (2015) The biogeography of the
Plastisphere: implications for policy. Frontiers in Ecology and the Environment 13: 541±546.

23. Fr�qreL, Maignien L, Chalopin M, Huvet A, Rinnert E, et al. (2018) Microplastic bacterial communities in
the Bay of Brest: Influence of polymer type and size. Environmental Pollution 242: 614±625. https://doi.
org/10.1016/j.envpol.2018.07.023 PMID: 30014939

A new protocol to evaluate the characteristics of microplastic contamination

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 14 / 16



24. Pedrotti ML, Petit S, Elineau A, Bruzaud S, Crebassa JC, et al. (2016) Changes in the Floating Plastic
Pollution of the Mediterranean Sea in Relation to the Distance to Land. PLoS One 11: e0161581.
https://doi.org/10.1371/journal.pone.0161581 PMID: 27556233

25. Rocha-Santos T, Duarte AC (2015) A critical overview of the analytical approaches to the occurrence,
the fate and the behavior of microplastics in the environment. TrAC Trends in Analytical Chemistry 65:
47±53.

26. Eriksen M, Maximenko N, Thiel M, Cummins A, Lattin G, et al. (2013) Plastic pollution in the South
Pacific subtropical gyre. Marine Pollution Bulletin 68: 71±76. https://doi.org/10.1016/j.marpolbul.2012.
12.021 PMID: 23324543

27. Eriksen M, Lebreton LC, Carson HS, Thiel M, Moore CJ, et al. (2014) Plastic Pollution in the World's
Oceans: More than 5 Trillion Plastic Pieces Weighing over 250,000 Tons Afloat at Sea. PLoS One 9:
e111913. https://doi.org/10.1371/journal.pone.0111913 PMID: 25494041

28. Moore CJ, Moore SL, Leecaster MK, Weisberg SB (2001) A comparison of plastic and plankton in the
North Pacific central gyre. Marine Pollution Bulletin 42: 1297±1300. PMID: 11827116

29. Law KL, MoreÂt-Ferguson S, Maximenko NA, Proskurowski G, Peacock EE, et al. (2010) Plastic Accu-
mulation in the North Atlantic Subtropical Gyre. Science 329: 1185±1188. https://doi.org/10.1126/
science.1192321 PMID: 20724586

30. Lebreton LCM, Greer SD, Borrero JC (2012) Numerical modelling of floating debris in the world's
oceans. Marine Pollution Bulletin 64: 653±661. https://doi.org/10.1016/j.marpolbul.2011.10.027 PMID:
22264500

31. van Sebille E, Wilcox C, Lebreton L, Maximenko N, Hardesty BD, et al. (2015) A global inventory of
small floating plastic debris. Environmental Research Letters 10: 124006.

32. CoÂzar A, Sanz-MartõÂn M, MartõÂE, GonzaÂlez-Gordillo JI, Ubeda B, et al. (2015) Plastic Accumulation in
the Mediterranean Sea. PLOS ONE 10: e0121762. https://doi.org/10.1371/journal.pone.0121762
PMID: 25831129

33. Schlitzer R (2015) Data Analysis and Visualization with Ocean Data View. Canadian Meteorological
and Oceanographic Society 43: 9±13.

34. Hidalgo-Ruz V, Gutow L, Thompson RC, Thiel M (2012) Microplastics in the Marine Environment: A
Review of the Methods Used for Identification and Quantification. Environmental Science & Technology
46: 3060±3075.

35. Moore CJ, Moore SL, Weisberg SB, Lattin GL, Zellers AF (2002) A comparison of neustonic plastic and
zooplankton abundance in southern California's coastal waters. Marine Pollution Bulletin 44: 1035±
1038. PMID: 12474963

36. LoÈder MGJ, Gerdts G (2015) Methodology Used for the Detection and Identification of MicroplasticsÐA
Critical Appraisal. In: Bergmann M, Gutow L, Klages M, editors. Marine Anthropogenic Litter. Cham:
Springer International Publishing. pp. 201±227.

37. Kanhai DK, Officer R, Lyashevska O, Thompson RC, O'Connor I (2017) Microplastic abundance, distri-
bution and composition along a latitudinal gradient in the Atlantic Ocean. Mar Pollut Bull 115: 307±314.
https://doi.org/10.1016/j.marpolbul.2016.12.025 PMID: 28007381

38. Ogata Y, Takada H, Mizukawa K, Hirai H, Iwasa S, et al. (2009) International Pellet Watch: Global moni-
toring of persistent organic pollutants (POPs) in coastal waters. 1. Initial phase data on PCBs, DDTs,
and HCHs. Marine Pollution Bulletin 58: 1437±1446. https://doi.org/10.1016/j.marpolbul.2009.06.014
PMID: 19635625

39. Antunes JC, Frias JGL, Micaelo AC, Sobral P (2013) Resin pellets from beaches of the Portuguese
coast and adsorbed persistent organic pollutants. Estuarine, Coastal and Shelf Science 130: 62±69.

40. Bakir A, Rowland SJ, Thompson RC (2014) Transport of persistent organic pollutants by microplastics
in estuarine conditions. Estuarine, Coastal and Shelf Science 140: 14±21.

41. Sussarellu R, Suquet M, Thomas Y, Lambert C, Fabioux C, et al. (2016) Oyster reproduction is affected
by exposure to polystyrene microplastics. Proc Natl Acad Sci U S A 113: 2430±2435. https://doi.org/10.
1073/pnas.1519019113 PMID: 26831072

42. Imhof HK, Laforsch C, Wiesheu AC, Schmid J, Anger PM, et al. (2016) Pigments and plastic in limnetic
ecosystems: A qualitative and quantitative study on microparticles of different size classes. Water Res
98: 64±74. https://doi.org/10.1016/j.watres.2016.03.015 PMID: 27082693

43. Turner A (2016) Heavy metals, metalloids and other hazardous elements in marine plastic litter. Marine
Pollution Bulletin 111: 136±142. https://doi.org/10.1016/j.marpolbul.2016.07.020 PMID: 27452160

44. Wang J, Peng J, Tan Z, Gao Y, Zhan Z, et al. (2017) Microplastics in the surface sediments from the
Beijiang River littoral zone: Composition, abundance, surface textures and interaction with heavy met-
als. Chemosphere 171: 248±258. https://doi.org/10.1016/j.chemosphere.2016.12.074 PMID:
28024210

A new protocol to evaluate the characteristics of microplastic contamination

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 15 / 16



45. Lobelle D, Cunliffe M (2011) Early microbial biofilm formation on marine plastic debris. Marine Pollution
Bulletin 62: 197±200. https://doi.org/10.1016/j.marpolbul.2010.10.013 PMID: 21093883

46. McCormick A, Hoellein TJ, Mason SA, Schluep J, Kelly JJ (2014) Microplastic is an Abundant and Dis-
tinct Microbial Habitat in an Urban River. Environmental Science & Technology 48: 11863±11871.

47. Sadri SS, Thompson RC (2014) On the quantity and composition of floating plastic debris entering and
leaving the Tamar Estuary, Southwest England. Marine Pollution Bulletin 81: 55±60. https://doi.org/10.
1016/j.marpolbul.2014.02.020 PMID: 24613232

A new protocol to evaluate the characteristics of microplastic contamination

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 16 / 16


