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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 the marineenvironmentby plasticds amajor environmentalconcern
andhasbeenthe subjectof anincreasinghumberof studiesand surveyssince2000[1]. In this
context,TaraExpedition,a Frenchnon-profit organizationactingfor the environmentsince
2003 conductedmicroplasticsamplingfor 7 monthsin 2014acrosghe MediterranearSea.
The objectiveof this expeditionwasto characterizenicroplasticcontaminationin orderto
betterdescribehe effectof plasticwasteon marineecosystemsn particular,the TaraMedi-
terraneanConsortiumistrying to evaluatehe spatialdistribution of floatingdebrisin the
MediterranearSeato chemicallycharacteriz¢he differenttypesof plasticsandto characterize
bacteriacommunities[2] aswell asthe micro- andmacro-organisméixed on plasticparticles.
In thelongterm, the scientificknowledgeprovidedby this projectwill makeit possibleo bet-
ter targetthe actionsto betakento reducepollution by plasticwastdan the MediterranearSea.

More broadly,the numberof analyseproposedo properlycharacterizéhe contamination
of the naturalenvironmentby microplasticshasincreasednddiversifiedin recentyearda3].
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Thus,whendealingwith baselinebservationsuchasparticlenumberg[4+6], coloridentifica-
tion [7,8], particlesize[9,10]or particlecategorizatior{e.g fibers,fragments)7,8], morecom-
plexdescriptorgelatedto surfacemorphology[8,11]or the determinationof the polymer
nature[12+15]Jarenow more commonlyused Contaminationby pollutantssuchasheavy
metalg[11,16,17]endocrinedisruptors[11] and PersistenOrganicPollutants[8,18+20]s
increasinglybeingstudied.In addition to thesephysico-chemicahnalysedyiologicalparame-
terssuchasthe organiccommunitiesliving on the surfaceof the microplasticsarebeginning
to beanalyzed2,21+23]Differentanalysesanalsobemadeon the samesample suchasthe
measuref the microplasticandthe plasticchemicakcompositiondetermination[24]. This
canimply that destructiveanalysesyhich canbeconsideredasalimitation in the studyof
microplasticd25], shouldberestrictedto aminimum andlibrariesof microplasticsshouldbe
setup andorganizedo beexploitedoveralong period of time. However the analysiof
microplasticcanbe complexevenimpossiblewhentheir numberistoo large Microplastic
pollution, althoughubiquitous,is not uniformly distributedoverthe planet.Areaswith higher
contaminationconcentrationdhavebeenidentified suchasthe five oceaniayyreg26+29] the
Arctic [9], the ChinaSed30,31]andthe MediterranearSed24,30+32hndaverylargenum-
berof microplasticshavebeencollectedn theseareasin suchcaseit isinconceivableo carry
out thedifferentanalysesf all the collectedmicroplasticslt is thereforenecessarto select
only arepresentativ@art. However reducingthe numberof analyzednicroplasticsamples
leadsto adecreasé samplerepresentativeness.

In 2014 the TaraMediterranearexpeditioncollectedensof thousandf microplastics
from varioussiteson the surfaceof the Mediterranearbasinusingamantanet. Someof these
samplesverefully analyzedandtwo typesof parametersvereparticularlystudiedaspart of
our study:the granulometricdistribution of the microplasticaandtheir chemicahature.The
objectiveof this studyis to verify whetherit would havebeenpossibldo reducethe amountof
work by subsamplinghesemicroplasticsTo helpsolvethe problemof theanalysiof alarge
populationof microplasticsanewanalyticalapproachs proposedpasen astatisticakub-
samplingmethodcommonlyusedin surveysThe originality of this work is the useof this sta-
tisticalsub-samplingnethodin the studyof microplasticsThis approachwhich doesnot
dependon the parametergo studyor the analyticaimethod,will betestedon the datasetsof
both parameterggranulometricdistribution, chemicahature).Thevaluesof thesegparameters
will becalculatechnd comparedwith the valuesobtainedby statisticaksub-samplingThis will
makeit possibldo verifywhetherthis approachcanbeappliedin the particularcaseof the
studyof microplasticsin orderto makethis articleasdidacticaspossibleit will beorganized
accordingto thefollowing plan: (1) First,wewill presenthe samplecollectionprotocol,sam-
ple preparationfor analysisandanalysigrotocol.(2) We will thenexplainthe statisticaproto-
colusedto estimatethe proportionsof the two parameterdollowed.(3) We will finally apply
our protocolto arealapplication:ithe studyof the contaminationof the North-Westbasinof
the MediterranearSeaby microplastics.

Samplecollection, preparation and analysis

Thesamplingcampaignwasconductedn the MediterranearSedrom Mayto November
2014in theframeworkof the TARA MediterranearExpedition.Theaim of the projectis to
describeheimpactsof plasticwasteon marineecosystemsf the MediterranearSea.

Samplecollection

Microplasticsweresampledisinga4.4-m-longmantanetof 333 m meshsizewith anet
openingof 16cm x 60cm by trawling on 120sitesby dayandby night (Fig 1). Themanta
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towedatthe seasurfacdor ca.60min behindthe boatatanaveragespeedf 2.5knots.Conse-
quently,the averagdiltered volumeof eachmantatrawl wasabout507m?,
Thephysical-chemicalatawerecollectedusingathermosalinograpl{TSG)andahyper-
spectrakbpectrophotometefAC-S).OceanColor satelliteimagesveresuppliedby ACRI-ST
andthe Mercatorcirculationmodelwasusedto determinethe area®f interestfor the sampling.
Geographicatoordinatesareavailableat PangedataPublishemttp://www.pangaea.de

Preparationof the samples

Preservedrganicmaterialwasfirst removedfrom microplasticaunderadissectingnicro-
scopeParticlesverecountedand measuredisingthe ZooScarimageanalysisnethodat the
Laboratoired'OcBanographiede Villefranche-sur-Me(LOV, Villefranche-sur-MerFrance)
[24] andthencheckedandweighedat IFREMER LaboratoireL ER/PAC Finally,the micro-
plasticsfrom 77 mantatrawlsweretransferredto the Institut de Recherch®upuy de Léme
(IRDL, Lorient, France)for analysi®of their chemicahature.To testthe statisticakub-sam-
pling protocol,the particlesizerangeof microplasticsfrom 42 mantastrawlswasused.
Contaminationriskswereavoidedduring the samplepreparationstageby cleaningthe dif-
ferentpartsof the apparatusvith distilled water,ethanoland/or acetoneandby working in

50 m
100 m
250 m
500 m
750 m
1000 m
1250 m
1500 m
; | : | 2000 m
; 2500 m
e - : + 3000 m
g g ~ 2 3500 m
4000 m
4500 m
5000 m

“Ocean Data View

10°E 20°E 30°E

Legend

@® Samples analyzed in the IRDL laboratory

® Samples analyzed entirely by FTIR (M14 and M23)

® Samples physically subsampled (M8, M25 and M209)
Other samples collected during the campaign

‘Gcean Data View

Fig 1. Samplingeffort during the Tara campaignin the MediterraneanSeaOceanDataView[33].
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controlledconditions(chemicalaboratory).The preparationstepandthe ovenstepwereper-
formedin anareadedicatedo thetreatmentof TaraMediterranearSeasamplesDespitethe
needto handlethe analysesf the microplastican the open-air,thetime for interactionof the
collectedmicroplasticswith potentialairbornemicroplasticavasminimized asfar aspossible.
After eachanalysi®f microplasticdy AttenuatedT otal Reflectanc&ourrier Transforminfra-
red SpectroscopfATR-FTIR),the sampleholderwascleanedvith ethanolor acetoneThe
samplechambemwasalsocleanedut with avacuumcleanemaftereverysixty analysed-urther-
more, the useof plasticapparatusvasavoidedasfar aspossiblelf this wasimpossiblethe
Fourier-transforminfrared spectroscop{fTIR) spectrdrom thesematerialswereobtainedto
checkwhetherpotentialcontaminationhadoccurred.

The samplepreparationprotocolusedhereis partially basecn classigrotocols[34+37],
but alsoincludesan original stepwhich involvestheisolationand naming of eachplasticparti-
cleitemsin orderto build up amicroplasticdibrary. For eachof the 42mantasthefirst step
waswetsievingto separatéhe microplasticsaccordingto their sizeclassA stainless-stesiev-
ing cascad&vith tendifferentmeshsizegangingfrom 5mm to 32 m wasusedto separate
theitemsinto tensizeclasse§>5 mm, |5£4] mm, ]4+2] mm,]2+1] mm, ]1+0.5]mm, ]0.5+
0.315]Jmm, ]0.315+0.250fnm, ]0.250+0.125jnm, ]0.125+0.063m and]0.063+0.032jnm).
The5 mm sieveretainsparticlesin the sizeclasoarseithan5 mm. Four sievesvith mesh
sizessmallerthan0.315mm wereaddedto retainfibersand smallmicroplasticparticlesthat
couldbeinitially presenin particleaggregate$Vet sievingwascarriedout with 5 L of distilled
waterusingaslowflow rate(around0.04L.s%) throughthe sieveset. Then,the microplastics
collectedn eachsizeclassvereplacedn glassPetridishesandleft for around24hoursin an
ovenat50ECThe particlesbelongingto sizeclassesoarsethan0.315mm werethentrans-
ferredto 96-wellmicroplateddentifier (i.e.: TM0O001A1for @ ° microplaten
E000ANndwellnEA1) Eachof thesemicroplasticsvasthusisolatedand wasnamedwith a
unigueidentifier. Owingto this procedurethe sizeclassof eachparticlewasnoted.Particles
finer than0.315mm werestoredin chromatographyubesandnot includedin this study.
Basidnformation suchasthe uniqueidentifier, the sizerange the microplasticcolor,andany
further observationsverenotedto provideinput for the projectdatabaseThus,the microplas-
tic isolationstepallowsusto give,for everyparticlepresenton the microplatesauniqueiden-
tifier. This codeis necessarfor therandomdrawstep.

Fourier-transform infrared spectroscopyFTIR) analysis

The chemicahatureof plasticitemsin mantaM23 (207microplasticparticles)andM14 (767
microplasticparticleswasdeterminedto usenon-destructiveanalysisisingan Attenuated
Total ReflectionFourier Transforminfrared spectromete(ATR-FTIR Vertex70vBruker).
Thesewo mantaswerechosersincethe numberof microplasticparticlescollecteds repre-
sentativeof the medium (100to 500items)andlargesamplegmore than500items).All spec-
trawererecordedin the absorbancenodein the 4000+60@m* regionwith 4 cm* resolution
and16scansTo obtainabetterquality data,eachplasticfragmentwasplacedon the germa-
nium diamondcell(ATR GoldenGate)mountedon the FTIR spectrometerThe spectrumso
obtainedwasthencomparedwith referencespectrao identify the chemicahatureof the col-
lectedfragment[24].

Statisticalapproachand protocol

This protocolis basedn aclassicstatisticabpproachHrom surveystudiesln thefollowing,a
statisticabpproachandthen,an estimationprotocolwill bepresentedA detailedversionof
the statisticalprotocolis availablén the supplementarynaterialg(S1File).
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Statisticalapproach

In apopulation(in this study,microplasticsof the MediterranearSea)to estimatean
unknown proportion 2[0;1] of units possessingcharacteristic (e.g.thechemicahatureof
amicroplastic),anestimationof the parameteiof aBernouillilawis used.In this configura-
tion, it is consideredhat eachmicroplasticis randomlydrawnandtherefore

" p
or

71 p:

Proportion estimator. TherandomvariableX isdefinedby = 1if thechoserunit has
and = 0otherwiseKnowingthedistributionlawof , it waspossibleo constructagood
estimatorp for theproportion from asampleof sizen. So,anestimationp correspondso
[1 andcouldbecalculatedy

1P
= LAt

For this estimator sincethedistribution law of X isknown, it waspossibleo constructa
confidencentervalfor p. To constructthis interval,two configurationshadto bedenoted The
first configuration,in which the globalpopulationsize(N) is unknown,wasusedin the caseof
the MediterranearSeasinceit is not possibleo know the exacinumberof microplasticgpres-
ent. The seconcconfigurationwasthe casan whichthe populationsize(N) is known. The
number(N) of microplasticscollectedmantaby mantawasknown andthe proportion would
beestimatedrom asubsampl®f size(n). Basen thesetwo configurationsaconfidence
intervalcouldbegivenfor eachone.

Confidenceinterval. Oncethe estimatom of the proportion hadbeendeterminedthe
associatedonfidencantervalhadto becalculatedIn the configurationwhereN is unknown,
the confidencantervalfor the confidencdevel isgivenby

" r .o.o..o.o.#'..o.o

R I | ot

I
i
NI

with -, , thefractaloforder of thestandardizedhormallaw. It is commonto takeasdegree

of confidencenf95%( .. =0.05; %A 1:96).Forthe configurationin whichthe proportion
wasestimatedvhenN is known, aconfidencentervalfor confidencdevel wasgivenby
n S #
- R |
: s it -3

with 1%thefractalof0rder of the standardizeachormal law. The protocol presentedelow

is basedn this statisticapproach.

Protocols. To estimatehe proportion of microplasticswith acharacteristicC, two proto-
colscorrespondingo thetwo configurationswereused following the 4 stepsdescribedelow.
Thefirst stepwasthe estimationof the numberof microplasticsmeededo obtainagivenaccu-
racy( . . thevaluemeasuringhalfwidth of the confidencenterval). The secondonewasthe
estimationof the proportion. Thethird stepconsistedn givingthe confidencentervalof the
estimatedproportion. Thelaststepdescribedhetestsusedfor comparingtwo proportions.
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Stepl: Number of microplastics. To beableto studythe characteristicef the collected
microplasticsit isfirst necessarto determinethe minimum numberof particlesto bestudied
to reachacertainconfidencdevelin the estimatedproportion. In the statisticabpproach
(3.1),it hadbeenshownthataccuracydlependedn the proportion (p) andsizeof the sub-
samplgn). In thefirst configuration,the difficulty wasthat p is unknown.Neverthelessn
upperboundcanbefoundto thefunction (1 ) asitismaximumwhen ~ 1.

In the configurationin whichthe estimationof the proportion of microplasticpossessing
characteristicC in the MediterranearSeavasaimedat p canthereforebesubstitutecby 2.
Then,the numberof microplasticghat hadto berandomlydrawnwascalculatedor three
classioraluesof accuracy5%,2.5%and 1%.To this end, the following equationwasused:

12

R

4

NI

.4t

N

In the configurationin which the aim wasto estimatethe proportion of microplasticpos-
sessin@characteristicC in amanta,N isknown. For agivenerror, the numberof microplas-
ticsin the sampledoopulationwasobtainedasfollows:

2
it 2

-

.5t

Nip

Fromthe Eqgs(4) and(5), it wasthenpossibleo calculatehe numberof microplasticdo
analyzdor agivenaccuracy.

Step2+3:Proportion and confidenceinterval. Oncethe minimum numberof particles
to beanalyzedhadbeendeterminedmicroplasticxanbesubsample@ndanalyzedThepro-
portion of microplasticawith the characteristicC hadto becalculatedisingEq(1). Then,the
confidencentervalof order wascalculatedTo constructthe confidencenterval,the Eq(2)
wasusedfor thefirst configuration(MediterranearSeajandthe Eq(3) for the seconcconfigu-
ration (estimationmantaby manta).

Step4: Comparisonof the proportions. Now thatthe proportionswereestimatedand
the confidencantervalsdefined.The proportions(p) couldbecomparedwith atheoretical
valueor with the proportion of adifferentsample So,to assesthe significanceof the differ-
encebetweerthe valuesof the proportions(p) obtainedaftersub-samplingandthoseof refer-
encey ), two statisticaindicatorsarecalculatedthe absolutesrror andthe testof equalor
givenproportions.To comparethe estimatedroportionson two independensamplesthe 12
testis usedbecausef the normaldistribution of the proportions.

Calculationtools

This protocolwasappliedto studythe proportionsof the sizeand chemicaparameter®f the
microplasticollectedn the MediterranearSea.

The subsamplingvasperformedusingR softwareversion3.1.2(R CoreTeam,2014)using
the packagébase¥ersion3.1.2andthe2sample()function (Beckeretal.,1988Ripley,1987)
andthe proportion testbetweerthe full populationandthe subsampl@opulationwereper-
formedusingthe packagéstats®version3.1.2andtheprop.test()° function (Newcombe,
1998aNewcombe1998bWilson, 1927).

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 6/16


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

®PLOS | one

A new protocol to evaluate the characteristics of microplastic contamination

The protocol in aNutshell

Themethodproposedn the publicationcanbesummarizedn 5 fundamentakteps(1)
Mantaaftermanta,the particlesareplacedn the wellsof microplatesEachparticlethen
receivesuniqueidentifier. (2) Theuserdeterminesvhetherhewantsto studythe contamina-
tion characteristic$or eachof the mantasor for the areacoveredby severamantasHe will
thenchoosehe equationsystencorrespondingo his needs(3) Theuserthusdetermineshe
accuracyof theresultsacquiredfor his study.Fromthisinformation, it determineshe number
of particlesto beanalyzedisingequations(4) A list of identifierscontainingthe required
numberis randomlydrawn,usingthe R softwarein this study,but spreadsheedoftwarecan
easilyperformthe sameoperation.(5) The particlesareanalyzedaccordingto the method
desiredby the user.

Results and discussion: Application to the Mediterranean Sea

TaraMediterranearexpeditioncollectedensof thousandf microplasticon the surfaceof
the Mediterranearbasinthat now needto beanalyzedasedn the protocoldevelopedn this
article.First,the proportionsof the differentsizeclassewill beestimatechtthe scaleof the
North-Westbasinof the MediterranearSeaThen,proportionsof the differentsizeclassewiill
beestimatednantaby manta.Finally,the protocolwill beusedto studythe proportionsof the
differenttypesof polymersthat canbe observedn the samples.

MediterraneanSea

Stepl: Number of microplastics. Theaccuracy ) wascalculatedasafunction of the
numberof randomdrawn particles(n 2 [10% 10%). So,then whichfor isequalto 5%is
determined.Theaccuracyalueslo not decreasénearlywhenthe numberof particlesran-
domlydrawn(n) increasesFig 2). Theaccuracyncreasesapidly beforen = 2,000particles.
Then,theincreasan the numberof particlesdrawnatrandombeyond2,000+3,000articles
doesnot significantlyimprovethe quality of the resultscomparedo therequiredanalytical
effort. Thus,calculationsshowthat 385microplasticsandomlydrawn aresufficientto deter-
mine the proportionswith the accuracyof 5%.With 1,537microplasticghe accuracyof the

Fig 2. Statisticd subsampling of the full population. Theoreticakvolutionoftheaccuracy ; %)asafunction of the populationrandomly drawn (n).
Whenn reacheB85microplastis, islowerthan5%.

https://doiorg/10.1371§urnal.pon®212088.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0212088 February 11, 2019 7116


https://doi.org/10.1371/journal.pone.0212088.g002
https://doi.org/10.1371/journal.pone.0212088

®PLOS | one

A new protocol to evaluate the characteristics of microplastic contamination

Fig 3. Resultsof the proportion of the classsizesfor different accuracyvalues.Despitethe significart increasen the
numberof particlesanalyzedthe proportionsareverysimilar.

https://da.org/10.1371¢urnal.pon®212088.g08

resultsincreasesip to 2.5%and up to 1%with 9,604microplasticsin the caseof this study,
the proportionsof the differentsizeclassewill becalculatedor thesedifferentaccuracief
orderto showtheimpactof thechoiceof ontheresultsin thecaseof arealstudy,asingle
accuracyalueis sufficient.

Steps2+3:Proportion and confidenceinterval. Fortheaccuracyf 5%,385microplas-
ticswererandomlysubsampledTheresultsshowthat the sizedistribution of microplasticss
dominatedby the sizeclasq0.5+1]mm, whichaccountdor 46.2%of the particles(Fig 3).
Next, the sizeclassefl+2] mm and[0.315+0.5mm aretwo intermediatesizeclassewith
29.9%and 18.4%of the microplasticyespectivelyThe sizeclas§2+4] mm islessobserved
with only 5.5%Thesizeclas§4+5] mm is not observedFor theaccuracyf 2.5%,1,537
microplasticavererandomlysubsampledThesizedistribution of microplasticss alsodomi-
natedby the sizeclasq40.5+1]Jmm, which accountdor 46.7%of the particles Thesizeclasses
[1+2] mm and[0.315+0.5fnm remainheretwo intermediatesizeclassewith respectively
29.9%and 18.4%of the microplasticsSizeclassef+4] mm andthe[4+£5] mm areless
observedvith only 5.7%and 0.3%of the collectedmicroplasticsrespectivelyFinally,for =
1%,9,604microplasticavererandomly subsampledT he samesizedistribution asfor the two
previousresultsis observedere.Thesizeclas§0.5+1Jmm accountdor 48.2%of the particles.
Thesizeclassefl+2] mm and[0.315+0.5mm represenB0.6%and 16.0%of the microplas-
tics,respectivelylast sizeclassef2+4] mm andthe [4+5] mm arelessobserveavith only
5.0%and0.2%of the collectedmicroplasticsrespectively.

Step4: Comparisonof the proportions. Theproportionsobtainedfor thethreeaccuracy
valuesselecteghowlittle differencesThe maximumabsoluteerror ( a) calculatedor the
sameproportion, but obtainedfor two differentaccuracyaluesijs equalto 2.5%.Themean
absoluteerror betweemroportionsfor =5%and = 1%is 1.2%and0.8%whencomparing

=2.5%and = 1%.The !°testsshowno statisticadifferencebetweerthe threesizedistribu-
tions calculatedor eachof the accuracywaluegp-value>> 0.05).Theztestvaluesarelower
than 1.96 sothe null hypothesicannotberejected.
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Implication for the study of large microplastic data. Thestatisticaimethodappliedin
this studyallowsa substantiateductionin the numberof microplasticdo beanalyzedThe
resultsobtainedby analyzing385to 9,604randomlyselectednicroplasticprovidearepresen-
tativeviewof the entire population,with amaximumerror betweerb and 1%.Thesaesults
alsohighlightthefactthatanincreasan analyticaleffort after2,000+3,00fnicroplasticsloes
not significantlyimprovethe quality of the resultscomparedo the requiredanalyticakffort.
Thismethodologycanbeusedin the caseof large-scalsamplingcampaignsvherethe num-
berof microplasticscollectedcould beof the order of tensof thousandof particlesWith this
approachit will berelativelyeasyandfast,comparedo analyzinghe completedataset,to
obtainrobustresultsand determineoverallvaluedor the studyarea Furthermore anincreas-
ing numberof physicochemicadescriptorssuchasPersistenOrganicPollutants[38+40],
endocrinedisruptors[11,41],heavymetalg11,16,42+444restudiedin plasticparticlesin the
sameway,anincreasinghumberof parameterarebeingusedto studyorganismdiving on
microplasticsurface$21,22,45,46]t istherefordikely that,in therelativelynearfuture,
researctprogramswill systematicallattemptto describemicroplasticpollution usingdiffer-
entdescriptorsThiswill involvemultiple analysesyhichwill bedifficult, if notimpossiblgo
performon oversizednicroplasticssamplepopulations.Theapplicationof this protocolis a
veryeffectivesolutionto achievestudyapplicationof multiple sampleanalysisncluding sev-
eralthousandmicroplastics.

The manta by mantaapproach:The exampleof the sizeclasses

Wethentestedhe subsamplingrotocolmantaby manta(N = 13,115mnicroplastic§rom 42
mantas) Theaimisto determinethe proportionsof the differentsizeclassewith an®accept-
ableaccuracyfor eachmanta.

Stepl: Number of microplastics. Thenumberof particlesto besubsampledn), for a
givennumberof particlespresentn the manta(N), increasestronglywhenthevalueof the
precisionof theresultsdecrease§-ig4). Thusfor N = 2,000 = 1,656(83%)for =1%
whereas = 324(16%)for =5%andn =93(5%)for =10%.Thedecreas@ the numberof
particless alsonot assignificantfor all N valuesFor examplefor = 5%the numberof parti-
clesin the mantamustbeequalto 400for then/N ratio to belesshan0.5.For = 10% this

Fig 4. Variations in the number of particlessubsampledn) asafunction of the number of microplastics collected
in the manta(N) for different accuracyvalues.

https://cbi.org/10.1371durnal.por.0212088.g04
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ratio isreachedor N = 100.Thus,undertheseconditions,whenN tendsto infinity, the number
of microplasticghat needto besubsampledendsto 386for = 5%and98particlesfor =
10%.In the particularcaseof this study,the accuracyf 10%hasbeenchoserregardingthe
numberof mantaandthe effort requiredto analyzeéhem.In fact,in the caseof this study,we
estimatethat our capacityof analysiss limited to 2,600particlesamongthe 13,155ollected
(20%).Usingthe methodologyproposedon the TaraMediterranearcruisedata,the numberof
particlesto beanalyzedg¢alculaten the basisof the constraintsestablishedhat for anaccu-
racyof 10% decreaseffom 13,1550 2,323 Thisaccuracywaluemayseenhigh comparedo
thevalueconventionallyusedin manyscientificstudieg5%),but it givesarelativelyaccurate
ideaof the proportionsof the parameteichoserfor the study.From the point of viewof the
presenexampleijt allowsthe analysi®f 42 mantatraits,which, becausef analyticalimits,
couldnot havebeenanalyzedThus,with = 10% the numberof microplasticsandomly
selectegber mantais lesshan 100,regardlessf the numberof microplasticdn the sampleThe
impactof this approachis more or lessmarkeddependingon the numberof microplasticper
sampleln fact,if the numberof particless lesshan 100 the analyticaleffort remainshigh.
Neverthelesshe gainincreasesapidly with the numberof selectegbarticles For samplegon-
taining morethan 1,000microplasticslessthan 10%of particlesneedto beanalyzedThe
choiceof the accuracyvalueis necessarilp compromisebetweerthe desireto obtainresultsas
closeaspossiblgo therealvaluesandthelimits in termsof the analysicapacityof the samples.
In this examplethis analysisapacityshouldbeincreasedo 3,500microplasticso achievehe
accuracyof 7.5%andto 5,500for the accuracyf 5%.Thus,evenaslightvariationin the desired
accuracyhasimportant consequenceasn the numberof sampleso beanalyzed.

Accordingto this,the numberof microplasticsrequiredto obtainanarbitrary maximum
error of 10% wascalculatedor eachmantaandthe proportion of the sizeclassewasdeter-
minedfor eachmanta.

Steps2+3:Proportion and confidenceinterval. Theresultsshowthatsomesizeclasses
arebetterrepresentedhan others.Thus,overallclasg0.5+1Jmm representbetweerdOand
60%o0f the collectedmicroplasticsOn the contrary,classef2+4] and[4+5] mm areunderrep-
resentedvith generallyesghan 10to 15%of the collectedmicroplasticsClassef0.315+0.5]
and[1+2] mm areintermediatewith averaggroportionsin the orderof 17and 30%respec-
tively. However variationsof the estimatedoroportion canbe notedfrom onemantato
another.Thisimpliesthat thedistribution of microplasticsizedependof thelocationin the
MediterranearSealn this casethesevariationsof the estimatedproportion do not appearto
berelatedto the numberof particlescollectedbut relatedto the location.Aswecanseeon Fig
5,the estimatedproportion sufferedverylittle variationwith the growth of the numberof par-
ticles. Theanalysiof theremainingsamplesindthelinking of theseresultswith the metadata
acquiredduring the campaigncould highlight factorsimpactingthe granulometricdistribu-
tion of microplasticdn the MediterranearSea.

Step4: Comparisonof the proportions. Whencomparingrealproportionsandthose
obtainedafterrandomdrawing99.4%of the estimatehavea ,<10% andcalculationfthe
p-valueshowno statisticadifferencebetweerrealandestimatedroportionsfor 41 mantas
(p-value 0.05). Theonly significantdifferences obtainedfor the mantawith the highest
numberof microplastic{p-value<0.05). On averagehe differencebetweertherealpropor-
tion andthe estimatedoroportionis2.6 2.4%sogenerallyfar below10%.

The manta by mantaapproach:The exampleof the polymer type

This protocol canalsobeusedto studythe proportionsof differenttypesof polymersthat can
beobservedn the samplesThe choiceof the numberof microplasticgo bestudiedper manta
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o ®
@ : PLOS | ONE A new protocol to evaluate the characteristics of microplastic contamination

Fig 5. Variation of the sizeclassproportio nsasthe function of the manta population (N; number of microplasticsper manta) and margin
errors associated

https:/Hoi.org/10.137/ournal.pon®212088.g005
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Fig 6. Realand estimatedproportions of different polymers determined basedon microplastic FTIR spectra.Real
andestimaed proportionsareverysimilaranddo not statisticaly differ.

https://i.org/10.1371durnal.por.0212088.906

beingstrictly identicalto in point 4.2,only step2+3and4 will bedetailedhere.Sincethe com-
parisonof the resultswith the realproportionsof the mantainvolvesthe analysiof all the col-
lectedmicroplasticsthe demonstrationwill be performedon the M23 andM14 manta.

Steps2+3:Proportion and confidenceinterval. Analysisof the FTIR spectraof micro-
plasticoof two mantagM14 and M23) showshatthesesamplegonsistmainly of polyethylene
andpolypropylengFig 6). Other polymers suchaspolyamideand polystyreneaccountfor
lesghan5%in M14 andM23 mantasUnclearspectraglassifiecas®other®, accountfor about
17%of all particles Theseresultsareverysimilar to thosealreadyobservedn the Mediterra-
neanSed?24]. Thesaesultsarealsosimilarto thosefrom Brest(France)13] and TamarEstu-
ary (United Kingdom) [47], but with lesspolystyreneparticles This differencemaybedueto a
greaterdistanceoffshore Theremainingmantasamplesvill now bestudiedusingthe statisti-
calapproacho characterizéhe chemicahatureof microplasticpresentin the surfacdayer
of the easthasinof the MediterranearSea.

Step4: Comparisonof the proportions. Therealandestimatecpbroportionsarevery
similarandthemaximum ,is7.7%for M14 and 3.8%for M23, thereforebelowthe fixed
maximumerror of 10%.Furthermore basedn p-valuesthe estimatecproportionsdo not dif-
fer statisticallyfrom therealproportions.This approachmakespossibldo considerthe gener-
alizationof spectrometri@nalysisn the caseof campaignsvith alargenumberof samplesin
the caseof this study,only two mantashavebeenanalyzedofar in orderto conductthis pre-
liminary study.Thanksto this protocol,the othersamplesannow beanalyzed.

Conclusion

In highly contaminatedenvironmentsthe numberof microplasticsollectedoy mantacanbe
veryhighwith valuegangingfrom hundredsto thousandf particlesasin the Mediterranean
Sed24]. Under suchconditions,microplasticanalysisanbeverytedious repetitiveandtime
consuming Statisticamethods]ike the oneusedhere,arecommonlyusedto conductrepre-
sentativesamplingof givenpopulations.The protocol of analysigroposechere whichin
somecasesignificantlyreduceghe numberof microplasticdo analyzeis an efficientwayto
helpsolvethis problem.Thus,in the caseof asamplingcampaignthe resultsobtainedby ana-
lyzing400to 3,000randomlyselectednicroplasticanakeit possibleo providearepresenta-
tive viewof the microplasticof the areasampledwith anaccuracyangingfrom 2 to 5%.This
methodologyisrelevantio helpresearcherto analyzamicroplasticsollectedduring study
campaign®n thescaleof asealt canbeusedevenfor smallareasf soil, sedimentor beach
with lower overallconcentrationlevelsof microplasticsThis approachalsoopensthe possibil-
ity to studylargesamplesvith successivmethods(ex.FT-IR,RAMAN, SEM).In suchcases,
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wherethetotal numberof measurementmcreasesapidly, the statisticabpproachcanbe
appliedto reducethe numberof manipulationswhile controlling the error within acceptable
limits. It isthereforelikely thatin therelativelynearfuture, researctprogramswill systemati-
callyattemptto describehe microplasticpollution usingdifferentdescriptorsThiswill
involvemultiple analyseswhichwill bedifficult, if not impossiblepn oversizednicroplastics
samplesThe useof this statisticabpproachby reducingthe numberof microplasticgequired
for analysiss averyrobustand efficienttool.
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