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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

The contamination of the marine environment by plastics is a major environmental concern

and has been the subject of an increasing number of studies and surveys since 2000 [1]. In this

context, Tara Expedition, a French non-profit organization acting for the environment since

2003, conducted microplastic sampling for 7 months in 2014 across the Mediterranean Sea.

The objective of this expedition was to characterize microplastic contamination in order to

better describe the effects of plastic waste on marine ecosystems. In particular, the Tara Medi-

terranean Consortium is trying to evaluate the spatial distribution of floating debris in the

Mediterranean Sea, to chemically characterize the different types of plastics and to characterize

bacteria communities [2] as well as the micro- and macro-organisms fixed on plastic particles.

In the long term, the scientific knowledge provided by this project will make it possible to bet-

ter target the actions to be taken to reduce pollution by plastic waste in the Mediterranean Sea.

More broadly, the number of analyses proposed to properly characterize the contamination

of the natural environment by microplastics has increased and diversified in recent years [3].
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Thus, when dealing with baseline observations such as particle numbers [4–6], color identifica-

tion [7,8], particle size [9,10] or particle categorization (e.g. fibers, fragments) [7,8], more com-

plex descriptors related to surface morphology [8,11] or the determination of the polymer

nature [12–15] are now more commonly used. Contamination by pollutants such as heavy

metals [11,16,17], endocrine disruptors [11] and Persistent Organic Pollutants [8,18–20] is

increasingly being studied. In addition to these physico-chemical analyses, biological parame-

ters such as the organic communities living on the surface of the microplastics are beginning

to be analyzed [2,21–23]. Different analyses can also be made on the same sample, such as the

measure of the microplastic and the plastic chemical composition determination [24]. This

can imply that destructive analyses, which can be considered as a limitation in the study of

microplastics [25], should be restricted to a minimum and libraries of microplastics should be

set up and organized to be exploited over a long period of time. However, the analysis of

microplastics can be complex, even impossible, when their number is too large. Microplastic

pollution, although ubiquitous, is not uniformly distributed over the planet. Areas with higher

contamination concentrations have been identified such as the five oceanic gyres [26–29], the

Arctic [9], the China Sea [30,31] and the Mediterranean Sea [24,30–32] and a very large num-

ber of microplastics have been collected in these areas. In such case, it is inconceivable to carry

out the different analyses of all the collected microplastics. It is therefore necessary to select

only a representative part. However, reducing the number of analyzed microplastic samples

leads to a decrease in sample representativeness.

In 2014, the Tara Mediterranean expedition collected tens of thousands of microplastics

from various sites on the surface of the Mediterranean basin using a manta net. Some of these

samples were fully analyzed and two types of parameters were particularly studied as part of

our study: the granulometric distribution of the microplastics and their chemical nature. The

objective of this study is to verify whether it would have been possible to reduce the amount of

work by subsampling these microplastics. To help solve the problem of the analysis of a large

population of microplastics, a new analytical approach is proposed, based on a statistical sub-

sampling method commonly used in surveys. The originality of this work is the use of this sta-

tistical sub-sampling method in the study of microplastics. This approach, which does not

depend on the parameters to study or the analytical method, will be tested on the data sets of

both parameters (granulometric distribution, chemical nature). The values of these parameters

will be calculated and compared with the values obtained by statistical sub-sampling. This will

make it possible to verify whether this approach can be applied in the particular case of the

study of microplastics. In order to make this article as didactic as possible, it will be organized

according to the following plan: (1) First, we will present the sample collection protocol, sam-

ple preparation for analysis and analysis protocol. (2) We will then explain the statistical proto-

col used to estimate the proportions of the two parameters followed. (3) We will finally apply

our protocol to a real application: the study of the contamination of the North-West basin of

the Mediterranean Sea by microplastics.

Sample collection, preparation and analysis

The sampling campaign was conducted in the Mediterranean Sea from May to November

2014 in the framework of the TARA Mediterranean Expedition. The aim of the project is to

describe the impacts of plastic waste on marine ecosystems of the Mediterranean Sea.

Sample collection

Microplastics were sampled using a 4.4-m-long manta net of 333 μm mesh size with a net

opening of 16 cm x 60 cm by trawling on 120 sites by day and by night (Fig 1). The manta
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towed at the sea surface for ca. 60 min behind the boat at an average speed of 2.5 knots. Conse-

quently, the average filtered volume of each manta trawl was about 507 m3.

The physical-chemical data were collected using a thermosalinograph (TSG) and a hyper-

spectral spectrophotometer (AC-S). Ocean Color satellite images were supplied by ACRI-ST

and the Mercator circulation model was used to determine the areas of interest for the sampling.

Geographical coordinates are available at Pangea Data Publisher http://www.pangaea.de.

Preparation of the samples

Preserved organic material was first removed from microplastics under a dissecting micro-

scope. Particles were counted and measured using the ZooScan image analysis method at the

Laboratoire d’Océanographie de Villefranche-sur-Mer (LOV, Villefranche-sur-Mer, France)

[24] and then checked and weighed at IFREMER, Laboratoire LER/PAC. Finally, the micro-

plastics from 77 manta trawls were transferred to the Institut de Recherche Dupuy de Lôme

(IRDL, Lorient, France) for analysis of their chemical nature. To test the statistical sub-sam-

pling protocol, the particle size range of microplastics from 42 mantas trawls was used.

Contamination risks were avoided during the sample preparation stage by cleaning the dif-

ferent parts of the apparatus with distilled water, ethanol and/or acetone, and by working in

Fig 1. Sampling effort during the Tara campaign in the Mediterranean Sea. Ocean Data View [33].

https://doi.org/10.1371/journal.pone.0212088.g001
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controlled conditions (chemical laboratory). The preparation step and the oven step were per-

formed in an area dedicated to the treatment of Tara Mediterranean Sea samples. Despite the

need to handle the analyses of the microplastics in the open-air, the time for interaction of the

collected microplastics with potential airborne microplastics was minimized as far as possible.

After each analysis of microplastics by Attenuated Total Reflectance Fourrier Transform Infra-

red Spectroscopy (ATR-FTIR), the sample holder was cleaned with ethanol or acetone. The

sample chamber was also cleaned out with a vacuum cleaner after every sixty analyses. Further-

more, the use of plastic apparatus was avoided as far as possible. If this was impossible, the

Fourier-transform infrared spectroscopy (FTIR) spectra from these materials were obtained to

check whether potential contamination had occurred.

The sample preparation protocol used here is partially based on classic protocols [34–37],

but also includes an original step which involves the isolation and naming of each plastic parti-

cle items in order to build up a microplastics library. For each of the 42 mantas, the first step

was wet sieving to separate the microplastics according to their size class. A stainless-steel siev-

ing cascade with ten different mesh sizes ranging from 5 mm to 32 μm was used to separate

the items into ten size classes (>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).

The 5 mm sieve retains particles in the size class coarser than 5 mm. Four sieves with mesh

sizes smaller than 0.315 mm were added to retain fibers and small microplastic particles that

could be initially present in particle aggregates. Wet sieving was carried out with 5 L of distilled

water using a slow flow rate (around 0.04 L.s-1) through the sieve set. Then, the microplastics

collected in each size class were placed in glass Petri dishes and left for around 24 hours in an

oven at 50˚C. The particles belonging to size classes coarser than 0.315 mm were then trans-

ferred to 96-well microplates identifier (i.e.: TM0001A1 for “Tara Méditerranée”, microplate n

˚0001 and well n˚A1). Each of these microplastics was thus isolated and was named with a

unique identifier. Owing to this procedure, the size class of each particle was noted. Particles

finer than 0.315 mm were stored in chromatography tubes and not included in this study.

Basic information such as the unique identifier, the size range, the microplastic color, and any

further observations were noted to provide input for the project database. Thus, the microplas-

tic isolation step allows us to give, for every particle present on the microplates, a unique iden-

tifier. This code is necessary for the random draw step.

Fourier-transform infrared spectroscopy (FTIR) analysis

The chemical nature of plastic items in manta M23 (207 microplastic particles) and M14 (767

microplastic particles) was determined to use non-destructive analysis using an Attenuated

Total Reflection Fourier Transform Infrared spectrometer (ATR-FTIR Vertex70v, Bruker).

These two mantas were chosen since the number of microplastic particles collected is repre-

sentative of the medium (100 to 500 items) and large samples (more than 500 items). All spec-

tra were recorded in the absorbance mode in the 4000–600 cm-1 region with 4 cm-1 resolution

and 16 scans. To obtain a better quality data, each plastic fragment was placed on the germa-

nium diamond cell (ATR Golden Gate) mounted on the FTIR spectrometer. The spectrum so

obtained was then compared with reference spectra to identify the chemical nature of the col-

lected fragment [24].

Statistical approach and protocol

This protocol is based on a classic statistical approach from survey studies. In the following, a

statistical approach and then, an estimation protocol will be presented. A detailed version of

the statistical protocol is available in the supplementary materials (S1 File).

A new protocol to evaluate the characteristics of microplastic contamination
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Statistical approach

In a population (in this study, microplastics of the Mediterranean Sea), to estimate an

unknown proportion π2[0;1] of units possessing a characteristic C (e.g. the chemical nature of

a microplastic), an estimation of the parameter of a Bernouilli law is used. In this configura-

tion, it is considered that each microplastic is randomly drawn and therefore

Pðthe microplastic possess the characteristic CÞ ¼ p

or

Pðthe microplastic does not possess the characteristic CÞ ¼ 1 � p:

Proportion estimator. The random variable X is defined by X = 1 if the chosen unit has C
and X = 0 otherwise. Knowing the distribution law of π, it was possible to construct a good

estimator p for the proportion π from a sample of size n. So, an estimation p corresponds to E
[X] and could be calculated by

p ¼
1

n
Pn

i¼1
xi ð1Þ

For this estimator, since the distribution law of X is known, it was possible to construct a

confidence interval for p. To construct this interval, two configurations had to be denoted. The

first configuration, in which the global population size (N) is unknown, was used in the case of

the Mediterranean Sea, since it is not possible to know the exact number of microplastics pres-

ent. The second configuration was the case in which the population size (N) is known. The

number (N) of microplastics collected manta by manta was known and the proportion would

be estimated from a subsample of size (n). Based on these two configurations, a confidence

interval could be given for each one.

Confidence interval. Once the estimator p of the proportion had been determined, the

associated confidence interval had to be calculated. In the configuration where N is unknown,

the confidence interval for the confidence level α is given by

ICa
2
¼ p� u1� a

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pð1 � pÞ

n

r" #

ð2Þ

with u1� a
2

the fractal of order α of the standardized normal law. It is common to take as degree

of confidence of 95% (i.e. α = 0.05; u1� a
2
¼ 1:96). For the configuration in which the proportion

was estimated when N is known, a confidence interval for confidence level α was given by

ICa
2
¼ p� u1� a

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
pð1 � pÞ

n
�
ðN � nÞ
ðN � 1Þ

s" #

ð3Þ

with u1� a
2

the fractal of order α of the standardized normal law. The protocol presented below

is based on this statistical approach.

Protocols. To estimate the proportion of microplastics with a characteristic C, two proto-

cols corresponding to the two configurations were used, following the 4 steps described below.

The first step was the estimation of the number of microplastics needed to obtain a given accu-

racy (i.e. the value measuring half width of the confidence interval). The second one was the

estimation of the proportion. The third step consisted in giving the confidence interval of the

estimated proportion. The last step described the tests used for comparing two proportions.
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Step 1: Number of microplastics. To be able to study the characteristics of the collected

microplastics, it is first necessary to determine the minimum number of particles to be studied

to reach a certain confidence level in the estimated proportion. In the statistical approach

(3.1), it had been shown that accuracy depended on the proportion (p) and size of the sub-

sample (n). In the first configuration, the difficulty was that p is unknown. Nevertheless, an

upper bound can be found to the function p(1−p) as it is maximum when p ¼ 1

2
.

In the configuration in which the estimation of the proportion of microplastics possessing a

characteristic C in the Mediterranean Sea was aimed at p can therefore be substituted by 1

2
.

Then, the number of microplastics that had to be randomly drawn was calculated for three

classic values of accuracy: 5%, 2.5% and 1%. To this end, the following equation was used:

n ¼
ðu1� a

2
Þ

2

4ε2
ð4Þ

In the configuration in which the aim was to estimate the proportion of microplastics pos-

sessing a characteristic C in a manta, N is known. For a given error, the number of microplas-

tics in the sampled population was obtained as follows:

n ¼

1

4
þ ε2

u1� a
2

� �2

ε2

u1� a
2

� �2 þ
1

4N

ð5Þ

From the Eqs (4) and (5), it was then possible to calculate the number of microplastics to

analyze for a given accuracy.

Step 2–3: Proportion and confidence interval. Once the minimum number of particles

to be analyzed had been determined, microplastics can be subsampled and analyzed. The pro-

portion of microplastics with the characteristic C had to be calculated using Eq (1). Then, the

confidence interval of order α was calculated. To construct the confidence interval, the Eq (2)

was used for the first configuration (Mediterranean Sea) and the Eq (3) for the second configu-

ration (estimation manta by manta).

Step 4: Comparison of the proportions. Now that the proportions were estimated and

the confidence intervals defined. The proportions (p) could be compared with a theoretical

value or with the proportion of a different sample. So, to assess the significance of the differ-

ence between the values of the proportions (p) obtained after sub-sampling and those of refer-

ences (π), two statistical indicators are calculated: the absolute error and the test of equal or

given proportions. To compare the estimated proportions on two independent samples, the χ2

test is used because of the normal distribution of the proportions.

Calculation tools

This protocol was applied to study the proportions of the size and chemical parameters of the

microplastics collected in the Mediterranean Sea.

The subsampling was performed using R software version 3.1.2 (R Core Team, 2014) using

the package “base” version 3.1.2 and the “sample()” function (Becker et al., 1988; Ripley, 1987)

and the proportion test between the full population and the subsample population were per-

formed using the package “stats” version 3.1.2 and the “prop.test ()” function (Newcombe,

1998a; Newcombe, 1998b; Wilson, 1927).

A new protocol to evaluate the characteristics of microplastic contamination
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The protocol in a Nutshell

The method proposed in the publication can be summarized in 5 fundamental steps: (1)

Manta after manta, the particles are placed in the wells of microplates. Each particle then

receives a unique identifier. (2) The user determines whether he wants to study the contamina-

tion characteristics for each of the mantas or for the area covered by several mantas. He will

then choose the equation system corresponding to his needs. (3) The user thus determines the

accuracy of the results acquired for his study. From this information, it determines the number

of particles to be analyzed using equations. (4) A list of identifiers containing the required

number is randomly drawn, using the R software in this study, but spreadsheet software can

easily perform the same operation. (5) The particles are analyzed according to the method

desired by the user.

Results and discussion: Application to the Mediterranean Sea

Tara Mediterranean expedition collected tens of thousands of microplastics on the surface of

the Mediterranean basin that now need to be analyzed based on the protocol developed in this

article. First, the proportions of the different size classes will be estimated at the scale of the

North-West basin of the Mediterranean Sea. Then, proportions of the different size classes will

be estimated manta by manta. Finally, the protocol will be used to study the proportions of the

different types of polymers that can be observed in the samples.

Mediterranean Sea

Step 1: Number of microplastics. The accuracy (ε) was calculated as a function of the

number of random drawn particles (n 2 [102; 104]). So, the n which for ε is equal to 5% is

determined. The accuracy values do not decrease linearly when the number of particles ran-

domly drawn (n) increases (Fig 2). The accuracy increases rapidly before n = 2,000 particles.

Then, the increase in the number of particles drawn at random beyond 2,000–3,000 particles

does not significantly improve the quality of the results compared to the required analytical

effort. Thus, calculations show that 385 microplastics randomly drawn are sufficient to deter-

mine the proportions with the accuracy of 5%. With 1,537 microplastics the accuracy of the

Fig 2. Statistical subsampling of the full population. Theoretical evolution of the accuracy (ε; %) as a function of the population randomly drawn (n).

When n reached 385 microplastics, ε is lower than 5%.

https://doi.org/10.1371/journal.pone.0212088.g002
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results increases up to 2.5% and up to 1% with 9,604 microplastics. In the case of this study,

the proportions of the different size classes will be calculated for these different accuracies in

order to show the impact of the choice of ε on the results. In the case of a real study, a single

accuracy value is sufficient.

Steps 2–3: Proportion and confidence interval. For the accuracy of 5%, 385 microplas-

tics were randomly subsampled. The results show that the size distribution of microplastics is

dominated by the size class [0.5–1] mm, which accounts for 46.2% of the particles (Fig 3).

Next, the size classes [1–2] mm and [0.315–0.5] mm are two intermediate size classes with

29.9% and 18.4% of the microplastics respectively. The size class [2–4] mm is less observed

with only 5.5%. The size class [4–5] mm is not observed. For the accuracy of 2.5%, 1,537

microplastics were randomly subsampled. The size distribution of microplastics is also domi-

nated by the size class [0.5–1] mm, which accounts for 46.7% of the particles. The size classes

[1–2] mm and [0.315–0.5] mm remain here two intermediate size classes with respectively

29.9% and 18.4% of the microplastics. Size classes [2–4] mm and the [4–5] mm are less

observed with only 5.7% and 0.3% of the collected microplastics, respectively. Finally, for ε =

1%, 9,604 microplastics were randomly subsampled. The same size distribution as for the two

previous results is observed here. The size class [0.5–1] mm accounts for 48.2% of the particles.

The size classes [1–2] mm and [0.315–0.5] mm represent 30.6% and 16.0% of the microplas-

tics, respectively. Last, size classes [2–4] mm and the [4–5] mm are less observed with only

5.0% and 0.2% of the collected microplastics, respectively.

Step 4: Comparison of the proportions. The proportions obtained for the three accuracy

values selected show little differences. The maximum absolute error (εa) calculated for the

same proportion, but obtained for two different accuracy values, is equal to 2.5%. The mean

absolute error between proportions for ε = 5% and ε = 1% is 1.2%, and 0.8% when comparing

ε = 2.5% and ε = 1%. The χ2 tests show no statistical difference between the three size distribu-

tions calculated for each of the accuracy values (p-value>> 0.05). The z test values are lower

than 1.96, so the null hypothesis cannot be rejected.

Fig 3. Results of the proportion of the class sizes for different accuracy values. Despite the significant increase in the

number of particles analyzed, the proportions are very similar.

https://doi.org/10.1371/journal.pone.0212088.g003
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Implication for the study of large microplastic data. The statistical method applied in

this study allows a substantial reduction in the number of microplastics to be analyzed. The

results obtained by analyzing 385 to 9,604 randomly selected microplastics provide a represen-

tative view of the entire population, with a maximum error between 5 and 1%. These results

also highlight the fact that an increase in analytical effort after 2,000–3,000 microplastics does

not significantly improve the quality of the results compared to the required analytical effort.

This methodology can be used in the case of large-scale sampling campaigns where the num-

ber of microplastics collected could be of the order of tens of thousands of particles. With this

approach, it will be relatively easy and fast, compared to analyzing the complete data set, to

obtain robust results and determine overall values for the study area. Furthermore, an increas-

ing number of physicochemical descriptors such as Persistent Organic Pollutants [38–40],

endocrine disruptors [11,41], heavy metals [11,16,42–44] are studied in plastic particles. In the

same way, an increasing number of parameters are being used to study organisms living on

microplastic surfaces [21,22,45,46]. It is therefore likely that, in the relatively near future,

research programs will systematically attempt to describe microplastic pollution using differ-

ent descriptors. This will involve multiple analyses, which will be difficult, if not impossible to

perform on oversized microplastics sample populations. The application of this protocol is a

very effective solution to achieve study application of multiple sample analysis including sev-

eral thousand microplastics.

The manta by manta approach: The example of the size classes

We then tested the subsampling protocol manta by manta (N = 13,115 microplastics from 42

mantas). The aim is to determine the proportions of the different size classes with an “accept-

able accuracy” for each manta.

Step 1: Number of microplastics. The number of particles to be subsampled (n), for a

given number of particles present in the manta (N), increases strongly when the value of the

precision of the results decreases (Fig 4). Thus for N = 2,000, n = 1,656 (83%) for ε = 1%

whereas n = 324 (16%) for ε = 5% and n = 93 (5%) for ε = 10%. The decrease in the number of

particles is also not as significant for all N values. For example, for ε = 5% the number of parti-

cles in the manta must be equal to 400 for the n/N ratio to be less than 0.5. For ε = 10%, this

Fig 4. Variations in the number of particles subsampled (n) as a function of the number of microplastics collected

in the manta (N) for different accuracy values.

https://doi.org/10.1371/journal.pone.0212088.g004
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ratio is reached for N = 100. Thus, under these conditions, when N tends to infinity, the number

of microplastics that need to be subsampled tends to 386 for ε = 5% and 98 particles for ε =

10%. In the particular case of this study, the accuracy of 10% has been chosen regarding the

number of manta and the effort required to analyze them. In fact, in the case of this study, we

estimate that our capacity of analysis is limited to 2,600 particles among the 13,155 collected

(20%). Using the methodology proposed on the Tara Mediterranean cruise data, the number of

particles to be analyzed, calculated on the basis of the constraints established that for an accu-

racy of 10%, decreased from 13,155 to 2,323. This accuracy value may seem high compared to

the value conventionally used in many scientific studies (5%), but it gives a relatively accurate

idea of the proportions of the parameter chosen for the study. From the point of view of the

present example, it allows the analysis of 42 manta traits, which, because of analytical limits,

could not have been analyzed. Thus, with ε = 10%, the number of microplastics randomly

selected per manta is less than 100, regardless of the number of microplastics in the sample. The

impact of this approach is more or less marked depending on the number of microplastics per

sample. In fact, if the number of particles is less than 100, the analytical effort remains high.

Nevertheless, the gain increases rapidly with the number of selected particles. For samples con-

taining more than 1,000 microplastics, less than 10% of particles need to be analyzed. The

choice of the accuracy value is necessarily a compromise between the desire to obtain results as

close as possible to the real values and the limits in terms of the analysis capacity of the samples.

In this example, this analysis capacity should be increased to 3,500 microplastics to achieve the

accuracy of 7.5% and to 5,500 for the accuracy of 5%. Thus, even a slight variation in the desired

accuracy has important consequences on the number of samples to be analyzed.

According to this, the number of microplastics, required to obtain an arbitrary maximum

error of 10%, was calculated for each manta and the proportion of the size classes was deter-

mined for each manta.

Steps 2–3: Proportion and confidence interval. The results show that some size classes

are better represented than others. Thus, overall class [0.5–1] mm represents between 40 and

60% of the collected microplastics. On the contrary, classes [2–4] and [4–5] mm are underrep-

resented with generally less than 10 to 15% of the collected microplastics. Classes [0.315–0.5]

and [1–2] mm are intermediate with average proportions in the order of 17 and 30% respec-

tively. However, variations of the estimated proportion can be noted from one manta to

another. This implies that the distribution of microplastic size depends of the location in the

Mediterranean Sea. In this case, these variations of the estimated proportion do not appear to

be related to the number of particles collected but related to the location. As we can see on Fig

5, the estimated proportion suffered very little variation with the growth of the number of par-

ticles. The analysis of the remaining samples and the linking of these results with the metadata

acquired during the campaign could highlight factors impacting the granulometric distribu-

tion of microplastics in the Mediterranean Sea.

Step 4: Comparison of the proportions. When comparing real proportions and those

obtained after random drawing 99.4% of the estimates have a εa <10% and calculations of the

p-value show no statistical difference between real and estimated proportions for 41 mantas

(p-value�0.05). The only significant difference is obtained for the manta with the highest

number of microplastics (p-value <0.05). On average the difference between the real propor-

tion and the estimated proportion is 2.6 ± 2.4% so generally far below 10%.

The manta by manta approach: The example of the polymer type

This protocol can also be used to study the proportions of different types of polymers that can

be observed in the samples. The choice of the number of microplastics to be studied per manta

A new protocol to evaluate the characteristics of microplastic contamination
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Fig 5. Variation of the size class proportions as the function of the manta population (N; number of microplastics per manta) and margin

errors associated.

https://doi.org/10.1371/journal.pone.0212088.g005
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being strictly identical to in point 4.2, only steps 2–3 and 4 will be detailed here. Since the com-

parison of the results with the real proportions of the manta involves the analysis of all the col-

lected microplastics, the demonstration will be performed on the M23 and M14 manta.

Steps 2–3: Proportion and confidence interval. Analysis of the FTIR spectra of micro-

plastics of two mantas (M14 and M23) shows that these samples consist mainly of polyethylene

and polypropylene (Fig 6). Other polymers, such as polyamide and polystyrene, account for

less than 5% in M14 and M23 mantas. Unclear spectra, classified as “other”, account for about

17% of all particles. These results are very similar to those already observed in the Mediterra-

nean Sea [24]. These results are also similar to those from Brest (France) [13] and Tamar Estu-

ary (United Kingdom) [47], but with less polystyrene particles. This difference may be due to a

greater distance offshore. The remaining manta samples will now be studied using the statisti-

cal approach to characterize the chemical nature of microplastics present in the surface layer

of the east basin of the Mediterranean Sea.

Step 4: Comparison of the proportions. The real and estimated proportions are very

similar and the maximum εa is 7.7% for M14 and 3.8% for M23, therefore below the fixed

maximum error of 10%. Furthermore, based on p-values, the estimated proportions do not dif-

fer statistically from the real proportions. This approach makes possible to consider the gener-

alization of spectrometric analysis in the case of campaigns with a large number of samples. In

the case of this study, only two mantas have been analyzed so far in order to conduct this pre-

liminary study. Thanks to this protocol, the other samples can now be analyzed.

Conclusion

In highly contaminated environments, the number of microplastics collected by manta can be

very high with values ranging from hundreds to thousands of particles as in the Mediterranean

Sea [24]. Under such conditions, microplastic analysis can be very tedious, repetitive and time

consuming. Statistical methods, like the one used here, are commonly used to conduct repre-

sentative sampling of given populations. The protocol of analysis proposed here, which in

some cases significantly reduces the number of microplastics to analyze, is an efficient way to

help solve this problem. Thus, in the case of a sampling campaign, the results obtained by ana-

lyzing 400 to 3,000 randomly selected microplastics make it possible to provide a representa-

tive view of the microplastics of the area sampled, with an accuracy ranging from 2 to 5%. This

methodology is relevant to help researchers to analyze microplastics collected during study

campaigns on the scale of a sea. It can be used even for small areas of soil, sediment or beach

with lower overall concentration levels of microplastics. This approach also opens the possibil-

ity to study large samples with successive methods (ex. FT-IR, RAMAN, SEM). In such cases,

Fig 6. Real and estimated proportions of different polymers determined based on microplastic FTIR spectra. Real

and estimated proportions are very similar and do not statistically differ.

https://doi.org/10.1371/journal.pone.0212088.g006
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where the total number of measurements increases rapidly, the statistical approach can be

applied to reduce the number of manipulations while controlling the error within acceptable

limits. It is therefore likely that in the relatively near future, research programs will systemati-

cally attempt to describe the microplastic pollution using different descriptors. This will

involve multiple analyses, which will be difficult, if not impossible, on oversized microplastics

samples. The use of this statistical approach by reducing the number of microplastics required

for analysis is a very robust and efficient tool.
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Bourgois, Romain Troublé, the Veolia Environment Foundation, Lorient Agglomeration,

Serge Ferrari, the Foundation Prince Albert II de Monaco, IDEC, the “Tara” schooner and

teams. We thank MERCATOR-CORIOLIS and ACRI-ST for providing daily satellite data dur-

ing the expedition. We are also grateful to the French Ministry of Foreign Affairs for support-

ing the expedition and to the countries that graciously granted sampling permission.

This article is contribution number 2 of Tara Mediterranean. Dr. M.S.N. Carpenter post-

edited the English style and grammar.

Author Contributions

Data curation: Marie Emmanuelle Kerros, Maryvonne Henry.
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Writing – original draft: Mikaël Kedzierski, Jonathan Villain, Mathilde Falcou-Préfol.
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9. Cózar A, Martı́ E, Duarte CM, Garcı́a-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. Frère L, 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
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