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Abstract: Microplastic fibers pollution of the marine habitats
is an environmental issue that extends and aggravates at the
same time with the development of the plastic industry which
recorded an increase of 9% per year, getting from a
production of 1,7 million tons in 1950 to 280 million tons in
2011. The main microplastic fibers pollution is represented by
the plastic wastes, getting to the average of 80% from
terrestrial sources. Plastic microparticles get in the marine
environment through rivers as well as through the sewerage
systems. Touristic activities, commercial and recreational
fishing, the shipping and the plastic industry contribute to the
pollution of the marine environment by not keeping the
standard asked by the law for its protection. Plastic materials
represent between 60 — 80% from the wastes that are found
in the marine environment and 90% from those which float.
Through the degradation process, the plastic wastes can
deliver chemical substances in the sea being thus a
threatening for both flora and fauna. At the same time, plastic
particles absorb the persistent organic pollutants (POP) from
the sea and after their assimilation, they transfer the toxic
substances in the bodies of the sea animals, causing serious
troubles in their growth or reproduction processes.

Keywords: microplastic fibers, plastic, waste, pollution, PET,
ecosystems, phthalates, adhesives.

1. Introduction

Plastics are everywhere in our society and also in
the environment, especially in the marine
environment, where it accumulates in huge
quantities of plastic waste. The knowledge level of
people regarding the danger and riscs caused by
these waste in the marine habitats is very low.

Although so far no attention has been paid
to this problem, large and increasing amounts of
plastic products, waste and fragments are are
found in the open ocean, on the surface, in the
deep ocean and ocean bed, in coast lines, in

Rezumat: Poluarea cu microfiore de plastic a habitatelor
marine este o problemé de mediu care se extinde si se
agraveazd odata cu dezvoltarea industriei plasticului, care a
inregistrat o crestere de 9% pe an, ajungand de la o productie
de 1,7 milioane de tone in 1950, la 280 milioane de tone in
2011. Sursa principald de poluare cu microfibre de plastic o
reprezinta deseurile din plastic, acestea provenind in proportie
de 80% din surse terestre. Microparticulele din material plastic
ajung in mediul marin prin ruri si prin intermediul sistemelor de
canalizare. Activitatile turistice, pescuitul comercial si de
agrement, transportul maritim si industria plasticului contribuie
la poluarea habitatelor marine prin nerespectarea normelor
prevazute de legislatia pentru protectia mediului marin.
Materialele plastice constituie ntre 60 — 80% din deseurile
prezente in mediul marin, si 90% din deseurile care plutesc.
Prin procesul de degradare, produsele din material plastic pot
elibera substante chimice in mediul marin, fiind astfel o
amenintare atat pentru flord cét si pentru faund. De asemenea,
plasticele absorb poluantii organici persistenti (POP) din apele
madrilor, iar in urma ingerdrii lor, acestea transferd substantele
toxice in organismele vietuitoarelor mediului marin, provocand
grave tulburéri in procesele de dezvoltare sau de reproducere.

Cuvinte cheie: microfibre de platic, plastic, deseuri, poluare,
PET, ecosystem, ftalati, adezivi.

1. Introducere

Plasticele sunt prezente peste tot in societate si in
mediul inconjurator, in special in mediul marin
unde se acumuleaza cantitati uriase de deseuri din
material plastic. Nivelul de cunoastere al oamenilor,
cu privire la pericolele si riscurile de mediu cauzate
de prezenta acestor deseuri in habitatele marine,
este foarte scazut.

Desi pana acum nu s-a acordat atentie
acestei probleme, cantitati mari si in crestere de
produse din plastic, resturi, fragmente se afla in
mari si oceane, atat la suprafata, in adancul si pe
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sediments, and in organisms. [1]

Plastics represent between 60 — 80% of the
waste from the marine environment and 90% of
the waste that float on the surface waters of the
seas and oceans. [2] Statistics reveal that over 267
species from all over the world are affected by this
issue, including 44% of the birds, 43% of the
mamifers and 86% of the turtles and also different
species of fish.

Because of the small size and their
presence in both pelagic and benthic ecosystems,
microplastic fibers can enter the food chain, being
ingested by a series of marine species, including
seabirds, shellfish or fish. [3] Plastics ingestion
effects were identified and classified by
researchers in three stages: the first is related to
blockage and damage to the digestive system, the
second refers to the release of toxic chemicals in
the body, and the third step is the assimilation of
these substances by organs and tissues. [2]

Micoplastic ~ fibers identified in the
environment can have a diameter of 1um and a
length of 15 ym making them accessible to all
species. Such fibers can be particularly dangerous
because they can accumulate, forming intestinal
blockage. [3]

After ingestion, the aditives and monomers
may interfere with important biological processes
and cause endocrine disruption, can have a
negative impact on mobility, reproduction,
development and cause carcinogenesis. [4]

2. Materials and methods

Microplastic fibers present in the sand samples
were separated from the sediment using a
saturated solution of sodium chloride, which allows
the fibers to float on the surface being thus
extracted and filtered. The saturated solution was
prepared by mixing 220g of NaCl and 700 ml of
distiled water, to dissolve the entire amount of
NaCl.

In a 200 ml Berzelius cup, 100 ml of
saturated NacCl solution was introduced, and mixed
with 50g of sand. After shaking it vigorously for one
minute, the recipient has to stay 30 minutes for a

complete  decantation and separation of
microplastic fibers.
After 30 minutes, the supernatant was

extracted and introduced in a Bichner funnels
system, using Whatman filter paper © GF / A. A
vacuum pump was used in order to accelerate the
filtration process.

fundul marilor, in linile de coasta, cat si in
sedimente si in organisme. [1]

Materialele plastice constituie ntre 60 —
80% din deseurile prezente in mediul marin, Si
90% din deseurile care plutesc pe mari si oceane.
[2] Statisticile arata ca cel putin 267 de specii din
intreaga lume sunt afectate de aceasta problema,
incluzand 44% din pasari, 43% din mamifere, 86%
din testoase precum si diferite specii de pesti.

Din cauza dimensiunilor mici si prezentei
atat in ecosistemele pelagice cat si bentonice,
microplasticele pot patrunde in lantul trofic, de
unde sunt ingerate de o serie de Vvietuitoare
marine, incluzand pasari marine, crustacee sau
pesti. [3] Efectele ingerarii microplasticelor au fost
identificate si clasificate de catre cercetatori in trei
etape: prima este legatd de blocarea si de
deteriorarea aparatului digestiv, a doua se refera la
eliberarea substantelor chimice toxice in organism,
iar a treia etapa este asimilarea acestor substante
de catre organe si tesuturi. [2]

Microfibrele din plastic identificate Tn mediul
inconjurator pot avea diametrul de 1pum si
lungimea de 15 um, fiind astfel accesibile tuturor
speciilor. Astfel de fibre pot fi deosebit de
periculoase deoarece se pot acumula, formand
blocaje intestinale. [3]

In urma ingerarii, aditivii si monomerii pot
interfera cu procesele biologice importante, si pot
cauza perturbarea sistemului endocrin, pot avea
un impact negativ asupra mobilitatii, reproducerii,
dezvoltarii, si pot provoca carcinogeneza. [4]

2. Materiale si metode

Microfibrele de plastic prezente in probele de nisip
au fost separate de sediment folosind o solutie
saturata de clorura de sodium, care permite
fibrelor sa pluteasca la suprafata, putand fi astfel
extrase si apoi filtrate. Solutia saturata s-a preparat
amestecand 220g de NaCl, cu 700 ml. apa
distilatéd, pana la dizolvarea intregii cantitati de
NacCl.

Intr-un pahar Berzelius de 200 ml se adauga
100 ml de solutie saturatd de NaCl, iar apoi se
introduc 50 g sediment din fiecare proba recoltata,
dupa care se agita puternic timp de 1 minut.
Ulterior, recipientul se lasa 30 de minute pentru ca
sedimentele sa se separe de microfibrele de
plastic, prin decantare.

Supernatantul se extrage cu o seringa, se
introduce intr-un sistem de péalnii Bichner, si se
filtreaza utilizadnd hartie de filtru Whatman © GF/A.
Pentru accelerarea procesului de filtrare, s-a
utilizat o pompa de vid.
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All these steps were repeated three times to
get three identic filtrations for each sand sample.

The obtained filters were analyzed on the
microscope in order to determine the number of
microplastic fibers present in the sand sample.
(Images 1 and 2) The sum of the three filtrations
on each sand sample represent the total number of
fibers per 50 g of sediment.

Toate aceste etape se repeta de 3 ori pentru
a obtine 3 filtrari identice pentru fiecare proba de
nisip.

Filtrele obtinute se analizeaza la microscop,
numarand microfibrele de plastic identificate.

(Imaginile 1 si 2). Suma rezultatelor celor 3 filtrari
de pe fiecare amplasament reprezinta numarul de
fibre pe 50 grame de sediment.

Figure 1. Microplastic fiber identified on the Mamaia beach.

In order to determine the volume of
microplastic fibers, the images obtained from the
microscopic analyze were processed. After
partitioning the area occupied by the microfiber, it
was isolated using the “freehand selection” tool,
and marked by the blue color (false coloring
method).

The artificial colored microfiber was
processed in Mathcad v. 11 software (Mathsoft,
owned by Parametric Technology Corporation,
Needham, MA, USA) to determine the physic
parameters: Length (um), diameter, volume (um®)
and the surface (um?). A color filter was applied in
order to determine the average length and the
diameter of the microplastic fibers.

Firstly, the numeric values of these
parameters were counted in pixels, using the
“skeletonizing” method.

In the second phase, the metric value of the
microfibers was determined by calibrating the
microscope (1 pixel = 0,5 pm). Thus, the length
and the average diameter of the microfibers were
determined, and finally their volume.

3. Experimental results

The results of laboratory analyzes for samples of
the Black Sea are presented in Table 1.

Figure 2. Microplastic fiber identified on the Costinesti beach

Pentru determinarea volumului microfibrelor
de plastic, se analizeaza imaginile initiale obtinute
din analiza microscopica. Dupa partitionarea zonei
in care se afla microfibra, aceasta se izoleaza
utilizdnd comanda “freehand selection” si se
marcheaza cu culoarea albastra (metoda false
colouring).

Imaginea cu microfibra colorata “artificial”
pentru a izola zona respectiva se utilizeaza n
programul Mathcad v. 11 (Mathsoft, actualmente
detinut de firma Parametric  Technology
Corporation, Needham, MA, USA) de determinare
a parametrilor fizici: lungimea (um), diametrul,
volumul (pm3) si suprafata (pmz).

S-a aplicat un filtru de culoare prin care a
fost determinatd lungimea medie si diametrul
microfibrelor. in prim& etapé, valorile numerice ale
acestor parametri au fost calculate in pixeli prin
metoda “skeletonizing”. In a doua etap&, prin
calibrarea microscopului, s-a determinat
dimensiunea metricd a unui pixel (1 pixel = 0,5
pum). Astfel s-a determinat lungimea si diametrul
mediu al microfibrelor, iar n final, volumul
microfibrelor analizate.

3. Rezultate experimentale

Rezultatele obtinute Tn urma analizelor de
laborator pentru probele recoltate de pe litoralul
Marii Negre sunt prezentate Tn Tabelul 1.
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Table 1. Laboratory analyses results for the samples of the Black Sea.

No. Beach Caro!inal Filtration results > per Mean/ > per Mean/

point 1 2 3 area area beach beach
Nord 24 36 20 80 26.66

1 Costinesti 1 Centru 37 11 13 61 20.33 205 68
Sud 12 21 31 64 21.33
Nord 46 38 45 129 43

2 Costinesti 2 Centru 21 32 33 86 28.66 412 137
Sud 83 47 67 197 65.66
Nord 13 18 10 41 13.66

3 South Eforie Centru 15 21 24 60 20 186 62
Sud 26 25 34 85 28.33
Nord 17 16 13 46 15.33

4 North Eforie Centru 10 8 11 29 9.66 121 40
Sud 12 16 18 46 15.33
Nord 18 23 21 62 20.66

5 Mamaia Centru 17 16 17 50 16.66 653 218
Sud 260 145 136 541 180.33

Table 1 emphasizes a high amount of
microplastic fibers pollution in Mamaia, with an
average of 218 microfibres, followed by Costinesti
2, where the average is 137 microfibres. The high
level of pollution is caused by the large numbers of
tourists, as Mamaia and Costinesti are among their
preferences.

The statistical analysis is aimed to identify
the most polluted beaches and also, the most
polluted areas of the studied beaches from the
Romanian coast area.

The first step in order to answer these
guestions is to assess the quantity of microfibers
identified and the required limits of pollution.
Thus, the pollution level was correlated with the
statistical quartiles and with the limits imposed
(Tab. 1 and 4). These four pollution levels classify
the studied beaches and their areas in four
categories: excessive pollution, high level of
pollution, average level and low level of pollution.
Tables 2 and 5 reveal these levels by specific
colors: dark red for excessive pollution, red for
high level, grey for average level and green for
low level of pollution.

Din Tab.1 se observa o poluare majora cu
microfibre de plastic, in statiunea Mamaia, cu o
medie de 218 microfibre, fiind urmata de statiunea
Costinesti 2, unde media este de 137 de microfibre.
Nivelul ridicat al poluarii cu microfibre de plastic este
cauzat si de prezenta in numar foarte mare a
turistilor, Mamaia si Costinesti aflandu-se in topul
preferintelor acestora. Analiza statistica efectuata
are ca scop identificarea celor mai poluate plaje, si
de asmenea, a celor mai poluate zone ale plajelor
de pe litoralul Marii Negre.

Primul pas pentru a raspunde acestor
intrebéri, este evaluarea cantitati de microfibre
identificate si a limitelor de poluare impuse. Astfel,
nivelul de poluare al plajelor a fost corelat cu
quartilele statistice si cu limitele impuse de aceasta.
(Tab. 1 si 4). Aceste patru niveluri de poluare
clasifica plajele si zonele aferente in patru categorii:
poluare excesiva, nivel crescut de poluare, nivel
mediu de poluare si nivel scazut de poluare.
Tabelele 2 si 5 evidentiaza aceste niveluri prin culori
specifice: nivelul excesiv este reprezentat cu visiniu,
nivelul crescut cu rosu, nivelul mediu cu gri iar
nivelul scazut este reprezentat cu culoarea verde.

Table 2. Descriptive statistics for one-way ANOVA with the factor: beach zones (N-North, C-Center, S-South),
for all the beaches over the variables: number and volume of microfibers. (OPL means Ordinal Pollution Level).

Volume Number OPL
No. of values used 45 45
Minimum 31666.776 8.000
1st quartile 158322.669 15.500 1
Median 260230.424 21.000 2
3rd quartile 389581.652 34.000 3
Maximum 926731.660 260.000 4
Range 895064.884 252.000
Mean 286487.711 35.044
Mean absolute deviation 138981.646 24.645
Median absolute deviation 109400.076 8.000
Standard-error 27759.543 6.636
Lower bound Mean CI 230542.028 21.670
Upper bound Mean CI 342433.394 48.419
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Table 3. Microfiber pollution level classifications of beaches zones, by the microfiber volume and numbers. The classification is
displayed with the colors of the Duncan’s post hoc test groupings.

Volume (um?®) Number
Categories Mean Grouping  OPL Categories Mean Groupings  OPL

Mamaia_N 542610.928 A Mamaia_S 180.33 A 4
EforieN_S 479146.456 A B 4 Costinesti2_S 65.67 B 4
EforieS_S 429664.196 A B 4 Costinesti2_N 43.00 B 4
Mamaia_S 415999.415 A B 4 Costinesti2_C 28.67 B 3
Mamaia_C 394105.100 A B 4 EforieS_S 28.33 B 3
Costinesti2_N 336645.657 A B 3 Costinestil_N 26.67 B 3
EforieN_N 265625.063 A B 3 Costinestil_S 21.33 B 3
Costinesti2_S 263050.355 A B 3 Mamaia_N 20.67 B 2
EforieS_N 229136.171 A B 2 Costinestil_C 20.33 B 2
EforieN_C 221823.305 A B 2 EforieS_C 20.00 B 2
Costinesti2_C 187113.456 A B 2 Mamaia_C 16.67 B 2
Costinestil_S 167964.068 A B 2 EforieN_S 15.33 B 1
Costinestil_C 157405.293 A B 1 EforieN_N 15.33 B 1
Costinestil_N 150662.035 A B 1 EforieS_N 13.67 B 1
EforieS_C 56364.166 B 1 EforieN_C 9.67 B 1
Table 4. Descriptive statistics for the factor: beach location, for the variables: number and volume of microplastics.

Volume Costinesti 1 Costinesti 2 Eforie S Eforie N Mamaia
Number of values 3 3 3 3 3
Mean 158677 262270 238388 322198 450905

Std. Deviation 8721 74769 186822 137674 80170

Std. Error 5035 43168 107862 79486 46286
Lower 95% CI of mean 137013 76534 -225701 -19802 251752
Upper 95% CI of mean 180341 448006 702478 664199 650059
Coefficient of variation 5.50% 28.51% 78.37% 42.73% 17.78%
Number Costinestil  Costinesti 2 Eforie S Eforie N Mamaia
Number of values 3 3 3 3 3
Mean 22.78 45.78 20.67 13.44 72.56
Std. Deviation 3.405 18.66 7.356 3.271 93.36
Std. Error 1.966 10.77 4.247 1.889 53.90
Lower 95% CI of mean 14.32 -0.5653 2.394 5.318 -159.4
Upper 95% CI of mean 31.24 92.12 38.94 21.57 304.5
Coefficient of variation 14.95% 40.75% 35.59% 24.33% 128.67%
Table 5. Descriptive statistics for one-way ANOVA with the factor: beach location,

for the variables: average volume and number of microfibers.

Volume (pms) Number OPL

No. of values used 15 15

Minimum 123030.833 9.667

1st quartile 167964.068 15.333 1

Median 263050.355 20.667 2

3rd quartile 415999.415 28.667 3

Maximum 542610.928 180.333 4

Range 419580.095 170.667

Mean 290932.155 35.044

Mean absolute deviation 113677.176 24.516

Median absolute deviation 105645.062 6.000

Standard-error 34364.827 10.980

Lower bound Mean ClI 217226.931 11.494

Upper bound Mean ClI 364637.379 58.595

37



Environmental Engineering and Sustainable Development Entrepreneurship — Vol. 4, No. 1 (2015)

Table 6. Microplastic fibers pollution level classification of beaches, by the volume and number of microfibers.
The classification is displayed with the colors of the Duncan’s post hoc test groupings.

Categories Mean (um”®)  Groupings OPL Categories Mean Groupings OPL
Mamaia 450905.14 A 4 Mamaia 72.56 A 3
EforieN 322198.27 A B 3 Costinesti2 45.78 A 3
Costinesti2 262269.82 A B 3 Costinestil 22.78 A 3
EforieS 260610.40 A B 2 EforieS 20.67 A 2
Costinestil 158677.13 B 1 EforieN 13.44 A 1

The results presented in table 6 show two
groups (A and B) for the beach zones and just one
for the beaches generated by Tukey post hoc test
from the one-way ANOVA test. Between the
beaches: Mamaia and Costinesti 1, there is
statistical significant difference (P=0.042) of the
microplastics volume; the other zones presents no
statistical differences between the microplastics
volume values. Between all five beach locations,
there are present no statistical differences between
the microplastics number values.

Microplastics volume for Mamaia beach has
the highest pollution value and it is almost three
times higher than the lowest pollution value of
Costinesti 1 beach. The number of microplastics
from Mamaia beach has the highest pollution value
and it is six times higher than the lowest pollution
value of the Eforie N beach.

Rezultatele prezentate in Tabelul 6 arata
doua groupe (A si B) pentru variabila volumul
microplasticelor si doar una pentru variabila
numarul microplasticelor, grupe generate de testul
post hoc Tukey pentru statistica one-way ANOVA.
Intre plajele Mamaia si Costinesti 1, existd o
diferenta semnificativda (P=0.042) a volumului
microfibrelor; celelalte zone nu prezinta diferente
de volum semnificative din punct de vedere
statistic. Intre toate cele cinci plaje, nu exista
diferente statistice privind numarul de microfibre.

Volumul microfibrelor indentificate pe plaja
din Mamaia este cel mai ridicat, si este de
aproxiamtiv 3 ori mai mare decéat nivelul cel mai
scazut, identificat pe plaja din Costinesti1l. De
asemenea, numarul de microfibre identificate pe
plaja din Mamaia este de 6 ori mai mare decét
valoarea minima identificata pe plaja din Eforie N.

Table 7. Microplastic fibers overall volume and number L norm (p = 2.5) classification of beach zones (left) and beaches (right).

Beach Zones

oPL_LP

Mamaia_S
EforieS_S
Costinesti2_S
Costinesti2_N
Mamaia_ N
Mamaia_C
EforieN_S
Costinesti2_C
Costinestil_S
EforieN_N
Costinestil_N
EforieS_N
EforieS_C
EforieN_C
Costinestil_C
Mamaia
EforieS
EforieN
Costinesti2
Costinestil

I

WWWWANNMNNNWWWWEAEASEDSAEDMDD

Previously, OPL (Ordinal Pollution Level) was
introduced to classify the level of the microplastic
fibers pollution by volume and number. The answer
for the environmental issue: which beach zone or
beach area has the highest/lowest microplastic

Anterior OPL (nivelul ordinal de poluare) a
fost utilizat pentru a clasifica nivelurile de poluare
dupad volum si dupa numarul de microfibre.
Raspunsul pentru problema initiald privind
identificarea celei mai poluate plaje dar si a zonei cu
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fibers pollution, has one solution by calculating the
Lp norm of the OPL’s for microplastic fiber's

cel mai ridicat nivel de contaminare poate fi aflat
calculand Lp standard al nivelului ordinal de poluare

volume and number: (OPL) pentru variabilele numarul si volumul
microplasticelor:
p
OPL p = bPLvqun‘e P +OPLnunber p]‘ (1)

Values in table 7 are rounded to an integer, in
order to get a categorical significance. Only three
pollution levels: 4 (excessive), 3 (high level) and 2
(average) occurred for the beach zones and only
two 4 (excessive) and 3 (high level) for the beach
location.

4. Conclusions

Marine pollution includes a wide range of sources
and types of pollution, generating destructive
effects on both marine flora and fauna. Oil spills,
eutrophication, invasive species, persistent organic
pollutants (POPs), heavy metals, acidification,
radioactive substances, marine litter, overfishing
and destruction of marine habitats are the main
forms of pollution affecting and destroying the
marine environment.

The research conducted on different
beaches of Romanian sea shore, confirms the
presence of microplastic fibers pollution in all
locations studied, the level and dispersion of
pollution varies depending on the location of the
beach and on the tourists number during the
summer season. Thus, the highest level of
pollution was recorded in Mamaia, with an average
of 218 microplastic fibers, followed by Costinesti,
with an average of 137 microplastic fibers, both
resorts being the most popular for tourists. The
lowest level of pollution was recorded in North
Eforie where the average does not exceed 40
microplastic fibers.

Another cause of high pollution level
recorded on Mamaia beach is the sea currents that
concentrate in the south line the waste coming
from the Danube. The Black Sea deep currents
carry large masses of water from the Danube
towards the Bosphorus Strait and the circular
surface currents transport water masses from
Costinesti towards Mamaia.

Valorile prezentate in tabelul 7 indica faptul
ca doar trei niveluri de poluare au rezultat in cazul
zonelor studiate 4 (excesiv), 3 (nivel ridicat) si 2
(nivel mediu) si doar doud niveluri de poluare
definesc plajele analizate: 4 (excesiv) si 3 (nivel
ridicat).

4. Concuzii
Poluarea marina include o gama larga de surse si

forme de poluare, generand efecte distructive atat
asupra florei cét si a faunei marine. Deversarile de

petrol, eutrofizarea, speciile invazive, poluantii
organici persistenti (POP), metalele grele,
acidifierea, substantele radioactive, deseurile

marine, pescuitul excesiv si distrugerea habitatelor
marine sunt principalele forme de poluare care
afecteaza si distrug mediul marin.

Cercetarile efectuate Tn cadrul lucrarii pe
diferite plaje de pe litoralul Romanesc, confirma
prezenta poludrii cu microfibre de plastic in toate
locatiile studiate, nivelul si dispersia poluarii variind
in functie de locatia plajei si de gradul de ocupare
a plajelor respective, in timpul sezonului estival.
Astfel, gradul cel mai ridicat de poluare s-a
inregistrat in statiunea Mamaia, cu o medie de 218
microfibre de plastic, fiind urmatd de statiunea
Costinesti, cu o medie de 137 microfibre de plastic,
ambele statiuni aflandu-se in topul preferintelor
turistilor. Cel mai scazut nivel de poluare s-a
inregistrat in statiunea Eforie Nord, unde media nu
depaseste 40 de microfibre de plastic.

O alta cauza a nivelului ridicat de poluare
inregistrat in pe plaja din Mamaia o reprezinta
curentii marini care concentreaza in linia sudica
deseurile provenite din Dunare. Curentii de
adancime din Marea Neagra transporta masele
mari de apa de la Dunare inspre Stramtoarea
Bosfor, iar miscarea curentilor de suprafata este
circulara si transportd masele de apa dinspre
Costinesti inspre Mamaia.
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