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Abstract The distribution of butyltins (BTs) and poly-
cyclic aromatic hydrocarbons (PAHs) were studied in
surface sediments to assess how relevant is Mar del Plata
port (Argentina) as a source of contamination to the sur-
rounding environments. Within the port, TBT concentra-
tions ranged from 24.2 to 150 ng Sn g~ ' and PAHs (X16)
from 180 to 17,094 ng g~'. At the surrounding beaches,
PAHs were detected at low concentrations and TBT con-
centrations reached 10.9 ng Sn g~'. Although those low
levels indicate that the Port might not be an important
source of contamination to the surrounding beaches, the
very low TOC content and the coarse grain size of the
beaches sediments could explain the sedimentary levels.
The results show a reduction in TBT levels in Mar del Plata
port after national and international use restrictions of
TBT-based antifouling paints.

Keywords Port contamination - Marine sediments - BTs -
PAHs

Shipping ports often represent significant anthropogenic
sources of contamination for coastal environments,
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contributing to inputs of polycyclic aromatic hydrocarbons
(PAHs), metals, antifouling biocides, and plastic debris
(Darbra et al. 2005). Ports are often situated in estuaries,
bays or artificial enclosed systems where circulation nor-
mally is limited and, thus, sediments may contain high
concentrations of contaminants (Chen and Chen 2011). As
a consequence benthic communities from local and sur-
rounding areas can be degraded (Martinez-Lladd et al.
2007). Sandy beaches shelter a great biodiversity and are
ecologically relevant to the whole ecosystem (Schlacher
et al. 2008). However, despite butyltin compounds from
antifouling paints and PAHs are concerning contaminants
(Delucchi et al. 2011; Unlii et al. 2013) they have been less
studied in sandy beaches than trace-elements (Nagarajan
et al. 2013) and oil spills (Veiga et al. 2010).

Tributyltin (TBT) has been used since the 1960s as an
antifouling biocide paint in the maritime industry. Due to
its high environmental persistence, lipophilicity and toxi-
city, the International Marine Organization (IMO) banned
the use of TBT-based antifouling paints in September
2008. PAHs are organic contaminants that reach the
aquatic environment following the combustion of organic
matter, petroleum spills or natural and diagenetic processes
(Srogi 2007). Their carcinogenic and mutagenic properties
(Nisbet Ian and LaGoy 1992) justifies their inclusion in
priority pollutant lists (i.e. European Union and US EPA).

Mar del Plata port (MDPP) holds about 60 % of the
Argentinian fishing fleet and it has one of the most
important shipyard facility in Argentina. Approximately
110 ocean vessels, 330 coastal vessels and 442 interna-
tional destinations vessels per year pass through the port. It
is surrounded by several sandy and rocky beaches where
many intertidal benthic communities can be found and
human recreational activities take place. Although BTs and
PAHs have been detected in surface sediments of Mar del

@ Springer
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Fig. 1 Map of the sampling sites in Mar del Plata coast, southwest Atlantic: the beaches: C Constitucion, A Alfonsina, P Popular, PM Punta

Mogotes and five stations within Mar del Plata port (S1-S5)

Plata port (Goldberg et al. 2004; Cledon et al. 2006; Bigatti
et al. 2009; De Waisbaum et al. 2010; Albano et al. 2013),
they have never been measured in the surrounding beaches
(except Popular beach for TBT). In addition, TBT con-
tamination have not been assessed in the area since its
banning in 2008. Thus, it is important to update informa-
tion about BT levels in Mar del Plata port in order to verify
the effectiveness of local and international regulations
since this area was identified as a hot spot of TBT con-
tamination (Castro et al. 2012a). Further, fresh inputs of
TBT have been recently identified in different areas of
South America (i.e. Paz-Villarraga et al. 2015).

In this context, the present study evaluated the spatial
distribution of BTs and PAHs in areas under the influence of
Mar del Plata port in order to assess whether the port repre-
sents a significant source of contamination to the surround-
ing intertidal environments. Considering the predominant
coastal sand drift direction in the area (south-north), the
hypothesis of a contamination gradient from Mar del Plata
port towards northern tourist beaches was appraised.

@ Springer

Materials and Methods

Surface sediments (upper 5 cm) were collected using a
stainless steel Van-Veen grab at nine sites during Decem-
ber 2012. Five of these sites were sampled inside Mar del
Plata port (S1-S5), and three in northern locations (Popular
(P), Alfonsina (A) and Constituciéon C)) and one in
southern beach (Punta Mogotes (PM)) (Fig. 1). Since sand
predominated in beach sediments, nine sediment samples
were taken randomly at each site, then mixed and sieved
in situ using a 120 um mesh to make two single composite
samples (100-200 g wet weight). In the laboratory, sedi-
ments were oven dried (45°C) until constant weight and
then stored at —20°C for subsequent analysis. The con-
centration of total organic carbon (%TOC) were deter-
mined by an elemental analyzer (CHNS Perkin Elmer 2400
Series II) after decarbonation in a desiccator containing
HCI (37 %).

Butyltin levels were analyzed according to Castro et al.
(2012b). Briefly, 5 g of dried sediments were extracted by
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sonification in tropolone solution (0.05 % w/v) in metha-
nol. The extracts were then derivatized using 2 mL of
n-pentyl magnesium bromide in diethyl ether solution
(2 M), according to Morabito et al. (2000), and again
extracted with 3 x 5 mL of hexane. A cleanup was then
performed using a silica-gel column (3.5 g) eluted with
15 mL of hexane/toluene (1:1). Finally, 100 ng of tetra-
butyltin solution was added (internal standard). Extracts
were analyzed by gas chromatography using a Perkin
Elmer Clarus 500MS equipped with mass spectrometer
detector. The analytical curves were made using the matrix
addition technique and quantification limits (LQ) were 2, 3
and 3 ng Sn g~' for TBT, DBT and MBT, respectively.
The quality assurance and quality control was based on
regular analyses of blanks, spiked matrices and certified
reference material (PACS-2/National Research Council of
Canada, Ottawa, Canada). Results obtained for the PACS-2
(TBT - 8524+47ng Sng'; DBT - 1035+ 35
ng Sn g~ ' and MBT — 557 + 38 ng Sn g~ ') were in good
agreement with the certified (TBT — 890 + 105 ng Sn g~ !
and DBT — 1047 + 64 ng Sn g~') and reported values
(MBT — 600 ng Sn g~'). The samples recoveries were
between 79 % and 98 % and RSD (relative standard
deviation) below 20 % (IUPAC 2002). In order to assess
the degree of TBT degradation and to predict if the con-
tamination in coastal areas of Mar del Plata is recent or not,
the butyltin degradation index (BDI) was calculated based
on the following equation: Butyltin Degradation Index
(BDI) = [MBT] + [DBTV/[TBT] (Diez et al. 2006). Old
TBT inputs are normally associated with values of
BDI > 1.

The analytical procedure is described in Niencheski and
Fillmann (2006). An exact mass of dried sediments
(~15 g) was spiked with p-Terphenyl-d;, a surrogate
standard and then Soxhlet-extracted with n-hexane/
dichloromethane (1:1) for 12 h. The extract was concen-
trated down to 1 mL using a Biichi Syncore® Polyvap R-24
system parallel evaporator and activated copper was added
to remove any sulfur. Then, the extract was fractionated
into aliphatic and polyaromatic hydrocarbons by liquid
chromatography adsorption using a column of silica gel
(6 g) and neutral aluminum oxide (8 g). The identification
was based on the retention time and mass spectra. Analyte
quantification was performed comparing the sample results
with standard curves built using deuteron naphthalene-dg,
acenaphthylene-d;oy, phenanthrene-d;,, chrysene-d;, and
perylene-d;, for PAH (Sigma Aldrich, Sdo Paulo, SP,
Brazil). The extracts were analyzed using a gas chro-
matograph equipped with a mass spectrophotometry
detector (Perkin Elmer® Clarus 500 — GC-MS). All
chemicals used were pesticide residue grade and the LQ
was 0.125 ng L', The sample recoveries varied between
82 % and 97 %.

Results and Discussion

Sediment total organic carbon contents ranged from
0.06 % (Popular and Punta Mogotes beaches) to 3.31 %
(S5 — Port) (Table 1). Levels of organic carbon were
always higher in port than beach sediment, which is con-
sistent with the smaller grain size and the low hydrody-
namics of the port due to the wave breakers (Rivero et al.
2005). Butyltin residues were detected at all samples
ranging from <2 to 150.4 ng Sn g~' for TBT < 3-11.8
ng Sn g~ for DBT and <3-258.8 ng Sn g~' for MBT
(Table 1). The high levels of BTs inside MDPP indicate
that this zone could be a source of TBT to the surrounding
areas. BDI > 1 (Table 1) indicates chronic contamination
with BTs in MDPP. However, the high levels of TBT
(mainly at S3, S4 and S5) suggest that fresh inputs are also
taking place inside the Port.

Total organic carbon (TOC) were significantly corre-
lated with TBT (% = 0.76; p < 0.01), DBT (* = 0.76;
p < 0.01) and MBT (¥* = 0.58; p < 0.05) concentrations.
Although some studies have suggested that TOC binds BTs
(i.e. Pinochet et al. 2009), a straightforward relationship is
not always seen (i.e. Shim et al. 1999; Paz-Villarraga et al.
2015) since other factors such as BT sources and charac-
teristics, organic matter composition, and biological
activity of the sediment (Town and Filella 2002) also plays
a role in this association.

In 2001, the highest TBT concentration found in South
America was reported for MDPP (6500 ng Sn g™, Gold-
berg et al. 2004). Later, in 2002, Cled6n et al. (2006)
reported 2.45 ng Sn g~', whereas in 2006 Bigatti et al.
(2009) measured 728.3 ng Sn g~ and in 2007 De Wais-
baum et al. (2010) found 700 ng Sn g_l. Thus, a clear
decreasing trend of TBT contamination is evident for Mar
del Plata Port since present levels were much lower
(<2-150 ng Sn g~ '). Several recent studies have reported

Table 1 Total organic carbon content (% TOC), BT compound
concentrations (ng Sn g~' dw), and BT degradation indexes in sedi-
ments sampled from stations 1-5 of Mar del Plata port (S1-S5) and
Mar del Plata beaches

Site %TOC TBT DBT MBT BDI
S1 2.62 40.4 5 18.6 0.6
S2 1.96 242 3 122.6 5.2
S3 3.13 86.6 5.2 98.4 1.2
S4 2.78 82.4 7.6 258.8 32
S5 3.31 150.4 11.8 199.4 14
Constitucion 0.07 <2 <3 <3 n.c.
Alfonsina 0.27 10.9 <3 0.9 0.1
Popular 0.06 <2 <3 <3 n.c.
Punta Mogotes 0.06 <2 <3 <3 n.c.

n.c not calculated

@ Springer
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a decrease in BTs levels in ports, marinas and shipyards
around the world (Castro et al. 2012c) after the global
banning on the use of TBT-based antifouling paints in 2008
(Choi et al. 2009; Sousa et al. 2009). Moreover, a reduction
of imposex ratios in gastropods, which indicates a reduc-
tion of TBT contamination since it is a specific biomarker,
has been also observed (Galante-Oliveira et al. 2011;
Castro et al. 2012c¢). In the case of Mar del Plata, since the
TBT levels reduction was observed before the global 2008
banning, it is clear that the national legislation of 1998
(DPMA 1998) has also contributed to the reduction. The
importance of national legislations has also been addresses
by Undap et al. (2013) who observed a decrease in TBT
levels in Japan, a country with national TBT regulation,
and an increase in Indonesia, without such restriction,
despite both being members of IMO.

According to Waite et al. (1991), TBT concentrations
ranging between 10 and 50, 60 and 200 and 300 and
1000 ng Sn g~' indicate sites under low, moderate and
high TBT contamination, respectively. Therefore, MDPP
sediments can be considered as low to moderately con-
taminated by TBT. However, the current TBT concentra-
tions observed in sediments of Mar del Plata are in the
same range as those reported for harbors from Brazil
(Oliveira et al. 2010), Ecuador (Castro et al. 2012b), and
two other Argentinian ports (Bigatti et al. 2014). Thus, the
present TBT levels for MDPP are still high and represent a
risk to marine life. On a global scale, TBT levels in sedi-
ments of MDPP are lower than those found in ports from
countries without national restrictions on the use of TBT-
based antifouling paints (Undap et al. 2013) or some major
harbors (Kim et al. 2015), but still comparable to levels
considered as unsafe to biota (Okoro et al. 2013; Kim et al.
2014) (Table 2).

Butyltin residues were detected in all sites outside
MDPP (Popular, Alfonsina, Constitucién, and Punta
Mogotes), although only Alfonsina was above the quan-
tification limit (Table 1). However, the influence from the
Port contamination inputs (maybe sediment remobiliza-
tion) cannot be ruled out. Some BTs might be associated to
the circulating suspended matter and cannot reach the
sediments due to local dynamics. Felizzola et al. (2008)
suggested that the current driven dispersion in the water
phase prior to sedimentation would explain low BTs values
in areas of Todos os Santos Bay far away from major
sources. However, degradation and loss processes of sedi-
mentary BTs may occur along the way from the port to the
beaches. In the present study, the very low TOC content
and the coarse grain size of the beaches sediments could
explain the low BTs sedimentary levels. Nonetheless,
another source of BTs at Alfonsina Beach cannot be
excluded. The predominance of TBT at this site in com-
parison to other beaches could be an indication of punctual

@ Springer

sources. Even though maritime activities are the principal
sources, BTs can also be released from industrial activity
(Hoch 2001), urban runoff (18.4 ng Sn gfl of TBT in
sediments; David et al. 2012) and sewage sludge
(175 ng Sn L~! of TBT; Fent and Miiller 1991). There are
two pluvial effluents near Alfonsina beach that could be
sources of TBT. Even though, sediments in the surrounding
areas of MDPP could be considered as non to low con-
taminated, according to Waite et al. (1991). Although BTs
levels in marine intertidal sediments are poorly explored,
some authors have detected values similar to those found
here at beaches under the influence of port/harbor
(Table 2). However, the Environmental Quality Guidelines
(EQG) proposed by the Dutch RIKZ (National Institute for
Coastal and Marine Management) establish the Maximum
Permissible Concentrations (MPC: above which the pos-
sible adverse effects are considered unacceptable) and the
Negligible Concentrations (NC: rarely associated with
adverse effects) for TBT as 1.9 and 0.019 ng Sn g~' d.w.,
respectively (Crommentuijn et al. 2000). Therefore,
although the levels of TBT found in Alfonsina beach could
be considered as low, based on this EQG it cannot be
considered safe.

PAHs were found at all sites, which is consistent with
the ubiquity of these compounds. As expected, PAHs
concentrations were much higher in the port than in the
beach sites. PAHs levels (X16 priority PAHs recognized by
the USEPA) ranged from 179.6 to 17,093.7 ng g~' in
MDPP sediments whereas in the beaches they varied
between 4.9 and 17.3 ng g~ ' (Table 3). Concentrations of
PAHs within Mar del Plata port were significantly higher
than those found by Albano et al. (2013) in 2009
(Z16PAHs: 25.2-684.7 ng g~ '), which suggests either a
recent increase in hydrocarbon contamination or some
sediment spatial variability within the port. According to
the classification adapted by Baumard et al. (1998), MDPP
sediments can be considered as moderate (S1) to very
highly contaminated (other sediments), whereas beach
sediments can be considered as low contaminated by
PAHs. No significant correlation was found between sed-
iment organic carbon and PAHs levels at any site
(r2 = 0.32; p > 0.05). Thus, PAHs distribution is more
likely to be associated to sources of contamination than
sediment characteristics (Commendatore et al. 2012).

The main sources of hydrocarbons (biogenic, petro-
genic, pyrogenic and diagenetic) can be distinguished by
analyzing multiple parameters including parental and
alkyl-substituted PAHs (Simoneit 2005) and some of their
diagnostic ratios (Readman et al. 2002; Yunker et al.
2002). The following four PAH ratios were used to identify
possible sources of PAH in sediments: benzo(a)anthracene/
(benzo(a)-anthracene + chrysene) — BaA/228; fluoran-
thene/(fluoranthene + pyrene) — Fl/(Fl + Py); antracene/
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Table 2 Concentration of BT compounds (ng Sn g~' dry weight) in sediment samples from the present and other studies

Location-subtidal sediments Sampling year TBT DBT MBT References

Mar del Plata port, Argentina 2012 24-150 3-11.8 18.6-258.8 Present study

Santa Catarina State Harbors, Brazil 2007-2008 n.d.—-1136 n.d.—394 n.d.-312 Oliveira et al. (2010)
Gulf of Guayaquil, Ecuador 2009 12.7-99.5 1.8-54 43.9-339.9 Castro et al. (2012b)
San Jorge Gulf, Argentina 2010 n.d.—34.7 n.d. n.d.—-131.8 Bigatti et al. (2014)
Ushuaia bay, Argentina 2010 215.6-696.4 51.6-196.8 88.3-202.3 Bigatti et al. (2014)
Jinhae Bay, Korea 2010 9-469 14-196 31-248 Kim et al. (2014)
Jinhae Bay Harbors, Korea 2010 3-55,264 n.d.—8747 15-6212 Kim et al. (2015)
Klaipéda Strait, Lithuania 2010-2012 1-5-200 NA NA Suzdalev et al. (2015)
Indonesia harbors 2011 n.d.—4250 n.d.—1740 NA Undap et al. (2013)
Cape Town harbor, South Africa 2012 10-829 NA NA Okoro et al. (2013)
Shenzhen Bay, China 2013 n.d.-3.3 2.3-242 NA Deng et al. (2015)
Caribbean Sea, Venezuela 2015 57-1929 14.8-990 10.4-456 Paz—Villarraga et al. (2015)

NA data not available, n.d. not detected

Table 3 Individual and total PAH concentrations (ng g~ dry weight) and some diagnostic ratios in sediments from stations of Mar del Plata
port (S1-S5) and Mar del Plata beaches

PAHs S1 S2 S3 S4 S5 Constitucion  Alfonsina ~ Popular ~ Punta Mogotes
Recovery(%) 84 93 82 96 94 96 96 97 83
Naphthalene 12.89 67.45 36.48 26.50 26.07 0.73 0.5 1.24 0.46
2-Methylnaphthalene 9.08 35.14 23.83 22.88 15.03 0.51 0.45 0.94 0.39
1-Methylnaphthalene 9.81 44.45 33.14 30.93 23.76 0.58 0.48 0.99 0.47
Acenaphthylene 9.91 14.95 15.02 12.36 15.71 0.59 0.55 1.16 0.47
Acenaphthene 6.74 55.10 31.01 28.29 26.09 0.38 0.34 <LQ <LQ
Fluorene 9.88 236.85 108.61 81.96 103.80 0.57 0.52 1.1 0.48
Phenanthrene 14.45 2778.39 486.13 364.01 714.09 0.77 0.72 1.54 0.63
Anthracene 13.86 188.29 82.28 72.74 40.13 0.81 0.74 1.58 0.64
Fluoranthene 10.75 687.38 446.43 311.36 642.36 0.64 0.6 1.32 0.52
Pyrene 10.99 3148.01 1350.84  463.80 854.29 0.65 0.62 1.34 0.53
Benzo[a]anthracene 25.50 983.49 609.51 284.58 952.47 0.86 0.8 1.76 0.69
Chrysene 11.35 6052.82 194941 101996  971.73 0.66 0.61 1.4 0.54
Benzo[b]fluoranthene <LQ 1055.74 538.17 727.71 147240 <LQ 0.71 1.54 <LQ
Benzo[k]fluoranthene <LQ 182.74 156.24 174.84 412.33 <LQ 0.68 1.48 <LQ
Benzo[a]pyrene 26.20 628.83 339.20 348.43 157112 <LQ <LQ 1.94 <LQ
Indeno[1,2,3-cd]pyrene  27.08 345.08 173.00 398.72 939.88 <LQ <LQ <LQ
Dibenzo[a]anthracene <LQ 174.60 98.81 139.33 230.15 <LQ <LQ <LQ
Benzolg,h,i]perylene <LQ 494.00 227.98 446.31 797.20 0.73 <LQ <LQ <LQ
> PAHs" 179.62  17,093.7  6649.12  4900.9 9769.82 7.5 7.3 17.3 4.9
(2-3)/(4-6) ring 0.45 0.2 0.12 0.12 0.1 0.67 0.56 0.44 0.69
FI/Fl + Py 0.49 0.18 0.25 0.4 0.43 0.46 0.5 0.5 0.5
IP/(IP + BghiP 1 0.41 0.43 0.47 0.54 nc nc nc nc
Ant/(Ant + Phe) 0.49 0.06 0.14 0.17 0.05 0.5 0.5 0.52 0.5
BaA/228 0.69 0.14 0.24 0.22 0.49 0.56 0.57 0.56 0.58

<LD below limit of detection, nc not calculated
4 16 priority PAH compounds identified by the USEPA
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Table 4 Concentrations ranges of 16PAHs (USEPA) (ng g~' dry weight) in sediments samples from the present and other studies

Location > 16PAH Contamination level® References

Puerto Madryn Harbour, Argentina 2500-7700 High to very high Commendatore and Esteves (2007)
Ushuaia Bay ports, Argentina 26-307 Low to moderate Commendatore et al. (2012)
Paranagud Harbour, Brazil 94.71-406.76 Low to moderate Froehner et al. (2010)

Guanabara Bay, Brazil 77-71751 Low to very high Silva et al. (2007)

Claro Port, Corral Bay, Chile 54.7-291.6 Low to moderate Palma-Fleming et al. (2004)
Naples Harbour, Italy 9-31,774 Low to very high Sprovieri et al. (2007)

Kaohsiung Harbour, Taiwan 460-15,743 Moderate to very high Chen and Chen (2011)

Alexandria Eastern Harbour, Egypt 180-14,100 Moderate to very high Barakat et al. (2011)

Mar del Plata Harbour, Argentina 198.5-17,173 Moderate to very high Present study

# Classification of contamination level following Baumard et al. (1998): low: 0-100; moderate: >100-1000; high: >1000-5000; very high:

>5000

(antracene + phenanthrene) — Ant/(Ant + Phe); and
indene(1,2,3-c,d)pyrene/(indene(1,2,3-c,d)pyr-

ene + benzo(g,h,i)perylene) — IP/(IP + BghiP). According
to Yunker et al. (2002), the ranges of PAH ratios for dif-
ferent sources are: (a) FI/(FI + Py) ratio < 0.40 indicates
dominance of petroleum, 0.40-0.50 indicates petroleum
combustion, and >0.50 combustion of coal, grasses and
wood; (b) BaA/228 ratio < 0.20 indicates petroleum,
0.20-0.35 petroleum and combustion, and >0.35 combus-
tion; and, (c) IP/(IP + BghiP) < 0.20 indicates petroleum,
0.20-0.50 petroleum combustion, and >0.50 combustion of
coal, grasses and wood. Ratios were only calculated for
samples where the PAH concentrations exceeded
10 ng g~ since concentrations approaching detection
limits could produce misinterpretation (Martins et al.
2010). The present ratios indicate a mixture of pyrolitic and
petrolitic sources for sites S2, S3 and S5. In sites S1, S4
and at the beaches a pyrolytic source predominates. High
molecular weight PAHs predominated indicating pyrogenic
sources in all sites (Table 3), what was also seen by Albano
et al. (2013) for some MDPP sediments.

Putting the PAH contamination in perspective, concen-
trations found in the present study were higher than other
ports of Argentina, Brazil and Chile (Table 4). On the other
hand, they are comparable with Guanabara Bay in Brazil
(Silva et al. 2007), Naples Harbor, one of the largest and
most important commercial port of the Mediterranean
(Sprovieri et al. 2007), Kaohsiung Harbor, the largest
international port in Taiwan (Chen and Chen 2011) and
Alexandria Eastern Harbor (Barakat et al. 2011), one of the
two harbors forming Alexandria Port, considered the main
Egyptian port (Table 4).

The PAH concentrations measured in this study were
compared to the threshold effect concentrations (TELs)
specified by the National Oceanic and Atmospheric
Administration (U.S. NOAA) sediment quality guidelines
under the National Status & Trends Program (NS&T) as

1
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indicators of biological effects (MacDonald 1994). The
stations S2 and S5 presented concentrations above the PEL
— Probable Effect Level (£ PAH < 7110 ng g~'), above
which effects on organisms are frequently expected. Sta-
tions S3 and S4 showed levels above TEL — Threshold
Effect Level (X PAH > 468 ng g~ ') indicating possible
effects. Finally, S1 and beaches presented concentrations
below TEL, where effects on organisms are rarely expected
(Table 3).

The remobilization of sediments in port areas may
eventually transport PAHs to adjacent areas, especially
during dredging events. This process could represent a risk
to the marine community (benthonic and pelagic) and
potentially to people when these sediments are highly
contaminated. In 1998, the Popular beach was filled with
1.670,000 m*> of dredged sediments from MDPP and,
consequently, high TBT concentrations were found there
(240 ng Sn g~! in 2001 — Goldberg et al. 2004, and
175 ng Sn g~ " in 2007 — de Waisbaum et al. 2010). The
results of the present study indicate that 14 years after
these activities much of the contaminants have dissipated
with very low BT and PAH contamination still present at
Popular and adjacent beaches.

In conclusion, MDPP sediments can be considered as
low to moderately contaminated by TBT, whereas nearby
beaches are non to low contaminated. A clear reduction in
MDPP contamination over the last few years suggests that
local and international laws controlling TBT-based
antifouling paints are being effective. On contrary, PAHs
levels were very high implying a hazard to invertebrates
living in MDPP. A contamination gradient in beaches
sediments was not detected either for BTs or PAHs and the
levels of these compounds were low and below the guid-
ance levels (except for TBT at Alfonsina beach). The low
PAH and TBT levels at beach sediments indicate that either
MDPP in not acting as an important source of contami-
nation to the surrounding environments or contaminants



Bull Environ Contam Toxicol (2015) 95:513-520

519

are being degraded on the way or kept on the water column
and transported further away. Thus, it is important to study
other compartments (water and suspended matter) to see
whether remobilization and transport of MDPP sedimen-
tary contaminants is indeed an issue to be considered or
not.
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