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Figure 5. Results of the Principal Component Analyses using geochemistry and ecotoxicological data, for all the sampling 
surveys. Eigenvalues and correlations to the PC are also shown.
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DISCUSSION
To better discuss the data, firstly we decided to con-

sider each area separately: A) PEMLS (P5, P6, P7, P8, 
P9, P10); B) Moela Island, in the Guaibe sector of the 
APAMLC (P2); C) the Carijó sector of the APAMLC (P3); 
D) the vicinity of the disposal site of dredged sediments 
(P4), and E) XJSP (P1).

The results obtained within the PEMLS were within 
the ranges previously observed in the region by GOBATTO 
(2012). In general, concentrations were low and only in 
P9 and P7 occasionally higher values were found for AHs 
and PAHs. The concentrations of metals were compared 
to those obtained for the Alcatrazes Archipelago (São 
Sebastão) and Palmas and Cabras islands (Ubatuba), part 
of a restrictive protected area described by HOFF et al. 
(2015). The sediments from the PEMLS presented con-
centrations ranging from the level of those observed in 
Alcatrazes (background for outer islands of São Paulo) 
or higher, and were often more similar to those observed 
at the Palmas and Cabras Islands. However, GOBATTO 
(2012), from a more detailed exploration of his results, 
identified some geochemical abnormalities related to 
some elements, which would indicate inputs from external 
sources (such as ships anchored in the vicinity, the dis-
posal of dredged sediments, and/or land-based activities) 
or even internal sources (recreational or fishing boats). 
That same author also discussed the possibility that some 
elements could be accumulating in the south of the park, 
corroborating our results for P9, where AHs and PAHs 
were occasionally observed. According to FONTES et al., 
2017, the model of oceanic circulation shows the region 
of P9 and P7 shadowed, thus we may infer that these sites 
may accumulate fine particles and contaminants under 
certain conditions.

Further in the PEMLS, HASHIMOTO (2012) analyzed 
the toxicity of the same samples as GOBATTO (2012) and 
observed sediment toxicity, attributed to natural factors: 
the texture and bioclastic nature of the sediments could 
explain the effects on T. viscana, whereas the high levels 
of ammonia explain the effects on L. variegatus embryos. 
The presence of contaminants, as occasionally shown in 
P7 and P9, appeared to be of minor importance.

For the P2 (Moela Island), previous data indicated 
environmental degradation in the region (ABESSA et 
al., 2008; TORRES et al., 2009; CESAR et al., 2015). 
Besides, a previous study conducted by FUNDESPA 
(2008) had identified sediment contamination and toxicity 

close to Moela Island. Therefore, our results confirm the 
poor quality of the sediments in this area. 

For P3, however, there are no previous data on the 
sediment quality. Sediments from this site presented simi-
lar characteristics to those observed on other islands of 
São Paulo, such as high percentages of biogenic CaCO3, 
low quantities of muds and TOC, and low concentra-
tions of metals and organic compounds. Toxicity was ob-
served, probably caused by natural factors, as CaCO3 (for 
T. viscana), and unionized ammonia (for L. variegatus). 
ANKLEY et al. (1990) have discussed the role of ammo-
nia as an important toxicant in toxicity tests.

The sediments collected in the area located between 
the disposal site of dredged materials and the PEMLS (P4) 
presented low concentrations of metals and hydrocarbons. 
This result is similar to that observed by FUNDESPA 
(2008) and GOBATTO (2012). However, FUNDESPA 
(2008) detected sediment toxicity and alteration of the 
benthic communities. CESAR et al. (2014) reported sedi-
ment contamination by PCBs close to P4; these authors 
also observed sediment toxicity, which was associated 
with nutrients, metals As, PAHs, PCBs, phthalates and 
Aldrin. Sediment toxicity close to P4 was also observed 
by HASHIMOTO (2012). TORRES et al. (2009) observed 
low concentrations of contaminants but registered occa-
sional toxicity in sediments. In fact, as the dredged materi-
als include sediments from regions with greatly varying 
levels of contamination and grain size, and the disposal of 
these sediments is done in a dispersive region where cur-
rents are variable, a broad variation of sediment quality is 
to be expected at P4. This region requires further study to 
identify the causes of toxicity and to model the possibility 
of sediment transport from the disposal site under different 
oceanographic and climatic conditions.

In the sediments from XJSP (P1), the levels of con-
taminants tended to be higher than those observed in the 
PEMLS, but they were below the legal standards and the 
regional backgrounds. Previous data for this area showed 
toxicity and sediment contamination for Cu, Cd and Zn 
(SÃO PAULO, 2010; ARAÚJO et al., 2013), and negative 
effects on Perna perna bivalves (PEREIRA et al., 2011; 
2012). The literature also reports sediment contamination 
by hydrocarbons, Hg, Pb, Zn, Cu (LAMPARELLI et al., 
2001), detergents and sterols (MARTINS et al., 2008) and 
toxicity of water and sediments (ABESSA et al. 2008a; 
2008b). Sewage and urban drainage have been reported as 
the main pollution sources in XJSP (AMBROZEVICIUS; 
ABESSA, 2008; LAMPARELLI et al., 2001). Moreover, 
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CAMARGO et al. (2015) assessed the toxicity of the sedi-
ments of XJSP using advanced techniques and stated that 
the main causes of toxicity were the combination of am-
monia and metals. Those authors also commented that 
sewage was the main source of contaminants in that area 
and that other emerging contaminants such as pharma-
ceuticals and personal care products were to be expected. 
The large variation in toxicity may be caused by climatic 
and oceanographic factors such as the low pressure fronts 
that bring storms and extra-tropical storms that produce 
groundswells; the waves thus originated are capable of re-
suspending and transporting superficial sediments, as had 
previously been observed in a neighboring area (ABESSA 
et al., 2005). However, under normal conditions, contami-
nants tend to be transported towards the west portion of 
Santos Bay by coastal currents (SÃO PAULO, 2010) and 
accumulate in the region of XJSP.

The detection of sediment contamination and toxicity 
in the MPAs studied corroborates the findings of previ-
ous studies conducted in other areas (NILIN et al., 2013; 
GUSSO-CHOUERI et al., 2015) and confirms that MPAs 
can be partially or totally affected by pollution. TERLIZZI 
et al. (2004) investigated PCB levels in 15 MPAs in Italy, 
only a few of them, however, presented worrying levels of 
PCBs. We would also stress that the MPAs located closer 
to the more impacting anthropic activities tended to exhib-
it worse conditions as is only to be expected: HALPERN 
(2014) stated that MPAs tend to be effective in protecting 
marine life when age, size, isolation, protection and en-
forcement are present. Our results also highlight the ne-
cessity of studying pollution in MPAs worldwide.

In the case of the MPAs of the central coast of São Paulo, 
this study shows that a combination of natural factors and an-
thropic contaminants is causing sediment toxicity, especially 
in XJSP and APAMLC. In the PEMLS, further studies are 
required to identify the causes of the toxicity found.
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