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(POPs), such as polychlorinated biphenyls (PCBs) and organochlorine pesticides (OCPs) was determined to eval-
uate the contamination status and the determine possible pollution sources in the estuary. The > DDT (sum of
DDT, DDE and DDD concentrations) was the predominant OCP group, with concentrations ranging from <DL
(below detection limit) to 122 ng g~ . The exceptionally high concentration of p,p’-DDT (80%) found near Sio
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Persistent organic pollutants (POPs) Francisco harbour exceeded SQG limits indicating highly toxic conditions in the area that may be attributed to
Sediments a recent contamination from some local input. In contrast, other sites in the estuary presented higher concentra-
Babitonga Bay tion of the metabolite p,p’-DDE (34%). The results suggest strongly anthropogenic impact in specific sites of this

estuary, which need further investigation.
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Polychlorinated biphenyls (PCBs) and organochlorine pesticides
(OCPs), were released in coastal and marine ecosystems since those com-
pounds had been used in the past for industrial and agricultural purposes
and for the control of disease-transmitting vectors, such as malaria, in de-
veloping countries (Shaw et al., 2005; Van Dyk et al., 2010). In Brazil, al-
though the production and use of these compounds has been banned,
considerable amounts of PCBs and OCPs may be stored in waste dump
areas without any methods of control (Penteado and Vaz, 2001).

Human activities may still release PCBs and OCPs into the environ-
ment, such as the maintenance of electrical equipment, re-use of fluids,
demolition of buildings, recycling operations, incineration of industrial
and domestic products, inadequate waste disposal and illegal dis-
charges (UNEP, 1999).

As sediments may receive these pollutant discharges, trapping and
accumulating contaminants over time, this compartment is widely rec-
ognized as important natural reservoir and large environmental sink
and is used for evaluating the health of aquatic ecosystem (Secco et
al,, 2005; Cesar et al., 2007; Martins et al,, 2012).

Babitonga Bay (26°16’S; 48°41'W) is one of the most important es-
tuaries of Southern Brazil. It covers an area of 1400 km? where

* Corresponding author.
E-mail address: ccmart@ufpr.br (C.C. Martins).

http://dx.doi.org/10.1016/j.marpolbul.2017.03.032
0025-326X/© 2017 Elsevier Ltd. All rights reserved.

agriculture, shellfish farming and industries coexist with a unique natu-
ral area of Atlantic rainforest and mangrove systems (Grace et al., 2008).
This area is located northeast of Joinville City, the most industrialized
and urbanized area of the South Atlantic, which has a permanent popu-
lation of 620,000 inhabitants and a large industrial area with approxi-
mately 1600 industries (Barros et al., 2010; IBGE, 2012). Economic
activities that developed inside the estuary are related to the Sdo
Francisco do Sul and Itapoa harbours, fishing and oyster farming
(Vieira et al., 2008).

Due to the economic importance of Babitonga Bay and based on the
lack of information about the occurrence and sources of OCs in this
coastal area, this study aimed to evaluate OCP and PCB contamination
in sediments from Babitonga Bay, a subtropical estuary located in SW
Atlantic that is impacted by urban and industrial pollution, contributing
with valuable information to a global and regional inventory of organo-
chlorine compounds. The spatial distribution of POPs was evaluated
considering the proximity of anthropogenic and industrial activities
and the geochemical characteristics of sediments analysed.

To evaluate the occurrence and spatial distribution of PCBs and OCPs
in Babitonga Bay, 19 sediment samples were collected in March 2012
(Fig. 1) using a stainless steel grab sampler (surface area: 0.04 m?).
The top 2 cm of the undisturbed surface sediment was placed into
pre-cleaned aluminium foil and stored at — 20 °C. The sediments were
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Fig. 1. Map of the study area showing the sediment sampling sites (1-19) in Babitonga Bay, southern Brazil.

freeze-dried, carefully homogenized with a mortar and stored in clean
glass bottles at room temperature until organic pollutant analysis.

The analytical procedure was adapted from UNEP (1992). Briefly,
approximately 20 g of sediment was extracted over 8 h using the
Soxhlet extraction method. PCB 198 and PCB 103 were used as surro-
gate standards. The concentrated extracts were purified with 3.2 g of

aluminium oxide in a 30-cm glass chromatographic column. The sam-
ples were eluted with 20 mL of a mixture of DCM and n-hexane (3:7,
v:v). The resulting fraction was then concentrated to 0.5 mL and
tetrachloro-m-xylene (TCMX) was added as internal standard.

The determination of PCBs and OCPs was performed using an Agilent
7890A (Agilent Technologies, Palo Alto, CA, USA) gas chromatograph

Table 1
Concentrations of OCs (in ng g~ ') in surface sediments from the Babitonga Bay, Southern Brazil. <DL: bellow detection limit.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Total PCBs <DL <DL <DL <DL 587 012 <DL <DL <DL 045 191 <DL <DL <DL <DL <DL 023 <DL <DL
7PCBs <DL <DL <DL <DL 287 012 <DL <DL <DL 045 642 <DL <DL <DL <DL <DL 0.23 <DL <DL
a-HCH <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
3-HCH <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
y-HCH <DL 006 <DL <DL 026 006 <DL 013 <DL 025 034 <DL <DL <DL <DL 005 009 <DL 0.8
5-HCH <DL <DL <DL <DL <DL <DL <DL <DL <DL 095 <DL <DL <DL <DL <DL <DL <DL <DL <DL
SHCHs <DL 006 <DL <DL 026 006 <DL 013 <DL 120 034 <DL <DL <DL <DL 0.05 009 <DL 0.08
Heptachlor <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Heptachlor epoxidea <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Oxychlordane <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Heptachlor epoxideb <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
y-chlordane <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
a-chlordane <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
3,CHLs <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Aldrin <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Isodrin <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Dieldrin <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Endrin <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
3Drins <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
o,p’-DDE <DL <DL <DL <DL 043 <DL <DL 0.16 <DL <DL 020 <DL <DL <DL <DL <DL 0.18 <DL <DL
p.p’-DDE <DL 018 053 030 837 070 <DL 120 034 137 288 <DL 0.11 013 <DL 0.2 127 0.6 0.16
o,p’-DDD <DL <DL 006 <DL 207 006 <DL <DL <DL 025 659 <DL <DL <DL <DL <DL <DL <DL <DL
p,p’-DDD <DL <DL 040 <DL 876 <DL <DL 0.84 <DL 0.70 526 <DL <DL <DL <DL <DL 0.53 <DL <DL
o,p’-DDT <DL <DL <DL <DL 461 <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
p,p’-DDT <DL <DL 285 010 979 009 <DL <DL <DL 020 018 <DL <DL <DL <DL <DL <DL 0.11 <DL
3DDTs <DL 018 384 040 122 08 <DL 219 034 253 151 <DL 011 013 <DL 0.2 197 028 0.16
Endosulfan II <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Endosulfan [ <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
HCB <DL <DL <DL <DL 075 <DL <DL <DL <DL 013 048 <DL <DL <DL <DL <DL 013 <DL <DL
Metoxychlor <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
Mirex <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL <DL
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