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Abstract
Surface sediments from Reloncaví Fjord and the Chiloé inner sea in Chilean Patagonia were extracted and analyzed to esti-
mate deltamethrin and diflubenzuron levels. These antiparasitary pesticides have been used for decades in the salmon industry. 
Relationships were determined between pesticide concentrations and organic carbon percent in sediments. Deltamethrin 
(0.39–1.05 µg g−1 dw) was found at all sampling sites but diflubenzuron (0.06–0.09 µg g−1 dw) at only five. Diflubenzuron 
levels were similar for sediments from other fjord areas. However, deltamethrin concentration was 2–3 fold higher than 
other studies on this area. The organic carbon percent was correlated positively and significantly with diflubenzuron, but 
not with deltamethrin. Our results suggest that the high deltamethrin concentrations in sediments are due to the increased 
use of pyrethroids around salmon farming areas. But, the diflubenzuron levels can be explained by degradation processes.

Keywords Diflubenzuron · Deltamethrin · Salmon farming · Organic carbon · Surface sediments · Chilean Patagonia

The salmon industry in Chile represents a very important 
percentage of exports from the fisheries sector. Approxi-
mately 40 companies participate in the Chilean salmon 
farming industry, and the total annual production exceeds 
700,000 tons (SERNAPESCA 2016). However, in recent 
decades, farmed salmon production has fallen significantly 
due to ectoparasites such as Caligus rogercresseyi that 
cause illness and death in the fish (e.g., Reyes and Bravo 
1983; Boxshall and Bravo 2000; Sepúlveda et al. 2004). In 
an attempt to control these parasites, the salmon industry 
has administered antiparasitic pesticide treatments through 
food and/or other treatments since the 1980s (e.g., Burridge 
et al. 2010). Avermectins, pyrethroids, hydrogen peroxide, 
and organophosphates are the most commonly used antipara-
sitic compounds in the salmon industry worldwide.

In general, some antiparasitics (e.g., avermectins, pyre-
throids) act as neuronal inhibitors whereas others (e.g., 
benzoylureas) inhibit the synthesis of chitin (e.g., Burridge 
et al. 2010). According to Bravo et al. (2014), parasitic 
resistance to pesticides led to a 129% increment in pyre-
throid treatments in Chile throughout 2012 (e.g., deltame-
thrin, Log  KOW = 6.2), increasing from 0.622 to 1.087 mL 
per ton of salmon from 2011 to 2012. These compounds 
are adsorbed by the suspended organic matter and, given 
their low solubility in water and high octanol–water partition 
coefficients (Log  KOW = 5–6; e.g., Scottish Environmental 
Protection Agency, SEPA 1998), their potential for bioavail-
ability in sediments is high. In contrast, since 2008, the use 
of 162 kg of active ingredient in benzoyl urea treatments 
(e.g., teflubenzuron and diflubenzuron) has been reported 
in Chile (Burridge et  al. 2010). Marseille et  al. (2000) 
reported a moderate partition coefficient for diflubenzuron 
(Log  KOW = 3.83), suggesting that this compound is sta-
ble and persistent, remaining bound to the organic matter 
in anoxic marine sediments (Selvik et al. 2002). In general, 
pyrethroids and benzoylureas reach the environment through 
uneaten feed and are rapidly excreted in feces. Thus, these 
materials are dispersed and exported to the sediments, where 
they are highly toxic to a wide range of endemic organisms 
(Burridge et al. 2011; Langford et al. 2014).
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The study area constitutes an interconnected estuary and 
inner sea in the Chilean Patagonia, from north to south: 
Reloncaví Fjord (~ 41ºS), Reloncaví Sound, and the Chiloé 
inner sea (~ 43ºS) (Fig. 1a).

The Chilean Patagonia is one of the most extensive fjord 
areas in the world, covering approximately 240,000 km2 
between Reloncaví Sound and Cape Horn. The estuarine 
nature of inner seas and the underlying geomorphology of 
the fjords make especially interesting the study of contribu-
tions of matter – be it terrigenous or marine – to the sedi-
mentary record (e.g., Pantoja et al. 2011).

In general, the hydrography of Chilean Patagonia is 
mainly determined by the interaction between freshwaters 
(from rivers and runoff) and well oxygenated Subantarctic 
Waters (> 2 mLO2 L−1, Silva and Vargas 2014). Local rivers 
(e.g., Petrohué, Cochamó, Puelo) and surface runoff trans-
port important inputs of both autochthonous (primary pro-
duction) and allochthonous (terrestrial, anthropic) organic 
matter into these systems (e.g., Rojas and Silva 2005; Ara-
cena et al. 2011; Sepúlveda et al. 2011). Incoming organic 
matter into the deep layers of the water column increases the 
oxygen consumption by the respiration processes, reaching 
oxygen levels near to hypoxic conditions (< 2 mLO2 L−1, 
Silva and Vargas 2014) in some areas of Chilean Patagonia. 
On the other hand, due to a constant supply of oxygen by 
horizontal advection, the dissolved oxygen concentration 

does not decrease lower than 3 mLO2 L−1 in the Reloncaví 
Fjord and Chiloé Inner-Sea area (Silva and Vargas 2014).

Over the past 30 years, the Chilean Patagonia has seen 
ever increasing human activity (e.g., urban settlements, 
aquaculture) with a significant environmental impact (e.g., 
Buschmann et al. 2009). The higher residence times of dis-
solved compounds in this area facilitate their processing 
and export to the sediments. Therefore, Reloncaví Fjord 
and Chiloé Inner-Sea are thought to constitute a sink for 
matter with anthropic origins (e.g., Silva et al. 2011). Past 
studies of the Chiloé Inner-Sea have described how recent 
industrial, agricultural, and tourist activities have greatly 
increased the input of persistent organic compounds (e.g., 
polychlorinated biphenyls) into the sediments of this area 
(Montory et al. 2008). However, the presence and distribu-
tion of other chemicals used in the remediation of diseases 
related to salmon farming, whose presence in the environ-
ment could be adverse to non-target marine organisms, 
remains unknown.

This work presents results of the presence and distribu-
tion of the antiparasitics deltamethrin (DM) and difluben-
zuron (DF) in surface sediments from the Reloncaví Fjord 
and the Chiloé Inner-Sea, in Chilean Patagonia. Special 
attention is given to the relationship between antiparasitic 
levels and organic carbon content (%OC) in sediments, to 
understand the main factors that potentially control the 

Fig. 1  a Sediment sampling stations of the CIMAR 19 Fjords cruise 
in the Chilean Patagonia. Concentration of b deltamethrin, c dif-
lubenzuron and d percentage of organic carbon (%OC) in surface 
sediments (in barrs), the dissolved oxygen (DO) of the bottom water 

(black dots) and the concentration of suspended particulate material 
(SPM, blue triangles down) along the Reloncaví Fjord-sound and 
Chiloé Inner-Sea area in the Chilean Patagonia
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