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Abstract


Antarctica is one of the most surprising places in terms of biodiversity, and is one of the regions less affected by humans. The study of pollution in Antarctica can help us understand the real influence of human activities on the environmental pollution from polar regions. Trace elements are worrisome to biota for their effects on health and ecosystems. These chemicals enter the water through natural processes and human activities, and can affect wildlife and humans. The northern of Antarctic Peninsula and the South Shetland islands are particularly vulnerable because of their proximity to the continent and for having major human pressure. Our studies have focused on the determination of metals in penguin excreta, as they are non-invasive materials which can be suitable for the monitoring of chemicals in the environment.







Introduction 


Heavy metals (or most recently known as trace elements) are chemicals whose exposition can produce acute and chronic toxicity, thus affecting the central nervous and endocrine systems, liver and kidneys of mammals and birds. Those effects can be more severe on wildlife from cold regions such as Antarctica, due to their immunological systems are less prepared to deal with xenobiotic compounds [1].



Trace elements are divided as essentials (such as Cu, Zn, Mn, Fe, Se) and non-essentials (such as Al, As, Cd, Hg, Pb). Essential elements are required in small amounts to perform vital functions for the maintenance of biota, but they can be very toxic if their levels exceed the physiological requirements of the organism. Nonessential elements have no known function in the animal body, and their presence may be toxic [2]. In aquatic environments, trace elements contamination is a great concern due to the implications these chemicals may have on both wildlife and human health
[3]	.	These elements enter the water through natural erosion, geochemical cycles, industrial processes and agricultural practices
[4]	.




Birds tend to be more sensitive to environmental contaminants than other vertebrates [5], and aquatic birds are especially important for biomonitoring due to their wide distribution and their essential role in aquatic ecosystems, being especially susceptible to changes that occur by human influence in their habitats [6-8]. In Antarctica, the study of trace elements in penguins is valuable, because they are animals that exclusively inhabit the Southern Hemisphere and represent about 90% of the bird biomass of the Southern Ocean [9]. Therefore, those animals certainly represent a potential vision about the possible impact of heavy metals on what is considered one of the most pristine regions of the world.



The levels of metals and other contaminants in penguins are directly related to the levels present in their diet, which depends on the amount of contaminants in the trophic food chain [1]. Currently, using living organism tissues as environmental bioindicators can be limited because the International agreements (Antarctic Treaty and the Scientific Committee for Antarctic Research), ethical behavior and conservation purposes. For those reasons, the use of non- invasive/non-lethal methods for sampling is an alternative to the capture and sacrifice of live specimens. Penguins feed on the sea and deposit their excreta ashore. Sea animal excrement can be used as an effective tool to biomonitor the degree of contamination by trace elements in the environment.




Our studies have focused on the measurement of metals in excreta of Gentoo (Pygoscelis papua), Adelie (Pygoscelis adeliae) and Chinstrap (Pygoscelis antarctica) penguins, which inhabit the Antarctic Peninsula. We have also studied the role of these birds as transporting of pollutants from coastal to terrestrial systems, assessing the metal levels in the soil from the colonies of penguins and in un-impacted areas away from the colonies. Our data have shown that there are higher levels oftrace elements in the north area of the Antarctic Peninsula and South Shetland Islands, as compared to more extreme locations such as Avian Island, which present less anthropogenic activity [10]. Additionally, the concentrations oftrace elements tend to be higher in all nesting sites of penguin colonies, indicating that these birds are bio-transporting heavy metals to terrestrial environments, which could affect some endemic biota and alter the delicate biogeochemical cycles in Antarctica. These results are showing that there is evidence of increased human pressure in the north of the Antarctic Peninsula, probably due to tourist activities and scientific facilities, as well as for the transport of pollutants from countries in the Southern Hemisphere, implying a greater concentration of pollutants in that area than in the rest of the Antarctic continent.



This proves that the excreta of penguins are good indicators of the concentration of trace elements in polar environments. There are still scarce studies on the presence of trace elements in the excreta of penguins, which are necessary to set the base of environmental problems and to be able to see possible future scenarios that could be unleashed in Antarctica as a consequence of an increased anthropogenic pressure. It is therefore crucial to be able to know the baseline levels of trace elements in relatively uncontaminated areas in order to obtain specific data to compare the progress of pollution along time, in order to design adequate environmental monitoring plans to protect wildlife in Antarctica.
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