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Заключительный отчет Межсессионной контактной группы по кумулятивным воздействиям на окружающую среду

История вопроса

На Четвертом заседании КООС (С.-Петербург, июль 2002 г.) Комитет сформировал межсессионную контактную группу (МКГ) для рассмотрения возможностей дальнейшего развития согласованного подхода к мониторингу кумулятивных воздействий. Согласованное для МКГ техническое задание предусматривало:

· представление краткого аннотированного описания предшествующих и текущих исследований и докладов, посвященных изучению кумулятивных воздействий на окружающую среду и имеющих значение для Протокола, включая, например, исследования и доклады, посвященные проблемам туризма, деятельности национальных программ и неправительственных экспедиций;

· рассмотрение вопроса о том, как обеспечить координацию и проведение дальнейших исследований антропогенных воздействий, включая определение возможной роли СКАР, КОМНАП, АНТКОМа, АСОК и других неправительственных организаций, и разработка соответствующих рекомендаций;

· определение важнейших направлений дальнейших исследований в области кумулятивных воздействий человеческой деятельности на окружающую среду Антарктики.

Контактной группе было поручено представить отчет о ходе своей работы на Пятом заседании КООС и заключительный отчет на Шестом заседании КООС. Председателем МКГ был выбран д-р Джойс Джатко (США). В состав группы вошли представители Аргентины, Австралии, Новой Зеландии, Швеции, Великобритании, США, МААТО и АСОК.

Техническое задание 1  Краткое описание предшествующих и текущих исследований и докладов

В первый год члены группы должны были представить краткое аннотированное описание предшествующих и текущих исследований, посвященных проблеме кумулятивных воздействий на окружающую среду. Информацию о конкретных исследованиях представили Аргентина, АСОК, Австралия, Новая Зеландия, Швеция, Великобритания и США. В таблице 1 приведен перечень этих исследований и представленных докладов. Более подробная информация о каждом из них приведена в Приложении 1 к настоящему отчету.

Таблица 1. Предшествующие и текущие исследования (доклады), посвященные проблеме кумулятивных воздействий

	Сторона
	Область исследования
	Предмет исследования
	Период

	Аргентина
	Экология
	Воздействия деятельности (микроколичества металлов) на прибрежную экосистему бухты Поттер (остров Кинг Джордж).
	1995-2004

	Аргентина
	Экология
	Антропогенные воздействия на подземные воды полуострова Поттер (остров Кинг-Джордж).
	1997-2004

	Аргентина
	География
	(Комплексные) воздействия станции Марамбио (по результатам ГИС-анализа).
	1998-2000

	Аргентина, Австралия
	Биология
	Потенциальные антропогенные воздействия на популяции пингвинов Адели, включая отлов птиц (СЕМП).


	1991-2002

	АСОК
	Экология, биология
	Воздействия бывшей станции Гринпис «Уорлд Парк Бейс» (мыс Эванс), включая деградацию физической среды, загрязнение углеводородами и тяжелыми металлами, изменения сообществ микроорганизмов и рацион поморников.
	1992-1993; 1995-1996

	Австралия
	Биология
	Последствия присутствия человека для популяций пингвинов Адели на станции Кейси.
	?

	Австралия
	Биология
	Последствия присутствия человека для популяций южных гигантских буревестников.
	1956-2001

	Австралия
	Экология
	Влияние свалок отходов на континентальные и морские донные отложения и бентические сообщества морских организмов в окрестностях станции Кейси.
	2002-2010?

	Австралия
	Разные области
	Широкомасштабный экологический мониторинг (база данных), включая мониторинг некоторых антропогенных воздействий.
	2002-

	Новая Зеландия
	Экология, биология.
	Воздействия проекта бурения на мысе Робертс, включая образование отходов, влияние на флору и выведение потомства поморниками, нарушение поверхностного слоя, загрязнение почвы и воздействия на бентические сообщества.
	1995-2002

	Новая Зеландия
	География
	Воздействия базы Скотт на местную окружающую среду, включая изменения определенных параметров, топографии, природных особенностей, сооружений, а также картины разливов нефти.
	1994-

	Новая Зеландия
	География, операционная деятельность
	Различные антропогенные воздействия в регионе моря Росса, включая отбор проб, количество человеко-дней, проведенных в полевых условиях, вход на территорию охраняемых районов и т.д.
	1950s-

	Швеция
	Биология
	Воздействия станции Васа (и Свеа) на популяции птиц.
	?

	Швеция
	Биология
	Воздействия станции Васа (и Свеа) на лишайники.
	?

	Швеция
	Экология
	Воздействия станции Васа (и Свеа) на химию подземных слоев.


	?

	Швеция
	Экология
	Воздействия станции Васа (и Свеа) на снежный покров.
	?

	Великобри-тания
	Биология
	Воздействия станции Ротера на популяции поморников и доминиканских чаек.
	?

	Великобри-тания
	Экология
	Влияние тяжелых металлов на лишайники на станции Ротера.
	?

	Великобри-тания
	Экология
	Влияние углеводородов на почвы на станции Ротера.
	?

	Великобри-тания
	Экология
	Влияние тяжелых металлов на морских моллюсков в окрестностях станции Ротера.
	?

	Великобри-тания
	Экология
	Последствия загрязнения сточными водами для морской среды в окрестностях станции Ротера.
	1999-

	Великобри-тания
	География
	Воздействия ледового пандуса на станции Ротера (обследование).


	?

	США
	Атмосфера
	Последствия сжигания ископаемых топлив в долине Тейлор.
	1997-1998

	США
	Атмосфера
	Воздействия станции МакМердо на качество атмосферного воздуха (ПХДД, ПХДФ и металлы).
	1992-1993

	США
	Атмосфера
	Воздействия антропогенных источников атмосферных аэрозолей на станции МакМердо.
	1995-1996

	США
	Атмосфера
	Воздействия антропогенных источников частиц сажи, содержащихся в продуктах сжигания, выбрасываемых в атмосферу на станции Южный полюс.
	1998

	США
	Биология
	Влияние взрывов динамита на тюленей Уэдделла, обитающих в проливе МакМердо.
	1985

	США
	Биология
	Воздействия на экосистемы в местах посещения Антарктического полуострова.
	1994-1997

	США
	Биология
	Воздействия на популяции пингвинов Адели в окрестностях станции Пальмер.
	1997

	США
	Биология
	Воздействия станции МакМердо на бентические сообщества морских организмов.
	1995

	США
	Экология
	Воздействия станции МакМердо на уровни содержания металлов в почвах.
	1998

	США
	Экология
	Загрязнение морских донных отложений к западу от Антарктического полуострова.
	1996

	США
	Экология
	Воздействия углеводородов на антарктических рыб в проливе МакМердо и в районе Антарктического полуострова.
	1995, 1997

	США
	Экология
	Антропогенное загрязнение (включая ПАУ, ПХБ, пестициды и микроколичества металлов) морской среды (донные отложения и биота) в бухте Артур и проливе МакМердо.
	1995

	США
	Экология
	Загрязнение углеводородами донных отложений субприливной зоны в окрестностях станции Пальмер и старой станции Пальмер.
	1992

	США
	Экология
	Влияние сточных вод, сбрасываемых со станции МакМердо, на бентическую морскую среду.


	1998

	США
	Экология
	Воздействия кишечных бактерий, содержащихся в сточных водах, сбрасываемых со станции МакМердо.
	1990

	США
	Экология
	Воздействия проекта бурения на почвы в Сухих долинах МакМердо.
	1976

	США
	Экология
	Влияние углеводородов на микроорганизмы, встречающихся в окрестностях станции МакМердо.
	1994

	США
	Экология
	Воздействия (передвижение) разливов нефти на шельфовом леднике в регионе моря Росса.
	1993-1994

	США,

Аргентина
	Экология, биология
	Влияние разлива нефти, образовавшегося в результате аварии на «Байя Параисо», на биоту и донные отложения в окрестностях острова Анверс.
	1989-1992


Техническое задание 2  Координация и проведение дальнейших исследований в области антропогенных воздействий

Одной из задач МКГ была разработка рекомендаций о том, как обеспечить координацию и проведение дальнейших исследований антропогенных воздействий, включая определение возможной роли СКАР, КОМНАП, АНТКОМ, МААТО, АСОК и других неправительственных организаций.  Было отмечено, что ряд организаций либо обладают, либо имеют доступ к большому объему информации, которую можно использовать в процессе изучения кумулятивных воздействий. Так, в распоряжении членов КОМНАП  имеются различные наборы данных, касающихся работы станций, АНТКОМ обладает большим объемом информации о морских ресурсах, а МААТО ежегодно собирает информацию о количестве туристов и местах, которые они посещают. Тем не менее, у группы не было никаких конкретных предложений относительно того, какую роль должны играть различные заинтересованные стороны.  

Было предложено несколько возможных вариантов координации исследований. Членам группы было поручено прокомментировать предложение участников семинара «Кумулятивные воздействия коммерческого морского туризма на окружающую среду в районе Антарктического полуострова» (июнь 2000 г.), основная идея которого заключалась в следующем:  было бы целесообразно сформировать независимую руководящую группу, включающую специалистов в соответствующих областях, в целях оказания содействия в проведении оценки, реализации и осуществлении контроля за необходимыми мероприятиями. В одном из комментариев отмечалось, что это неплохая идея, но, возможно, потребуется создание не одной, а нескольких групп, или концентрация работы руководящих групп на разных изучаемых регионах. Было высказано предположение о том, что для разных районов Антарктики (например, Антарктического полуострова, Восточной Антарктиды, Земли Королевы Мод) могут потребоваться разные участники или подходы. МААТО выразила заинтересованность в руководстве группой, занимающейся вопросами, связанными с туризмом, или местами, регулярно посещаемыми туристами (если создание такой группы представляет интерес или имеет смысл). 
Другое предложение, касающееся координации действий, заключалось в разработке комплексной базы данных, объединяющей данные, которые сейчас принадлежат разным организациям. Кроме того, было предложено, чтобы в дополнение к информации, которая отслеживается на данном этапе, учитывались отчеты национальных программ, содержащие информацию о посещениях Антарктики научными и техническими сотрудниками. В настоящее время регистрации подлежат только отчеты о посещениях туристов. 

Группе были представлены три возможных подхода к изучению кумулятивных воздействий и поручено прокомментировать эти подходы и предложить любые другие возможные и целесообразные варианты или подходы. Представленные варианты предусматривали следующее:

1. Совместное финансирование и проведение исследований национальными программами. 

2. Раздельное проведение исследований национальными программами по одним и тем же приоритетным направлениям и совместный синтез и анализ данных.

3. Раздельное проведение исследований в общих приоритетных областях и обмен результатами (но без совместного синтеза и анализа данных).

По мнению одного из респондентов, все три варианта вполне приемлемы. Другой респондент подчеркнул, что научное сообщество и туристическая индустрия должны более активно координировать свои действия.  Это обеспечит взаимную выгоду и, возможно, более точную ориентацию некоторых научных мероприятий. 

В ответ на вопрос о том, может ли тот или иной подход больше соответствовать определенному виду исследований, один из респондентов отметил, что долгосрочные программы мониторинга (например, исследования тенденций изменения численности пингвинов папуа, изучение пингвинов Адели в районе станции Пальмер или ведение Перечня антарктических территорий) имеют большое значение и должны проводиться в любом случае, независимо от применяемого подхода.

Техническое задание 3  Приоритетные направления дальнейших исследований

Членам МКГ было поручено определить общие задачи дальнейшей работы. На рассмотрение группы были представлены некоторые из предложенных общих задач и конкретные мероприятия, которые могут способствовать их выполнению. Краткое описание представленной информации приведено в таблице 2.

Таблица 2.  Приоритетные направления дальнейших исследований

	ОБЩИЕ ЗАДАЧИ
	ПРЕЛАГАЕМЫЕ КОНКРЕТНЫЕ МЕРОПРИЯТИЯ

	1. Составление документации, описывающей предшествующую и текущую деятельность, в целях содействия проведению экологического мониторинга и контроля за деятельностью человека
	· Создание баз данных (электронных таблиц, ГИС), отражающих временную последовательность полевых мероприятий и работы на станциях.

· Регистрация и представление конкретных параметров (например, так, как это предложено в Руководстве КОМНАП)

	2. Совершенствование обмена информацией
	· Централизация источников информации (сайт КООС)

· Неофициальный обмен информацией (например, сервер, рассылающий информацию о кумулятивных воздействиях по заранее составленным спискам, КОМНАП)

· Облегчение доступа к информации (сайты национальных программ)

	3. Получение информации о процессах воздействия на окружающую среду
	· Проведение долгосрочных исследований реакции окружающей среды на деятельность человека (например, воздействий на сообщества птиц в местах, посещаемых людьми).

· Крупномасштабные экосистемные исследования

	4. Определение механизмов (т.е. путей и процессов) аккумуляции воздействий
	

	5. Определение параметров, которые необходимо изучать и контролировать в процессе исследования кумулятивных воздействий различных видов деятельности
	· Обзор предшествующих и текущих исследований, результаты которых способствовали более глубокому пониманию кумулятивных воздействий

· Обзор параметров, перечисленных в Руководстве КОМНАП

· Анализ информационных пробелов

	6. Определение характерных антропогенных воздействий, связанных с различными видами деятельности и операторами
	· Мониторинг и представление данных в локальном, региональном и континентальном масштабе

· Разработка баз данных

	7. В принципе, необходимо более глубокое понимание временных и пространственных характеристик кумулятивных воздействий
	· Формирование долгосрочных наборов данных
· Формирование геопространственных наборов данных (т.е. ГИС)

· Обобщение и анализ данных о воздействиях во времени и пространстве


По мнению одного из респондентов, необходимо сосредоточиться на участках, регулярно посещаемых туристами, и определить соответствующие виды-индикаторы для того, чтобы установить, какие организмы наиболее уязвимы или больше всего подвергаются антропогенным воздействиям.  

Другой респондент предложил провести фоновые исследования на первозданных территориях, которые расположены в окрестностях станций и обладают характеристиками, аналогичными характеристикам районов расположения станций. Тот же респондент предложил, чтобы Стороны проводили фоновые исследования еще до начала работ по созданию новых станций, что позволит анализировать тенденции. Другое предложение заключалось в том, чтобы определить районы, наиболее часто посещаемые туристами и характеризуемые некоторыми сопоставимыми параметрами, и провести мониторинг в этих районах. Кроме того, было высказано предположение о том, что дополнительным стимулом к проведению мониторинга может стать определение некоторых районов в качестве ООРА в целях проведения параллельных сравнительных исследований районов с аналогичной средой обитания, когда в одном районе туристическая деятельность разрешена, а другом запрещена. 

Что касается приоритетных направлений исследований и вопроса о том, существуют ли районы или задачи, имеющие больший приоритет, было отмечено, что создание упорядоченной базы данных того или иного рода является одной из самых важных задач, однако эти данные должны содержать информацию о любых посещениях территорий, а не только информацию, которую предоставляют туристические операторы. Был поднят, но остался нерешенным вопрос о том, кто должен вести такую базу данных, и как регулировать и поддерживать эту деятельность.

Выводы
Совершенно очевидно, что проблема кумулятивных воздействий на окружающую среду представляет большой интерес. Проведено множество исследований, способствовавших более глубокому пониманию возможного влияния осуществляемой деятельности или получению дополнительной фоновой информации, необходимой для оценки антропогенных воздействий.  

Базовая информация и управление данными  По общему мнению, необходимо получать более полную информацию о любых посещениях районов, представляющих интерес. В настоящее время туристические операторы предоставляют такую информацию в рамках отчетов о посещениях, однако информация о посещениях районов учеными или техническими сотрудниками национальных программ не отслеживается. Кроме того, все подтверждают целесообразность широкого распространения этих данных, но при этом признают, что ведение любой базы данных требует определенных усилий и ресурсов. 
Таким образом, выдвинуто два конкретных предложения:

· Стороны должны собирать информацию о посещениях районов, аналогично тому, как они собирают отчеты о посещениях территорий туристами, чтобы иметь исчерпывающие сведения о посещениях и деятельности в районах, представляющих интерес.

· Следует оказывать содействие в разработке и ведении базы или баз данных, содержащих информацию о посещении районов, а также другие важные сведения. Информация, содержащаяся в этих базах данных, должна быть общедоступна.

Проведение научных исследований  Приемлемы все три варианта изучения проблемы кумулятивных воздействий: совместное финансирование и проведение исследований; параллельное проведение исследований и совместный синтез данных; раздельное проведение исследований с последующим обменом информацией.  

Координация исследований  При том, что идея о необходимости более тесной координации действий получила определенную поддержку, не было предложено никаких конкретных механизмов координации исследований кумулятивных воздействий. По мнению МААТО, было бы полезно, если бы национальные программы, осуществляющие деятельность в местах наиболее регулярного посещения туристами, предоставляли МААТО замечания или сведения, касающиеся районов проведения исследований, чтобы туристические операторы могли получить представление о проводимой ими работе, предотвратить вмешательство в осуществляемую деятельность или принять ее во внимание. 

Приоритетные направления дальнейших исследований  По общему мнению, особого внимания заслуживает сравнительное изучение нарушенных и ненарушенных районов.

· Сторонам рекомендуется оказывать поддержку в проведении фоновых исследований сопоставимых районов с разными уровнями посещаемости (первозданные и активно посещаемые районы).  Эти районы могут располагаться в окрестностях станций или на территориях, часто посещаемых туристами.

· На территориях, активно посещаемых туристами, научные исследования следует организовывать таким образом, чтобы они позволяли проводить оценку воздействий этих посещений (исследования посещаемых/непосещаемых районов, аналогичные тем, что провели Австралия, Аргентина и США). 
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1. Title of the research/monitoring program:

Trace elements monitoring in the coastal ecosystem at the Potter Cove, King George Island, Antarctica

Key words: trace elements, heavy metals, biota, Antarctica, bio-indicators. 

Name and Institutional affiliation of the principal investigators: 

Leopoldo Cristian Vodopivez (cristianvz@dna.gov.ar ), Environmental Chemistry Area, Instituto Antártico Argentino (IAA) and Patricia Smichowski, Unit of Chemical Activity, Comisión Nacional de Energía Atómica (CNEA), Argentina.

Objectives

To establish levels of trace elements (Cd, Cr, Cu, Zn, Pb) and oligo-elements (Fe, Mn) in particulate matter entering Potter Cover, as well as in its marine sediments and coastal biota. 

To identify species that can be used as biological indicators of trace elements in coastal environments.  

To determine the occurrence of bio-accumulation and bio-magnification. 

To assess the bio-geochemical cycles of the considered elements. 

Project Design or Methodology

a. Sampling of abiotic matrixes 

Sediments: Shallow marine sediments  (20 cm) will be collected using sediment traps to be placed through autonomous diving. Three transects, perpendicular to the coast of Jubany station, will be done. Sampling will be done annually, at three depths: 10, 20 and 30 m.  Sampling of particulate matter on creeks will be coordinated with other projects 

Samples from traps will be collected once a fortnight in summer (December to March), and once a month, during the rest of the year.  

Samples will be dried or liophilized, divided into fractions, and analysed according to grain size distribution, content of organic matter, as well as content of major components (Fe, Mn) and trace elements (Cd, Cr, Cu, Pb, Zn).

b. Sampling of biotic matrixes 

Benthic organisms (marine webseeds and bivalves):  Sampling will be undertaken by divers, manually at depths between 10 and 25m. 

Intertidal organisms: Sampling will be undertaken manually during low tide. 

Fish:  Samples will be provided by the Ichthyology group of the IAA. 

Birds and mammals:  Samples will be provided by other groups of the IAA working on them. Alternatively dead bodies with no sign of de-composition will be collected.   Samples will be dissected in selected tissues (mollusks: muscles, digestive glandule, kidney and gonads; fishes: muscles, liver, kidney and gonads) and later liophilized and stored in hermetic containers, after acid washing, until they are analysed. 

c. Analysis of abiotic matrixes: 

Samples, once dried or liophilized, will be treated with nitric acid in microwave digestor until total dissolution occurs.  Quantification by atomic absorption spectrometry on flame (FAAS) or atomic absorption spectrometry on plasm (ICP-AES).  Accuracy will be tested against certificated reference material (CRM) MURST ISS A 1 (Antarctic Sediment) provided by the Istituto Superiore di Sanitá, Roma (Italy). In case human-made inputs of trace elements are suspected (or verified)*, complementary analysis over grain sizes smaller than 63 µm will be conducted, which is usually recommended for this kind of analysis.

Seventy five annual samples will be processed in this way. Twenty seven sediment samples (nine triplicate samples), eight triplicate fortnightly-trap sediments, and eight triplicate monthly-trap sediments (48 samples). Samples will be analysed in the Laboratorio de Rocas, Facultad de Ciencias Exactas y Naturales (University of Buenos Aires).

*information to be provided by the Projects: "Hidrología Superficial y Subterránea (HSS)" and "Cambio Global (CG)", which will provide with information on the water dynamics, water chemistry, and geochemistry of Potter Cove. HSS will also evaluate human disturbance on marine and freshwater systems. 

d. Analysis of biotic matrixes: 

Samples, once dried or liophilized, will be treated with nitric acid in microwave digestor until total dissolution occurs. Quantification by atomic absorption spectrometry on flame (FAAS) or by using graphite ovens (GF AAS). Accuracy will be tested against certificated reference material (CRM) MURST ISS A 1 (Antarctic Sediment) provided by the Istituto Superiore di Sanitá, Roma (Italy).

Forty samples of Laternula elliptica will be analysed as follows: 4 by size-range, 10 by size, 4 by tissues (muscles, digestive glandule, kidney and gonads). Total number of analyses: 160. 

Forty samples of Notothenia coriiceps (20 males y 20 females), 4 tissues (muscles, liver, kidney and gonads) , Total number of analysis: 160. Complementarily, samples of macro webseeds, amphipods, birds and mammals will be also analysed. Analysis will be conducted by the Servicio de Hidrografía Naval.

When and where the project were or will be conducted

Following is the proposed schedule of the project: 

First year (2001/02):  Sampling of fishes, webseeds and anphipodes.  if  possible, also sampling of Laternula elliptica and shallow sediments.   Collection of birds and mammals.  Liophilization of samples in Antarctica.  Sampling processing in Buenos Aires (adjustment of techniques and samples quantification).

Second year (2002/03):  Sampling of shallow sediments and trap sediments.  Sampling of Laternula elliptica and/or Nacella concinna.  Collection of birds and mammals.  Liophilization of samples in Antarctica.  Sampling processing in Buenos Aires.  Preliminary conclusions. 

Third year (2003/04):  Adjustment of sampling of biota, based on preliminary conclusions.   Sampling of shallow sediments and trap sediments.  Sampling of biota.  Collection of birds and mammals.  Liophilization of samples in Antarctica.  Sampling processing in Buenos Aires .  Final conclusions 

Relevant preliminary or final results 

As this project is a continuation of a previous project, called Marine Contamination, initiated in 1995 and coordinated by the same investigators, background data is already available:

1.- “Trace metals monitoring as a tool for characterization of Antarctic ecosystems and environmental management. The Argentine Programme at Jubany Station”. Vodopivez, C., Smichowski, P. and Marcovecchio, J. Capítulo en el libro Environmental Contamination in Antarctica: A Challenge to Analytical Chemistry, editado por S. Caroli, P. Cescon and D. Walton, Elsevier Science, New York (2001), 155-180.

2.- Distribution of heavy metals in surface sediments from an Antarctic marine environment. Andrade, S., Poblet, A., Scagliola, M., Vodopivez, C., Curtosi, A, Pucci, A. and Marcovecchio, J.. Environmental Monitoring & Assessment (2001), 66: 147-158.

3.- Moreno, J., Gerpe, J. M., Moreno, V., and Vodopivez, C., Heavy metals in Antarctic organisms, Polar Biol., 17, (1997), 131-140.

4.- Metal (Fe, Zn, Mn and Cu) levels in the Antarctic fish notothenia coriiceps Márquez, M., Vodopivez, C., Cassaux, R, and Curtosi, A..Polar Biol. (1998), 20: 404-408.

5.-“The Use of Epiphytic Antartic Lichens (Usnea aurantiacoara and Usnea antartica) to Determine Deposition Patterns of Heavy Metals in Shetland Islands, Antarctica”. Poblet, A.; S. Andrade; M. Scagliola; C. Vodopivez; A. Curtosi; A. Pucci & J. Marcovecchio. Sci. Tot. Environ. 207 (1997) 187-194.

6. “Trace metals in some invertebrates, fishes and birds from Potter Cove”, Vodopivez, C. & Curtosi, A., in The Potter Cove Coastal Ecosystem. Synopsis of research performed within the frame of the Argentinean-German Cooperation at the Dallmann-Laboratory and Jubany Station (King George Island, Antarctica, 1991-1997), Ed. by Wiencke, C., G, Ferreyra, W. Arntz & C. Rinaldi. Berichte zur Polarforschung 299 (1998), 296-303

2. Title of the research/monitoring program:

Superficial and Groundwater Hydrology of Potter Peninsula (King George Island, Antarctica): Assessment of human inputs. 

Key words: Hydrology, Hydrogeology, Environmental, Contamination, Monitoring, Antarctica.

Name and Institutional affiliation of the principal investigators: 

Leopoldo Cristian Vodopivez (cristianvz@dna.gov.ar ), Environmental Chemistry Area, Instituto Antártico Argentino (IAA) and Mirta Elida Fresina (fresina@tango.gl.fcen.uba.ar ) , Departamento de Ciencias Geológicas, Facultad de Ciencias Exactas y Naturales, University of Buenos Aires, Argentina.

Objectives

To propose a behaviour model of superficial and groundwater systems in Potter Peninsula, through the determination of the dynamics of the superficial and groundwater systems, their hydrochemical characterization as well as the identification of likely sources of human disturbance, so as to allow monitoring water quality and predicting likely behaviour of contaminants. 

Project Design or Methodology

The methodology proposed includes three successive stages:  Data inventory, Sampling Procedure and Lab analysis. 

1. Data Inventory:

Bibliography and Cartography 

Photo interpretation and Mapping 

Description of human activities in the area

2. Measurement of key parameters (piezometric levels, waterflows, electric conductivity, temperature, pH, etc) and construction of geoelectrical profiles.  An array of gauges will be built in order to sample water on selected stations, so as to measure key parameters in situ. In addition, geoelectrical soundings will be done so as to define permafrost position and structure of the active layer. 

There will be different procedures to obtain samples of soils, superficial water and ground water, depending on the nature of both the sample (soils or water) and the objective (hydrocarbon and metals).

Determination of metal occurrence on soils: samples of 250-500g will be taken at depths between 0.2 y 0.4 m, and stored in high-density polyethylene bags at a temperature of –20 ºC.

Determination of total hydrocarbon content on soils: samples of 250-500g will be taken at depths between 0.2 y 0.4 m, wrapped up in aluminum paper (previously dehydrated at 500º C and washed up in n-hexane) and stored at -20ºC. 

Determination of major and trace elements on water: three samples of both superficial and ground water will be collected in low-density polyethylene bottles, which have to be previously washed up in nitric acid. 

One sample will be used for in situ determinations (pH, conductivity, carbonates, nitrates), another one for determination of major elements (stored at 4ºC), and the last one to determine trace elements (Cu, Cd, Pb, Zn). The sample is to be filtered, using a 0.45 mm membrane, and then acidified up to pH < 2. Lastly, it is stored at 4ºC. 

Determination of total hydrocarbon content on water: two samples (one liter each) of both superficial and ground water will be collected in brown glass bottles, which have to be previously washed up in n-hexane. Extracts will be obtained using Freon 113 (or distilled carbon tetrachloride) and stored in brown glass containers, washed up in n-hexane, at 4 ºC. 

3. Lab analysis:

As for the sampling procedures, different techniques will be used to analyse samples of soils, superficial water and ground water, depending on the nature of both the sample (soils or water) and the objective (hydrocarbon and metals).

Determination of metal occurrence on soils: Samples will be digested with nitric acid or using a microwave digestor. Obtained extracts will be analysed using either atomic absorption spectrometry on flame (FAAS) or graphite ovens (GF AAS), according to EPA standards. 

Determination of total hydrocarbon content on soils: Samples will be extracted using either Freon 113 or Carbon tetrachloride, through a process of ultrasonic baths, and quantified using infrared spectrometry according to according to EPA standards.

Determination of metal occurrence on water: Samples will be digested with nitric acid or using a microwave digestor. Obtained extracts will be analysed using either atomic absorption spectrometry on flame (FAAS) or graphite ovens (GF AAS), according to EPA standards.

Determination of total hydrocarbon content on water: Extracts will be quantified using infrared spectrometry according to according to EPA standards. To validate accuracy of metal analysis in soils and water, a technique called Standard Addition will be used. 

When and where the project were or will be conducted

This project is a continuation of a previous project, called “Superficial and Underground Hydrology in the area of Marambio Station” (initiated in 1997), and is foreseen to be ended up after three summer seasons (2003/04). 

Relevant preliminary or final results 

As this project is a continuation of a previous project, called “Superficial and Underground Hydrology in the area of Marambio Station”, initiated in 1997 and coordinated by the same investigators, background data is already available, although most of them only in Spanish:

D´Angelis H., A. Silva Busso y P. Skvarca, 2001. Características Hidrológicas y Relación con la Descarga Glaciaria en Bahía del Diablo, Isla Vega, Antartida. División Glaciología, Instituto Antártico Argentino (inédito). 

Fresina M.,  R. Sanchez, A. Silva Busso, 1999. Aproximación metodológica al monitoreo del ambiente hídrico en Isla Marambio, Antártida. Comité Argentino para la Investigación del Cuaternario (CADINCUA). Vol: 1, pag: 89-93.

Silva Busso, A., M. Fresina, R. Sánchez, 2000. Characterization of the hidrogeological behaviour of Marambio (Seymour) Island., Antartica. First Joint Congress on Groundwater, Fortaleza, Brazil,  Abstracts. 292, in CD.

Silva Busso, A., M. Fresina, R Determinación de la Afectación Ambiental sobre la base de la aplicación de geoindicadores naturales, Isla Seymour, Antartida, Revista del Instituto de Geología y Minería, Museo de la Universidad Nacional Jujuy, (en referato) . 

Yermolin Y, 2000. Condiciones Geotécnicas de la Pista Aérea de  al Base Marambio, Reporte Técnico, División Glaciología, Instituto Antártico Argentino (inédito). 

3. Title of the research/monitoring program:

Environmental review of Argentine Activities in Marambio Station 

Keywords: Antarctica, Environmental Impact, Environmental Management, Geographic Information System

Name and Institutional affiliation of the principal investigators: 

José María Acero (jmacero@dna.gov.ar or jmacero@abaconet.com.ar ), Environmental Management Program, Instituto Antártico Argentino (IAA).

Objectives

To identify areas exposed to anthropogenic disturbance 

To allow detection and characterization of human-induced environmental impacts 

To assess impact relevance 

To propose sound environmental management guidelines as well as monitoring recommendations, so as to help improving the environmental situation of Marambio Station. 

Project Design or Methodology

Information was collected from previous technical reports, interviews and fieldwork, and organized as thematic maps encompassing diverse environmental features and station activities. Complete databases are associated with each map. Data collection and its subsequent analysis were made on two scale: 1:1000 and 1:10000. 

Thematic maps were processed using different tools of spatial analysis.  Identification of environmental values exposed to human disturbance was achieved through a thematic overlaying, whose results were summarized as double-entry matrices. Geographic Information Systems were used to  combine different layers of information. Qualitative criteria were then applied, which allowed determining the degree of exposure of each environmental value, at both scales. Environmental impacts were characterized taking into account their nature, duration and spatial extent. In order to estimate impact magnitudes, the environmental criterion applied in the present study has put more emphasis on duration of environmental changes rather than on their spatial extent, since reversibility has been considered the main indicator of modifications to the environment.

Finally, and as a result of data integration, main environmental problems associated to Marambio station activities were identified, and mitigation measures as well as monitoring guidelines were proposed.

Relevant preliminary or final results 

Agraz J.L, R.A. Sánchez, C.A. Rinaldi, J.M. Acero, 1998. Revisión Ambiental de las Actividades Argentinas en Base Marambio. Dirección Nacional del Antártico, Instituto Antártico Argentino.

Information paper #90, ATCM XXIII, Lima, Perú. Environmental review of Argentine Activities in Marambio Station.

Fresina M.,  R. Sanchez, A. Silva Busso, 1999. Aproximación metodológica al monitoreo del ambiente hídrico en Isla Marambio, Antártida. Comité Argentino para la Investigación del Cuaternario (CADINCUA). Vol: 1, pag: 89-93.

Silva Busso, A., M. Fresina, R. Sánchez, 2000. Characterization of the hidrogeological behaviour of Marambio (Seymour) Island., Antartica. First Joint Congress on Groundwater, Fortaleza, Brazil,  Abstracts. 292, in CD.

Silva Busso, A., M. Fresina, R Determinación de la Afectación Ambiental sobre la base de la aplicación de geoindicadores naturales, Isla Seymour, Antartida, Revista del Instituto de Geología y Minería, Museo de la Universidad Nacional Jujuy, (en referato) .

4. Argentina contributes to the CCAMLR Monitoring Network, through annually reporting the following data on penguins:

· Annual trends of population reproduction 

· Breeding success, methods A (census) and B (transects)

· Arrival weight of adults

· Weight at sledging period

· Adults diet

ASOC

1. Title of the research or monitoring project

Monitoring and remediation of human impact at the former site of Greenpeace’s World Park Base, Cape Evans, Ross Island, Antarctica

Names and institutional affiliations
 of the principal investigators

· Dr. Alan Hemmings (Department of Environmental Sciences, University of Auckland, New Zealand): Antarctic seabird specialist work (1996), project adviser.

· Dr. Alan Pickaver (Science Unit, Greenpeace International): Footprint study design (1992), compilation and editing (1992), monitoring design (1996), fieldwork (1996).

· Dr. Maj de Poorter (Greenpeace New Zealand): monitoring and remediation design, compilation (1992), project adviser.

· Dr. Paul Johnston (Greenpeace Research Laboratories, University of Exeter, UK): Project adviser and coordination of the Greenpeace Research Laboratories involvement in the project.

· Dr. William Marlatt (Environmental Sciences and Technology Centre, Earth Resources Management Department, Colorado State University, USA): Footprint study design (1992).

· Elizabeth Carr (Greenpeace Antarctic Expedition, Greenpeace International) Footprint study design (1992), fieldwork (1996).

· Grant Harper (Greenpeace Antarctic Expedition, Greenpeace International). Fieldwork (1993).

· Gretchen Umlauf (Forestry and Wildlife Department, Colorado State University, USA): Footprint study design (1992).

· Ricardo Roura (Greenpeace Antarctic Expedition, Greenpeace International): Footprint study and remediation design (1992), research compilation (1992, 1993), monitoring design (1993, 1996), fieldwork (1992 and 1996).

Advice, commentary and review was provided through all stages of the monitoring process by scientists in several institutions worldwide. 

Greenpeace International provided funding and logistics for the monitoring program, except for the 1995/96 season in which logistic support was provided by the New Zealand Antarctic Program—NZAP.    

Project objectives

The project overall objective was to determine the main physical, chemical and biological changes that the presence of World Park Base had caused at Cape Evans.  Specific objectives included the assessment and monitoring of:

· Physical degradation of freezing ground;

· Hydrocarbon and heavy metal contamination on freezing ground, fresh water and the coastal environment; 
· Hydrocarbon dispersal;
· Effectiveness of remediation procedures;

· Changes to microbial populations in spill sites;
· Presence of anthropogenic matter in skua pellets.

Project design or methodology

Different aspects of the project used different methodologies to assess physical, chemical and biological impacts (Greenpeace 1993; Harper 1996, Roura 1996).  

A detailed geomorphological survey of the area was carried out.  Some physical properties of the freezing ground were measured on site. Surface spill sites were located, demarcated and mapped using visual, olfactory and tactile tests.  Samples of soils, sediments and water from freshwater and marine sources were taken randomly and at specific locations within the base area, as appropriate, as well as control sites elsewhere. Sampling sites were established at the ex-base site (range 1-100m), in different locations of Cape Evans (range 100-800m), and in nearby Cape Barne (8km away). Samples were analyzed for hydrocarbons and heavy metals, and relevant physical properties.

Repeated sampling of relevant matrixes took place through the various monitoring seasons through an iteration of data collection and analysis.  Earlier monitoring results were used to focus later studies.  The initial footprint study covered several aspects of human impact.  Follow up monitoring focused on testing hydrocarbon dispersal within the ex-base site and the effectiveness of remediation procedures. It also evaluated hydrocarbon and heavy metal content in soils and lake water and sediments over the entire ice-free area of Cape Evans, and the presence of anthropogenic matter in skua pellets.

When and where the project(s) were or will be conducted

World Park Base (WPB) was located at Cape Evans (77o 38’S, 166o 24’E), the southernmost of the three ice-free coastal areas west of Mt. Erebus, Ross Island, Antarctica. 

WPB was built at the site of the former Footsteps of Scott Expedition base camp (1984-1986).  This site was located about two hundred meters to the NE of Scott’s hut (1910-1913 and 1915-1917) and several hundred meters to the NE of two small huts maintained by Antarctica New Zealand since the 1980’s.  

The four-person base operated year-round and was resupplied annually by Greenpeace ships.  

WPB was entirely removed in January/February 1992 and a baseline impact study carried out (Greenpeace 1993). Follow up monitoring was carried out in the 1992/93 and 1995/96 seasons.  

The relevant preliminary or final results of any projects that have thus far produced results.

The presence and operation of Greenpeace’s World Park Base mainly affected the terrestrial environment, primarily in the form of localized contamination by hydrocarbons and heavy metals, localized physical degradation of the permafrost terrain, and extended physical deny of space to wildlife (mostly skuas Catharacta sp.)

Hydrocarbon contaminated ground affecting about 110 m2 were found in areas subject to fuel use or storage (e.g. engine room, fuel rack).  An additional contaminated site was found further downhill from spill sites.  Levels of lead, chromium, zinc and copper were much elevated in spill sites than in the control area.  Hydrocarbon concentration a short distance away from identified spill sites was generally low or non detectable.  No general widespread hydrocarbon contamination was found.  Hydrocarbon contamination was not detectable on lake water, meltwater pools, or marine water.

Under 200 liter of fuel (130-180 liters) were estimated to be present in the ground when WPB was removed.  This represents about 0.1% of the approximately 160,000 liters of fuel used at WPB between 1986 and 1991.  Low impact, low technology remedial action in 1992 removed about 75% of the fuel present in the ground.  The remediation had an impact of its own but it prevented or minimized secondary impacts.

Some physical impacts were temporary (e.g. changes to snow deposition patterns and snow drift development) whilst others were more permanent (e.g. excavations that were later backfilled).  To date these impacts have not triggered permafrost degradation processes,
 which would have resulted in a variety of features e.g. depressions on the ground surface.

Anecdotal (and some systematic) observations in later visits confirmed that wildlife was reoccupying the site in larger numbers than what was apparent at the time of the operation of the base.  

The impact of WPB was arguably less than minor—sensu Protocol—albeit all impacts contribute to the degradation of natural values.  Hydrocarbon and heavy metal contamination of the freezing ground, with potential effects on the soil meso- and microbiota, and of exposing wildlife to the contact with contaminated ground are considered to cause the more significant lasting effects.  Hydrocarbon contaminated sites are contained within specific locations of the former base site.
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Australia

1. Title of research or monitoring: 

Monitoring for long-term or cumulative impacts in Southern Ocean seabirds e.g. impacts of human visitors on breeding success and long-term population trends in Adelie Penguins at Casey

Name and institutional affiliation of the principal investigator: 

AAD

Objectives of the project: 

Establish baseline information on the current distribution and abundance of seabirds in the AAT and on Heard Island, using contemporary and historical data. Establish appropriate methods to monitor seabird populations, and establish a network of monitored seabird colonies throughout the AAT and Heard Island with a view to establishing population trends. For example, behavioural and ecological studies of Adelie Penguins at two locations to assess the impact of human visitation upon breeding success.

Project design or methodology: 

Collect data on all breeding species. Assess breeding population trends at a variety of localities and integrate population data from multiple species/locations.  For example, examined population figures over 40 years at Whitney Point and Shirley Island, looking at both recent breeding success data and long-term population trends of Adelie Penguin. This allows for the assessment of impact of human visitation, as well as providing a baseline for subsequent studies examining future changes in populations. A comparison was made between an area with visits by expeditioners and an area that requires entry by permit. Changes over time of breeding numbers were also examined along with increased use for scientific and recreation purposes. 

When and where the project was or will be conducted: 

Data has been collected from Heard Island and Casey, with potential for future collection at Mawson and return visits to Casey and Heard Island.

Relevant preliminary or final results: 

Preliminary results from Casey indicate, human visitors to Shirley Island from Casey Station are believed to be responsible for the observed changes in the distribution and abundance of breeding pairs and for maintaining the stable population by reducing the overall breeding success through the disturbance associated with visits.

2. Title of research or monitoring: 

Long term population trends in Southern Giant Petrels in East Antarctica

Name and institutional affiliation of the principal investigator: 

AAD

Objectives of the project: 

Document population trends of the three known breeding populations of southern giant petrels in the AAT and describe a management approach to ensure recovery of the breeding population.

Project design or methodology: Census data were compiled from station logs, banding schedules, published accounts and field data. Population trends were assessed. An analysis of population trends was studied together with potential impacts (such as disturbance) and the timing of those impacts. 

When and where the project was or will be conducted: Frasier Island (near Casey), Hawker Island (near Davis) and Giganteus Island (near Mawson), East Antarctica. Station log data goes back to 1956 (Giganteus Island), with census data compiled until 2000/2001.

Relevant preliminary or final results: 

All three breeding populations decreased rapidly following their discovery. Human disturbance to breeding birds at their nest, mainly due to banding for scientific studies, is believed to be the primary factor causing these decreases.

3. Title of research or monitoring: 

Development and utilisation of an automated Penguin recording system in the CCAMLR ecosystem monitoring program. 

Name and institutional affiliation of the principal investigator: 

AAD

Objectives of the project: 

Gather penguin weight data in the study of population dynamics, breeding biology and foraging ecology of the Adelie penguin. Monitor these parameters with the objective of detecting variability in the marine system and attributing any detected change to natural or man made (harvesting) causes. 

Project design or methodology: 

An automated penguin monitoring system is used to gather data penguin weight, length, population size, demography, duration of foraging trips, breeding success, fledgling weight, diet, and breeding chronology. In addition, a study of foraging ecology is conducted. An evaluation of the performance of birds carrying scientific packages or bands is conducted, in relation to foraging trip duration, breeding success, and mortality.

When and where the project was or will be conducted: 

The project has been running since 1990/91. The study site is Bechervaise Island, near Mawson station, East Antarctica.

Relevant preliminary or final results: 

Results from each year can be used to determine the breeding and foraging success of that season. In addition, results of the scientific impact on the birds show that banding of penguins and studies of foraging duration using externally attached devices should take into consideration the potential adverse effects of the techniques used. Steps should be taken to minimise these by considering alternative procedures to flipper banding and by streamlining packages as much as possible. Stomach lavage of birds with chicks appears not to affect reproductive success when only carried out only once per nest. Care must be taken to minimise stress and damage to individual birds.

4. Title of research or monitoring: 

Monitoring of clean-up of Antarctic waste dumps.

Name and institutional affiliation of the principal investigator: 

AAD

Objectives of the project: 

Provide information to direct operations, to detect adverse environmental impacts that may be caused by the clean-up and to determine whether the clean-up has created a long-term environmental benefit. 

Project design or methodology: 

The project includes three timescales of monitoring. In the short-term, monitoring will provide real-time information to direct the clean-up operation as it progresses. Chemical monitoring using field-portable techniques will be used to measure contaminants in run-off so that excavation techniques can be modified if necessary. Amphipod crustaceans will be used as biological sentinels to continually sample water from Brown Bay near the tip to monitor levels of contaminants. In the medium-term, several methods will be used to determine whether the clean-up was undertaken without creating additional environmental impacts. Sediment traps will be used to compare the amount of contamination carried into the Sea before, during and after the clean-up. The sentinel amphipods will also be analysed for contaminants. In addition, experiments have been deployed to determine whether recruitment of sediment-living animals change as a consequence of clean-up. In the long term, monitoring will determine whether removing the tip allows recovery of the depauperate benthic communities in the adjacent bay. Monitoring on the three timescales will allow assessment of how serious the impacts are and how long they will last. 

When and where the project was or will be conducted: 

The project will be monitored over a time period of approximately 8 years, in Thala Valley and Brown Bay, near Casey Station, East Antarctica.

Relevant preliminary or final results: 

Heavy metal contaminants known to be highly toxic when present at elevated levels in aquatic ecosystems are present at Brown Bay. The heavy metals and organic compounds found in Brown Bay are known to be persistent in the environment, and fast natural attenuation is not expected. Marine life in Brown Bay, adjacent to the tip, is very different from that at other locations in the vicinity of Casey. Human activity is the most probable cause of these differences.

5. Monitoring Databases

In addition to the aforementioned projects, the AAD has a number of monitoring databases that do not specifically target the study of cumulative impact, but that can be manipulated to provide information that will assist in the study of cumulative impact. 

First, the Australian Antarctic Data Centre (AADC) is in the process of cataloguing data sets over time for AAD scientific activities. Within this catalogue, human impacts on the environment are documented, although not necessarily studied in a specific project related to cumulative impact. For example, the State of the Environment reporting system known as the System for Indicator Management and Reporting contains condition, pressure and response indicators relating to the environment. The three types of indicators describe the condition of important elements of a system; show the extent of the major pressures exerted on a system; and determine responses to either condition or changes in the condition of a system.

Secondly, the Antarctic Treaty (Environmental Protection) Act 1980 (ATEP) Permit system database collects information of all specimens from the Antarctic and all Australian activities within Protected Areas. Thirdly, an Environmental Impact Assessment database is being established to collate preliminary assessment and initial environmental evaluation information, relating to every Australian activity that takes place in Antarctica.

New Zealand

1. Title: 
Environmental Database of New Zealand Antarctic National Programme Activities

Institution:
New Zealand Antarctic Institute (Antarctica New Zealand)

Objectives:
Collecting good information about human activities in Antarctica is an essential part of sound environmental management and a first important step in trying to identify and assess areas of potential cumulative impacts.  Since 1997 Antarctica New Zealand has been developing an environmental database which aims to provide easily accessible information about the activities it supports in Antarctica and their associated impacts.

Project Design: The database records the movements and activities of New Zealand science and operational events in Antarctica.  The main geographical area covered is Ross Island and the adjacent coast and mountain ranges. Over time this information will help to build up a picture of site usage, highlighting areas that are highly impacted, sites that are rarely visited as well as other information which can contribute to planning and management.  Records are also kept of all authorisations (permits) issued (e.g. for entry to protected area and biological and geological sampling). The database allows for searching, sorting and reporting the information in a variety of ways. Examples of queries that could easily be answered include:

· How many parties have carried out certain activities or types of research, e.g. sampled vegetation at a specific site, e.g. Canada Glacier SSSI 12, in the last decade?

· Which protected areas were entered last season and by how many people?

· Which sites received the most visitors in a given time period, e.g. last season or in the last decade?  

Timing: 
The time span of the data in the database is from the 1950s to the present day.

Results:
The database currently holds information on New Zealand supported visits to over 4200 sites in the Ross Sea region by over 1300 parties.  The data can be sorted to provide a variety of site-specific information that gives an indication of locations where cumulative impacts may be an issue and warrant further on-site investigation and/or closer site management.  An example of the type of information that can be extracted from the database is set out below.  In this example, all database records (except Scott Base) are sorted first in order of total days a site has been occupied and secondly by total person days.  The top the top 10 sites in the Ross Sea region presented in each example.  This data allows a comparison of intensity and duration of site use.  A limitation of the data is that it only captures New Zealand site use and activity and not other visitors to these sites.

Top 10 sites sorted by number of days site occupied

	Site
	Days site occupied
	Number of people
	Person days

	1
	Cape Bird
	3012
	1941
	7990

	2
	Vanda Station
	1617
	3
	3289

	3
	Cape Evans
	607
	4658
	2982

	4
	Cape Hallett
	567
	2083
	1850

	5
	Cape Royds
	487
	3774
	1791

	6
	White Island
	437
	25
	1253

	7
	Cape Roberts
	414
	94
	2015

	8
	Bratina Island
	407
	40
	1027

	9
	Lake Fryxell
	403
	0
	1203

	10
	Butter Point
	323
	14
	1788


Top 10 sites sorted by number of person days site at the site

	Site
	Days site occupied
	Number of people
	Person days

	1
	Cape Bird
	3012
	1941
	7990

	2
	Canham Glacier
	106
	55
	5044

	3
	Cape Roberts (sea ice)
	193
	118
	4548

	4
	Vanda Station
	1617
	3
	3289

	5
	Cape Evans
	607
	4658
	2982

	6
	Cape Roberts
	414
	94
	2015

	7
	Cape Hallett
	567
	2083
	1850

	8
	Cape Royds
	487
	3774
	1791

	9
	Butter Point
	323
	14
	1788

	10
	New Harbour
	222
	17
	1370


2. Title:
Environmental Monitoring Programme for the Cape Roberts Scientific Drilling Project

Institution:
New Zealand Antarctic Institute (Antarctica New Zealand)

Objectives:
The Cape Roberts Project was a seven nation multi-year scientific drilling programme which recovered sedimentary core beneath the sea floor off Cape Roberts in the southern Ross Sea.  An important aspect of the environment management for the project was the implementation of a comprehensive monitoring programme.  As the project was carried out at sites of previous activity, and was conducted over a 6 season time frame, cumulative environmental impacts were identified as an issue in the Comprehensive Environmental Evaluation (CEE) written for the project.  The aim of the monitoring programme was to verify whether the impacts of activities were as presented in the CEE, as well as to identify any unforeseen impacts, especially those of a cumulative nature.

Project Design: Specific environmental parameters to be monitored throughout the project were selected and data collected every season.  Key parameters related to waste, flora, skua breeding, surface disturbance, soil contamination, and impacts on benthic communities.  Specific objectives, indicators and techniques, and detailed methodologies were developed for each parameter.  Results were examined each season, including within season if certain environmental limits were approached.  A range of tools were incorporated into the monitoring programme including record keeping, photo- and video-monitoring, population surveys and direct sampling.

Timing:
Throughout every season from 1995/96 to 2001/02.

Results:
The results and conclusions from the monitoring programme have been collated and are included in Waterhouse (2001)
.  

3. Title:
Scott Base Environmental Monitoring Programme
Institution:
New Zealand Antarctic Institute (Antarctica New Zealand)

Objectives:
To determine the extent and intensity of the impact of Scott Base operations on the local Pram Point environment, including any incremental and/or cumulative changes.  Data and information from the monitoring programme feeds directly into management decision processes.

Project Design: Monitoring of several key parameters on Pram Point associated with the ongoing operation of Scott Base including: change in the terrestrial environment – this work includes fixed point photo-monitoring sites where a fixed view is photographed each season with the aim to detect and record changes over time in the topography, facilities, and other features of the Scott Base environment; the detailed recording and mapping of fuel spills with sample collection as appropriate. 

Timing:
Photo-monitoring and detailed fuel spill mapping since 1994.

Results:
Detailed 10 year analysis of photo-monitoring records due in 2004.  Preliminary analysis has identified changes over smaller time periods not necessarily evident year by year.

Sweden

1. a) The title(s) of the research or monitoring project(s);

Environmental monitoring program for SWEDARP.

(b) The name(s) and institutional affiliation(s) of the principal

investigators; 

Anders Modig, Environmental Officer, Swedish Polar Research Secretariat

(c) The objectives of the project(s); 

To investigate possible impacts on the environment from Swedish activities in Antarctica.

(d) The project design or methodology; 

Differs, but are in the process of being set, as a part of the cooperation between Finland, Norway and Sweden.

The program includes:

1) Investigation of lichens (transects)

2) Environmental ground chemistry

3) Snow sampling

4) Bird inventories (low priority because of difficulties to perform the study in a proper manner)

(e) When and where the project(s) were or will be conducted; and 

Mainly at Wasa station, Vestfjella, DML. Some part also at Svea station, Heimefrontfjella, DML.

(f) The relevant preliminary or final results of any projects that have thus

far produced results.

In the process of being put together. So far the results do not show any significant impacts.

United Kingdom

1. Title of the research or monitoring project:

Rothera Research Station (UK) - Long-term Environmental Monitoring Project

Name and institutional affiliations of the principal investigators:

British Antarctic Survey

Contact: Dr John Shears, Environmental Officer, British Antarctic Survey

Objectives of the project:

To identify and assess the long-term impacts of Rothera Research Station (UK) on the local environment, and to check predictions made in Environmental Impact Assessments (EIAs) for activities undertaken there.

Project design and methodology

Current studies involve the monitoring of several key environmental indicators found on or around Rothera Point. 

Terrestrial

Survey of the surface of the ice ramp

Analysis of heavy metals in lichens (Usnea spp.) 

Analysis of hydrocarbons in soils, particularly after major fuel spills
Marine

Analysis of heavy metals in marine clams (Laternula elliptica)

Survey of sewage contamination 
Birds

Survey of the distribution, numbers and breeding success of nesting skuas 

(Catharacta spp.) and Dominican gulls (Larus dominicanus)

The terrestrial and bird studies use the northeastern part of Rothera Point as an undisturbed control area in assessing the environmental impact of the research station. Since 1985, this area has been protected as Site of Special Scientific Interest No. 9. It is also a terrestrial biology research site.

When and where the project was or will be conducted

The long-term environmental monitoring project began at Rothera Point in 1975, before the research station was established by BAS in 1976. Monitoring was enhanced before, and after, the construction of the crushed rock airstrip at Rothera in 1989/90. The most recent addition to the monitoring programme is the survey of sewage contamination of North Cove, Rothera Point, which began in 1999/2000.

Relevant preliminary or final results

Long-term environmental monitoring at Rothera Point, Adelaide Island, has shown that the research station has had a significant effect on the local environment, but that actual impacts have been less serious than predicted. 

The initial establishment of the station was probably responsible for the disappearance of a small colony of nesting terns (60 – 100 birds). However, the local breeding population of skuas and Dominican gulls has remained fairly stable, but with very variable breeding success.

Dust pollution from the airstrip has probably not been a major contributory factor in the melting of the ice ramp leading up to the Wormald Ice Piedmont. Instead, it is thought that melting is due to regional climate warming, which is affecting the whole of the Antarctic Peninsula. 

Monitoring of heavy metals in lichens has shown that lead and zinc levels show a significant decrease with distance away from the station and airstrip. Background levels are now found 1 km away from the station. Elevated levels of copper have been found in clams collected from the seabed near the northern end of the airstrip. The most probable sources of these contaminants are emissions from aircraft and vehicle activity and the station power generators.

Monitoring of sewage pollution in North Cove has shown that faecal bacteria (e.g. E. coli and Salmonella )  SEQ CHAPTER \h \r 1can survive and spread from the discharge point within North Cove, though there is no evidence of sewage contamination outside this area.  Bacterial spread is predominantly along the shoreline, presumably due to local currents. During the summer, high UVB radiation results in reduced survival of coliform bacteria. In winter, sea-ice stops UVB penetrating the water column and breaking down the bacteria, and also reduces the local currents. Seeds, including tomato and coriander, have also been identified in skua pellets collected at Rothera Point. This was probably due to birds (e.g. Skuas) feeding on the sewage effluent. Further research has shown that detergents discharged in the sewage outfall are slow to break down in the Antarctic marine environment. A sewage treatment plant is currently being built at Rothera, and will start operating at the end of 2002/03.

Key publications and reports 

Antarctic Treaty Consultative Parties (1996) Management Plan for Site of Special Scientific Interest (SSSI) No.9 – Rothera Point, Adelaide Island. Measure I (1996), XX ATCM, Utrecht.
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United States

Title

Oil spillage in Antarctica

Author

Kennicutt, M.C., II; et al

Source

Environmental science & technology, 24(5), p.620‑624. United States

Publication Date
May 1990

Abstract


This item is the initial report of the NSF‑sponsored Quick Response Team on the grounding of the Bahia Paraiso near Anvers I. on Jan. 28, 1989. The immediate effects of the spill were restricted to within a few kilometers of the wreck over a several‑week period due to reduction in leakage, cleanup, weathering of the spill, and flushing of the area. The intertidal zone was most directly affected with oil‑fouled macroalgae, limpets, birds, sediments, and rocks. Little sediment is present in the study area, and most beaches are composed of pebble‑sized or larger rocks, which provide few places for the slick to concentrate away from wave and wind action. This setting prevents the oil from permanently depositing on the islands, except on beaches and above the surf zone, and ultimately results in evaporation, transport from the area, and dilution of the slick. The simultaneity of several factors contributed to limiting the impact of the spill both areally and over time. These factors include the volatility of the released product, the volume of material released, the variable and severe weather conditions, the common occurrence of off‑shore winds and currents, and the lack of low‑energy intertidal areas for the fuel to accumulate. The primary removal mechanisms were evaporation, dilution, and transport from the area, with only minor effects from microbial oxidation, photo-oxidation, and biological uptake. Longer term sublethal effects have yet to be documented, but appear to be limited to limpet and bird population dynamics if any can be recognized at all.

Title
Examination of potential hearing damage in Weddell seals (Leptonychotes weddelli) in McMurdo Sound, Antarctica

Author
Bohne, B.A.; Thomas, J.A.; Yohe, E.R.; Stone, S.H.; et al

Source
Antarctic Journal of the United States, 20(5), p.174‑176. United States

Publication Date
1985

Abstract


The objective of this study was to assess impacts of manmade noise in McMurdo Sound by examining the inner ears of Weddell seals for possible noise‑induced loss of sensory cells. Results have worldwide application to the question of whether manmade noise adversely affects marine mammals. During the 1984‑1985 austral summer, there were at least 80 dynamite explosions in McMurdo Sound (26 above water and 54 through sea ice), made by the U.S. Navy, the University of Alaska, and Scripps Institution of Oceanography. In Jan. 1985, 25 Weddell seals taken from the east and west sides of McMurdo Sound were sacrificed. A total of 18 cochleas were transported in Tyrode's solution to Washington University Medical School, St. Louis, Missouri, for analysis using techniques by Bohne (1972). The final dissection and analysis of the inner ears collected during this study will be undertaken in a separate study. Results will provide information on damage to the peripheral auditory system of Weddell seals.

Title
Fossil fuel burning in Taylor Valley, southern Victoria Land, Antarctica; estimating the role of scientific activities on carbon and nitrogen reservoirs and fluxes

Author
Lyons, W.B.; Nezat, C.A.; Welch, K.A.; Kottmeier, S.T.; Doran, P.T.

Source
Environmental Science & Technology, ES & T, 34(9), p.1659‑1662. Publisher: American Chemical Society, Washington, DC, United States. ISSN: 0013‑936X

Publication Date
May 1, 2000

Abstract


The authors present their calculations for the fossil fuel burning fluxes of particulate carbon and nitrogen from scientific activity in Taylor Valley, Antarctica for the 1997‑1998 field season, with the ultimate goal of establishing the patterns and controls of organic matter within the landscape as well as describe the patterns of disturbance (both natural and anthropogenic) to the research site, and to quantify the introduction of carbon and nitrogen to the McMurdo Dry Valleys. Calculations show that the anthropogenic, nongaseous carbon fluxes are relatively insignificant compared to the natural fluxes, while the anthropogenic, NOx flux might have long‑term (over decadal time scales) importance.

Title
Compendium of Antarctic Peninsula visitor sites. A report to the Governments of the United States and the United Kingdom

Author
Naveen, R.

Source
243p. Publisher: Oceanites, Inc., Chevy Chase, MD, United States

Publication Date
1997

Abstract


This report summarizes results and findings from the first 3 seasons of field work on the Antarctic Site Inventory project, 1994‑1997. Actual field work began in Nov. 1994. The results and findings lead to 5 recommendations pertaining to future assessment and monitoring needs under the 1991 Protocol On Environmental Protection to the Antarctic Treaty, correlation studies that improve the usefulness of Antarctic Site Inventory‑type censuses, and improved visit reporting and analysis by tour operators and governments. The raw materials for this report are the data sheets, slide photographs, and sketch maps that were completed taken, and drawn by Antarctic Site Inventory personnel from Nov. 1994 to Feb. 1996. Data, documentary photographs and maps are stored by Oceanites. These results and recommendations are buttressed by 4 appendices.

Title
Background levels of metals in soils, McMurdo Station, Antarctica

Author
Crockett, A.B.

Source
Environmental monitoring and assessment, 50(3), p.289‑296. United States

Publication Date
May 1998

Abstract


McMurdo Station is the largest research station in Antarctica, with a population that ranges each year from 250 to 1200 people. Because of its size and 40‑year history of use, a number of locations around the station have become contaminated with wastes. Soils and sediments in these areas have been shown to contain elevated levels of petroleum‑related products, PCBs, other organics and metals. While some remedial investigations have been conducted, background levels of metals in soils have not been determined. This paper reports on background levels of metals in a natural basalt‑derived soil ('gray soil') and scoria (soft porous rock used as fill, 'red soil') near McMurdo Station using two fundamentally different analytical procedures, concentrated acid extraction/analysis and total metals. These data facilitate determining the extent and levels of metal contamination near McMurdo Station and provide reference levels of metals for comparison with existing and future remediation data. There were statistically significant differences between metals concentrations in both gray and red soils, and no correlations between the level of extracted versus total metal. Generally, only a small fraction of a metal was extractable. 

Title
Results of SO2, NOx, and CO monitoring at McMurdo Station, Antarctica

Author
Lugar, R.M.

Source
U.S. Department of Energy and U.S. National Science Foundation. Interagency Agreement No. DPP‑9102787, 20p. Publisher: Washington. United States

Publication Date
1993

Abstract


This report presents the results of ambient air monitoring of carbon monoxide (CO), sulfur dioxide (SO2), nitric oxide (NO), nitrogen dioxide (NO2), and total oxides of nitrogen (NOx) performed during the final weeks of the 1992‑1993 austral summer in the vicinity of McMurdo Station. Commercially available, high sensitivity ambient air gas analyzers were used to continuously measure gas concentrations at 2 locations over a 2 and a 3 week time period respectively. Sampling site selection, sampling procedures and quality assurance procedures used for this effort were consistent with U.S. Environmental Protection Agency guidelines for local ambient air quality networks. CO, SO2, and NO2 concentrations measured were below the associated U.S. National Ambient Air Quality Standards. The impact on local air quality of ships docked at an ice pier was observed and quantified. The initial baseline effort demonstrated that site selection and sampling equipment performance were satisfactory, and provided useful data for assessing the impact of McMurdo operations on the local ambient air quality.
Title
Results of PM10 and TSP monitoring at McMurdo Station, Antarctica

Author
Lugar, R.M.

Source
U.S. Department of Energy and U.S. National Science Foundation. Interagency Agreement No. DPP‑9102787, 13p. Publisher: Washington. United States

Publication Date
1993

Abstract


This report presents the results of ambient air monitoring of particulate matter performed during the 1992‑1993 austral summer in the vicinity of McMurdo Station. Thirty‑three 24‑hour samples were collected from 3 locations for determination of the concentration of particulate matter less than 10 microns (PM10), and 7 samples collected for determination of total suspended particulate matter (TSP) concentration. Critical flow high volume air samplers with a sample flow rate of approximately 1.1 m3/min. were used to collect the particulate matter on quartz fiber filters for subsequent gravimetric analysis. Sampling site selection, sampling procedures, and quality assurance procedures used were consistent with U.S. Environmental Protection Agency guidance for local ambient air quality networks. All PM10 results met the U.S. National Ambient Air Quality Standard. TSP results at all locations were greater than PM10 concentrations, ranging from 8 micro‑g/m3 at the upwind location to a maximum measurement of 276 micro‑g/m3 at the "downtown" location. The initial baseline effort demonstrated that site selection and sampling equipment performance were satisfactory, and provided useful data for assessing the impact of McMurdo operations on the local ambient air quality. 

Title
Results of monitoring for PCDDs and PCDFs in ambient air at McMurdo Station,

Author
Lugar, R.M.

Source
U.S. Department of Energy and U.S. National Science Foundation. Interagency Agreement No. DPP‑9102787, 22p. Publisher: Washington. United States

Publication Date
1993

Abstract


This report presents the results of ambient air monitoring for polychlorinated dibenzo‑p‑dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) performed during the 1992‑1993 austral summer in the vicinity of McMurdo Station. Fifteen air samples were collected from 4 different locations for determination of the presence and concentration of PCDD/PCDF compounds. General Metal Works Inc. PS‑1 air samplers equipped with polyurethane foam (PUF) with a sample flow rate of approximately 0.27 m3/min. were used to collect air samples. Sampling site selection, sampling procedures, and quality assurance procedures used were consistent with U.S. Environmental Protection Agency guidance for local ambient air quality networks. PCDD/PCDF compounds were not detected at the predominantly upwind location nor at a more remote site on Black I. Trace levels of only a few PCDD/PCDF congeners were detected sporadically at a location approximately 500 m downwind of the station. The initial baseline effort demonstrated that site selection and sampling equipment performance were satisfactory, provided useful data for assessing the impact of McMurdo operations on the local ambient air quality, and provided baseline data for assessing the antarctic continental air quality. 

Title
Lessons from the wreck of the Bahia Paraiso

Author
Kennicutt, M.C., II; Fraser, W.

Source
Current (Narragansett), 15(3), p.13‑15. Publisher: National Marine Education Association, Pacific Grove, CA, United States. ISSN: 0889‑5546

Publication Date
1999

Abstract


Enroute to re‑supply an Argentine Antarctic base, the Bahia Paraiso ran aground in Arthur Harbor on January 28, 1989 as it exited the harbor 2 km from Palmer Station, the US research base on Anvers Island. It is estimated that more than 600,000 liters of fuel released into the bay and contaminated surrounding waters. The article discusses short‑term and long‑term effects of the oil spill, especially on the marine life. The study of the aftermath provides important information and clues regarding the course and the ultimate effect of this spill. The study of this event is key to learning how to most appropriately respond to the next event. This event can also serve as a catalyst for positive and constructive change in how we do preserve and protect the environment.

Title
Bahia Paraiso: a case study in environmental impact, remediation and monitoring

Author
Penhale, P.A.; Coosen, J.; Marschoff, E.R.

Source
Antarctic communities: species, structure and survival. Edited by B. Battaglia, J. Valencia and D.W.H. Walton, p.437‑444. Publisher: Cambridge, U.K., Cambridge University Press. United Kingdom

Publication Date
1997

Abstract


The sinking of the ship, Bahia Paraiso, in the vicinity of Palmer Station in Jan. 1989 resulted in a diesel fuel spill of about 600,000 l. After an initial international effort directed toward rescue of personnel and damage containment, the U.S. National Science Foundation organized a quick‑response team of scientists from the United States, Argentina and Chile to assess the environmental impacts. Initial results showed an immediate negative impact to the rocky intertidal community and to certain seabird species. United States scientists have continued a long‑term monitoring effort which has shown recovery by certain species and long‑term negative effects on others. Continuing fuel leakage from the Bahia Paraiso resulted in a joint fuel recovery effort conducted by The Netherlands and Argentina between Dec. 2, 1992 and Jan. 2, 1993. The application of modern hot tap salvage techniques for the penetration of the submerged tanks and for fuel pumping proved environmentally sound; no disturbance of wildlife was observed. 

Title
Movement of Fuel Spills in the Ross Ice Shelf

Author
Tumeo, M.A.; Larson, M.K.

Source
Antarctic Journal of the United States, 29(5), p.373‑374. United States

Publication Date
1994

Abstract


Williams Field provides logistical support to McMurdo Station and manages large amounts of fuel for their cargo planes. Numerous spills have occurred at this site with little recovery or remediation of the spilled fuel. The spill which happened on Dec. 3, 1993, came from a flexible pipeline midway between McMurdo Station and Williams Field, on the Ross Ice Shelf. A fuel‑line‑connection failure released an estimated 11,400 L of JP‑8 on the ice. Because the fuel that spilled was originally above 0°C, heat transferred into the ice and created two cone‑shaped holes approximately 2 m in diameter and 4 to 5 m deep. No remediation efforts were taken, and the site was marked "off limits." Cores were taken from five holes drilled by the Polar Ice Coring Office using a 10.16 cm drill. The data collected indicate that fuel spilled on an ice shelf will travel almost straight down from the spill site with very little horizontal dispersion until a confining layer of salt‑water‑saturated ice is encountered. At that point, the fuel will move horizontally, spreading out on top of the salt‑water‑saturated layer. The fuel appears to move rather rapidly, with an estimated maximum rate of 0.8 m per day, assuming isotropic conditions.

Title

Bahia Paraiso Spill in Arthur Harbor, Anvers Island

Author

Kennicutt, M.C., II; McDonald, S.J.; Sweet, S.T.; et al

Source

Antarctic Journal of the United States, 27(5), p.331‑333. United States

Publication Date
1992

Abstract


The Bahia Paraiso ran aground on Jan. 28, 1989, approximately 2 km from Palmer Station. The first evidence of ecological damage was observed in the intertidal zone. Invertebrate mortality, mostly dead and moribund limpets, was observed as early as Feb. 1, with thousands of dead individuals being observed by Feb. 4. The earliest evidence of lethal exposure of sea birds was noted on Feb. 1 when dead, oiled Adélie penguins and blue‑eyed shags were found in Biscoe Bay adjacent to Palmer Station. The mortality rate during the spill was less than 300 individuals over a 3‑week period, with 89% being penguins and shags. One year after the spill several areas exhibited continued contamination due to chronic low‑level leakage from the ship. Subtidal sediments and distant intertidal locations contained no detectable PAH. Exceptions were two beaches on Hermit and Cormorant Is. and limpets in close proximity to the wreck. Two years after the release of DFA into Arthur Harbor, little spill‑related contamination could be detected in intertidal or subtidal limpets.

Title
Grounding of the Bahia Paraiso at Arthur Harbor, Antarctica. 1. Distribution and fate of oil spill related hydrocarbons

Author
Kennicutt, M.C., II; Sweet, S.T.; Fraser, W.R.; Stockton, W.L.; Culver, M.; et al

Source
Environmental science & technology, 25(3), p.509‑518. United States

Publication Date
Mar. 1991

Abstract


In Jan. to Mar. 1989 water, organisms, and sediments within a 2‑mile radius of Arthur Harbor were contaminated with an estimated 600,000 L of petroleum spilled by the Bahia Paraiso. All components of the ecosystem were contaminated to varying degrees during the spill, including birds, limpets, macroalgae, clams, bottom‑feeding fish, and sediments. The high‑energy environment, the relatively small volume of material released, and the volatility of the released product all contributed to limiting toxic effects in time and space. The most effective removal processes were evaporation, dilution, winds, and currents. Sedimentation, biological uptake, microbial oxidation, and photooxidation accounted for removal of only a minor portion of the spill. One year after the spill several areas still exhibited contamination. Subtidal sediments and the more distant intertidal locations were devoid of detectable PAH contaminants, whereas sediments near the docking facility at Palmer Station continued to reflect localized nonspill‑related activities in the area. Arthur Harbor and adjacent areas continue to be chronically exposed to low‑level petroleum contamination emanating from the Bahia Paraiso.

Title
Intertidal zone at Palmer Station, Anvers Island, Antarctic Peninsula, in the wake of the Bahia Paraiso spill

Author
Stockton, W.

Source
Antarctic Journal of the United States, 25(5), p.203. United States

Publication Date
1990

Abstract


Following the Bahia Paraiso oil spill in the vicinity of Palmer Station, an oil spill survey team observed that the principal intertidal alga, Urospora sp., grew abundantly in most offshore facing areas, though it had been reported to have turned brown soon after the spill occurred. Limpets were also found in many areas that had been exposed to oil, though it was estimated that half of the limpets had died during the month after the spill. The cryptic fauna found among a stable boulder field on Bonaparte Point, adjacent to the station, appeared to have been completely destroyed. It is pointed out that the lack of a strong base of quantitative information on the distribution and abundance of intertidal plants and animals prior to the oil spill makes the measurement of any long‑term effects difficult.

Title
Marine disturbance‑‑contaminants

Author
Kennicutt, M.C., II; McDonald, S.J.

Source
Foundations for ecological research west of the Antarctic Peninsula. Edited by R.M. Ross, E.E. Hofmann and L.B. Quetin; American Geophysical Union. Antarctic research series, Vol.70, p.401‑415. United States

Publication Date
1996

Abstract 


Contaminant inventories, sources, transport and depositional processes, and potential biological impacts along the Antarctic Peninsula are summarized and discussed. The most frequently measured contaminants are hydrocarbons, chlorinated organic compounds and metals. The greatest perturbations of the peninsular environment are related to the presence of humans and are generally local in extent. All stations studied to date exhibit a "halo" of contaminants, primarily hydrocarbons and trace metals. Long distance atmospheric transport of contaminants to Antarctica appears to be a minor input and the resultant concentrations are expected to be far below known thresholds for toxic or lethal biological effects. Measures of biological response, both inducible enzymes and metabolite formation, demonstrate that organisms are being exposed and have responded to this exposure in close proximity to a scientific station in Arthur Harbor, Anvers Island. Based on the available data, the peninsula appears to be relatively pristine and exhibits contaminant accumulation and measurable biological responses in close proximity to human settlements. 

Title
Assessing aromatic hydrocarbon exposure in antarctic fish captured near Palmer and McMurdo Stations, Antarctica

Author
McDonald, S.J.; Kennicutt, M.C., II; Liu, H.; Safe, S.H.

Source
Archives of environmental contamination and toxicology, 29(2), p.232‑240. United States

Publication Date
Aug. 1995

Abstract 

Since little is known about the effects of contaminants on antarctic organisms, the effects of polynuclear aromatic hydrocarbons (PAH) on antarctic fish were evaluated. Fish captured near Palmer Station exhibited induced ethoxyresorufin O‑deethylase (EROD) activities and elevated concentrations of biliary PAH metabolites compared to fish from control sites. Naphthalene and phenanthrene PAH metabolite levels were significantly higher in the bile of fish captured near McMurdo Station than in fish from remote sites in McMurdo Sound. Laboratory experiments were conducted in which Notothenia gibberifrons were treated with benzo[a]pyrene (BaP) and diesel fuel Arctic (DFA). Although DFA is composed primarily of 2‑ and 3‑ring PAH which are not known to be potent CYPIA inducers, the maximal hepatic EROD activity of DFA‑treated fish was approximately 80% of that observed in BaP‑treated fish.

Title
Human contamination of the marine environment‑‑Arthur Harbor and McMurdo Sound, Antarctica

Author
Kennicutt, M.C., II; et al

Source
Environmental science & technology, 29(5), p.1279‑1287. United States

Publication Date
May 1995

Abstract


Polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls (PCBs), pesticides, and trace metal concentrations in McMurdo Sound and Arthur Harbor sediments and marine biota are reported. Biomarkers of contaminant exposure, biliary metabolites and EROD assays were also measured. Hydrocarbon and trace metal contamination are generally limited to within hundreds of meters of human settlements. Local releases of fossil fuels, disposal of waste materials, and aging of ship and station structures contribute to contamination. High concentrations of PCBs were detected in sediments (250‑4200 ng/g) and organisms (up to 420 ng/g) from Winter Quarters Bay (WQB). Trace metal and PAH sediment concentrations rarely exceed levels known to cause toxic effects in marine organisms, whereas PCBs in WQB often do. Biological responses to exposure include the formation of PAH metabolites and the inducement of the P4501A detoxification system in fish. Induction of EROD activity in «in vitro» rat hepatoma H411E cell bioassays by tissue extracts correlated with known levels of PCB contamination in invertebrate tissues. Local sources of contaminants greatly exceed those attributable to long‑distance atmospheric transport. 

Title
Evidence of polycyclic aromatic hydrocarbon (PAH) exposure in fish from the Antarctic Peninsula

Author
McDonald, S.J.; Kennicutt, M.C., Jr.; Brooks, J.M.; et al

Source
Marine pollution bulletin, 25(9‑12), p.313‑317. United Kingdom

Publication Date
1992

Abstract


PAH exposure was assessed in fish from Arthur Harbor and sites remote from human activities by measuring the concentrations of polycyclic aromatic hydrocarbon (PAH) metabolites in bile and PAH in tissues and stomach contents. The highest concentrations of biliary metabolites and tissue PAH were present in fish captured near an Argentine supply ship «(Bahia Paraiso)» that ran aground in Arthur Harbor in 1989. The presence of biliary PAH metabolites in fish collected near Palmer Station suggests low‑level exposure to contaminants. However, PAH tissue concentrations in fish from Palmer Station were similar to those from remote sites. Both tissue PAH and metabolite concentrations were low in fish captured at sites remote from human activities. The confirmation of PAH metabolites in the bile of fish from Arthur Harbor is direct evidence that the presence of humans has resulted in antarctic fish being exposed to petroleum‑derived PAH. 

Title
Hydrocarbon contamination on the Antarctic Peninsula: III. The Bahia Paraiso  ‑‑ two years after the spill

Author
Kennicutt, M.C., Jr.; Sweet, S.T.; et al

Source
Marine pollution bulletin, 25(9‑12), p.303‑306. United Kingdom

Publication Date
1992

Abstract


Two years after the release of 600,000 l of diesel fuel arctic into Arthur Harbor, little spill‑related contamination can be detected in intertidal limpets (Nacella concinna) and subtidal sediments. Periodic releases of small amounts of material from the ship drift to nearby islands, in particular the intertidal areas of Christine, Limitrophe and Humble Is. Subtidal sediment contamination is primarily due to other local inputs such as ship, boating and station activities. Beaches were unusually contaminated after 2 yrs, but quiescent weather conditions, occasional releases from the wreck, and prevailing currents may concentrate hydrocarbon contamination in relatively low energy areas. Intertidal limpets (N. concinna) collected along these beaches were also contaminated. The volatility of the fluid, the amount spilled, and the dynamic weather and current conditions in Arthur Harbor tended to minimize long‑term contamination of the area. 

Title
Hydrocarbon contamination on the Antarctic Peninsula. II. Arthur Harbor inter‑ and subtidal limpets (Nacellaconcinna)

Author
Kennicutt, M.C., II; McDonald, T.J.; Denoux, G.J.; McDonald, S.J.; et al

Source
Marine pollution bulletin, 24(10), p.506‑511. United Kingdom

Publication Date
Oct. 1992

Abstract


Accidental and operational releases of hydrocarbons during activities in support of scientific bases in the Antarctic can contaminate organisms in close proximity to these locations. Intertidal and subtidal limpets in Arthur Harbor were found to contain elevated levels of polynuclear aromatic hydrocarbons near Palmer and Old Palmer Stations. Contamination was highest in the intertidal and decreased with increasing water depth in the subtidal. The highest concentrations of tissue contamination were found in intertidal areas associated with high levels of onshore soil contamination. Limpets (Nacella concinna) preferentially incorporated the more water soluble aromatic compounds, suggesting exposure to dissolved contaminants in run‑off rather than particulates or slicks. This was in contrast to subtidal sediments that were primarily contaminated with freshly spilled diesel fuel. While contamination was present near stations, the concentrations observed are 1‑2 orders of magnitude lower than the initial contamination caused by the Bahia Paraiso diesel fuel spill in 1989.

Title
Hydrocarbon contamination on the Antarctic Peninsula. I. Arthur Harbor‑subtidal sediments

Author
Kennicutt, M.C., II; McDonald, T.J.; Denoux, G.J.; McDonald, S.J.; et al

Source
Marine pollution bulletin, 24(10), p.499‑506. United Kingdom

Publication Date
Oct. 1992

Abstract


Near‑field contamination in Arthur Harbor can be traced to spills, ship and boating activities, and run‑off. Soil samples from Palmer Station and Old Palmer Station contain hydrocarbons derived from diesel fuel, lubrication oil, and hydraulic fluid. Most of the contamination in subtidal sediments around Palmer Station is due to diesel fuel spills. Subtidal sediments below an abandoned open incineration site also contain combustion‑derived polynuclear aromatic hydrocarbons (PAH). Soils collected at Old Palmer Station were also contaminated with diesel fuel residues and combustion‑derived PAH. High concentrations of these contaminants were detected in nearby subtidal sediments. Small amounts of diesel fuel contamination are detectable throughout Arthur Harbor. Despite being abandoned for years, soils in the vicinity of Old Palmer Station and Base N represent the most concentrated source of contaminants in Arthur Harbor. Environmentally sound practices at Palmer Station have helped to minimize local contamination.

Title
PM10 source apportionment at McMurdo Station, Antarctica

Author
Lowenthal, D.H.; Chow, J.C.; Mazzera, D.M.

Source
Antarctic Journal of the United States, 32(5), p.165‑167. Publisher: National Science Foundation, Office of Polar Programs, Washington, DC, United States. ISSN: 0003‑5335

Publication Date
1998

Abstract


PM10 (atmospheric aerosol particles with diameters less than 10 microns) is a regulated air pollutant in the United States. This study was undertaken to determine the natural and anthropogenic sources of PM10 at McMurdo Station, whose austral summer population exceeds 1,000 and whose reported summer diesel fuel consumption for power generation, heating and water production, and equipment operation is 6.1 million liters. Air‑sampling was initiated at McMurdo Station during austral summer 1995‑96. Emissions were sampled from the major sources: power generators, space heating, surface vehicles, helicopters, and C‑130 aircraft. Local soils from around the station were also collected. Average concentrations (μ/m3, micrograms per cubic meter of air) of PM10 and selected chemical species at Hut Point and Radar Sat are given in a table for austral summer 1995‑96. Source contributions to PM10 at Hut Point were estimated. The largest PM10 component was geological dust (46%) followed by sea salt (21%), combustion (17%), sulfuric acid and ammonium bisulfate (15%), and ammonium nitrate (2%). Sources of sulfur were discussed. It is clear from the elevated elemental carbon concentrations at Hut Point that McMurdo has at least perturbed the atmosphere around the station. The potential impact of associated air pollutants such as polycyclic aromatic hydrocarbons and oxides of nitrogen and sulfur on downwind ecosystems is of great interest. As part of this study, meteorological modeling will be used to estimate the areal extent of the McMurdo plume.

Title
Measurement of combustion effluent aerosols from Amundsen‑Scott South Pole Station

Author
Hansen, A.D.A.

Source
Antarctic Journal of the United States, 32(5), p.163‑164. Publisher: National Science Foundation, Office of Polar Programs, Washington, DC, United States. ISSN: 0003‑5335

Publication Date
1998

Abstract


This project is part of a program to assess the possible environmental impacts of human activities in Antarctica on the pristine surroundings. One of these impacts is due to the emission of "black carbon" (BC) particles in the combustion exhaust from diesel‑powered generators, oil‑fired space heaters, and vehicles used to support Antarctic operations. In this project, equipment was installed upwind and downwind of the Amundsen‑Scott South Pole Station to reestablish the background aerosol measurements and to monitor the station's combustion emissions. The data during winter seasons suggest that the emission rate of aerosol BC from the main generators of the South Pole Station is on the order of 1 milligram per second. The upwind data show that the BC concentrations in the background atmosphere is in the range of 0.1 to 0.3 ng/m3 for several months. It is the author's personal opinion that during the summer season, activities are likely to lead to far greater emissions of soot from aircraft operations, intensive vehicle operations, heating of outlying buildings, etc.

Title
Results of TSP metals monitoring at McMurdo Station, Antarctica

Author
Lugar, R.M.

Source
U.S. Department of Energy. Report, EGG‑CIET‑11270, 19p. United States

Publication Date
Apr. 1994

Abstract


This report presents the results of ambient air monitoring of metals in total suspended particulate (TSP) matter performed during the 1992‑93 summer at McMurdo Station. Seven samples of TSP were collected from 3 different locations and analyzed for arsenic, beryllium, cadmium, chromium, lead, nickel, and mercury. Critical‑flow high‑volume air samplers were used to collect the particulate matter on quartz fiber filters for subsequent laboratory analysis. Sampling site selection, sampling procedures, and quality assurance procedures used were consistent with US Environmental Protection Agency guidance for local ambient air quality networks. The data indicate that McMurdo operations have a measurable impact on the qualitative toxic metals composition of suspended particulate matter in the ambient air. The levels measured are well below the US National Ambient Air Quality Standards and American Conference of Governmental Industrial Hygienists worker exposure levels. 

Title
Human disturbance and long‑term changes in Adélie penguin populations: a natural experiment at Palmer Station, Antarctic Peninsula

Author
Fraser, W.R.; Patterson, D.L.

Source
Antarctic communities: species, structure and survival. Edited by B. Battaglia, J. Valencia and D.W.H. Walton, p.445‑452. Publisher: Cambridge, U.K., Cambridge University Press. United Kingdom

Publication Date
1997

Abstract


Human activities (tourism and research) near Palmer Station has increased significantly since 1975. Although these activities were focused on the large, easily accessible populations of Adélie penguins on Litchfield and Torgersen islands, Litchfield I. became a Specially Protected Area (SPA) in 1978. This ended tourism on the island and reduced research‑related activity to negligible levels. Despite SPA status, the total breeding population of Adélie penguins on Litchfield I. decreased by 43% between 1975 and 1992. In contrast, on Torgersen I., where tourism and research‑related activities continued to increase over the same time period, the decrease in these populations was only 19%. It is suggested that the potentially adverse effects of tourism and research may be negligible relative to the effects imposed by long‑term changes in other environmental variables. 

Title
Distribution of «Clostridium perfringens» and fecal sterols in a benthic coastal marine environment influenced by the sewage outfall from McMurdo Station, Antarctica

Author
Edwards, D.D.; McFeters, G.A.; Venkatesan, M.I.

Source
Applied and environmental microbiology, 64(7), p.2596‑2600. United States

Publication Date
July 1998

Abstract


The spatial distribution, movement and impact of the untreated wastewater outfall from McMurdo Station were investigated under early austral summer conditions. The benthic environment was examined to determine the distribution of Clostridium perfringens in sediment cores and the intestinal contents of native invertebrates and fish along a transect of stations. These stations extended ca. 411 m south of the outfall. The findings revealed that the concentration of C. perfringens decreased with depth in the sediment and distance from the outfall. High percentages of tunicates and sea urchins were colonized with this bacterium along the transect. Corrostanol concentrations were also measured in sediment samples taken from each of the transect stations, and a similar trend was observed. These results are in agreement with the findings of previous studies performed with the water column and collectively provide evidence that the disposal of domestic wastes deserves special consideration in polar marine environments. 

Title
Grounding of the Bahia Paraiso ─  microbial ecology of the 1989 antarctic oil spill

Author
Karl, D.M.

Source
Microbial ecology, 24(1), p.77‑89. United States

Publication Date
1992

Abstract


This report represents the evaluation by a group of scientists who investigated the effects of the Bahia Paraiso oil spill near Arthur Harbor. Microbial hydrocarbon oxidation potential (CO2‑14 evolved from labeled hexadecane) was detected throughout both the oil‑impacted and control regions. Hexadecane was mineralized at extremely low rates (0.13‑1.21 pmol/g sediment dry weight/day); microbiological turnover time exceeded 2 years. The acute effects of DFA (measured over exposure periods of 3‑7 days) on the metabolic activities of sedimentary microorganisms appear to be negligible even at seawater saturation concentrations of DFA. Long‑term exposure (120 days) to varying concentrations of DFA resulted in significant decreases (>90%) in total ATP, but had either no effect or a slight stimulatory effect on metabolic activity and production. In contrast to planktonic microbial communities, increasing incubation temperatures of between 0 and 30 C had a positive effect on rates of metabolism and production of sedimentary assemblages. These results may influence the overall weathering rates of hydrocarbons deposited in the intertidal and supratidal regions of Arthur Harbor and other polar regions. 

Title
Petroleum degradation by microorganisms: Initial results from the Bahia Paraiso oil spill

Author
Karl, D.M.

Source
Antarctic Journal of the United States, 24(5), p.170‑172. United States

Publication Date
1989

Abstract


To evaluate the acute and chronic effects of Bahia Paraiso oil on the resident microbial communities, several different experiments were performed. These were designed to provide estimates of hydrocarbon biodegradation rates at low «in situ» temperatures, to establish the biological and environmental constraints which may be unique to the antarctic marine and intertidal habitats, and to add to the oil spill modeling database. Initial results indicate that the Bahia Paraiso oil spill had no detrimental impact on the microbial communities in Arthur Harbor. This is probably a combined result of limited exposure of the sediment communities to the released oil, and to the microbiologically benign characteristics of the Bahia Paraiso  OFA, a blend of diesel and jet fuel, which might be expected to behave differently from the more well‑studied and more recalcitrant and toxic crude‑oil components.

Title
Distribution of enteric bacteria in antarctic seawater surrounding the sewage outfall at McMurdo Station

Author
McFeters, G.A.; Watters, S.K.; et al

Source
Antarctic Journal of the United States, 26(5), p.319‑320. United States

Publication Date
1991

Abstract


This study was initiated to describe the persistence, distribution, and environmental impact of enteric bacteria originating from the sewage outfall at McMurdo Station. The focus of this communication is the distribution of the sewage plume in the seawater. The authors describe the preliminary results of a field study that was carried out at McMurdo Station in 1990. A confirmation of these findings as well as experiments to address the other aspects of the project are ongoing.

Title
Environmental impact assessment and monitoring of DVDP

Author
Parker, B.C.

Source
Dry Valley Drilling Project (DVDP). Bulletin, No.7, p.117. United States

Publication Date
Sep. 1976

Abstract


Highlights of the field monitoring program of DVDP are: 1) the development of DFA decomposing soil microorganisms, for example at New Harbor and Lake Vida; 2) inhibition or annihilation of native soil microorganisms by calcium chloride spills, such as at Lake Fryxell; and 3) probable introduction of non‑native microorganisms to Don Juan Pond. The monitoring effort has resulted in the successful testing of several new methods. The ways in which environmental impact assessments for DVDP have improved on a matrix system proposed by Leopold et al (1972) are noted.

Title
Polynuclear aromatic hydrocarbon exposure in antarctic fish

Author
McDonald, S.; Kennicutt, M.C., II; Foster‑Springer, K.; Krahn, M.; et al

Source
Antarctic Journal of the United States, 27(5), p.333‑335. United States

Publication Date
1992

Abstract


A study was undertaken to assess polynuclear aromatic hydrocarbon (PAH) exposure in fish. The bile of Notothenia coriiceps neglecta captured near Palmer Station and the Bahia Paraiso wreck and Notothenia coriiceps neglecta, Notothenia gibberifrons, and Chaenocephalus aceratus captured near remote sites (Low Island. and Dallmann Bay) was screened by HPLC/fluorescence detection. Assessing PAH exposure in antarctic fish by screening bile using HPLC/fluorescence detection is useful, but must be confirmed by other techniques to minimize the false positive indications of exposure caused by spectral interferences noted in some bile samples.

Title
Evaluation of bioremediation in cold regions

Author
Tumeo, M.A.; Guinn, D.A.

Source
Journal of Cold Regions Engineering, 11(3), p.221‑231. United States

Publication Date
Sep. 1997

Abstract


Biological treatment has become increasingly popular as a remediation method for soils and ground water contaminated with petroleum hydrocarbon, chlorinated solvents, and pesticides. Bioremediation has been considered for application in cold regions such as arctic and subarctic climates and Antarctica. Studies to date suggest that indigenous microbes suitable for bioremediation exist in soils in these regions. This paper reports on two case studies in which indigenous bacteria were found that were capable of mineralizing petroleum hydrocarbons in soil contaminated with jet fuel and polychlorinated biphenyls (PCBs) in Antarctica and pentachlorophenol (PCP) and diesel in contaminated soil in the subarctic Alaska. However, in both instances, ex‑situ bioremediation was recommended for treatment of the contaminated soil because ex‑situ treatment allows greater control over soil temperature, a limiting factor in cold climates. 

Title
Assessment of the presence of oil‑degrading microbes at McMurdo Station

Author
Tumeo, M.A.; Wolk, A.E.

Source
Antarctic Journal of the United States, 29(5), p.375‑377. United States

Publication Date
1994

Abstract


McMurdo Station, situated next to Winter Quarters Bay, consists of more than 100 structures, including a fuel‑storage and transfer system. The existing fuel‑storage system includes 18 above‑ground steel storage tanks located in 3 tank farms, referred to as Hut Point Tank Farm, Tank Farm 1 and Tank Farm 2. A schematic of the location of the tank farms in relation to major features of McMurdo Station is shown in a figure. McMurdo Station has had numerous reported and suspected fuel releases. Soil analysis data support the theory that due to the abundance of fuel released at McMurdo Station, some form of organism has found its niche and is utilizing this readily available carbon source.

Title
Anthropogenic and natural disturbances to marine benthic communities in Antarctica

Author
Lenihan, H.S.; Oliver, J.S.

Source
Ecological Applications, 5(2), p.311‑326. United States

Publication Date
May 1995

Abstract


This study describes changes in marine bottom communities along a well‑defined gradient of contamination in Antarctica. Community changes were characterized and results used to explore the recovery of disturbed communities. The authors tested the hypotheses that relative rates of recovery of disturbed communities are: (1) dependent on the initial structure of the community and (2) much slower in eutrophic habitats compared with oligotrophic habitats. Based on the results of these tests, predictions of the impacts of future anthropogenic disturbances in different oceanographic conditions of McMurdo Sound were derived. Also tested was the hypothesis that community responses to anthropogenic chemical contamination are similar to those around natural physical disturbances (those caused by icebergs and anchor ice). 
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� The affiliations refer to the time in which the project took place (1991-1996).


� This includes the last monitoring season (1995/96) and more recent anecdotal information by visitors to Cape Evans.


� Waterhouse, E. 2001. Cape Roberts Project Final Environmental Report - 1995-2001.  Antarctica New Zealand miscellaneous series no. 7.
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