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EXECUTIVE SUMMARY

Monitoring is a fundamenta dement of environmental management and conservation. Itisclear
that coordinated, standardized gpproaches to environmenta monitoring are essentid if tempora and
regiond trends in the quality of the Antarctic environment are to be effectively determined. Sharing of
experiences and findings from environmenta monitoring amongst Antarctic operators is essentia to
maximize return from invested resources.  While a number of nationd programs have conducted
locdized assessments of the impact of human activities there has been little coordination of
methodologies, sudy designs, or data interpretations. Internationa coordination of monitoring activities
will sgnificantly contribute to the management of human activitiesin Antarctica

The following points summarize important concepts and approaches that are essentia to the
meaningful and redligtic development of environmental monitoring programs in Antarctica

. Environmenta monitoring of humean activities and impacts is only  useful when it is firmly
tied to an environmenta management Srategy.

. There are three ditinct objectives for monitoring in Antarcticas (1) to protect the scientific
vdue of the Antarctic, (2) to hdp in the continuous improvement of Antarctic
environmenta management, and (3) to meet the legd requirements of the Protocol and
netiond legidation.

. Environmenta monitoring is precisaly targeted measurement of key species, processes or
other indicators, carefully sdected on the bass of scientifically-sound, predetermined
criteria. Environmenta monitoring is not the measurement of every condituent and
biologica population in an attempt to detect change.

. Environmentad monitoring of human activities and impacts requires coordination with
monitoring of basic meteorologic and hydrologic parameters. Appropriate interpretation
of monitoring data can only occur by congdering the environmenta setting.

. Environmental monitoring programs may include: desk top assessments of inputs and
outputs, measurement of outputs, measurement of indicators of change in environmentd
matrices (air, water, sediments); measurement of indicators in the vaue or resource of
concern; and measurement of biologicad indicators a the individuad, population, or
community leve.

. A generic hypothesis to cover dl environmenta monitoring would be the activity of
concern causes no unacceptable deterioration of values or resources.

. Specific hypotheses gppropriate for activities occurring at a location and the vaues in the
areathat may be impacted must be developed on a case-by-case basis.

. Actud on-gte Stuations are complex and a prioritization of activities thought to contribute
to impact must be developed on a case-by-case basis.
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Firgt order changes in the environment are often most clearly recognized as aphysica or
chemica change.

A key principle in congdering the importance of anthropogenic impacts is that the
scientific vaue of Antarcticais an important resource to preserve.

Very low leve dterations might be sgnificant from a scientific viewpoint and technologies
may not be routindy available to detect these changes.

Biologicd monitoring and physicochemica monitoring are required to adequately support
management decisions.

Biologicd monitoring indicates whether outputs have impacted the adjacent environment
aswdl as serving as adirect measure of change in avalue, eg., the biota

Biologicd monitoring is most vaugable for ice-free stations, fiedld camps of a permanent or
semi- permanent nature where flora and fauna normally exist, and the marine environment.

The decision to undertake biological monitoring needs to be assessed on the basis of the
proximity of biota to stations or field camps and other human activities, the likelihood of
impact, utility of the data produced, logigtica practicalities, and cost.

There are a series of bagic tenets for the design of appropriate monitoring programs
including: have a clear question, have controls, have a baanced design, have replicates
randomly allocated, perform preliminary sampling (pilot study), assess the sampling
methods, estimate error variability, determine naturd environmenta petterns, determine if
the satigticd andys's assumptions are satisfied, and accept the results.

Based on the activities known to occur in the Antarctic typica monitoring scenarios
include: accidentd, chronic, and cumulative impacts.

Features of Antarctica that should be consdered when designing monitoring programs
include a lack of background data, the wide separation between stes, the structure of
food chains, and growth rates and geographica patterns of organisms.

The development of recommended monitoring techniques for parameters of relevance in
the Antarctic would be useful both in standardizing monitoring and avoiding duplication of
effort by providing advice to operators in developing monitoring activities.

It will not be possble to meet the environmenta monitoring requirements of the Treety
without an effective data management system.

Free access to and wide availability of data are important to nationd program managers
so that locally collected data can be examined in a broader context.
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. Long-term preservation of data is important in ensuring that basdine information can be
developed againgt which to measure change.

. Subdiquots of dl samples collected during environmental monitoring in Antarctica should
be preserved and archived.

. A feedback mechanism is necessary to determine whether monitoring is effective and
hence whether it should continue to be supported or how it can be improved.

. Performance of the monitoring program should be judged with reference to the objectives
of the monitoring program. These objectives will be set in response to three types of
requirements: (1) Protocol; (2) scientific, and (3) practicd.

. Environmenta monitoring should be periodicdly reviewed by the individud nationa
programs.

Based on these deliberations a series of recommendations for future action will be provided.



DEFINITION OF TERMS

The fidd of environmental monitoring contains awide variety of terms which are often used with
conflicting definitions. For the purposes of this report the following definitions will be used.

ACTIVITY - An event or process resulting from the presence of humansin the Antarctic.

EXPOSURE - The process of interaction between the output and a value or resource. Output
does not necessarily lead to exposure (eg., a chemicd may not be in a biologicdly avalable form, a
noise may occur when a breeding Site is unoccupied).

IMPACT - Change in the vaues or resources dtributable to a human activity. Impact is the
consequence (e.g., reduced plant cover) of an agent of change not the agent itsdf (eg., acid rain).
Synonym - effect.

MONITORING - Standardized measurement or observation of key variables or outputs over
time, their datisticad evauaion and reporting on the date of the environment in order to define qudity
and trends.

OUTPUT - A physicd change (e.g., movement of sediments by vehicle passage, noise) or an
entity (e.g., emissons, an introduced species) imposed on or released to the environment.

SURVEY - A finite duration, intensive program to measure, evauate, and report on the Sate
of the environment for a specific purpose.



1.0 INTRODUCTION

Environmental monitoring in Antarctica has along history that can be broadly dassified as globa
or localized based on the spatid scades of interest. A number of scientific programs have gathered data
related to global phenomena. Gaseous condituents of the amosphere have been continuoudy
monitored since the Internationd Geophysicd Year (1957). Basdine measurement of pollutants in
Antarctic snow and ice have aso been conducted. In the context of globa phenomena related to
human impact, monitoring of “greenhouse gases’ (carbon dioxide, methane, nitrogen oxides, CFCs),
basdine assessment of heavy metds and acidification, and the monitoring of ultraviolet radiation related
to ozone depletion are best known. Data gathered over long periods of time that investigete the status
of globd phenomena can provide basdines from which the impact of science and operations on the
local environment can be assessed.

A number of nationd programs have conducted locdized assessments of the impact of human
activities in Antarctica monitoring specific compounds, organisms, and/or activities. However, there has
been little coordination or agreement on standardized methodologies so detecting tempora and/or
regiond trends in environmentd qudlity is difficult. Nevertheless these data are important. While few
summaries or bibliographies of monitoring studies in the Antarctic exigt, these programs have produced
relevant data on the effects of hydrocarbon pollution, heavy metal accumulation in plants, heavy meta
persstence and movement in soils, pesticides, and other organic compounds in animals, the effects of
trampling on soils and plants, population trends in flora and fauna, the effects of disturbances on bird
populations, the effects of marine litter on birds and sedls, lake eutrophication due to human activities,
and ar pollution generated during the combustion of fossi| fuels,

The need for environmentad monitoring in Antarctica was succinctlly dated in a
SCAR/COMNAP discussion document in 1992:

“Environmental monitoring is a fundamental dement of basic research,
environmental management, and conservation. The organized and systematic
measurement of selected variables provides for the establishment of baseline
data and the identification of oth natural and human-induced change in the
environment. Monitoring data are important in the development of models of
environmental processes, which in turn facilitate progress towards a predictive
capability to detect environmental impact or change. The collection and
evaluation of monitoring data is essential for the detection of human
perturbation within the natural variability of ecosystem processes. Since all
environmental monitoring must be based on testable hypotheses it can also
contribute to advancement in both basic and applied research.”



2.0 RECOGNITION OF THE REQUIREMENTS

The Protocol on Environmenta Protection to the Antarctic Treety calls for regular and effective
monitoring to alow assessment of the impacts of on-going activities on the Antarctic environment and
associated ecosystemns (Article 3.2d and 3.2e). The gods of monitoring should include, but not be
limited to, verification of predicted impacts and early detection of “unforeseen effects” The latter is
logicdly inconggtert by definition and is explicitly dedlt with later in this report.

At ATCM XV (1989) environmentad monitoring of human impact was discussed under severd
agenda items, particularly item 9(a). The Meeting adopted Recommendation XV 5 which set out a
series of activities that should be monitored (i.e., waste disposa, contamination by oil and hazardous or
toxic chemicas, congtruction and operation of logistic support facilities, conduct of scientific programs,
and recreationd activities). It was clear that for monitoring programs to be implemented they must be
compatible with the redlities of Antarctica. It was recommended that a Group of Experts be convened
to provide advice on arange of topics essentia for meaningful monitoring programs.

ATCM XVI (1991) continued the discussons on environmenta monitoring. SCAR and
COMNAP provided a discusson paper on the topic which served as the principd source of
information. The implications of impacts related to the presence of humans and the lack of agreed
principles for monitoring were discussed under severd agendaitems. It was decided that a specidized
meseting would be required to further develop the initiative. Accordingly, the terms of reference for the
Firs Meeting of Experts (as defined in ATCM [V-24) were devel oped and defined in paragraph 66 of
the ATCM XVI report (Table 2.1).

The First Mesting of Experts was convened in June 1992 in Buenos Aires and provided a
report to ATCM XVII in November 1992. The report contained nine recommendations.  The first
eight recommendations concerned the sdection of representative facilities for monitoring, development
of an internaiond data management system to exchange environmental monitoring deta, development of
an Antarctic Data Directory, establishment of nationa scientific advisory boards for guidance on science
and data management, development of standards to minimize the impacts of fossl fue combustion,
development of formats for long-term monitoring programs, establishment of a base-line surveillance
program for the Southern Oceans, and ensuring the coordination of complementary ecosystem related
research and monitoring activities. The ninth recommendation proposed a meeting of technica experts
be convened to condder the design of monitoring programs, scientific protocols for monitoring,
sandardization and quality assurance, applicable technologies, and data management.

At ATCM XVIII in April 1994 SCAR and COMNAP offered to convene and sponsor the
follow-on workshops and the Terms of Reference were agreed. It was deemed important to build
international consensus and to make optimum use of monitoring expertise outsde of the Antarctic
community. Details of the workshops were circulated to dl SCAR Nationd Committees, to dl
MNAPs and to al NGOs with an active interest in Antarctica



Table2.1l. Tems of reference provided by ATCM XVI for the Fird Meeting of Experts on
Environmentd Monitoring in Antarctica held in Buenos Aires, Argentina from June 1-4,
1992.

To Consider Monitoring for the following Purposes:
To obtain aregular and verifigble record of activities and environmenta data necessary to:

o  asess and quantify impacts of activities, including impacts predicted in the course of
environmenta impact assessments,

* provide early warning of negetive impacts;

* identify preventative or remediad measures needed to reduce or eiminate adverse impacts;

* plangmilar activitiesin the future.

Topics to be Considered by a Group of Experts:

* ldentification of the nature ad possible sgnificance of adverse impacts on the vaues of
Antarctica as set forth in Article 3 of the Protocol on Environmental Protection to the
Antarctic Tresty which might require monitoring;

* |dentification of activities, environmental and other data required to detect and monitor
possible impacts and to distinguish these impacts from naturd variability;

* ldetification of methodologies and technologies avalable for monitoring (especidly
inexpensive and automated systems);

» |dentification of steps needed to create nationd and cooperative data systems which would
provide for collection, qudity control, archiving, evduation, exchange and retrievd of
environmenta data;

* ldentification of exidting relevant data sets, including basdine data repositories, including
programs which generate these data.




The scope and complexity of the subject made it necessary to divide the deliberations into two
interconnected workshops.  The first workshop was tasked with developing options for monitoring the
impacts of human activities associated with scientific research and logitical operations. The second
workshop examined the priorities identified by Workshop 1 and assessed methodologies, applicable
technologies, study designs and data management practices needed to ensure the implementation of
meaningful monitoring programs. A mechaniam to judge the success or falure of any program
implemented was also discussed.

The workshops served as a forum to bring together Antarctic science and logistics experts and
environmental scientists from outside the Antarctic community. The workshops attracted experts from a
broad range of disciplines (see Volume 2). The assembled group was charged with developing a
consensus on an gpproach to monitoring that would be practicd, scientifically sound, redigtic, and cost
effective while gill meeting the requirements of the Protocol and the Treaty. The results of the
workshops are reported here. The recommendations of these workshops will be thoroughly reviewed
by SCAR and COMNAP before areport is provided to ATCM XX in 1997.

3.0 TERMSOF REFERENCE

The Terms of Reference as outlined by ATCM XVIII are given in Table 3.1. Due to the
complexity of the issues and the overlapping nature of many of the topics, a cross-reference between
the Terms of Reference and the gpplicable sections of this report is aso provided in Table 3.1.

40 PROTOCOL REQUIREMENTS

In developing guiddines for monitoring, it is essentid that the lega requirements under the Treaty
system be met (Table 4.1). In most cases these requirements arise from the implementation of the
Protocol by nationa legidation. There are dso ingtances where countries have decided that existing
nationd environmentd legidation is gpplicable to thar nationas and programsin Antarctica. This report
only congderslegd requirements arisng from the Protocol itself.

It was consdered that references to monitoring in the Protocol could be categorized under the
following headings

0] globa process monitoring,

(it) record keeping and compliance monitoring,

(i) monitoring the impacts of activities,

(iv) operationd activity monitoring, and

v) functions of the Committee on Environmenta Protection (CEP)

Item (v), the functions of the CEP with regard to environmental monitoring, was consdered to be
outsde the terms of reference and therefore is not consdered further.



Table 3.1 Terms of Reference and Related Portions of this Report

Terms of Reference

Applicable Report Section

. To review the priority of impacts which need monitoring,
taking into account the activities and impacts identified by
ATCM XVIII namdy:

dation and airdrip logistics operations;
waste water and sewage;

incineration of wagte;

power and hest generation;

accidentd fud spills,

human impact on floraand fauna; and
scientific research

. To develop hypotheses on which to base the desgn of
monitoring programs.

. To provide technica advice, including:

minimum monitoring needed to meet the requirements of
the Protocol (based on a precautionary approach);
basdine information;

ecosystem hedlth indices,

key variables to be monitored;

design of monitoring programs

scientific protocols for monitoring;

messurement  methods, incdluding  frequency  of
measurements,

sandardization and qudity assurance of techniques and
data;

applicable technology;

data management; and

criteriafor judging whether monitoring program objectives
are being met.

7.0
4.4,7.0,8.2
7.0,8.1
7.0,8.7,9.2
7.0,8.3
4.4,7.0,9.0
7.0,8.8,9.0

6.0

4.0

41,431
9.0
5.0

10.0

10.0, 13.0

10.0

10.0, 11.0, 13.0
13.0

11.0
12.0




Table4.1 Antarctic Environmenta Protocol References to Monitoring

GENERAL ENVIRONMENTAL PROTECTION AND MONITORING

Article 3. - The protection of the Antarctic environment and dependent and associated systems and
the intrinsic values of Antarctica, including its wilderness and aesthetic value...shall be fundamental
considerations in the planning and conduct of all activitiesin the Antarctic Treaty area.

Activities in the Antarctic Treaty area shall be planned and conducted on the basis of, information
sufficient to allow prior assessments of and informed judgments about, the possible impacts on the
Antarctic environment.

SPECIFIC REQUIREMENTSRELATED TO HUMAN IMPACT, RESEARCH, AND MONITORING

Article 3. - Regular and effective monitoring to assess impacts and facilitate early detection.

Article8 and Annex I. - Prior assessment of the impacts of activities on the Antarctic environment.

Annex L - Appropriate procedures, including monitoring be put in place to assess and verify the
impact of an activity assessed in an |EE or CEE.

Annex V. - The parties shall make arrangements for obtaining and exchanging information on and
significant change or damage to any ASMA, ASPA, or Historic Site or Monument.

REFERENCESTO MINIMIZING IMPACT

Monitoring may be needed to assess impact under Annex |l. Taking of or harmful interference with
native flora and fauna shall be prohibited except in accordance with a permit.

Annex |1. - Precautions are to be taken to prevent the introduction of micro-organisms not present in
the native flora and fauna.

Annex lll. - Production and disposal of wastes are to be reduced so as to minimize impact on the
Antar ctic Environment and interference with the natural values of Antarctica....

Annex V. - Management plans for protected areas should include management activities to protect
the values for which special protection or management is required.




4.1 Globa Process Monitoring

Globd scientific monitoring was consdered to fdl outsde the remit of the workshops.
However, it was recognized that globa process monitoring contributes both to the establishment of
basdines and to an understanding of ecosystem and environmental processes. In particular, globa
scientific monitoring is seen to contribute specificaly to meeting the requirements of Article 3.2(e) of the
Protocol. But references to globa process monitoring in the preamble and Article 3 of the Protocol are
not considered further.

4.2 Record Keegping and Compliance Monitoring

Some implicit references in the Protocol to monitoring were interpreted as  operationa
procedures for record keeping. An example is the need for garbage and sewage record books. In
addition, certain other references in the Protocol, which might be construed as monitoring, were in
essence a means of ensuring compliance with permitting regulations. One such example is the need to
maintain and exchange records of vidits to protected areas under Article 10 of Annex V. Again, these
issues are not consdered further. These records are seen as a vitd resource in interpreting any
monitoring results as afirst order assessment of activities and their potentid for impact.

One other approach which relies on record keeping is that of preparing a mass baance for
pollutants. In this the difference between the quantity shipped into he Antarctic and the quantity
shipped out provides an estimate of the amount and type of materids left within the Treety area. Exidting
records of, for example, fud utilized within the Antarctic would provide a gross estimate of pollutant
input to the Treaty areafrom the burning of hydrocarbons.

4.3 Monitoring the Impacts of Activities

Article 3 of the Protocol sets out the generd principles guiding the conduct of activities in the
Antarctic. Theseinclude:

0] monitoring of activities where the activity itsdf is considered to provide an index of
impect;

@i monitoring environmenta change which is believed to be causdly related to a particular
activity; and

(i) monitoring environmental change to assess the accuracy of predictions made as part of
an Environmenta Impact Assessment (EIA).



The following features were noted:

@ the reference in Article 3.2(c(v)) to the capacity to monitor implies a recognition thet
basdline information on which to build a subsequent monitoring program may not aways
be available. Neverthdess, monitoring should still be undertaken when required. But a
clear indication needs to be given in such circumstances of the inadequecies of the
basdline data on which the prediction of impactsis based;

(i) the extensgon of the principles of the Protocol, including monitoring activities, to
wilderness and aesthetic vaues, might be seen by some as posing problems. However,
sound environmental management will provide a primary protection for such vaues
dthough problems may 4ill exist in agreeing on a sandard methodology for application
to vaues such asthese;

(i) Article 3.2(d) contains the only specific reference in the Protocol to monitoring for the
assessment of the impacts of ongoing, as opposed to proposed activities,

(iv)  the references to “effective’” monitoring implies that: anthropogenic effects can be
differentiated above background noise, feedback to operatiiond management is
essentid, and that a predictive capability is desirable;

v) notwithstanding the mandatory obligation set out in Article 3.2(¢), the wording is
logicdly incongstent insofar as it is not possble to define the monitoring requirements
for “unforeseen effects’; and

()  the generd principles of monitoring gpply to dl governmentd and non-governmentd
activities in Antarcticaincluding scientific research programs, tourism and related logistic
activities.

The most explicit requirements for monitoring are detailed in Annex 1 on EIA. With respect to
CEEs there is a mandatory obligation to include appropriate monitoring procedures. No opt-out
mechanism is provided. But such monitoring is discretionary for IEES, recognizing that dthough an
operator may not include monitoring procedures, nationd authorities subsequently assessing an EIA may
require monitoring. Monitoring programs are unlikely to be needed for activities atracting only
preliminary assessment dthough some form of environmenta surveillance may be recommended.
Neverthdess, where the impacts of such activities are likely to be cumulative, monitoring to verify those
impacts would be appropriate.

4.4. QOperationd Activity Monitoring

In certain contexts the Protocol identifies monitoring requirements to address operationa
activities. Such requirements include, for example, the need to evauate environmenta impacts of wastes
emanating from scientific activities and their associated logistic support (see Article 8 (1) and (2) of
Annex I11).



The gpplication of generd principles such as minimization of emissions and discharges, rigorous
audit to eiminate unnecessary generaion of wastes, and recycling are assumed to be part of the
underlying management philosophy of dl Antarctic Treaty Consultative Parties (ATCPs). There is
adways room for improvements in environmenta management in the context of cost/benefit and risk
anayses.

5.0 THE FRAMEWORK FOR MONITORING

A fundamenta concept is that environmenta monitoring of human activities and impects is only
ussful when it is firmly tied to an environmenta management strategy. Monitoring by itself accomplishes
nothing. Before undertaking environmental monitoring it is essentia to define why monitoring is required
and how the results will be used to direct management decisons. This in turn infers that monitoring
should be hypothesis driven and that the hypotheses to be tested should be clearly stated at the outset of
the monitoring program.

Ancther key principle in congdering the importance of anthropogenic impects is that the
stientific value of Antarctica is an important resource to preserve. This implies that human-risk based
monitoring developed in temperate climates may not be directly gpplicable to Antarcticaa Very low
levd dterations might be dgnificant from a scientific viewpoint. However, technologies may not be
routindy available to detect these changes.

There are three digtinct objectives for monitoring in Antarctica:

(i) toprotect the Antarctic's scientific value,

(i)  tohdp in the continuous improvement of Antarctic environmental management, and
(i) to meet the legd requirements of the Protocol and nationd legidation.

Within these objectives, the goas of Antarctic environmenta monitoring in the Antarctic include
(Table5.1):

(i) esablishing the present status of key values and resources,

(i)  providing an early warning of deterioration in key vaues and resources,

(i)  identifying the activities most respongible for such deterioration,

(iv) providing an evauation of present activities to forecast and forestall deterioration, and

(v) veifying the effectiveness of predicting impacts through the EIA process.



The use of the term “key vaues and resources’ is consistent with the principle that monitoring is
not about the measurement of everything in a haphazard approach to detect change but about precisely
targeted measurement of a few species, processes, or other indicators, carefully selected on the basis of
stentificaly-sound, predetermined criteria.

The recommended stages in developing an gppropriate monitoring program are illustrated in
Figure 5.1. The management objectives of any monitoring program must be defined at an early stage
including specifying informationa needs and performance criteria The second mgor step is to develop
a testable hypothesis specific to the site to be monitored and then implement a pilot study to ensure that
the proposed design is feasible. The third stage is to organize and implement the full sudy utilizing the
most appropriate technologies, methodologies, satistica designs, and data management techniques.
The fourth dage is the assessment of the data on a regular basis and development of specific
recommendations for management actions. Corrective action and review of the origind objectives will
lead to continuous improvement of the program in the context of the overal management Strategy.

Environmenta monitoring programs may include the following (Table 5.1):

0] desk top assessment of inputs and outputs - this is an essentia precursor to
environmental monitoring that can indicate which activities are of potential concern. It
may aso satisfy some requirements of record keeping and compliance monitoring, but it
does not condtitute environmenta monitoring per se because it does not involve direct
measurement of environmenta attributes;

@i measurement of outputs may satisfy some requirements of record keeping and
compliance monitoring as well as contributing to direct environmenta monitoring;

(i) measurement of indicators in the environment (e.g., number of people vigting an areaor
leves of lead in snow where levels of lead are not of direct interest but are indicetive of
potentia exposure of biota);

(iv)  levesinthevaue or resource of concern (e.g., lead levelsin biota or lead of locd origin
inice cores being used to monitor globd lead levels);

v) indicators a the individud leved (eg., physiologicd or behaviora change in biota,
change of ice crystd sructure);

(vi)  population level or univariate changes (e.g., changesin population density, reduced area
of terrestrid sediment); and

(vii)  community levd or multivariate changes (eg., change in the numericd dructure of
communities, change in the particle Sze distribution of aterrestria sediment).
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Table5.1. Assessment of the ability of some generdized eements of monitoring to satisfy the goa's of
monitoring.

Goals of Monitoring

Establish the present statusof ~ An early warning of deterioration Identify the activities mo:
values and resources in the values and resources responsible for observet
Elements of Monitoring deterioration
-top assessment of input/outputs X ? ?
surement of outputs X ? ?
Isin environment ? 0 ?
Isin biota a a ?
idual level parameters (e.g., physiological O O ?
havioral
lation level parameters O O ?
munity level parameters O O ?

Goals of Monitoring

Evaluate present activities to Verify the effectiveness of
forecast and forestall predicting impacts through the
Elements of Monitoring deterioration EIA process

Desk-top assessment of input/outputs O X
M easurement of outputs u ?
Levelsin environment O O
Levelsinbiota O a
Individual level parameters (e.g., O O
physiological or behavioral

Population level parameters O O
Community level parameters O O

O = definitely addresses goal; ? = indicative but not conclusive; X = unlikely to address goal

11
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Monitoring based on field observations done generdly does not conclusively identify cause and effect
relaionships. One way to directly address cause and effect issues is through properly designed laboratory
and/or manipulative fild experiments.

51 Criteriafor Sdecting Parameters for Monitoring

The following criteria were consdered essentid in selecting variables used for monitoring programs.
The variables must:

(0] exhibit changes far in excess of limits of detection,;
(i) be directly relatable to a testable hypothesis;

(i) be known or edablishable above naturd vaiability (i.e,
background);

(iv)  giveinformation from which management decisons can be made;
v) be able to sustain the monitoring activity;
(vi)  beableto be sampled within logigtical and time congraints;

(vi)  be measurable on samples that can be transported without
deterioration or be measurable on-gtein thefidd; and

(viii)  be amenable to quality assurance procedures including demonsirable
precision, accuracy, and reproducibility.

It is dso desrable that the variables:

0] be measurable by cost effective, smple, and standard procedures (if
the procedures are non-standard intercalibrations are mandatory);

(i) be strongly related by what is believed to be a causa link to a
particular activity or process,

(i) be a direct measure of change in avaue of concern;
(iv)  permit generdizations about causative agents;

V) be definable in terms of limits beyond which changes are judged to be
deleterious, and

(vii)  be measurable without conflicting with scientific activities

13



6.0 DEVELOPING HYPOTHESES

A generic hypothesis to cover dl environmenta monitoring would be the activity of concern causes
no unacceptable deterioration of values or resources. The hypothessis Sated in the negetive as it isa
null hypothesis and can be refuted. Monitoring should be designed to determine whether the activity causes a
deterioration. If an unacceptable deterioration is observed the hypothesisisrefuted. 1t will never be possble
to demondrate conclusively that an activity does not cause deterioration. The generic hypothesis should be
used to generate specific hypotheses that are appropriate for particular locations, for the activities occurring at
these locations, and the values that may be impacted.

The following examples give some indication of the practical way in which hypothess framing might
work. The focus can be site or impact specific. For example:

M output of macerated sewage from a station of 50 people into coastal waters causesno lossin
benthic biodiversty from nutrient enrichment,

(i) accumulation of lead from the burning of hydrocarbons does not impair the growth of
Antarctic plants, and

@)  movement of heavy metd contamination in dry soilsislessthan 1 m per year.

wide variety of settings represented by Antarctic logistics, science operations, and tourist activities. The
intengty, duration, area influenced by the activity, the repetitiveness of the activity, and the potentid for
cumulative impacts are among the issues that need to be consdered on a case-by-case bass. During
hypothes's development, each Situation must be andyzed, experts conferred with, and a monitoring program
designed for each mixture of activities. Fundamenta concepts of study design need to be adhered to and
appropriate technologies and methodol ogies to be applied as needed.

7.0 PRIORITIZATION OF ACTIVITIES

To suggest ways in which impacts could be measured one needs to define the activities which could
cause impacts. Typicd activities practiced in Antarctica were evauated as to their potentid for outputs and
impacts (Table 7.1). It is not possible to produce a generd prioritization of activities that would be gpplicable
in dl dtuations encountered in the Antarctic. Actua on-dte Stuations are complex and a prioritization of
activities thought to contribute to impact is a dte specific exercise. The activities of concern need to be
assessed on a variety of tempora and spatia scales that are not easily categorized into ageneral scheme that
satisfies the wide variety of settings represented by Antarctic logistics, science operaions, and tourist
activities. The intengty, duration, area influenced by the activity, the repetitiveness of the activity, and the
potential for cumulative impacts are among the issues that need to be consdered on a case-by-case basis.
During hypothes's development, each Stuaion must be andyzed, experts conferred with, and a monitoring
program designed for each mixture of activities. Fundamental concepts of study design need to be adhered
to and appropriate technol ogies and methodol ogies to be applied as needed.
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8.0 MONITORING OF PHYSICAL AND CHEMICAL IMPACTS

First order changes in the environment are often most clearly recognized as a physicd or chemica
change. The addition of a chemica or the destruction of a physicd feature are often the first indication that
humans have had an impact on the surrounding environment. Physicd and chemica perturbations are dso
often most directly measurable. In particular, certain anthropogenic chemicas do not naturally occur and thus
ther presence in the environment can be unambiguoudy rlaed to human activities. The importance of a
variety of physicd and chemicd inputs to the Antarctic environment are evaluated in Table 8.1.

8.1 Emissons and Dust

Atmospheric emissons from fossil fud burning (power and heat generation, aircraft, vehicles, ec.),
emissons from incineration and other generd activities can dter local environments. These activities can
result in the introduction of particles as wel as specific contaminants to the atmosphere (e.g., polycyclic
hydrocarbons probably from exhaust). On a larger scae, they may jeopardize the scientific vaue of
Antarctica for monitoring low-level globa changes in aamospheric aerosols. It was consdered that particle
emission levels on the larger scale were too low for monitoring by conventionad means away from gations. It
was aso noted that monitoring programs must keep abreast of developing technologies especidly those usng
satellite imagery where appropriate.

Loca monitoring should include as a minimum arecord of the amount of fuel burned and trash (if any)
incinerated. This, by itsdf, will dlow firg order estimates of mass emissons of particles and of SO», NOy
and subsequent modding of dust and particle plumes.  Collection of air samples provides confirmation of
edimates. Samples of snow can be used as integrated samples of contaminant deposition. Smal sale
modds using locd meteorologic measurements and stack configurations can be used to identify locations for
snow sampling. The use of ice cores dated by radiometric or other means could provide a record of
contamination as a function of historica gation activities just as sediments have been used in temperate
climates. The amount of soil depogited in individud layers may be best quantified through microscopic rather
than chemicd andyss.

8.2  Liquid and Solid Waste

Each gtation should document the mass emissions (i.e., concentration times flow) of suspended solids,
BOD, phosphorus, and nitrogen in its wastewater. For stations with fewer than 20 people this can be
edimated with sufficient accuracy on the basis of models based on daly emissions per person. For stations
with 20 to 200 people the modeled estimates should be augmented by actud measurements of flow rates
each year and analyss of composite samples. For larger sations, monthly measurements may be needed. If
actua measurements confirm the modeled estimates they need not be continued.
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Table 7.1 Operationa Activities: Outputs and Impacts

Activity

Operation

Potential Outpus

Air/Exhaus
t Emissions

Dust

Contaminant

Liquid
Waste

Solid
Waste

Fuel/Haz
Spills

Noise

EMR Mechanica
Actions

Heat

Introduction
s

Sampling
Relocation

Transport

aircraft
ships/boats
vehicles
foot traffic

X X X

xX X X

xX X X

X X X X

'
xX X X

X X X X

xX X X

Sation/Camp

power generation
heating

water production

liquid waste disposal
solid waste incineration
solid waste disposal

fuel storage and delivery
snow dump/runoff mgmt
warehouse storage
facility/equip maintenance
communications

x

X X X X X X X

X X X X X X X

xX X

X X X X X

Construction

building (incl. demolition)
excavation/fill

airfield

road

pier/wharf

explosives

X X X X X X

X X X X

X X X X X X

'
X X X X X X

Science

sampling of flora/fauna

sampling of rock/sediment/snow/ice

explosives

balloons

field equipment/installations
chemical release

EMR generation

x X

SRS

X X X X X

X X X

-~

'
xX X X

x = high potential for outputs
- =low potential for outputs

? = unknown potential for outputs
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Table7.1 Cont.

Activity

Operation

Potential | mpacts*

Landscape
Alteration

Habitat
Destruction

Individual Change

Population
Change

Community
Change

Transport

aircraft
ships/boats
vehicles
foot traffic

X X X X

X X X

Station/Camp

power generation
heating

water production

liquid waste disposal
solid waste incineration
solid waste disposal

fuel storage and delivery
snow dump/runoff mgmt
warehouse storage
facility/equip maintenance
communications

X X X X

X X X

X X X X

X X X

X X X X X X X X X X X

X X X X

X X X

Construction

building (incl. demolition)
excavation/fill

airfield

road

pier/wharf

explosives

X X X X X X

X X X X X X

X X X X X X

X X X X X X

X X X X X X

Science

sampling of flora/fauna

sampling of rock/sediment/snow/ice

explosives

balloons

field equipment/installations
chemical release

EMR generation

xX X

xX X

xX X

xX X

* Aesthetic/wilderness disruption and changes to scientific capability are possible impacts that apply to all categories.
x = high potential for impacts

- = low potential for impacts

? = unknown potential for impacts
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Table 8.1.

indicators of their impact.

Outputs resulting from human activities in Antarctica and principa physicd and chemica

Outputs

Indicators

Possible I mpacts*

Air Emissions

Dust

Liquid Waste
(including brine)

Solid Waste
(including dumps and debris)

Fuel/Hazardous M aterids
(including fuel blowdown)

Noise

Electromagnetic radiation
Mechanical actions, Constructions,
(excavations,

fill, explosions, compaction)

Heat

Introductions, Samplings,
Extractions, and Relocations

*SO9, NOy, CO, PAH, heavy metals,
fuel consumed
type, quantity, timing, duration

eparticul ates, albedo, water turbidity
type, quantity, timing, duration

flow rate, suspended solids, BOD,
pH, faecal coliforms, nutrients (PO,
NO3, NHg%), total Kjaldahl nitrogen

type, quantity, timing, duration

e|eachates, foreign materials
type, quantity, timing duration

*PAH (air, water, land/snow), albedo,
chemicals, radionuclides, etc.
type, quantity, timing, duration

type, quantity, timing, duration

type (frequency), quantity (strength)
timing, duration

«topography, erosion, deposition,
vehicle/foot traffic, albedo
type, quantity, timing, duration

stemperature, thermal regime,
timing, duration

«alien biota, geological/biological
specimens, snow/ice/water levels,
«type, quantity, timing, duration

elandscape, biological change

elandscape, biological change

«hiological change

landscape, biological change

elandscape, biological change

biological change

ebiological change

elandscape, biological change

ebiological change

elandscape, biological change

*Biological change covers all changes to individuals, populations, and communities. Habitat disruption is covered under

both landscape and biological change. Biological indicators are not included in this table. Aesthetic/wilderness

disruption and changes to scientific capability are possibleimpacts that apply to all categories.
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Sdine water discharges from desalination operations can be subject to monitoring for their own
sake (sdt, heat) as well as for the contaminants introduced during the didtillation or reverse osmoss
process. If didillation is used to produce potable water, chemicas may be introduced through
corrosion or added as corrosion inhibitors. These chemicas should be monitored as part of the mass
emissions when wastewater is discharged.

Spot sampling of effluents will dso detect the discharge of solvents into drains which is in
violation of most operating procedures.

The objective of monitoring run-off Sreamsisto quantify the mass emisson of sugpended solids
and petroleum hydrocarbons in snow mdt emanating from astation. This requires measuring suspended
solids concentrations, total petroleum hydrocarbons, and flow.

The need to monitor receiving water quaity depends on the mass emission of contaminants and
the rate of water renewd in the recalving stream. Rates of oceanic water renewa can be measured
primarily by extracting residua current data from current meter records. Dissolved oxygen, water
clarity, and nutrients can be measured near and away from wastewater outfdls. Small inputs into swift
currents will leave no trace, while emissions into stagnant waters can induce large changes.

It is recommended that dissolved oxygen, water clarity, and nutrients be measured near and
away from wastewater outfals.

Under the Environmental Protocol each nation is required to remove solid waste after each
season. Past waste is to be removed or contained and a survey should be conducted to document the
effectiveness of the containment if removal is not feesble.

The Environmenta Protocol prohibits dispersd of solid waste o, in principle, there should be
no debris in the vicinity of gations. However, what debris there is should be cleaned up and, in the
process, monitored. CCAMLR has published guiddines for conducting surveys of beach debris that
could be followed at scientific sations and field Stes. Underwater debris is not so readily removed.
Seefloor observations by divers or by remotely operated vehicles can quantify the extent of submarine
debris near scientific gations. Trawling for this purpose can cause a sgnificant disruption of seafloor
biota and potentidly redistribute debris over awider area.

Sediments in the receiving waters serve as integrators of contaminant inputs. Sediment analyses
can be used to indicate the extent of change caused by scientific ations. A mgor proviso, however, is
that sand as opposed to silt and clay has too low a specific surface area to adsorb contaminants in other
than very low amounts. Therefore, prior to monitoring sediments, grain size should be determined.
Sediments with more than 80% sand should be analyzed for hydrocarbons (because freshly added ail
will remain in the interdtices of sand) but not analyzed for other chemicals. Sediment containing at least
20% fine-grained materid are suitable for the andysis of total organic carbon (TOC) and totd trace
elements (Cu, Zn, Ni, Pb, Hg, Cd, and Ag) as tracers of human activity in addition to organic
contaminants.

19



It may aso be gppropriate to measure contaminants in benthic marine organisms. Two species
of bivalve mollusks are ubiquitous in Antarctic waters, the clam (Laternula eliptica) and the scalop
(Admussium colbecki). Annud collections of one or the other can provide tissues whose
concentrations of chemicals will change in response to changes in discharges. The utility of the “Mussd
Watch” approach to temporal monitoring should be considered at selected Sites.

8.3 Fud and Hazardous Materid Spills

The Standing Committee on Antarctic Logigtics and Operations Programs (SCALOP) has
requirements for reporting accidental spills. These require that records be kept of the type, amount, and
estimated recovery of spilled materid.  Such records should be extended to historica spills, if the
information is avalable. Chemicd measurements can delineate the extent of contamination around
gtations due to chronic discharge of various hydrocarbon based fluids.

Some engines, in particular helicopter engines, are designed to emit raw fuel (mostly in gaseous
form) through their exhaust pipes when turned on and off. This blowdown amounts to a controlled spill
and is apparently avoidable. It would be difficult to monitor contamination related to blowdowns.

84  Noise

The problem of aircraft noise is recognized as a disturbance to bird rookeries. There are
guiddines dready in place to limit this disurbance. Information is extremdy limited on the interaction of
Antarctic systems and noise.

85 Electromagnetic Radiation

Electromagnetic radiation is being addressed under other auspices.

8.6 Mechanica Actions and Congtruction

Physical changes in the landscape around the stations could be monitored through systematic
and periodic photography and updating of maps. High resolution satdllite imagery would be useful in
addition to ground based measurements.  Survey benchmarks can be ingtdled for future reference to
monitor vertica changes from subsidence or other landscape changes resulting from humean activities.

8.7 Introductions, Samplings, Extractions, and Relocations

The introduction of dien biota is clearly prohibited by the Protocol. Scientific activities
themselves can result in impacts due to sampling, extraction, and relocation of materids from the gte of
origin.  These impacts can be minimized by requiring collection and disposd of any by-products
produced as aresult of sample collection or extraction.
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9.0 MONITORING LOCAL IMPACTSON BIOTA

Biologicd monitoring indicates whether outputs have impacted the environment as well as
serving as adirect measure of avaue, i.e, the biota. The range of biological methods available is wide
and there is congderable variation in the ease with which these methods can be used and the extent to
which inferences can be drawn.

One method for the sdection of organisms and indicators is presented as a decison tree in
which the firg choice is identification of the activity type a a particular Ste as permanent, semi-
permanent, or trandent (Figure 9.1). This is followed by a description of the Ste in terms of the
environmentd setting namdly ice-free, perennial ice cover, or open ocean. Next the geographic setting
is defined as land or nearshore and then as terredtrid, freshwater, or marine. For dl activities on
perennid ice or on the ocean it was conddered impractica to use biologica indicators for monitoring.
Next, sgnificant biological impact may be associated with contamination, sedimentation, enrichment,
and disturbances as produced by various outputs, such as noise, mechanica actions, sampling, and so
forth.

Based on the outputs and activity types a range of biologica organisms can be chosen as
indicators of change or impact. The most useful biologicd variables are summarized in Table 9.1 based
on habitat. Having followed the decison tree, organisms which are candidates for monitoring are
identified.

While the use of biologicd indicators of change is a complex issue, careful consderation of the
current understanding of the interactions between biologica organiams and human activities is needed in
order to produce useful information for managers. The drength of biological monitoring lies in its
capacity to detect secondary and tertiary impacts of physicd and chemicd outputs. Biologica
organisms are often the most immediate and visible resource of concern.  To illustrate how biologica
monitoring can assg in the formulaion of management policy, the suitability of various species as
indicators of impact was evauated a three levels. the individud, the population, and the community
(Table 9.1). A four-point scale was used to evaluate whether the indicator species was highly
recommended or not recommended. Evaluations were based on variable selection ariteriaoutlined in
Section 5.1. For practical reasons, it was not possible to evaluate every parameter for every species by
every criterion (eg., smplicity, codt, feashility, effectiveness, avalability of suitable techniques).
Specidigt biology groups are needed to undertake further more detailed evauations of the suitability of
variousindicators. Table 9.1 isonly indicative of the gpproach and is not meant to be comprehensive or
exhaudtive.

Indicators based on population structure, species abundance, and spatiad and tempord
distributions were consdered mogt suitable for biologica monitoring. Often the most noticeable change,
as far as the public is concerned, is in the populations of highly visble species (i.e., penguins, seds,
birds). However, the time scales over which changes occur (years) and the extent of natura variability
may make monitoring of these animas unsuitable for the purposes of management decisionmaking.
Certain species are more suitable as indicator species of specific outputs (e.g. lichens for evauating the
presence of trace eements in the environment).
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Background ecologicd information on many species is often limited. Identification of some organisms
may prove difficult. Natura variability of indicators based on species such as sedl's and penguins may
make meaningful inferences from populaion dynamics difficult to interpret due to a variety of
confounding naturd influences. Many mgor food chains in Antarctica are marine driven and the larger
gpecies are not dependent on thein situ prey.

Therefore, accumulation of toxic substances through food chains are more likely to reflect inputs of
regiond origin rather than loca emissions. These condraints are considered further during study design
discussions (Section 10.2).

Cause and effect relationships are difficult to discern in relaion to changes in populations and/or
gpecies and caution is needed in inferring such linkages without considerable supporting evidence. It is
aso required that biologicd, as well as physica and chemicad, monitoring be coordinated with basic
meteorologica and hydrologic monitoring in order to interpret the patterns observed. It was clear that
many of the sought after integrative indicators of ecosystem hedth are not well understood. Much
remains to be done in developing an understanding of the fundamenta processes, controls, interactions,
and responses of Antarctic organismsto environmenta and human perturbations.
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Table9.1  Monitoring Options for Loca Biologicd Impacts Methodologies, Applicable
Technologies, and Experimenta Design

Change at the Individual Level

Existing Levelsof
Indicator Species Monitoring Contamination in Physiology Behavior
Program Biota
Terrestrial Site

Birds CEM P2 3+ I 1-3
Plants -

Lichens BIOTAS 1 -

M osses 2 4 -
Microorganisms BIOTAS 4 1 -
Invertebrates BIOTAS 4 - -

Freshwater Site

Streams

Alga mats 1 4 -

Bacteria - 3 -

Invertebrates 3 - -
Lake/Pond

Algal Mats 1 4 -

Phytoplankton 4 4 -

Microcrustacea 4 4 4

Bacteria 1 2 -

Marine Sites

Sedls APISP ? ? 4
Fish ESAC 1 1 3
Zooplankton 4 4 4
Phytoplankton 3 4 -
Benthos

Infauna 1 3 4

Epifauna 1 3 4
Bacteria mats - - -

1-Highly recommended

2-Moderately useful

3-Possibly useful

4-Not recommended

- Not Applicable

?-Unknown

8CEMP- CCMLAR Environmental Monitoring Program
bAPIS - Antarctic Pack Ice Seals

CFSA - Fish Stock Assessment Program
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Table9.1. Cont.

Change at the
Change at Population Level Community Level
Diversity
Indicator Species Abundance Distribution Reproductive Structure  (composition and
Success structure)
Terrestrial Site
Birds 1 1 1-2 3 -
Plants
Lichens 1 1 - - 2
M osses 1 1 4 - 3
Microorganisms 3 1 - - 4
Invertebrates 2 1 3+ 3+ 1
Freshwater Site
Streams
Alga mats 1 1 4 - 3
Bacteria 1 2 4 - 4
Invertebrates - - - - -
Lake/Pond
Algal Mats 1 3 4 - 4
Phytoplankton 2 4 - - 2
Microcrustacea 2 4 4 4 3
Bacteria 1 3 4 - 4
Marine Sites
Sedls 3 3 2 4 -
Fish 3 3 3 4 3
Zooplankton 4 4 4 4 4
Phytoplankton 4 4 4 4 4
Benthos
Infauna 1 2 3 3 4
Epifauna 1 2 3 3 1
Bacteria mats 1 1 - - -

1-Highly recommended
2-Moderately useful
3-Possibly useful
4-Not recommended

- Not Applicable
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10.0 DESIGN OF MONITORING PROGRAMS

There are a series of basic tenets for the design of monitoring programs (see Figure 5.1):

(i) Have a clear question. The thought process should be
question=>hypothesis=>variables=>modd=>datistics and tests of
hypotheses=>interpretation.

(D) Have controls, both spatia and tempora where appropriate.

(iii) Have a balanced design, eg. smilar sampling effort a each impact
level and time.

(iv) Havereplicates, randomly allocated.

V) Conduct prdiminary sampling (pilot study) in order to do the
falowing (vi-ix):

(vi)  Assess the sampling methods to ensure they are efficient and do
not introduce bias into the study. Adequate quality assurance must be
goplied from initid sample collection, through transport to the
laboratory, and during the andlysis.

(vi)  Egtimate error variability and necessary sampling effort to achieve
the desired power.

(vii) Determine natural environmental patterns to be incorporated
into the study design (e.g., Sratification).

(iX) If statistical analysis assumptions are not satisfied (they
probably won't be) then transform variables before andyss, use
nonparametric methods, or use smulation or randomization methods.

) Accept the results. It is acceptable to set multiple criteria (e.g.,
Typel and Il error levels) a priori. It isacceptable to conduct a new
sudy to check on results you do not believe. It is acceptable to
change the sampling design during a study if you do it in a way that
preserves compatibility of post-change data with pre-change data for
datistical andyss purposes. But dont try to find statistical methods
that give you the result you wart.
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10.1 Typicd Antarctic Impact Scenarios

Based on the activities known to occur in the Antarctic, typical monitoring scenarios were
defined and the design elements outlined above were discussed for each scenario.

10.1.1 Accidenta Impacts

The design of a program to monitor an accident (e.g., a spill) based on the above 10 steps,

should indude the following:

0]

(i)

(ii)

)

V)

(i)
(vii)
(viii)

)

Have a clear question. The hypothesisislikely to be formetted in terms
of the spatia extent of detectable change and time to recovery.

Have controls. Optimum spatia or tempora controls may not be
available because the ste of the accident will not have been chosen.

Spatia controls are more likely to be available. Pre-accident (temporal
control) data may be serendipitoudy available.

Have a balanced design. Sampling should be badanced within the
limitations of suitable controls.

Have replicates randomly allocated. Yes however it is unlikely you
will be able to replicate he spill and so should congder the limits of
generdizations that are possible with replication only at the sampling level.

Conduct preiminary sampling (pilot study). Y es, however there may
be considerable pressure to get on with the “red” sampling program and
the luxury of commencing sampling in the fullness of time may not be
avalable.

Assess the sampling methods. Yes- see(v) above.
Estimate error variability. Yes- see (v) above.

Determine natural environmental patterns. If draificaion is
identified, it may be more efficient to concentrate only on a sSingle stratum.
Sampling of dl drata may spread resources too thinly and limit the
rigorousness of the study. Stratified sampling may be used to reduce the
effects of background variability.

If statistical analysis assumptions are not satisfied, bring in a

datigtician at the planning stage rather than after the samples have been
taken.
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) Accept the results. Edablish a sngle ddidica test criterion or,
dternatively, establish multiple criteriaa priori.

10.1.2 Chronic Impacts

Monitoring of chronic impacts from point sources (e.g., sewage discharges) should include these
essentia dements:

0]

(i)

(il

)

)

(vii)
(viii)
(iX)

(%)

Have a clear question. Such studies will be most vauable if the hypotheses address
cause-effect rdationships. This can be done by sdecting a series of sampling stes
representative of a range of operational processes with each category of process
replicated. For example, to determine the effect of sawage effluent disposal on the
benthos, factors may include the number of people on station and the type of sewage
treatment. Sdlect a number of dtations representative of each sze or trestment type,
and replicate the sampling as well.

Have controls. Tempord control may not be avallable; however, spatid controls
probably will be and should be included in the design.

Have a balanced design. It might not be possble to sample adequately throughout
the year.

Have replicates randomly allocated. As generdizations about the effect of different
types of operations are the prime objective, there should be replication at the highest
levd, i.e, replicate Sations using the same process.

Conduct prdiminary sampling (pilot study). Yes.

Assess the sampling methods. Yes.

Estimate error variability. Yes.

Determine natural environmental patterns. Stratification may be gpparent.

If statistical analysis assumptions are not satisfied, bring n a datigtician at the
planning stage rather than after the samples have been taken.

Accept the results. Edablish asngle datidtica test criterion or dternatively establish
multiple criteriaa priori.
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10.1.3 Cumulative Impacts

Monitoring of cumulative impacts from nortpoint sources should include these essentid

dements.

0]

v)
(i)
(vii)
(viii)

(ix)

(%)

Have a clear question. The hypothesis here will relate to detectable change without
reference to a particular causeleffect relationship. The variables monitored should be
those of generic concern rather than merely indicators of change.

Have controls. Recognize that tempora controls may not start at time zero.
Have a balanced design. Yes.

Have replicates randomly allocated. Yes, however it may be possible to conduct
complete censuses for some variables, eg., the maximum number of eephant seals on
a beach during a summer. To edimate the average number of vistors to a Ste over
summer may require a complete census on severd randomly chosen days during the
summer.

Conduct preliminary sampling (pilot study). Yes.
Assessthe sampling method. Yes.
Estimate error variability. Yes.

Deter mine natural environmental patterns. Strtification by Ste typesisapossble
drategy. Tempord information may demondrate wide naturd variability in biologicd
parameters.

If statistical analysis assumptions are not satisfied, bring in a Satigtician at the
planning stage rather than after the samples have been taken.

Accept theresults. The prime reason for this type of monitoring will be to provide an
early warning of change. To be useful there should be alevel of concern which triggers
a management activity or response, or a series of limits - stated as amagnitude of
change that is conddered sgnificant with a probability thet the changeisred. Establish
multiple criteria a priori, i.e, a smdl change with a high probability of being red or a
large change with asmdler probability of being red.
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10.2 Othe Condderations

Features of Antarctica that should be consdered when designing monitoring programs include a
lack of background data, the wide separation between stes, the Structure of food chains, and growth
rates and geographical patterns of organiams.

10.2.1 Lack of Background Data

Many Antarctic environments and their component species are understudied.  Therefore,
background data on life histories, digtribution patterns and relative abundances are either lacking or
poorly known. Data on physica characteristics such as ocean currents, nutrients, weather patterns,
efc., are only available for limited regions. Antarctic monitoring programs will often have to be designed
with little or no background data.

10.2.2 Sitesof Potentia Environmenta |mpacts are Widdy Separated

In the Antarctic the Sites of potentid impacts are focused mostly on the permanent sations
which are usudly far gpart. There are only afew places within the Antarctic Treaty area where bases
are clusered into reativey smadl aress, eg., King George Idand, McMurdo Sound. Therefore
monitoring programs must be designed for very short gradients of impact-related variables from gation
operations. For example, petroleum spills usudly occur only at dtation sites, and their effects can be
expected to diminish quickly with distance away from the Ste. Also, the effects of sewage outfals will
typicdly be apparent over relaively short distances.

10.2.3 Antarctic Food Chains

One imagines Antarctic food chains as having few links and involving few species. This is
sometimes true but because of a lack of understanding of interactions and energy flow, such an
assumption must only be made with caution. It is known that physica characteristics such as ice cover
and ocean current patterns are often different from one annua cycle to the next. Changes in such
features can greetly influence food chain dynamics, eg., Weddd| sed diets vary greetly from one year
to the next probably because of changes in currents and/or ice and reproductive success of prey
gpecies.  Such variation is likdy to be characteristic of many other species feeding and movement
patterns, and this must be considered in making monitoring program design decisions.

10.2.4 Turnover Rates, Species Growth Patterns

At dl levels of organization, turnover rates tend to be dow in the Antarctic. For example many
pecies are very long lived, have relatively low reproductive rates, and grow dowly. Therefore,
recovery from disturbance is a dow process. One must be careful about usng study designs that
include dedtructive sampling or collection of specimens for anadysis of contaminants because the
monitoring itself could cause sgnificant damage to the community. Also naturd tempord environmentd
patterns can cause changes in ecosystem attributes, e.g. changes in abundance may persst for along
time.
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10.3 Gened Condderations

Principles of study design are universd, but some apply with greater force than others and in
particular ways to environmenta monitoring in Antarctica This is o because certain types of impacts
are more likely than others and also because of unique fegtures of the Antarctic environment. The lack
of background data must be addressed. Basdine studies of important organisms in representative
habitats and an inventory of red and perceived environmenta impacts are needed for the entire
Antarctic continent. Identified impacts need to be prioritized in terms of environmenta sgnificance,
using criteria such as geographica coverage, community/ecosystem structure and function, food web
dependence, cumulative effects, impact on reproduction, and reversibility. Of the three types of studies,
responses to unpredictable accidents, eg., pills, are the mogt difficult to design well in Antarcticaasis
the case dsawhere. However, basdine studies could be conducted in habitats at locations where spills
are mogt likely to occur such as dong shorelines where supply ships operate. These could provide pre-
impact data in the event of aspill.

11.0 DATA MANAGEMENT AND DATA QUALITY ASSURANCE

It will not be possible to meet the environmenta monitoring requirements of the Antarctic Treety
Sysem without an effective data management system. A properly designed and implemented data
management system is the mechanism through which effective use of the information collected by
environmental monitoring programs can be made to fulfill obligations under the Environmenta Protocol
and other Antarctic Treaty System provisions.

Data management in the context of anationa and internationa network will promote the efficient
and effective use of data arisng from monitoring and other related activities. Data comparability will be
facilitated through the establishment of such a data protocol. Free access to and wide availability of data
are important to nationa program managers S0 that locally collected data can be examined in a broader
context. Easly avalable and understandable data will aso dlow problems to be identified and
appropriate preventative or remedid measures to be taken. Finaly, the system will promote the long
term presarvaion of data which is important in ensuring that basdline information can be developed
againg which change is messured.

11.1 Godsof a Data Management System

The mog fundamentd objective of data management is to promote the gods of Al
environmental monitoring programs through the efficient and effective management of data arisng from
monitoring and other related activities.

This objective will be achieved by the following:

() establishment of a data format protocol to ensure comparability of data;

(i) avoid duplication of monitoring efforts;
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(iir) ensure the long-term preservation of data;
(iv) fadilitate the avallability of and accessto data;

v) enable National Programs to make better use of environmental data by being able to
make comparisons with adjacent monitoring programs providing a broader perspective
for data interpretation; and

(Vi) maximize the utility of data and consequently the conclusions that arise from ther
andyss.

In essence, data management dlows information collected in environmental monitoring programs
to be used to make decisons in atimey and cost-effective manner that provide for the preservation of
the Antarctic environment. It will adso facilitate fulfillment of the requirements of the Environmenta
Protocol and other Treaty System provisons. The educationa and training components of this process,
in turn, will be vauable in encouraging preventative rather than reactive actions and helping to ensure
that the naturdl and scientific vaue of Antarcticais preserved.

11.2 Qudity Assurancel and Data M anagement

Appropriate and cost-effective management of data collected by natiord environmenta
monitoring programs in the Antarctic is not possible unless the data are reliable and can be compared
both within and between programs. in other words, unless their qudity can be assured.  From this
standpoint, quality control (QC) and qudity assurance (QA) must be a fundamental component of the
desgn and implementation of any environmental monitoring program. The high cost associated with
scientific activities in Antarctica means that questionable data waste vauable and limited resources. This
iS even more important with environmental monitoring data, which are intended to promote the
preservation of the Antarctic environment and provide decision-makers with information that alows
them to take corrective actions when necessary. In this context, poor quality data can be even worse
than an absence of data because they could be mideading and result in the diversion of resources from
real needsto fasetargets.

The importance of quality assurance and qudity control activities was dearly set forth in the
report on the First Meeting of Experts on Environmental Monitoring in Antarctica (Buenos Aires, June
1-4, 1992) which stated

“..itis essentid that measurements are referenced to standards accepted by al
the laboratories undertaking a particular type of measurement, and that these
laboratories underteke regular intercdlibration sudies ... Accuracy and
repeatability should be covered by qudity assurance requirements...” (Paragraph
56)

1 Quality Control is the compliance with criteria adopted by the experimentalist in performing determinations in order to
guarantee that reliable data are generated (e.g., the proper use of certified materials). Quality Assurance is a system put in
operation by an external party to verify whether data provided by the experimentalist are self-consistent and can be traced
back to a minimum set of requirements supporting their validity.
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To ensure high qudity data thet will dlow comparison between data collected by different
Nationad Programs, intercomparison exercises are strongly recommended and should be conducted on
a regular bass, both at the nationd and internationd leve. It is further recommended that certified
reference materias be developed for chemical and physical properties of soil, water, biota and other
matrices from Antarctica Such certified reference materids are extremey vauable in assuring the
quality of data collected in environmenta monitoring programs. Reference materids provide verification
of the performance of |aboratories and assgts laboratories in ensuring interna quality control isworking.

11.3 Interaction With Other Programs

Interaction and cooperation with other nationa and internationa groups tasked with collecting
environmenta measurements and dedling with issues of data management and qudity assurance should
be promoted. An example of such a group is the SCAR-COMNAP initiative of the Antarctic Data
Directory Sysem (ADDS). This approach will result in; 1) proper exploitation of existing expertise in
fidds dosdy reaed to or overlgoping with Antarctic environmenta monitoring; 2) optimization of
avallable ingrumentd facilities in a harmonized fashion; and 3) avoidance of any possible discrepancies
in the approach taken and pattern followed by monitoring and research units that would impair their
religbility.

11.4  Structure and Components of a Data M anagement System

There are severd options for the design of a data manegement sysem, ranging from a
completely distributed system to a completely centralized system. Each has different costs and benefits.
A networked gtructure, with centralized management, can be implemented at reasonable cost while
meeting the goas st out previoudy in paragraph 11.1;. The sructure of the proposed data
management system is shown in Figure 11.1.

Data would be gathered by Nationa Programs and then processed and held by National
Antarctic Data Centers (NADC's), which could then choose to distribute the data amongst a number of
nationad specidist centers, laboratories, etc. rather than hold it themsdves. The NADC's would,
however, be responsible for ensuring that data conformed to agreed guiddines. Thus al data originating
in NADC' s should exigt in a pecified format.

The NADC's would be linked to a common Interface Site (e.g., a World Wide Web Home

Page), which in turn would be linked to Nationa Programs, individua scientists and other users, viathe
Internet. Such a system would alow rapid accessto al available data
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Figure 11.1. Proposed Data Management System

115 Data

In this context the word “data’ is defined as numerica or textud information measuring or
reporting the vaues of specific monitoring programs together with any other information that may be
necessary for the appropriate interpretation of those data.

Data originating from NADC's will not necessarily be of the same resolution. However, there
will be a minimum resolution requirement for participation in the syslem. A filter, caled a Data View
(DV), will creste acommon interface to all

datasets of a certain type, so tha inter/intra-Ste and inter-program comparisons may be made with
ease.

All data should be associated with “meta-datd’, i.e. information describing the data in question.
Amongs other information, thiswill provide details of the investigators, content, range and resolution of
the data and quality assurance information.  This meta-data should be intimately linked to the data so
that it isimpossible to access a dataset without also receiving information about that dataset. Thus deta
of different origins (e.g. data collected as part of scientific research or as part of a monitoring program)
and quality will be eadly identifiable. Furthermore, meta-data are likely to be those first seen when
accessing the Interface Site, making the searching and retrieval of datasets a Smple operation.
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It is anticipated that two types of data will be collected by Nationa Monitoring Programs and
held a the NADCs. These include (1) daa collected usng methodologies that conform to
internationaly agreed monitoring standards which should therefore be comparable between sites;, and
(2) data that are collected according to Ste specific methodologies. Both types of data would be
available through the Interface Site. If data are released by the NADC, identification of the type of data
would be clearly indicated in the associated meta-data.

11.6  Adminigraion

The system described is a distributed one, since data would be held on individua nationd or
ingtitutional databases. However, management of the system should be centrdized as with the SCAR-
COMNAP ADDS. The Interface Site would provide centralized access to the system and would be
responsible for providing much of the infrastructure to enable the system to operate. The system should
be overseen by a technica committee that will provide appropriate advice and direction as required.
This technica committee will provide guidance on the types and formats of data to be held & NADCs,
thelir minimum resolution requirements, the design of the Data Views and the leve, Satistical robustness
and appropriateness of the summaries of data, if any, provided by the Data Views. In addition, the
Technicd Committee should:

(i) provide adminigrative direction to the Interface Site;

(i)  guide both the NADCs and the Nationa Programs with respect to data matters,
(i)  address aspects of data access and control;

(iv) provide appropriate ingtruction to end-users; and

(v) enter into didogue with the Nationd Programs, especialy regarding feedback on the
system and its operation.

It is recognized that a number of National Programs may take some time to develop the
technical and adminidrative infrastructure needed to participate in this sysem. In the interim, it is
suggested that these programs consider bilateral or regional agreements to deposit data on the NADCs
of programs that have the requisite infrastiructure. Alternatively, the Interface Site could provide the
facility for management of such data until the Nationd Program in question isin a postion to develop its
own NADC. It is not anticipated that the Interface Site will provide such facilitiesin thelong term. Asa
minimum, Treety Parties should exchange information on their monitoring programs in accordance with
exiding Treaty provisons.

11.7  Environmentd Sample Archive

Subdiquots of dl samples collected during environmenta monitoring in Antarctica should be
preserved and archived. Such “archived” samples would dlow for verification and confirmation of data
previoudy collected whenever a Sgnificant improvement in methodol ogies takes place and/or if doubts
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are rased regarding the vdidity of the origind data.  In addition, trace components of the sample that
are not now measured or taken into account could be investigated and quantified at some future date
should the need or interest arise.  This requires that pardld samples are taken and stored under
conditions that ensure the integrity of both inorganic and organic species.

12.0 PERFORMANCE CRITERIA

A feedback mechanism is necessary to determine whether monitoring is effective and hence
whether it should continue to be supported or how it can be improved.

Performance of the monitoring program should be judged with reference to the objectives of the
monitoring program. These objectives will be set in response to three types of requirements (1)
protocal; (2) scientific; and (3) practical:

(i) Protocol requirements are specified by the Environmenta Protocol to the Antarctic
Treaty (see Section 2.0). Speciad emphasis should be placed on monitoring the impact of
ongoing activities, but the evauation process should adso consder the specific
requirements relaing to |IEE's and CEE's of new activities.

(i) Scientific requirements were proposed by GOSEAC and further developed at these
workshops (see Section 6.0). Two important elements are the need for a hypothesis-
oriented approach and the need for integration viainterdisciplinary synthess.

(i) Practical requirements fdl within three categories cod, feashility, and utility (see
Section 5.0). Cog includes the question of the cost-effectiveness of monitoring
operations. Feashility relates to the availability of expertise and equipment as well as
logidticd requirements of a monitoring operation. Utility refers to whether the monitoring
program is generating information that can be used for management decisons to reduce
the impact of human activities on the Antarctic environmern.

Any proposed monitoring program should be systematicaly evauaed redive to the key
requirements. This evaluation should take into account the general principles as outlined in Section 5.0.

12.1 Evduaion of Monitoring Programs for Continuous | mprovement

Environmenta monitoring should be periodicaly reviewed by individud nationd programs, and
the results of such reviews shared amongst programs for mutua benefit. 1t is recommended thet review
and critical evauation focus on each of three phases of the monitoring activity: data collection, data
andyss, and use of results in management decisions.
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The sampling program'’s activities should be reviewed to ascertain thet:

0]

the origind design of locations, times, replications and measured variables is being
followed consgtently. If cods, operationd difficulties, changing technologies, eic. are
limiting the intended design, gppropriate changes must be put in place;

the quality of the datais as origindly specified;

once andyss has begun, data collection should dso be reviewed to determine if the
design isinadequate or excessive based on the objectives, and

changes in the hypothesis may be required as new indgghts or new activities and/or
technologies occur.

12.2 Useof Results in Management Decisons

Data collection and andyses are intended to provide decison-makers with a sound scientific
information from which environmental management decisons are made. Therefore, review every few

years should consider these aspects:
() do the data and the results of the monitoring provide managers with the information
envisoned in origind designs? If not, adjustments must be made;
(i)  has managemert's use of the data resulted in a measurable decrease in human impact?,
and
(iii)  the management vaue of long-term information may be much grester than short-term.

(Program modification for short-term benefit must be considered with caution.)

12.3 Review Mechanian

Assessment within each country should be conducted by externd peer review. Appropriate
models can be found in severd nations in which environmentad management is reviewed by a pand or
department that is independent of the nationd Antarctic program. The panel should include a range of
Antarctic and non-Antarctic scientists and personnd with operationa experience in Antarctica.  Other
representation may include non-governmenta technical experts as wel as organizations with direct
oversght responshility or policy-making authority. A mechanism needs to be found to ensure the
effectiveness of the program review procedures.
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13.0 OUTSTANDING ISSUES

It was conddered that certain parts of the Terms of Reference would be more effectivdy
addressed during future ddliberations. 1t was established that there was no generic monitoring program
that would be appropriate at al locations at al times. However, it was clear that the employment of
dandard methods and ensuring the intercomparability of monitoring data were obtainable gods.
Monitoring programs can be designed that would be appropriate a some locations for certain periods
of time. It was equdly clear that the indicators of impact were diverse and dependent on the setting at
the ste studied. Therefore issues related to gpplicable technologies and protocols would best be
considered on a case-by-case basis. A direct consequence of this reasoning is that the methods and the
asociated quality assurance are dependent on the dedign of the program and thus are not eesly
addressed in ways that would provide guidance for al Stuations that might be encountered. The
determination of applicable technologies and methodologies are desirable gods that are attainable
through consultation with groups of experts.

Standard protocols and quality assurance practices have been extensvely developed in
temperate and arctic climates. The fundamentals of these approaches are gpplicable to monitoring
programs in Antarctica. It was aso redized tha hedth indices and other generic attributes of
ecosystems that one might wish to assess, were not a a stage of understanding where they could be
routinely used as tools for practica environmental monitoring. Broader questions related to ecosysem
hedlth, while laudable, were thought to remain in the relm of basic research.
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14.0 CONCLUSIONS

This report summarizes the results of two workshops of technica experts that were convened
by SCAR and COMNAP in response to a request by ATCM XVIII to provide advice to Treaty
Parties on environmenta monitoring. The conclusons with respect to the Terms of Reference are;

TOR-1.To review the priority of impacts which need monitoring taking into account the
activities and impacts identified by the Meeting of Experts on Environmental
Monitoring.

It was concluded that:

No generic or generd prioritization of the activities which need monitoring is
possible in terms of the categories defined in the TOR.

Prioritization of activities for monitoring must be site specific and be based on such
features as intengty, frequency, duration, aredl extent, seasond timing, geographic
location, and the resources in the area that might be impacted.

Each stuation must be andyzed, experts conferred with and a monitoring program
designed for each mix of activities & a given location.

TOR-2. To devel op hypotheses on which to base the design of monitoring programs.

It was concluded that:

Environmentd monitoring is only ussful when it is firmly tied © an environmenta
management srategy.

Monitoring is not the measurement of everything in a haphazard approach to detect
change.

Monitoring should be the precisdly targeted measurement of a few key pecies,
processes or other indicators, carefully sdected on the basis of scientificaly-sound,
predetermined criteria

A generic hypothesis to cover al environmental monitoring would be “the activity of
concern causes no unacceptable deterioration of values or resources’.

Specific hypotheses gppropriate to particular locations, the activities occurring a the

location, and the vaues that might be impacted must be generated on a case-by-
case basis.
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TOR-3.To provide technical advice including:

- Minimum monitoring needed to meet the requirements of the protocol.

It was concluded that:

Monitoring has three objectives. (1) to protect the scientific vaue of the
Antarctic; (2) to hdp with continuous improvement of Antarctic environmental
management, and (3) to meet the legd requirements of the protocol and national
legidation;

The definition of minimum requirements under the Protocol were subjective and
rdated to terms such as “resource’, “vaue’, “minor”, and “trandtory” which
have no agreed upon definitions.

- Basdline Information

It was concluded that:

Basdine information for the Antarctic is minima and that long-term databases
were needed to establish change related to human impacts.

Due to the high levd of naturd varigbility, basdines may be difficult if not
impossible to establish in the time-frames needed for management decision.

Alternative approaches such as control sites, comparable studies, time series,
and manipul ative experiments may be more gppropriate to assessimpact.

- Ecosystem Health Indices

It was concluded that:

Biologicd monitoring and physicochemicad monitoring are required to adequately
support management decisions.

The decison to undertake biological monitoring needs to be assessed on the
basis of proximity of biota to stations or field camps and other human activities,
the likelihood of impact, the utility of the data produced, logistical practicdities,
and cost.

Ecosystem hedlth indicators are not at a stage where cause and effect can be
eadly determined.

SCAR Working Groups of hiologica experts should be conferred with to
determine if, and what, ecosystem hedlth indices are appropriate for monitoring.
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- Key Variablesto be Monitored

It was concluded that:

A series of mandatory and desired criteria are useful in sdecting variables to be
monitored.

Key chemicd and physical variables can be related to specific activities (see
Table 8.1).

Biologicd variadles are useful but more problemétic in asssting management
decisions due to alack of unambiguous cause and effect interpretations.

Some hiologicd indicators can provide specific information for management
decisons (see Table 9.1).

- Design of Monitoring Programs

It was concluded that:

Antarctic environmenta monitoring programs should implement design dements
proven to be successful in temperate and arctic environments.

A series of badic tenets for the design of monitoring programs include: (1) have a
clear question, (2) have controls, (3) have replicates randomly allocated, (4) do
prdiminay sampling, (5) assess the sampling methods, (6) estimate error
varigbility, (7) determine naturd environmental patterns, (8) determine if the
datistica assumptions are satisfied, and (9) accept the results.

Statistical design condderations in the context of the hypothesis to be tested must
be consdered before any resources are invested or field activities are initiated.

- Scientific Protocols for Monitoring

It was concluded that:

Appropriate expertise be assembled to develop atechnica handbook as a guide
to scientific protocols to be used in monitoring programs (this was judged to be
beyond the mandate and expertise of these workshops).

- Measurement Methods, Including Frequency of Measurement

It was concluded that:

The most appropriate methods and the details of the study design can only be
addressed on a case-by-case basis based on the fundamenta principles outlined
in the report.
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- Sandardization and Quality Assurance of Technigues and Data;

It was concluded that:

A st of recommended techniques and parameters of relevance to Antarctica
should be developed to standardize monitoring and to provide advice to
operators in developing monitoring activities.

Standards and procedures developed in temperate and arctic climates should be
applicable, and should be adopted for use in Antarctic monitoring programs with
gppropriate modifications.

Unique characteristics of Antarctica that need to be consdered when developing
monitoring programs include a lack of background data, the wide separation
between sites, the structure of food chains, and the growth rates and geographic
patterns of organisms.

Standard QA/QC practices must be a cornerstone of Antarctic environmental
monitoring to ensure maximum return on resource invesment in monitoring
activities.

- Applicable Technology;

It was concluded that:

Guiddines on agpplicable techniques and QA/QC procedures should be
addressed on a case-by-base basis in the context of the fundamenta principles
outlined in the report.

- Data Management;

It was concluded that:

Free access and wide availability of data is important so that nationa program
managers that collect locad data can put ther results in a broader, regond
context.

Effective internationa data management is crucid to the fulfillment of Protocol
requirements for monitoring.

Long-term preservetion and standardization of data is important in ensuring that
basdline information can be developed againgt which change is measured;
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- Criteria for Judging Whether Monitoring Objectives are Being Met;

It was concluded that:

» A feedback mechaniam is necessary to determine whether monitoring is effective
and hence whether it should be supported and how it can be improved.

* The peformance of a monitoring program should be judged with reference to
protocol, scientific and practica objectives.

*  Environmenta monitoring should be periodicaly reviewed by individua netiond
programs preferably with the assstance of an objective, third party organization.

Agendas of the meetings, a ligt of attendees, and short summaries of workshop presentations
are provided as supporting information in the attached annexes.

43



ANNEX 1

WORKSHOP PROGRAMS

Al-1



WORKSHOP 1
PRIORITISATION OF IMPACTSAND THE
DEVELOPMENT OF MONITORING OPTIONS

October 17-20, 1996
Odo, Norway

TUESDAY, 17 OCTOBER 1995
0800-0900  Regidration
0900-0905  Welcome Address

0905-0915  Opening Address. Godls of the Workshop
Workshop Chairman: O .Rogne (IASC, Norway)

0915-1000  Sciencein Antarctica- itsimportance and impacts
O .Orheim (SCAR, Norway)

1000-1030  Role of Environmenta Monitoring
A. Karlgvist (COMNAP, Sveden)

1030-1100  Coffee Break

1100-1145  Principles of Environmenta Monitoring
W.P. Williams (University of London, United Kingdom)

1145-1215  The Arctic Monitoring and Assessment Programme
L.-O. Relerson (AMAP Secretariat, Norway)

1215-1245  Monitoring Human Impactsin the Arctic
C. Herlugson (British Petroleum, USA)

1245-1345  Lunch Bresk
1345-1730  Working Group Sessions
WGL: Key Impacts of Operationd Activities
Chairman: E. Chiang (NSF, USA)
Rapporteur: G.M. Wratt (NZAP, New Zealand)
WG2: Key Impacts related to Science Activities and Ecosystems

Chairman: M. Tilzer (Alfred-Wegener-Institut, Germany)
Rapporteur: J.R. Shears (British Antarctic Survey, United Kingdom)

Al-2



WG3: Design of Monitoring Frameworks

Chairman: M. Riddle (Antarctic Division, Australia)

Rapporteur: R. Schorno (Geosciences Foundation, Netherlands)

WG4: Interpretation of Protocol Requirements on Monitoring

Chairman: M. G. Richardson (FCO, United Kingdom)

Rapporteur: R. Hansson (Norsk Polarinstitutt, Norway)
WEDNESDAY, 18 OCTOBER 1995

0900-0945  Typesof Pollution - Hydrocarbons
I. Venkatesan (University of California, USA)

0945-1030  Typesof Pollution - Sewage
G. McFeters (Montana State University, USA)

1030-1100 Coffee Break

1100-1145  Typesof Pallution - Atmospheric
E.W. Wolff (British Antarctic Survey, United Kingdom)

1145-1230  Antarctic Case Study - Environmental Monitoring of Impacts @& Terra Nova Bay
Station
P. Giuliani (ENEA, Italy)
1230-1330  Lunch Break
1330-1730  Working Group Sessions
THURSDAY, 19 OCTOBER 1995
0900-0930  Report of WG4
9030-1000  Quedtion Time
1000-1230  Working Group Sessions
1230-1330  Lunch Break
1330-1730  Working Group Sessions
FRIDAY, 20 OCTOBER 1995
0900-0930  Report of WG1

0930-1000  Report of WG2
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1000-1030  Report of WG3
1030-1100  Coffee Break
1100-1230  Workshop Conclusions and Recommendations

1230 Lunch and Close of Workshop

Al-4



WORKSHOP 2
PRACTICAL DESIGN AND IMPLEMENTATION OF
ENVIRONMENTAL MONITORING PROGRAMS

March 25-29, 1996
TexasA&M University
College Station, Texas, USA

MONDAY, 25 MARCH 1996

1300-1700 Regidration
Rudder Tower, 2nd Floor

1830-1930 Reception at the home of Dr. Ray Bowen, President of Texas A&M University

*2000-2100 The Higtory of Texas A&M University in the Antarctic: Four Decades of Science
and Discovery onthe lce
Sayed El-Sayed, Texas A& M University (USA)
Rudder Tower Theater

TUESDAY 26 MARCH 1996

0800-0900 Regidration
Rudder Tower, 2nd Floor

*Penary Sesson | - Rudder Theater

0900-0910 Welcome
Dr. Ronald G. Douglas, Executive Vice President and Provost
of Texas A&M University

0910-0945 Keynote Address. Higtory of Environmenta Monitoring
Robert Huggett, U.S. Environmental Protection Agency (USA)

0945-1015 The Framework of Environmental Concerns and Responsein Antarctica
Robert Rutford, University of Texas at Dallas (USA)
Robert Hofman, Marine Mammal Commission (USA)

1015-1045 Coffee Break

1045-1115 Report of the Odo Workshop - Prioritisation of Impacts and the
Deveopment of Monitoring Options
David Walton, British Antarctic Survey (United Kingdom)

1115-1200 Fundamentas of Environmental Study Design
Roger Green, University of Western Ontario (Canada)
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1200-1300 Lunch- Rudder Tower Dining Room
1300-1530 Working Group Sessions

WGL: Monitoring Options for Physicd and Chemicd Impacts Methodologies, Applicable
Technologies, and Experimenta Design

Chair:  Tom O'Connor, National Oceanic and Atmospheric Administration (USA);
Rapporteur: Indira Venkatesan, University of California-Los Angeles (USA); Rudder
Tower Room 402

WG2A: Monitoring Options for Biologicd Impacts: Methodologies, Applicable Technologies,
and Experimental Design

Chair: Jose Valencia, Universidad de Chile (Chile); Rapporteur: Robert Spies, Applied
Marine Sciences (USA); Rudder Tower Room 504

WG2B: Monitoring Options for Biologicd Impacts: Methodologies, Applicable Technologies,
and Experimental Design

Chair: Peter Williams, Kings College (UK); Rapporteur: Colin Harris, International
Centre for Antarctic Information and Research (NZ); Rudder Tower Room 510

WG3: The Role of Data Management and Quality Assurance in Monitoring Programs

Chair: Steve Smith, International Centre for Antarctic Information and Research (N2);
Rapporteur: David Agnew, Commission for the Conservation of Antarctic Marine Living
Resources (Australia); Rudder Tower Room 404

WG4: Performance Criteriac How Do We Judge Whether Monitoring is Effective?
Chair: Warwick Vincent, University of Laval (Canada); Rapporteur: Robert Carney,
Louisiana Sate University (USA); Rudder Tower Room 502

1500-1530 Coffee Break

1530-1700 Working Group Session
Rudder Tower

WEDNESDAY 27 MARCH 1996

*Penary Sesson |l - Rudder Theater

0900-930 The Tools Available for Data Management and Data Accessihility 1ssues
Seve Smith, International Centre for Antarctic | nformation and Research
(New Zealand)
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930-1000

1000-1030

1030-1100

1100-1130

1130-1200

1200-1300

1300-1500

1500-1530

1530-1700

How Do We Ensure the Quality and Intercomparability of Data Produced in
Monitoring Programs?
Michael A. Champ, Texas Engineering Experiment Station (USA)

Marine Debris, An Antarctic Concern?

Ed Goldberg, Scripps Institute of Oceanography (USA)

Coffee Break

Environmental Monitoring in the Antarctic: The CCAMLR Experience

David Agnew, Commission for the Conservation of Antarctic Marine Living
Resources (Australia)

Experiencesin Large Complex Monitoring Programs. Are There Lessonsto be
Learned?

Tom O'Connor, National Oceanic and Atmospheric Administration (USA)

Lunch - Rudder Tower Dining Room

Working Group Sessions
Rudder Tower

Coffee Break

Working Group Sessons
Rudder Tower

THURSDAY 28 MARCH 1996

0900-1030

1030-1100

1100-1230

1230-1330

1330-1500

1500-1530

Working Group Sessons
Rudder Tower

Coffee Break

Working Group Sessons
Rudder Tower

Lunch- Rudder Tower Dining Room

Working Group Sessons
Rudder Tower

Coffee Break
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1530-1700

1830

Working Group Sessons
Rudder Tower

Dinner and Socid Event

FRIDAY 29 MARCH 1996

0900-0945

0945-1030

1030-1115

1115-1200

1200-1330

1330-1530

1530

Plenary Sesson Il - Memoria Student Center, Rm. 201

Presentation of WG1 Findings
Tom O'Connor, National Oceanic and Atmospheric Administration (USA);
Indira Venkatesan, University of California-Los Angeles (USA)

Presentation of WG2 Findings

Jose Valencia, Universidad de Chile (Chile); Robert Spies, Applied Marine
Siences (USA); Peter Williams, Kings College (UK); Colin Harris,
International Centre for Antarctic Information and Research (NZ)

Presentation of WG3 Findings

Seve Smith, International Centre for Antarctic Information and Research
(New Zealand); David Agnew, Commission for the Conservation of Antarctic
Marine Living Resources (Australia)

Presentation of WG4 Findings

Warwick Vincent, University of Laval (Canada); Robert Carney, Louisiana
Sate University (USA)

Lunch

Forum: Implementation of Environmental Monitoring in the Antarctic
Panel: Working Group Chairs and Organizing Committee

Adjourn
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WORKSHOP 1

Opening Address
O. Rogne
IASC Secretariat, PO Box 5072, Majorstua, 0301 Oslo, Norway

It is a pleasure to welcome you to Odo, and to this Antarctic Environmenta Monitoring
Workshop. Asyou have seen from the documentation you have received, this issue has been discussed
earlier both within COMNAP and SCAR, and by a Meseting of Experts in Buenos Aires, Argenting, in
June, 1992.

In 1994 the XIX Antarctic Treaty Consultative Meeting (ATCM) requested that SCAR and
COMNAP jointly convene workshops to provide expert advice on the design and implementation of
environmental monitoring programmes in the Antarctic. The terms of reference for the workshops are
defined by the ATCM.

There will be two linked workshops. The first one darts today and is concerned with
Prioritisation of Impacts and the Development of Monitoring Options. The second workshop is entitled
Practicd Desgn and implementation of Environmental Monitoring Programmes and will be held at
College Station, Texas, USA, in March 1996.

The underlying ams of the workshops are:

* to identify gpproaches to monitoring that are Smple to implemert, practica, redistic and
codt effective;

» to take into account the redlities of resources, logistica congraints and the limitations of
present technologies,

» todevelop ahierarchy of optionsthat can be progressively implemented as required; and
* tomeet obligations arisng out of the Madrid Protocol.

| mentioned that the terms of reference for these workshops were defined by the ATCM, and
they areincluded in the documentation. However, asterms of reference provide the main guiddines for
our work, | would like to remind you about the three main eements:

1. To review the priority of impacts which need monitoring (taking into account the activities and
impacts identified by the 1990 Antarctic Treety Meeting of Experts on Environmentd
Monitoring).

2. To develop hypothesis on which to base the design of monitoring programmes.

3. To provide technica advice.

The Importance of Environmental Monitoring

Man has serioudy damaged or changed the natura environment and the balance in nature n
many parts of our globe. There are internationa agreements that we should do better in the Antarctic. |
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believe dl those concerned in Antarctica have an interest in seeing her vaued attributes and resources
conserved. Consarvation must have a long-range view, and monitoring is our tool to assess the present
datus, trends, and attainment of goasin support of the conservation of vaued attributes and resources.

The gods of environmenta monitoring in Antarctica could be summarised as.

To provide an early warning of deterioration in the vaued attributes or resources, through:

* identifying the activities most respongble for such deterioration;

* edtablishing the present status of the values and resources,

» providing an evauation of present activities to forecast and forestal| future deterioration; and

» verifying the effectiveness of predicted impacts through an EIA process,

Thereis aneed to emphasise that we at this workshop should only be concerned with essentia
monitoring as required under the Protocol for activities undertaken in the Antarctic and not with
long-term research projects such as carbon dioxide monitoring, i.e., projects that contribute to the
globd picture.

The output of thisfirst workshop isintended to be:
1. Summary papers to be included in a combined proceedings volume.
2. Recommendations to ATCM on the framework, focus and design of monitoring programmes.

3. Key input to the second workshop in 1996.

The output of both workshops will be combined and considered by SCAR and
COMNAP a their meetings in Cambridge in August, 1996. After agreement and endorsement of both
sponsoring bodies, the workshop results will be presented at XXI ATCM in New Zedland in 1997.

The output from our workshop is the basis on which the next workshop will have to develop.

In this work, we must be redigtic and keep in mind a baance between a good scientific bass for
monitoring and the expense of the programmes.
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The Role of Monitoring - Some Introductory Remarks

A. Karlgvist
Swedish Polar Secretariat, Stockholm, Sweden

According to a standard definition the basic objective of environmenta monitoring is to detect
and measure changes in the environment by collecting time series of data for defined purposes and for
observing trends in the selected variables . In the context of this workshop, and in line with the remit
from the ATCM, the focus is on monitoring of impacts of human activities from research and its
associaed logigtic operations. Hence scientific monitoring, such as measurements of greenhouse gases
or dratospheric ozone, is outsde the scope of our concern here. However, there is common
understanding that monitoring should be done in a scientific way and that dl monitoring programmes
need to be based on testable scientific hypotheses. Although this is a sound principle it is not
unproblematic to apply for operational purposes. It should be recognized that there are didtinctive
differences between science and operationad monitoring and sometimes red conflicts of interests.

Fra of dl the purpose of operationd monitoring is different from scientific investigations. The
rason d'etre is to provide a bass for decison making. (Not decison making in genera but specific
decisons, eg. regarding human hedth, daimages to the ecosystem, disturbance to science programs
efc.). Monitoring which is irrdevant for decison making or does not improve the ability to make
decisons has no operationd vaue, regardiess of how interesting it might be from a scientific point of
view. On the other hand it might sometimes be sufficient to make quite smple and unscientific
observations and il have enough information to guide decison making. Certain types of impeacts are
obvious, others (especidly cumulative) impacts are not.

It is evident that monitoring in Antarcticais a resource demanding task. Cogt-effectiveness must
be a priority. It is not only of concern for managers but for the scientists as well. For most nationd
Antarctic programmes the total amount of resources is fixed. Monitoring will compete with other
activities. It isazero-sum game!

In addition to the direct cods in the form of trained people, time, scheduling congraints,
equipment and anadys's work, monitoring dso demands a long-term commitment and discipline. The
involvement of scientigts poses adilemma. Monitoring work is not viewed as aqudification in ascientific
career and skilled people are a scarce resource. Although in most cases the actud field work might be
handled by technicians, andyses and interpretations of results usudly demand specific scientific
expertise. In practice, the levels of pollution are often such that the analyses are done at low levels close
to the detection limits, sometimes requiring advanced insruments and careful handling to avoid
contamination.

It might be useful to illudtrate these ideas with a couple of examples. The snow fidds in the
vicinity of the Swedish gation Wasa have been monitored with respect to emissons from the gation.
Elementd carbon as well as SO4 and other ions have been measured during two different seasons
(Dec 91 -Feb 92 and Dec 93 - Feb 94). The andytical procedures applied were ion chromatography
and opticd methods (for dementa carbon). In summary the results showed that there were no
measurable effects from the station except within ca 300 metres downwind from the station. The
variability was high and it was difficult to separate the anthropogenic influence from naturd variation. In
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a scientific context these rather inconclusive results might serve as an argument for more research. But
how should a prudent manager react? Should the sampling be continued, extended or aborted? Where
does it make sense to monitor? Should the analytical techniques be changed and perhaps other variables
being measured? Or should decisons be made to change the procedures and energy production at the
gation and to invest in new equipment?

These are very red management decisons. We must be able to defend why we sdlect certain
key variables to monitor and (even more important) why we ignore others. And we must be able to
design our monitor programmes o there are natura stopping rules. It does not make sense and no one
would be interested in running programs which go on for ever. It is important that the collective wisdom
of this workshop in Odo and the following one in Texas in March next year should provide guidance in
how to handle such practical issues of resource dlocation.

The direct codts of this monitoring exercise at Wasa have been limited, dthough some rather
expensve laboratory work was involved. But there are other codts to the expeditions which are more
indirect. Wasais a summer station situated ca 120 km inland. The snow sampling was undertaken as the
firgt thing before the station opened in the season and as the last thing when leaving. This procedure puts
logistic congraints on the movement of people.

Another case which illugtrates the logistical aspects even more clearly is the proposa to make a
CCAMLR Environmental Monitoring Program Site at Bouvet Idand. (This is being evauated by our
Norwegian colleagues at the moment). The idea is to make regular counts of seals and penguins as top
predators in order to assess the productivity of the marine ecosystem in the Southern Ocean. Landing at
Bouvet Idand is difficult. Even if theidand is en route for the nordic expeditions to Antarctica, a stop at
Bouvet I1dand and deployment of personne would probably mean a couple of days - maybe more - of
the expedition’s time, i.e., a ddlay for 30-40 scientists to do their work. These are very real costs even
if they do not show up explicitly in budget caculaions.

These examples should not be regarded as an argument for less monitoring but rather as a
reminder of redity of operatiions. The scientific background of environmentad monitoring is well
recognised and the existing documentation gives a very good input to our discussons here. We know
what could be done; now we should agree upon what must be done, which

* mestslega requirements

*  makes stientific sense

* isopeationdly feasble

* isusgful for decison making.
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Principles of Environmental Monitoring

W.P. Williams
Monitoring and Assessment Research Centre, King's College, London

Introduction

Monitoring is a fundamental aspect of research, environmental management and conservation.
The organized and systematic measurement of selected variables provides for the establishment of
basdine data and the identification of both naturd and human induced change in the environment.
Monitoring data are important in the development of models of environmenta processes which, in turn,
fecilitate progress towards a predictive cagpability to detect environmenta impact or change. The
collection and evauation of monitoring data is essentia for the detection of human perturbation within
the natural variability of ecosystem processes (1).

It is important to recognise that monitoring is only part of the environmental management
process and that any monitoring programme must be developed in accordance with management
objectives. It isdso important that there is a cdlear understanding of what is meant by monitoring, which
can be used as an dl-embracing term to cover long-term trend monitoring and compliance monitoring.

Environmental monitoring, environmenta surveys and environmenta survelllance are terms thet
have been used widdy in the literature and can be loosely regarded as any activity involved in the
measurement of environmental parameters.  However, athough the activities involved in these
programmes may overlap, it is probably useful to define the terms more precisdy (2).

Monitoring

Long-term standardized measurement, observation, evauation and reporting of the environment
in order to define status and trends.

Survey

A finite durdion, intensgve programme to measure evauate and report the qudity of the
environment for a specific purpose.

Surveillance

Continuous, specific measurement, observation and reporting for the purpose of environmenta
managemert and operationd activities.

Monitoring Data and Information Needs

The mogt critical step in developing a successful and cogt- effective monitoring programme is the
clear definition of information needs and monitoring objectives, which should be derived from an
integrated assessment of management and policy objectives. The information needs must be clearly
identified by policy makers and the monitoring programme must respond to those information needs.
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The clear specification of monitoring objectives ensures that only the necessary data are collected and
that proper information is gained from the monitoring programme, promoting effective and efficient
monitoring & lower cog.

The ultimate god of monitoring isto provide informeation, not data. 1n the past, many monitoring
programmes have been characterized by the 'data rich, information poor’ syndrome, i.e., the focus has
been primarily on data collection aspects. There should now be more attention on the andys's and
further use of collected data so that the end product of monitoring is information. Data that do not
contribute to identified information needs, or whose use cannot be stated explicitly, should not be
collected.

A key dement to the development of effective environmental management is to establish a a
very early stage amonitoring framework for designing an appropriate environmenta information system.
The monitoring framework covers dl agpects of a monitoring programme to ensure that the information
will be generated to meet the monitoring objectives (3). A monitoring framework should consst of at
least the following five seps.

Define information needs for managemen;

Define information that can be produced by monitoring;
Design monitoring network;

Document data collection procedure;

Document information generating and reporting procedures.

agrwNE

Such a framework helps contribute to efficient monitoring, as dl monitoring activities are
anticipated, and the costs for the entire programme can be reviewed.

Monitoring Objectives

In order to assess the information needs for management it is essentid to have clearly defined
management objectives which in turn will enable environmental monitoring objectives to be formulated.
Environmental monitoring objectives can be classified into two broad categories which can be combined
in prectica terms to varying degrees. These are basic environmenta protection and the evauation of
impact and risk (4).

Basic Environmentd Protection - The mgority of monitoring programmes fal into this category
and are designed to provide basdine or background levels of pollutants, assessment of pollutant levels
at impacted Sites; estimation of pollutant loads and budgets; and detection of trends.

Evauation of Impact and Risk - An extenson of monitoring for basic environmental protection
is to incorporate an evauation of impact and risk and to provide data for prediction of future impacts.
The firgt stlage in such an extended remit involves the monitoring and assessment of pollutant pathways,
transformations, and accumulation through water, sediments and biota leading to an assessment of
exposure of the biota and humans.

In order to incorporate aspects of risk assessment to ecosystemns and human populations more
detailed monitoring will be required on the impact of contaminants on biota by monitoring and assessing
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the effects on individuds, species, ecosystems, and the exposure of humans and the risk to human
hedth. The purpose of such monitoring is to engage in risk assessment and risk management. Risk
assessment is usudly used in the context of human hedlth but it is increesingly redised that with a fragile
ecosystem an element of risk assessment needs to be used to manage environments for conservation -
to retain biodiversty and ecosystem integrity and to endble sudainable development of unique
resources.

Design of Monitoring Programmes

The design of sampling programmes to monitor the environment therefore involves a number of
important decisions once the objectives of the programme have been defined.

Theeinclude

What determinants to measure;

How many samples are required in agiven timeintervd,

Where to sample or locate monitors,

How to sample;

How the data obtained will be transformed into useful information.

These decisons mugt be taken againgt an understanding of the precison required of the results,
the nature and variability of the system being monitored, and the availability of resources.

An essentid fegture of an environmenta data base is that the data are verified both for method
and precison. Harmonized methodology is essentid and can be incorporated into monitoring design
protocols. Harmonization of techniques and inter-laboratory calibrations can in the long term save
money being spent on inaccurate or ingppropriate methodologies being used. An dternative option for
inter-laboratory quality control procedures is the Performance Based Andyticd System (PBAS). This
permits choice of methodology but there must be proof of the methods adequacy and the method must
provide results that can be cdlibrated against stlandard methods. It isimportant to stress that the Quality
Assurance procedures of an environmental monitoring programme must ensure that al aspects of the
programme receive appropriate atention. The data are no better than the weakest link and therefore dl
elements must provide quality assurance.

It is frequently suggested that the availability of resources is outsde the field of sampling theory
and that statistically based sampling programmes cannot be modified by such congderations. Whilst the
ided’ programme may be of interest, the statistical and practical aspects of a programme cannot be
separated and datistical sampling theory can ill be vaidly used to alocate resources within a limited
overdl budget. Ultimately if the objectives of a given programme cannot be met within the available
resources, a radica re-think may be necessary. It is better, however, to recognize this by giving due
attention to the sampling exercise before effort is wasted in collecting data which subsequently turns out
to be inadequate.
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Data Requirements for Monitoring and Assessment

If we consider the attributes of monitoring data required for different management objectives we can see
that for basic environmental protection monitoring data will include physicochemicad monitoring of key
parameters with estimates of means, range and variance plus details of spatia and tempora variation.
Before recommending embarking on extensons to the basic environmental protection programme one
needs to be aware of the information needs of this gpproach and hence the resource implications. We
can condder the possible types of environmental data that may be required:

biologica monitoring

messurement of bioaccumulation and biomagnification.

measurement of ecosystem stress - use of biological indicator organisms.

measurement of ecosystem processes.

measurement of ecosystem integrity.

human heglth monitoring (measurement of exposure and risk assessment.)

integrated human and ecosystem monitoring

development of modes to enable prediction of future environmental impacts and risks.
integrated pollution monitoring to provide holistic assessment of best management options.
ealy warning sysems

A useful concept is that monitoring programmes should be designed to provide early warning
ggnds of problems. In this context early warning can be defined as the detection of Sgnas indicating a
future environmenta problem with a sufficient lead time to initiate corrective or mitigatory actions. The
principle is thus to monitor one or more parameters to predict a future state of the system in time to
alow appropriate corrective management procedures (5).

The key components of an effective early warning sysem need to comprise i) Problem
awareness, i) Signd detection, iii) A forecasting or model component, iv) Communication system. v)
Mitigation system) vi) A learning component.

Integrated Environmental Management Systems

Nationdly and internationdly, the emphasis in environmenta protection is moving steedily away
from just achieving compliance with statutory release limits. Emphasis is now being given on the need
for indudry to take the initigtive to prevent pollution in the first place and to conserve resources.
Industry is being encouraged to implement a formaized and systemdtic gpproach to environmenta
management |leading to standard specifications for environmenta management systems such as BS7750,
the Ecomanagement and Audit Scheme (EMAS) and 1SO 4001 (6). Thisis clearly a very important
strategy to be encouraged for dl activities taking place in Antarctica. These standards can be gpplied to
any ativity, large or smdl, ranging from camp gSte to cruise ship, from refuding post to mining
exploration station.

The dandard specifications for environmental management systems essentidly  represent
common sense and best environmental practice. These practices need to be gpplied to the entire
operation and thus will consider the following basic eements of an organizations actions which should be
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examined from an environmentd perspective s0 that the environmentd impact of each ement of an
operation can be identified and, as far as possible, diminated.

Important aspects of these systemsiis that they explicitly require an organization to make a commitment
to continud improvement in environmenta performance and to specify objectives for improvement over
aspecified time scae. BS7750 requires that objectives are publicly available for scrutiny. Organizations
are d <o required to identify and evauate al direct and indirect environmenta impacts particularly those
over which the company has or may be expected to exert some control. Organizations are required to
mantain an internd regiser of sgnificant environmenta effectss.  BS7750 requires that monitoring
procedures including methodology and quaity control should be clearly specified. The EMAS is less
gpecific but adso refers to monitoring procedures. Records must be kept by organizations of al
gppropriate environmenta legidation and regulations.

In the context of Antarctica it would seem appropriate that all companies, research groups and
tourist facilities, etc. should be required to adopt best environmenta practice and that this could be
achieved through a registered environmental accreditation system leading to an integrated environmental
management system which operated prior to any pollution release through to the management of
pollution and abatement measures.

Conclusions

Monitoring is an expengve activity. It is estimated that current cods of dl water qudity
monitoring in the European Union is goproximately 350-500 million ECU. Despite this sum of money,
there is dill insufficent information being collected to meet al the water management needs. At the
same time the funds for monitoring are often limited due to budget condraints. Thus there is dways a
need for better information at lower cost. The cost effectiveness and ficiency of monitoring can be
improved in part by monitoring drategy, i.e, by having clearly defined monitoring gods and data
gathering needs and an established monitoring framework.

In the Antarctic, with the various internationa players operating separately in many respects, it is
vitd that issues of comparability and availability of data from different countries or monitoring
programmes are dedt with at the formative stage. Reliability and comparability of data can be ensured
by quality assurance and qudity control in dl activities of monitoring.

Availability of data can be facilitated if agreements on the procedures for data handling,
reporting, storage and exchange are established as part of the Monitoring Framework developed at the
outset of the monitoring programme. Asfar as possible data should be collected, recorded and reported
in standard, preferably digital and dectronic, formats. Data archiving is a most important aspect of data
handling and needs to incorporate the local recording and storage of monitoring data which will permit
local assessments of current status and trends, together with the development of a centraized database
which can be reliably accessed to provide wide ranging State of the Environment Reporting.
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Arctic Monitoring and Assessment Programme

L.-O. Reierson
AMAP Secretariat, Odo, Norway

The polar regions of the world, once considered as places far from any trace of civilization and
thus aso of its less desrable consequences, are gaining atention as regions with non-negligible
concentrations of martmade contaminants. This is particularly true for the Arctic, which, because of its
different geographica setting, seems to be increasngly affected by numerous inorganic, organic and
radioactive trace dements. Thisfact is of concern for at last two reasons. On the one hand, the Arctic
and its southern counterpart are sengtive indicators for specific types of contaminants and their various
trangport paths. Because of a lack of any congderable indudtrid activity in the high Arctic and even
more 0 in the Antarctic, the polar regions represent an ideal laboratory for the detection of trace
substances and the unravelling of their interactions with different environmentad compartments. On the
other hand, due to the ddicate nature of polar ecosystems, these contaminants present serious threats
for Arctic nature and its inhabitants, including humans.

It was this concern that led the Environmental Minigters of the eight Arctic countries (Canada,
Denmark/Greenland, Finland, Iceland, Norway, Russia, Sweden, USA) to consider effective ways of
safeguarding the circumpolar environment.  In response to an initidtive by the State of Finland, the
minisers met in Rovaneimi, Finland.  After thorough discussions, they drafted an Arctic Environmenta
Strategy (AEPS) which was passed on June 14 1991. As one of the direct items under AEPS it was
decided to initiate an effort directed at assessing the present state and monitoring any future changes of
the Arctic environment, the Arctic M onitoring and Assessment Programme (AMAP). AMAP not only
drives to measure the levels of anthropogenic contamination but dso to assess ther effects on relevant
components of the Arctic environment.

In order to pursue this task, AMAP through its Task Force, its secretariat in Odo and various
nationd committees, drafted a firg overdl implementation plan as wel as individud nationd
implementation plans for the initid phase of the programme. This phase will be completed by a State of
the Arctic Environment Report dueto be ddlivered to aministerial meeting in the near future,

AMAP has four key objectives.

» to monitor, assess and report the status of the Arctic environment
» to document and assess the effects of anthropogenic pollution
 to recognize the importance of and the use of the Arctic flora and fauna to the indigenous

peoples
e to document levels and trends of contaminants

AMAP is directed by the AMAP Task Force which conssts of representative s of the eight
Arctic countries as voting members, as well as representatives of internationd Arctic indigenous
organizations, internationa organizations involved in monitoring and regulatory activities, assessment and
research and observers from anumber of countries with sgnificant research activitiesin the Arctic.
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There is no common fund or budget avalable for AMAP. The monitoring and assessment
activities are solely financed by participating countries or though hilaterd or international agreements or
programmes. Thisisacritical factor for the success of AMAP.

In order to achieve some coordination of activities “lead countries’ were agreed for magor
compartments.

The atmosphere - Canada

The marine environment - Norway
Theterrestrid environment - Sweden
The freshwater and rivers - Finland
Human hedth - Denmark

ahrwpnpE

Out of a subgtantid list of important parameters to be monitored in each compartment priority
was given to three : pergstent organic pollutants, sdlected heavy metds, radionuclides. Considerable
progress has been made in dl these three classes, both in synthesizing existing data and collecting new
datawithin aframework of agreed protocols and with inter-laboratory cross-calibrations.
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Techniquesfor Protection of the Arctic Environment

C. J. Herlugson
BP Exploration(Alaska)inc., P.O. Box 196612, Anchorage, AK 99519-6612, USA

At BP Exploration (Alaska) our main environmental objectives are to minimize and diminate
environmentd liability and risk, maintain our license to operate and conduct corrective action for past
practices.

To hdp protect the Arctic environment in which we operate, we focus on production practices,
including facility desgn and congtruction, pipeline design and condruction, and operations. The god is
to eiminate or reduce impacts, including air emissons, releases to water, releasesto land, spillsand loss
of habitat. For example, we dite facilities to avoid sendtive areas. Buildings are devated to protect the
permafrost. Condruction is timed to reduce interference with wildlife. Roads and pipeines are
separated to facilitate wildlife movements. We use ice roads and ice pads. We have achieved a 70%
reduction in surface impacts by diminating reserve pits for surface storage of drilling muds and cuttings,
using directiond drilling and reducing wellhead spacing. By centrdising support functions and sharing or
consolideting facilities we have further reduced our footprint on the Arctic tundra and faciliteted
development of peripherd fidds. Prior to development, we conduct environmental assessments to
establish basdline data on habitat types, and wildlife distribution, abundance and movements.

Waste management is another area in which we can reduce or diminate impacts. Waste
handling facilities are centrdised. We have an aggressive recycling programme and comprehensive
employee training to increase environmenta awareness and we conduct audits of our facilities and
operations.

Saill prevention is the third mgor area in which we can reduce pollution and environmenta
impacts. We use secondary containment to reduce the chance of spills reaching the tundra, we have
implemented dtrict fluid transfer procedures and we use surface liners. We pre-deploy eguipment at
sengtive Stes and provide comprehengve training for employees and on-site contractors. There are
scheduled and surprise drills to maintain readiness.

All of these efforts provide experience with tools useful to those who have to address issues
relating to development in aress beyond Alaska, such as the Antarctic. The lessons BP have learned
over more than three decades in Alaska can be applied esawhere.  We understand the processes
occurring in the Arctic environment and how our facilities affect those processes. We can now focus on
advance planning and diminaing environmenta ligbilities. We have learned the vadue of working
cooperatively with agencies and nationd representatives and with environmental organisations (NGOs
and government). We are congtantly looking for ways to improve our operations and gpply innovative
technologies to prevent future deterioration.
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Pallutantsin Antar ctica: Hydrocarbons, M etals and Synthetic Chemicals

M. I. Venkatesan and M. C. Kennicuitt 11,
1Geophysics & Planetary Physics, UCLA , 5839 Slichter Hall, Los Angeles,
CA-90024-1567, USA
2Geochemica & Environmenta Research Group, Texas A&M University, 833
Graham Road, College Station, Texas 77845, USA

Major Focus of the Presentation

The intention is to present an overview of the chemicas potentialy released in Antarctica by
humans and of the present knowledge of contaminant didtributions. Station and airdtrip logigtics
operations, station maintenance and scientific research, accidental fud spills and surface run-off dl
contribute to hydrocarbons, metals and synthetic chemicas in the region. Naturd inputs of the former
two components have also been adequately documented in the literature.

Introduction

In generd, anthropogenic input is very low, representing globa background signa and below
the thresholds of harmful effects. Pollution is limited to few locations and events. The extent of hao of
contaminants is limited to hundreds of metres from the point source. The sphere of influence of human
activity depends on the intengity of contamination and the local oceanographic setting i.e., high energy
environments help disperse while low energy environments tend to accumul ate the contaminants.

Long distance aimospheric trangport is indicated by the smilarity of contaminant pattern or
fingerprint of chemicds i.e. PCBs in Antarctica, to that observed in the entire southern hemisphere.
However, the available data demondtrate that on a continent-wide basislocal inputs far outweigh globa
inputs. At the present time local inputs are probably the only ones with potentid to accumulate to levels
that might induce biological responses.

Literature survey dso clearly shows that spatia coverage for contaminants is patchy and
rlevant time-series data are sparse. Most of the early work has been confined to coasta regions
mainly because of the easy accessibility from research dations. The available data are, therefore, not
representative of the marine ecosystems in the Southern Ocean.

Fossl fud spills are the most unpredictable and potentidly most catastrophic contaminating
eventsin the Antarctic region.

Practicalities of Monitoring Hydrocarbons and Other Components

The utility of monitoring depends on how well the anthropogenic signature can be differentiated
from naturd inputs eg.,. for hydrocarbons from seepage and shde erosion, or for metals from
westhering of basdtic debris. Hydrocarbon distribution patterns rather than indices i.e,, odd/even
ratios, appear to be more suited to understand the region. Monitoring of synthetic chemicasi.e., PCBs,
DDTs, dkylbenzenes etc. is vaduable because of thelr unambiguous origins. However, the generd
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occurrence of the chlorinated hydrocarbons in the region a very low levels chalenges the sample
handling and andytica techniques.

Alkylbenzenes, indicators of laundry detergents, have been reported in only one study and this
could be extended both to other locations as well as being gpplied more intensively at some Stes to
folow the sawage plume. Faecd derols are dso indicators of sewage inputs in the vicinity of
seitlements. These compounds could be measured wherever hydrocarbon monitoring is planned.

Recommendations
Spatia and tempora baselines of selected compounds or indices should be established by
planned spatiad coverage, identifying reference stations, repesat vigts to reference stations and seasond
coverage for variability. It isagaing this basdline datathat the loca perturbations must be measured.
Complete inventories of chemicas and other commodities transported in and out of Antarctica
should be undertaken. Information, particularly on chemicas which are transported to Antarctica, their
volume, contaminants or byproducts generated from their various uses should be gathered.

Types, frequency and intengity of activities carried out in Antarctica should be listed.

A mass baance should then be possible from the rate and type of contaminants produced and
the activities in the region.  This will hep estimate or predict the environmenta levels of pollutants and
thus their potential for effects.
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Environmental Monitoring in Antar ctica: Atmospheric Pollution

E. W. Wolff
British Antarctic Survey, High Cross, Madingley Road, Cambridge CB3 OET,
United Kingdom

The Antarctic amosphere has been subject to changes in recent decades due to globa

pollution, long-range transport from other continents, and loca pollution from dations and other
SOUrces.

Globdly digtributed pollutants, seen dso in the Antarctic, include chlorofluorocarbons (CFCs,
respongble for Antarctic ozone depletion), and radiatively-important trace gases (such as carbon
dioxide and methane).

Antarctic Sations participate in globa programmes to monitor levels of these pollutants, and ice core
data are used to trace changes over periods before instrumental records began.

For long-range transport, the Antarctic isin very different position from the Arctic, being much
more isolated from potentia sources. Thus, the mgor concerns of Arctic monitoring schemes, such as
input of pedicides and metds from mid-latitude sources, are of little environmenta concern in
Antarctica, although of interest for understanding transport. Sampling of snow and ice cores has been
used to show Sgnificat changes over recent decades in amospheric leves of radionuclides (from
amospheric nuclear testing) and lead (from mining activities and leaded fuds). On the other hand,
nitrate and sulphate, indicators of acid precipitation, remain more or less unchanged in concentration.

The main sources of pallution within Antarctica are Antarctic Sations, and vehicles (including
ships and aircraft) away from gations. Field camps are very minor contributors. Fuel combustion (and
evaporation), waste combustion, and congtruction, are expected to be the main contributors to
amospheric emissons. Emissons from arcraft, ships and stations are likely to be of smilar importance
to the Antarctic atmosphere as a whole. However, in considering local concentrated dfects, only the
static source (stations) should be of concern.

A whole hogt of pollutants will be emitted - CO, CO,, SOy, NOy, soot, hydrocarbons,
polycyclic aromatic hydrocarbons, heavy metds, dioxins, dust, heat, noise and eectromagnetic radiation
might al be of concern if emitted in large quantities. Pegticides, PCBs, radionuclides, and microbiota
have aso been mentioned in documents, dthough we could expect that there are no dSgnificant
atmospheric emissions of these gpeciesin Antarctica

In designing a suitable monitoring programme, it is necessary to decide what is being protected.
Concerns could be for human hedth, for flora and fauna, for stability of snow cover, for science
programs, or a generd desire to keep the Antarctic pristine.  Different criteria would gpply to the
protection of each of these. A programme would also need to take account of the different types of
dation. At one end of the spectrum istheinland ice Sation, with a strong temperature inverson and less
strong winds, making disperson less efficient, but with no loca wildlife to protect. At the other end are
coadd dations with srong katabatic winds driving pollutants away, but which may have wildlife very
near the station.
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A few examples can be given where monitoring around a station has dready been carried out.
Measurements of lead in surface snow (as a surrogate for air) around Haley sation showed levels
goproximately 3 times background a 1 km from the station. No effect was discernible at 10 km
distance. Emissons of lead from leaded aviaion gasoline used in some arcraft could dso have had a
widespread effect on concentrations.  Although these findings suggest possible limitations on scientific
gudies of long-range transport of lead pollution from outside Antarctica, levels even 1 km from the
gtation are about 1000 times lower than typica levelsin populated aress.

Soot from generators can increase the levels of black carbon measured a few hundred metres
away by factors of 100 above background. However, surveys carried out around South Pole and
Vostok gations suggest that the levels even 1 km downwind of the dtations are too low to influence
snow albedo.

Another combustion product, polycyclic aromatic hydrocarbons (PAHS) was measured around
TerraNova Bay gation. Although dightly elevated levels were seen at about 200 m from the source in
the downwind direction, vaues were dill in a Smilar range to the lowest detected in other remote
regions.

It appears that, where measurements have been made, most pollutants are undetectable above
background even a few hundred metres from the source. The implication is that monitoring & km
distances from gations will yied vaues below detection limits, while sampling in generator chimneys will
clearly show raised levels. What questions, yielding answers in between these two extremes, should
monitoring be asking?

For monitoring to be worthwhile, results must be accurate and meaningful. In fact, for many
gpecies of concern, background levels may be measurable only by expert andysts using research
ingruments or very expensive devices, and taking great precautions. There is a Sgnificant likelihood of
contamination from oily clothes, cigarette smoke, passing vehicles and other causes if sampling
programmes are poorly designed. For most species, only within tens to hundreds of metres from the
source is measurement likely to be more routine.  Collection on filters or in flasks for subsequent
andyses in home laboratories may be possible if stringent instructions and precautions are used by
wdl-motivated collecting personne. Andyss will gill be expensve in these cases, and there are
concerns over sample dability (volatility) during severd month trangport to home laboratories for many
organic pecies.  Measurement of emissions in incinerator stacks, etc., is of course possible, though
probably most protocols are designed for larger sources.

A hypothesis on which to base amospheric monitoring might be:

a that there is an area around each gation beyond which there is no posshility of ecologica
damage, and that there are no ecosystems within this areg;

b. that thereisalarger area within which raised concentrations can be seen, but that thisis an
acceptably smdl part of the area of Antarctica

Any assessment is then amed a defining the Sze of these areas, and this might be done in a number of
ways.
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Possible monitoring strategies can be considered:

1 Routine, year-round monitoring of many species a many stes a dl aions would be
very expensve, and would likdly yield many incorrect and meaningless data.

2. A paper sudy of emisson inventories, backed by plume modeling, could identify
potentia problem species and stations, particularly those where ecosystems are in the
downwind direction. Monitoring could them be concentrated in these problem aress.
An add-on to this gpproach would be to monitor stacks to validate the inventories.

3. An intensve sudy of a few “typicd” sations could be used to vaidate the moddling
approach for other stations.

4. An expet group, with dsate-of-the-art knowledge and instruments could be
commissioned to monitor at gations on SCAR's behdf, ensuring consstency of data
between stations.

There is probably some scope for reducing emissons of some species (eg., use of unleaded
fuel, avoidance of Clcontaining species in incinerators), but some pollution is inevitable as long as
combustion takes place.

In summary, exiging data show that atmospheric pollution from Antarctic sources is extremely
localised (to within a few hundred metres of source emissons), and likely to have an ecologica effect
only where stations are very close to biota. There are dso areas close to stations where some science
programmes cannot be carried out because of atmaospheric pollution.

A monitoring programme would be most useful if it concentrated on areas where red threats
might exist. It must avoid producing alot of incorrect or meaningless data.
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Environmental Monitoring at the Terra Nova Bay Station
L. Testa, P. Giuliani, M. Kuneshk
ENEA-ANTAR
Rome, Itdy

Introduction

Ity signed the Antarctic Treaty in 1981. In 1985 the National Programme of Research in
Antarctica (PNRA) was established with funding for five years. 1n 1991 a second five-year programme
was gpproved and a new five-year programmeis at present in preparation.

The PNRA foresees awide range of research projects within five mgor groupings.

» Geologicd evolution of the Antarctic continent and of the Southern Ocean
* Globd Change

»  Observatories and geographica information

» Methodologies for environmenta conservation

* Technologica research

In the Act of Parliament indtituting the PNRA it is dso dated that internationa cooperation must
be encouraged. In particular, at least 20% of the funding must be used for joint ventures with other
nationa programmes. Itdian researchers are active in a number of the large internationa programmes
promoted by SCAR.

Italy became a Consultative Party to the Antarctic Treaty in Oct. 1987 and a member of SCAR
in September 1988.

The summer research dation Baia Terra Nova was established in the 1985/86 season in the
Ross Sea area, on arocky, ice-free coastd site at 74° 41'42" Sand 164° 723" E. The site had been
selected in the previous years by Itdian scientists, in cooperation with the New Zedand Antarctic
Programme.

The Ste presents a number of desirable characteristics, both from the scientific and the logistic
points of view. Ten years of operation of the sation have confirmed fully the origind decision to choose
the gte from where a full range of interesting and important scientific research activities can be
performed. From the logistic point of view, the bathymetry of the area allows easy access by ship. The
position of the gtation near the tip of a samdl peninsula which protects the sea ice in a smdl bay has
dlowed the use of a sea ice runway, which can be used from mid October to the beginning of
December by C-130 aircraft. This development permits an earlier opening of the activities at TNB than
can be achieved with only ship support. Another advantage of TNB is its comparative proximity to the
US and NZ bases at McMurdo Sound, about 350 km to the south.

The firg Itdian expedition went to Antarctica in the 1985-86 season. A detailed survey of the
local areawas performed, to sudy the Ste and to select the actua positions of the base buildings. The
expedition used tents and nor permanent accommodation and some materia and equipment was left on
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gte for the following campaigns. The congtruction of the station began with the second expedition in
1986-87. During this expedition the implementation of the scientific programmes and of the
environmental monitoring activities began.

Terra Nova Bay Sation

The daion is for summer use only, being active from mid-October to the end of February. Theinitia
decison of the PNRA was that the congtruction and operation of a year-round base was not judtifiable
on the bagis of the scientific programmes proposed at that time. However, the option to transform TNB
into a year-round station remains open. The temperatures at TNB during spring and summer are not
extreme, with minimaaround -10° C to -15° C and maximaaround 0° C.

The dation has been built gradudly. In the 1986-87 season one main building and two auxiliary
building were assembled, usng standard 1SO 20 containers with extra thermd insulation. These
buildings are mounted on sted columns raised above the granitic rock of the Site, in order to avoid the
accumulation of wind-driven snow. The man building of 630 sgm is composed of 34
container-modules in two rows of 17 with an ade in between. It houses deegping quarters, shower and
toilet facilities, kitchen, surgery, radio room, office space and some laboratories. In the same season a
reverse osmoss desdination plant (7 cu m/day), two diesdl generators (175 kVA each), and
workshops were also ingalled. At the end of the 1986/87 season the base was fully operationa witha

capacity of 48 persons.

More buildings and facilities were added in the following seasons. In particular:  two more
powerful diesd generators (375 kVA each), while the two older ones were put in reserve;,  bigger
reverse osmosis plant, with a production of 28 cu m/day; a sewage treatment plant and an incinerator
were indalled in 1987/88; ten containers housing laboratories, in 1988-89, new modules were added
for 7 new laboratories, a computer room, offices, one meeting room, radio room, operations room, 4
deeping rooms with facilities; 9x containers were ingaled near the main building to house an aguarium,
scuba dressing room and two geology laboratories. A mgor addition during the 1988-89 season was
the congtruction of two large hangars to be used as workshops, warehouses and vehicle storage. The
fifth campaign, 1989-90, saw the establishment, a 400 m from the main building, of a sub-millimetric
infrared |aboratory.

In addition to the buildings mentioned there have been other infra structural developments. The
dation has two helipads with loca fuel sorage. The main fud dorage is in two sted, double skinned
cylindrica tanks, each having a 600.000 | capacity.; additiond fudl storage has been provided near the
diesd generatorsin order to avoid too frequent fuel transfers, which could lead to spills.

Environmental Considerations

The Terra Nova Bay dation has been built and is operated in such a way as to keep the
environmental impact to the minimum. It is however a rather large station with a mgjor and diverse
scientific programme.  In order to minimise the use of fuel, a co-generation system is indaled on the
diesdl generators to recover waste heat which is used for heating the station. A drict waste management
plan is enforced and most wastes are retrograded out of the Antarctic Treaty area.
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From the 1991-92 campaign the base has standardised JP8 as fud for practicdly dl uses, from
the diesd generators to the refudling of the hdlicopters and the C-130 that is used for logistic support.
This has cut to the absolute minimum the use of leaded fuels.

An environmenta monitoring programme was begun very early in the life of the sation as will be
described later and many activities have been modified by the results of this monitoring.

Environmental Monitoring

The main purpose of the applied monitoring is the detection of local and regiond environmenta
effects caused by specific human activities. In the case of an Antarctic station the specific human
activities are those performed during the operation of the station. Thus, both logistic and scientific
activitiesareincluded  In selecting what to monitor, factors such as the following must be considered:

. type of environment
. equipment and personnel available

. cost of monitoring and its duration
. interference between monitoring and other activities
. relevance of the monitored variables

Both the Recommendation XV-5 and the Protocol on Environmental Protection to the Antarctic
Treaty cdl for nationa programmes to establish environmenta monitoring programmes for activities that
include:

waste disposa

contamination by oil and other noxious substances

congtruction and operation of gtations, field camps, ships, arcraft and logistic support
implementation of field programmes

recregtiond activities

activities related to protected aress.

oSOuhswWNE

The Protocal, in particular, requires, inits Art. 3.2 (d) and (e), “regular and effective monitoring
to dlow assessment of the impacts of ongoing activities, including the verification of predicted impacts’
and “to facilitate early detection of the possible unforeseen effects of activities'.

Severd of the research projects caried out under the PNRA ded with environmenta
monitoring for basc research purposes. The agpplied environmental monitoring which has been
implemented a TNB since the beginning of the operation of the gtation in the 1986-87 season has
borrowed ideas and methodologies from these scientific projects. Scientific monitoring has been
concerned with sea water, freshwater, soils, particulates, sediments, air, etc, as well as different biota.
The gpplied environmenta monitoring has concentrated its atention on only some of these.

TNB isavery active gation and the range of itslogigtic and scientific activities is quite broad for
a summer-only station. Consequently, in the selection of what to monitor, a certain number of decisons
had to be taken. The programme has been developed as activities developed, in the sense that with the
indalation of new equipment, such as the incinerator, or with increase in the number and types of
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vehicles, changes were made in the monitoring programme. The availability of different means of sample
analys's has sometimes changed the type or the frequency of sampling.

The Environmental Monitoring Programme at TNB

The first expedition (1985-86) did not perform any environmental monitoring. There was yet no
permanent accommodation or ingtalation and most efforts were concentrated on a survey of the area,
some bathymetric work, the determination of the point sites for the future Setion.

Airborne Particulates Monitoring

1986-87

1987-88

1988-89

1989-90

The programme of monitoring was initiated and the collection of samples began.

This was done before the actud start of condruction of the station buildings and
before the gtart of activities, in order to collect background vaues. This initid
monitoring was centered on arborne particulate maiter and freshwater. The
collection of samples was performed with a low-volume air sampler about 1200 m
from the centre of the gtation, taking good care not to sample the diesd generator
exhaudts. Thisfirst set of samples was amed at the measurement of 44 dements
including Na, K, Mg (marine origin), La, Sc, Al, S (crugtd origin), and V, Hg, Cd
(anthropogenic origin). Andyses used an Indrumental Neutron Activation Andyss
(INAA) in the TRIGA research reactor of the Casaccia Research Centre.  The
extremely low concentrations of the ements, very close to or below the sengtivity
of the insrumentetion, was a dgnificant problem. Because of this the sampling
periods of the samplers was gradualy increased.

Sampling for arborne particulates was performed in the vicinity of the Station
buildings. Two new automatic low volume samplers were used, set at about 2100 m
NE and & 600 m SW. This monitoring was performed in order to assess the
effects of gtation activities,

The monitoring programme was focused on the impacts from station activities. Four
automatic samplers were in action, the two indaled the year before and two new
ones, one 100 E of the gation and another well awvay from the ation a Skua
Lake. Oneinteresting fact emerged: with the increased activity of the gation, there
was no sgnificant increase in the vaues of the pollutants measured.  After this
campaign, on the basis of the results obtained so far and because of the lack of a
good corrdation with meteorological data, it was decided to carry on with the
multi-elemental characterization of the environment, in order to obtain enough data
to perform datistical analyses and to obtain ardiable set of background values.

Two Andersen high volume samplers were put into operation a 120 m S and a
700 m WSW. They have an air flow of 1130 I/min, with a sampling period of 3
days. Logigics and loca land morphology had a part in the sdection of the
sampling dtes.  The filters were anadlysed both by INAA techniques for the
determination of the most important minor and trace elements and for PAH
(Polycydlic Aromatic Hydrocarbons) determination.  This latter determination is
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1990-91

1991-92

1992-93

1993-94

1994-95

important because PAH is characterisic of combustion products.  Biotic
accumulation of PAH was investigated in the marine bivalve Laternula eliptica, an
organism sdlected because of its locd abundance and low mohility.  In this
campaign the PAH methodology was adjusted to Antarctic conditions and from the
next campaign onwards we have aregular set of data on PAH. This determination
was made necessary by the increased power rating of the new diesdl generators, by
the entry into operation of the incinerator, and by the genera increase of the logigtic
activity.

Two additional high volume samplers were inddled, thus completing the circle of
monitoring points around the dation. This dlowed the determination of the main
directions of arborne transport of pollutants and confirmed the very low levels of
contamination from the most important sources, i.e., diesd engines and vehicles.
We had to review the programme of analyses, because of difficultiesin the utilization
of the TRIGA reactor used for the neutron activation anadlyses. We also consdered
the use of the Atomic Absorption Spectrometry applied for the detection of Ph.
As a consequence and aso to smplify matters somewhat, it was decided to reduce
the elements for andysisto seven. The attention was then directed to anthropogenic
elements and to a few crustd and marine eements. In the PAH determinations,
only 11 compounds were saected (phenanthrene, anthracene, pyrene, etc). All of
these analyses were repegted in later campaigns and the raw data from the first
campaigns was €l aborated.

This campaign was a smdl one and only one person dedicated to the monitoring
programme was present & TNB. The four high volume samplers were in operation
aound the dation, while the low volume sampler & Skua Lake was not in
operation. The weather was awful mogt of the time and the concentrations of al
monitored e ements, including those of PAH, were extremely low.

Very reduced campaign, practicaly only for station maintenance. The only data
collected were those of arborne particulates and PAH; the latter were dso very
low, because of avery reduced activity.

Thiswas alarge campaign. The four high volume samplers were in operation and a
fifth one was inddled a Skua Lake. This sampler was dso used for some spot
sampling in order to verify filter effidency as a function of sampling time. We aso
peformed the characterization of gngle sources. The spectrum of PAH
investigation was broadened to include a number of compounds derived specificaly
from diesdl engine operation (coronene, cyclop cd, etc); the spectrum of PAH
compounds was now a 23. The eaboration of data from this and the next
expedition isin progress.

It was decided to add another high volume sampler at Campo Icaro, 2 km S from
the gtation. This decison was taken because station logistics were extending out
towards the Skua Lake ste. The PAH sampling was continued dong the lines
established in the previous campaign, in order to create a meaningful data set and to
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corrdate these measurements with those of concentrations in the bivave Laternula.
Sight changes were made to the programme for the determination of inorganic
compounds.

Sewage Treatment Plant

A biological sewage trestment plant was ingtaled in the 1987-88 season. No monitoring of the
effluent was performed in that season and the firg trial measurements of BOD (Biological Oxygen
Demand) were made in 1988-89. Systematic monitoring was started in 1989-90 and in 1990-91 afull
monitoring programme was implemented.  This programme included the measurement of BOD, COD
(Chemica Oxygen Demand), surface active agents, nitrites, oils. This monitoring indicated that the plant
was not large enough for the load and plans were made to ingtdl a new physico-chemicd plant in the
next season.

The new plant was ingaled in the 1991/92 season. A certain amount of adjusment was
necessary in the monitoring. This now comprised: COD, nitrites, nitrates, free ammonium, free oxygen,
turbidity, Fe. Most samples were aso subjected to microbiologica andyses. Sampling was performed
daily and the results were used continuoudy for plant adjustments.

Apart from this monitoring programme, at the beginning, in mid-campaign and & the end three
sets of samples were collected aong two transects to determine faeca coliformsin the discharge area.

In the 1992-93 season dso the old plant was put in operation, but no effluent monitoring was
performed. In 1993-94, the effluent of the old plant was again monitored and because of high bacterid
load, it was decided to add to the effluent sodium hypochlorite. In the 1994-95 the monitoring
programme was carried out until January 1995: after that, the two systems, the biologicd and the
physico-chemical were connected in series, because of the excessive load. It has been decided to
ingdl a completdy new plant, designed for the higher loads of the recent expeditions. Thiswill be done
in the 1995-96 campaign.

Incinerator

The incinerator was inddled a TNB in the 1987-88 season. It is a two-stage machine, has a
capacity of 50 kg/h with a limit of 200 kg/day. and it is designed for the following typicd waste
composition: food scraps 40%, paper 20%, glass 15%, packing materia 15%, tins 10%. At TNB itis
used mainly for burning paper, untreated wood and food scraps.

Some particulate matter samplings have been performed and anayses were done in order to
characterise the emissons. But this sampling and monitoring have been dways difficult because of the
discontinuous use of the gpparatus which makes isokinetic sampling difficult. Furthermore, the stack is
narrow and fumes are very concentrated, sending gauges off scae.

Therefore, the monitoring of the incinerator emissons is not undertaken at source but as part of
the TNB monitoring programme.
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Use of the data

The monitoring of arborne particulates over seven seasons has produced a large amount of
data The data on PAH cover only three austra summers and provide a basis for only quditative
conclusions.

The airborne particulates data show that in the 1987-88 the levels were quite high, compared to
the other seasons, indeed, during that campaign there was a lot of ground movements because of the
congruction of consderable gation infrastructure. There was an increase in rare elements content (LA,
Ce), in Th, from intrusive rocks, and in demerts such as Fe, Al, Cr, Zn. This last dements seem to
have acrugtd origin, rather than an anthropogenic one.

Another interesting observation can be made about lead; Pb determinations were performed
during the 1989-90 campaign because of the increase h the number of vehides usng leaded fud.
Significant lead levels were detected, in comparison with literature vaues. Some of these vaues can
aso be attributed to the operation of the incinerator. This origin was aso confirmed by some results
obtained during the 90/91 campaign.

The 1991-92 campaign was characterised by very bad weather, with very abundant snow; this
westher minimised the environmental impact. During the same season alow level of Hg was measured
which we have been unable to explain.

A congant difficulty that our monitoring programme has had and till hasis that the mgority of
the anayses on samples are peformed out of Antarctica, in Itdian laboratories and usudly in
laboratories which are not part of the Nationd Antarctic Programme. This produces a delay in
obtaining the data because the laboratories are not dedicated to Antarctic research. Some of the
ampler analyses are performed in TNB itsdf: an example are those relaed to the sewage plant
monitoring. In that case it is possble immediatdy to gpply the results to the actua running of the plant,
with considerable operationd and environmenta benefits.

During these years of Antarctic experience we have fdt the need for having sampling and
analyses protocols, in order to carry out comparisons among al countries active in Antarctica. 1t would
be dso very useful to establish standard reference levels for key monitoring parameters and for the
desirable frequency of monitoring. These workshops are now addressing thisneed.  Findly, we believe
that applied monitoring data from al Antarctic sations should be gathered in one data base and
accessed through a GIS.

Conclusions

The environmental monitoring programme a TNB has been a long one. It was darted & the
right time and it has been useful because it has led to a good understanding of the Antarctic environment
and its relationship with human activities. Many improvements could be made to it, in terms of better
and more rational sampling, better elaboration of the collected data, more rationd use of the results. A
problem that exists with monitoring programmes is their high cog, in terms of equipment, manpower,
laboratory utilization, materids, logidtics, interference with scientific and logigtic activities etc.
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Also, these are programmes which should last the whole lifetime of a gation and therefore it is
necessary, actudly indispensable, to have a good “record” of activities and samples. The organization
of alarge monitoring programme, even in an environment as“clean” as Antarcticais not an easy task, if
one degres to do it well. With the Antarctic adding its own peculiarly difficult characteridtics to the
complexity of any programme effective sharing of information among the people active in this “applied
science’ subject can go along way to making adifficult but useful job alittle easier and better.
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WORKSHOP 2
The Framework of Environmental Concerns and Response in Antar ctica

R. Rutford, Univergity of Texas at Ddlas (USA)
R. Hofman, Marine Mamma Commission (USA)

Concern regarding the environmenta impacts of human activities in Antarcticais not new. The
Antarctic Treety, for example, prohibited nuclear explosons and disposal of radioactive waste in
Antarctica It dso provided al contracting parties with the Tresty. It specified that representatives of
the contracting parties were to meet periodicdly to exchange information, to consult on matters of
common interest, and to formulate and recommend to their governments measures to further the
principles and objectives of the Treaty, including measures to preserve and conserve living resources.

Since the Treaty entered into force in 1961, there have been 19 regular consultative meetings
and 11 specid consultative meetings. The Treaty did not address resource issues. Mogt of the specid
consultative meetings have dedth with resource issues. They have produced a number of free-standing
agreements which, dong with the Antarctic Treaty, form what is known as the Antarctic Treaty System.
These include the Convention for the Conservation of Antarctic Sedls, the Convention for the
Conservation of Antarctic Marine Living Resources, the Convention on the Regulation of Antarctic
Minerd Resource Activities, and the Protocol on Environmental Protection to the Antarctic Tregty.

The Scientific Committee on Antarctic Research (SCAR), which was established to plan and
coordinate scientific investigations in the Antarctic during the 1956/57 International Geophysica Yeer,
has served as an unofficid scientific advisory body to the Antarctic Treaty Consultative parties. in
1960, SCAR developed Generd Rules of Conduct for the Preservation and Conservation of Living
Resources in Antarcticaa At the firs ATCM in 1961, the consultative party representatives
recommended to their governments that they recognized the urgent need for measures to conserve living
resources in Antarctica and, as an interim measure, that they promulgate generd rules of conduct dong
the lines of those developed by SCAR (Recommendation [-8).

At the ATCM held in Brussas in 1964, the Treaty parties adopted Agreed Measures for the
Conservation of Antarctic Fauna and Flora. The Agreed Measures refer to the Antarctic Treaty Area
as a Specid Consarvetion Area.  They require esch participating government to prohibit the killing,
wounding, capturing, or molesting of any native mammad or bird within the Treety Area, except in
accordance with a permit.  In addition, they require each participating government to take steps
necessary to minimize “harmful” interference” with the living conditions of any native mamma or bird,
except in accordance with apermit. They provide for designating Specidly Protected Areas (SPAS) to
protect aress of outstanding scientific interest, and prohibit entry into those areas except in accordance
with a permit issued for a compeling scientific purpose.  The Agreed Measures established the
precedent for usng permits to regulate and redtrict activities that could adversdy affect native flora,
fauna, and their habitats in Antarctica

At the VIith ATCM in 1972, the Consultative Parties representatives adopted
Recommendation VI1-3, which provides for designating and affording specia protection to Sites of
Specid Scientific Interest (SSSIs). The recommendation invites SCAR, through nationa committees, to
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propose sites for designation as SSSIs, and to propose management plans for those dtes.  This
recommendation set the precedent for establishing agreed management plans for certain aress in
Antarctica

The presence, and need to develop agreed measures to govern exploitation, of both living and
non-living resources in Antarctica was recognized by the mid-1960s. The Convention for the
conservetion of Antarctic Seals, concluded in 1972, set the precedent for developing free-standing
agreements to ded with resource issues. It was followed in 1980 by the Convention for Conservation
of Antarctic Marine Living Resources (CCAMLR), in 1988 by the Convention on the Regulation of
Antarctic Minerd Resource Activities (CRAMRA), and in 1991 by the Protocol in Environmental
Protection to the Antarctic Treaty (Environmental Protocol).

Each of the agreements were precipitated or accompanied by corresponding advice from
SCAR. The ecosystem-approach embodied in CCAMLR, for example, had its roots in the 1976
SCAR Conference on Living Resources of the Southern Ocean. Also in 1976, SCAR formed a group
of gpecidids to provide advice to the Treaty parties on the environmenta implications of possble
minerd exploration and exploitation in the Antarctic. The work of that group, combined with the work
of a Group of Experts formed during the IXth ATCM in London in 1977, provided the technical basis
for the negotiations that lead to CRAMRA. A 1984 report by SCAR -- “Man's Impact on the
Antarctic Environment: A Procedure for Evaluating Impacts from Scientific and Logidtic Activities’ --
provided the technical basis for the environmenta impact assessment and monitoring provisons in both
CRAMRA and the Environmenta Protocal.

CCAMLR is unique in that is objectives are to maintain the ecologica reationships between
harvested, dependent, and related populations and to prevent or minimize the risk of long-term or
irreversble changes in the Antarctic marine ecosystem, as well as to prevent depletion of populations
subject to commercid exploitation. The CCAMLR Scientific Committee has developed and begun
implementing an Ecosystem Monitoring Program as one of the means for meeting these objectives. The
program has three components. (1) monitoring of representative land-breeding krill predators at a
network of sites throughout the Antarctica; (2) comprehensive studies of krill, krill predators, and
related environmentd variables in three “integrated study arees’; and (3) directed studies of crabeater
seds in one or more pack-ice areas.  Additiona information concerning this and other aspects of
CCAMLR will be provided in a paper to be presented later by David Agnew, the CCAMLR Data
Manager. The CCAMLR Ecosystem Monitoring Program, and the thinking that led to its three-prong
dructure, may help to identify the most cod-effective way for determining and monitoring the
environmenta impacts of research and related operations in the Antarctic.

As noted earlier, the negotiation of the Convention on the Regulation of Antarctic Minerd
Resource Activities was concluded in 1988. At the XVth ATCM in Paris in 1989, Audrdia and
France indicated that they would be unable to ratify the Convention, and proposed instead devel opment
of a comprehensve Convention for the Protection of the Antarctic Environment.  The other parties
agreed and adopted Recommendation XV-1, cdling for a specid consultative meeting to be held in
1990 to discuss eaboration of a comprehensive system for the protection of the Antarctic environment.
These discussions led to the Protocol on Environmental Protection to the Antarctic Tregty, concluded in
1991.

A2-29



Many aspects of the Environmental Protocol were derived directly from the CRAMRA. The
basic environmentd principles set forth in Articdle 3 of the Environmental Protocol, for example, are
patterned after article 4 of the CRAMRA.

With respect to this workshop, Articles 3, 8, 11, 12, and Annex 1 of the Protocols are of
paticular rdlevance. Article 3 specifies that activities conducted in the Antarctic Treaty Aress are to be
planned and conducted so as to accord priority to scientific research and to preserve the vaue of
Antarctica as an area for the conduct of such research, including research essentia to understanding the
globa environment. It requires that monitoring be done, as and when necessary, to verify the predicted
impacts, and to facilitate the early detection of the possible unforeseen impacts of activities, both within
and outsde the Antarctic Treety Area on the Antarctic environment and dependent and associated
ecosysems.  Article 8 and Annex 1 prescribe requirements for environmental impact assessment.
Article 11 edtablishes an expert advisory committee -- the Committee for Environmenta Protection.
Article 12, describes the functions of the committee,

At the XVIth ATCM in Bonn in 1991, it was agreed that a meeting of experts should be held to
consder and provide advice on environmental monitoring needed to implement the Protocol. The
meeting was held in Buenos Aires, Argenting, in June 1992. That meeting concluded that the activities
mogt likely to have environmenta impacts of possble concern were (1) station and airstrip congtruction
and logigtic operations; (2) waste water and sewage disposal; 93) incineration of waste; (4) power and
heet generation; (5) activitiesinvolving or affecting native flora and fauna; (6) scientific research; and (7)
accidents resulting in fud spills or other types of environmenta contamination. Among other things, the
participants recommended that a meeting of technica experts be convened to examine in greater detall
such things as program design, available technology, and means for standardizing data collection and
assuring data qudity. This and the companion workshop held in Odo in November are the response to
that recommendation.
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The Tools Available for Data M anagement and Data Accessibility | ssues

SM. Smith and M.B. Lythe
Internationa Centre for Antarctic Information and Research (ICAIR)
Orchard Road, P.O. Box 14-199
Christchurch, New Zedand

Abstract

Management of data includes the collection, storage, manipulation and transfer of data
and the output of information. A data management system employs a suite of tools to
carry out these functions. Before the tools gppropriate to a particular application are
sdlected issues such as data redundancy, standards, access and sharing must be
addressed.  Database management systems (DBMS) are effective for managing large
data sets. Geogragphic information systems (GIS) are more gppropriate data
management tools for spatidly referenced data and may be more useful in along term
environmental monitoring program. WAIS the Wide Area Information Search system
and the World Wide Web (WWW) represent two tools currently available for
accessing and querying a distributed database.

1. Introduction

Establishment of an effective data management program requires identification of an information srategy
(Harrison, 1992). This strategy should encompass firgtly user needs and priorities, and secondly data
issues such as collected, manipulation, storage, maintenance, access and transfer of information. The
chief objective of an environmental monitoring program is to identify and measure changes in the
environment through the collection of tempora data. In order to achieve this god an appropriate
information or data management system (DMS) must be desgned. Such a system should dlow
information of utility to decison makers to be produced from these data. A DMS conssts of severa
digtinct but connected sub-components; data management issues such as collection, processng and
access protocols, a data management tool kit, a user interface and the end users (Figure 1). In this
synopsis, the issues involved in the collection and assmilation of data into a useful information resource
ae discussed. This is followed by an invedigation into the available technologies which dlow this
system to function, i.e., the data management tools. Finally, the broader issues of data accessibility are
reviewed and present day access utilities relevant to a distributed user base described.

2. Data Management

A data management system is an information storage and retrieva system designed to permiit file update
and inquiry, produce data summaries, generate and process new data organizations and allow rapid and
easy access by a user group. The utilities which provide this functiondity represent the data
management tools. An example of a DMS are file management systems or database management
systems (DBMS). Before the gppropriate data management tools can be determined certain key issues
must be addressed. In this section issues integral to the design of a DM S implemented as part of an
environmental monitoring program in the Antarctic are discussed.
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Figure 1. A data management system (DMYS).

2.1  DaaRedundancy

Data Redundancy can be discussed at two levels, within a database and between databases. The
former refers to the duplication of data sets within a database while the latter refers to duplication of
effort, i.e, collection of smilar data by different organizations. Nondatabase systems require a separate
file for each gpplication. One of the principad reasons br establishing an integrated database is to
reduce data redundancy. While redundancy cannot be completely removed it is able to be controlled,
the level of control depending on the type of database.

The gtuaion whereby informetion is maintained in multiple data repostories (i.e., nationa programs) has
the potentid to lead to subgtantia redundancy and/or duplication of effort. Data collection programmes
should be coordinated with and contribute to data collected by other nationa and internationa programs
(Abbott and Benninghoff 1990).

2.2 Data Standards

Standardization in collection of environmental data is fundamenta for inter-Site comparisons in an
international monitoring program.  An important characterigtic of an environmental database is
verification of data method and precison. Clearly, data can only be used in accordance with its
integrity. Poor decison making through analysis of low integrity data is to be avoided. Monitoring in
Antarctica is resource demanding and inaccurate or inappropriate techniques can prove expensive to
remedy. Consstency in collection technique is necessary to assure data comparability. There will

however dmost aways be subtle or even substantia differences in technique and therefore data quaity
amply due to human and environmentd variance. A necessary feature of an environmenta monitoring
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program should therefore be routine reporting of data method and precison. Each data set should
include a metadata description, i.e., data about the content, qudlity, condition, and other characteristics
of the data

Standards for data models, structures and documentation are aso necessary and must be adhered to if
these data are to be used as a resource for decison making. Even with absolute consstency in data
collection, discrepancies in processing and modding can reduce comparability. Where data are
transformed into new data sets, and ultimately infor mation, the procedures used should be documented
and standardized where possble. The tools employed by participating data centres should undergo
“inter-laboratory calibration” (Williams 1995). Asan internationd environmental monitoring program
will more than likey contan severa data repostories maintenance of protocols must be the
responsbility of each data centre.

Standards should aso be used in the transfer of information. Standardizing stored data formats is
particularly dedrable as an ad to data interchange or migraion between sysems. Where a 4l
possible, data should be collected, stored and transferred in standard, preferably digital format.

2.3 Data Access

With respect to the collection and storage of environmental data in the internationa context, ensuring
access to the data repository or repositoriesis critical. Access to digital databases from an internationa
user base is now feasible through severd avenues, eg., ectronic mall, file transfer protocal (ftp), telnet,
World Wide Web. An operational system should enable query and retrievd of data from a database.
Recent technologies such as the World Wide Web and the Wide Area Information Search (WAIS)
system provide such functionaity. These are discussed in more detall later.

24  Daa Sharing

The Antarctic Treaty states that “scientific observations and results fom Antarctica shall be
exchanged and made freely available’. For an environmental monitoring program to succeed data
must be shared between participating programs.  The information strategy must have as a god the
routine reporting of information. The Gmmisson for the Conservation of Antarctic Marine Living
Resources (CCAMLR) program has found that a high degree of coordination and cooperation is
required by al members to ensure monitoring remains balanced (Agnew pers. comm. 1996). The leve
of abstraction at which data are shared is an important issue. Generdly, it is processed information
rather than raw or intermediary data which is required by decision makers. However, during the
processng phase, intermediary data may be transferred between data centres.  Confidentidity issues
need to be addressed where such data sharing is occurring.  Where necessary, authorization checks
should be carried out whenever access to particularly sendtive data is attempted. FHexibility can be
achieved by specifying different checks for each type of access, eg., retrieve, modify, delete, etc.
Without such checks the security of the data may in fact be more at risk in a sophisticated database
system than in atraditiond filing system (Date 1982).
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3. Data Management Tools

The development of database applications involves two main levels. abdtract and physicd. Absract
congructs (i.e., objects and their associations) are usudly close to the way users describe their
gpplications. Physica congructs (e.g., rdaions, indexes) are part of DBMSs and tend to involve a
large number of technicd detalls. To interact directly with the DBMS requires consderable technica
expertise. Itis preferable for users to interact with databases only at the abstract level, asaresult being
insulated from the technicd details a the physical level. To achieve this Stuation requires the exisence
of database tools which are able to accept requests expressed in abstract terms and convert them to
procedures of the underlying DBMS.

31 GIS

The choice of which DBMS to use is an important one requiring firdly, examingtion of the underlying
data including its variability and secondly, the user needs. Obsarvations of indicator variables in
appropriate time series can enable determination of cause and/or effect in ecosystems (Cairns e d.
1979). A ussful tool for managing spatia time series data are geographic information systems (GIS). A
GIS contains dl the components of an information system, including an underlying rdational DBMS, but
with the additiond facility to peform spatid andyss. John Antenuccl, Presdent of PlanGraphics
(1993) states “GISwill lead as a form of data management in the decade upon us’. Datamay be
corrected for incompatibilities in dimension or projection, multi-thematic spatial data can be overlaid and
evauated for spatiad co-regigtration, modeding may be caried out and new data sets created.
Information is readily accessed, updated, manipulated, and exported.

GIS can be viewed as an dmog sdf-supporting processng and manipulation tool in a management
system which deds primarily with spatid data.  Such a viewpoint however undermines it's data
assmilation, access and presentation capabilities. GIS may be used to integrate remote sensng data of
environmenta properties such as sea surface temperature, Sea ice concentration, glacier dynamics, land
and ocean topography, etc. These data form an dready standardized set of digital information able to
be utilized in not only change detection aso scenario modding. GIS is also compatible with advances
made in navigation technology, particularly the Globd Postioning Sysem (GPS). GPS data may be
collected in the field, transferred to a data centre and incorporated into a GIS quickly and seamlesdly.
These data thus provide an additiona layer of information able to be used in the monitoring process.

GIS is a beneficid tool in long-term monitoring as it graphicaly compares and displays tempora data
sets. In this respect it provides a useful data access tool able to illustrate information in aform morein
tune with our image of the environment.

As the volume and complexity of information increases, system performance must keep pace. In less
than 30 years GIS technology has evolved from basic computer mapping to sophisticated management
of spatiad data. The scdability of this technology is assured with the development of knowledge based
GlSalogica next step (Emery 1993).
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3.2 Data Directories

A useful component within atool kit to facilitate management of widdy digtributed environmenta dataiis
the data directory. A data directly is effectively a database in its own right-a database that contains
“data about data’. A comprehendve directly may include information about data location, mode,
project details, contacts, etc. These metadata descriptions should be made accessible to the user base
viaaquery interface just like any other database. The information required by decison makersis likely
to be highly processed and not that native to a DMBS or GIS. With a searchable data directory users
can quickly determine which information exigts and avoid any duplication while smilarly such a directly
will dso identify existing redundancies. This philosophy is being implemented as part of the Antarctic
Data Directory System (ADDS), a SCAR-COMNAP initiative to make information about scientific
datareadily avalable.

4. Data Access Tools

In generd, decision makers will only interact with the DBMS or GIS a an abdract level. Information
will be queried and retrieved from a front end or user interface. The tools available to develop such a
front end or access to the data repositories are now discussed.

WAIS, the Wide Area Information Search system is a distributed information search and retrieva
system, offering connection to multiple databases through one access point (Cronin et a. 1994). WAIS
is a query-oriented rather than a navigationd system. Queries are typicaly Boolean combinations of
dring patterns which are matched against content words, and can be relayed to a designated set of
savers. By default WAIS looks for complete exact matches. For example, if you search for lab, only
objects that contain the work ab will be returned. An object containing the word laboratory will not be
detected. Partiad word matching is provided by adding an asterisk “*” a the end. WAIS has been
replaced by the World Wide Web to provide full-text search for documents set on asingle Web server.

The World Wide Web (WWW) is the fastest growing application on the internet enabling routine
tranamission of grgphs, imagery, video and audio. The WWW has revolutionized the internet making it
accessible to a wider audience through its higher level of abgraction. The WWW is not Smply an
enormous array of hyperlinked documents; it contains embedded database gateways, and the objectives
retrieved from these databases may contain pointers to other objects in the same or other databases.
Usng this functiondity, a browseable federation of databases may be constructed. A browseable
federation is a hybrid of hypertext and database capabilities. Data are maintained in topic-oriented
databases connected through hyperlinked documents. Queries can be posed to individua databases
located o the bass of keyword searches. Application gateways are aso feasble with the WWW
providing direct interaction with specific gpplication software located on a distant server.

The WWW makes the distributed database, required in an Antarctic environmenta monitoring
program, a feasible dternative to an integrated but centraized database. A distributed database is a
database that is not stored in its entirety at one physical location, but instead distributed across a
network of geographicaly dispersed computers connected through a communications link. Such a
system would dlow links to be made between individud databases effectively making the combined
system look like a centraized system to the user (Date 1982). From a user standpoint such a systemis
extremely user friendly with full access to every datarepository available from asingle interface.
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The WWW has tremendous potentid as an interface for a distributed database athough some
infrastructural inadequacies related to network bandwidth have been identified. These problems are
testimony to the growing popularity and acceptance of the WWW and solutions, in the form of load-
baancing protocols and network privatization leading to increasing bandwidth are dready underway.

S. Summary

* An information drategy should address issues such as data redundancy within a database and
between databases, standards in data qudity, processing and transfer, data access protocols and
data sharing.

» GIS provides complete data management functionality and a suite of spatia andysstools useful for
managing and investigating oetid data

* GISis compatible with GPS and remote sensng data and represents a useful data access utility
through sophiticated presentation capability.

*  WAIS and WWW are two tools which enable access to a distributed database by putting a higher
level of abstraction on the network protocols.

» A usful toal to facilitate management of distributed datais the data directory.
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Marine Debris, An Antarctic Concern?

E.D. Goldberg
Scripps Ingtitution of Oceanography
LaJolla, CA 92093-0200

Introduction

About twenty-five years ago | convened a symposium on the resources and pollution in the
North Sea. About this time Dayton and Robilliard examined the contamination of the McMurdo Sound
benthosin the Antarctic. In neither case were there observable cases of pollution, if one definesit asthe
loss of or limited use of resources as a consequence of the introduction of materids by the activities of
human socigties. Two decades later there was clear-cut evidence for eutrophication of some North Sea
coadtal areas from the entry of industrid and domestic wastes. There is pollution in parts of the North
Sea. Now in 1996, following extensve studies of potential pollutants in the Antarctic coastal zone over
this time period, do the resources of public health, ecosystem integrity or aesthetics appear threastened?
Has there been any serious environmental damage? Polluting materias identified in lower latitudes will
be the springboard of this presentation. Typica examples of their penetration into the Antarctic marine
environment will be given. With this background, what monitoring activities are caled for?

Sources

There are three sources of anthropogenic materids to the Antarctic coastal zone: (1) human
activities on the Antarctic continent; (2) ships a sea in the arear and (3) human activities in both the
northern and southern hemispheres.

Potentid Pollutants
Pollutants identified at lower latitudes, primarily in the northern hemisphere include:

Litter in the benthos. Perhaps the most serious problem in the Antarctic.  The plastic
component can congtitute 90% or more of the litter, is not easly biodegradable, and can persst for
centuries. The solids can inhibit gaseous exchange between the overlying waters and the sedimentary
pore waters. Anoxia and hypoxia can develop. The make-up of the ecosystem can beradically dtered
and thus a naturd resources is lost. At McMurdo Station around Winters Quarter Bay, the aredl
coverage of the sesfloor can reach a value of 15%. In the Mediterranean the values range between
0.0001 and 0.01%. The plastics aso provide shelter for opportunistic organisms.

Halogenated hydrocarbons. These compounds have been used as biocides and indudtrid
chemicals for over three decades. Tanabe and his co-workers carried out extensve analyses of air,
water, ice and show samples collected around Japanese research stations in the Antarctic and the
adjacent marine environments. They assumed the compounds had sources in higher latitudes and were
trangported atmosphericaly. The compositions of the PCBs, DDT compounds, and HCH isomers
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were uniformly maintained in the trangport process. A recent investigation of animas from Nova Bay in
the Ross Sea indicated a clear relation between trophic level and total PCB concentration: fish <
penguin < skua. The toxic potentials of these xenobiotics were an order of magnitude less than those of
bird and mammad populations from lower latitudes.

Recently, this collectives of compounds have been identified as endocrine imitetors, causing
reproductive and behaviora disfunctions in some organisms.  The issues are contentious athough in the
marine environment two clear-cut problems have been well defined: DDT and its degradation products
and tributyltin upon the reproductive successes of organisms.

Anthropogenic hydrocarbons.  They can arise from any of the three sources. For example,
Cripps and Priddle used the bivadve Yoldia eights to nonitor nakanes and polycyclic aromatic
hydrocarbons following the establishment of a British Research Station at Signy Idand.  The n-akane
concentrations were highest in organiams close to the settlement, in agreement with an anthropogenic
origin wheress the primarily biogenic PAHS reached maxima 250 m from the station. No biologica
impacts were reported.

Artificid Radionuclides. There have been extensve measurements of three radionuclides, Zr-
95, Cs 137, and Ce-144 at five sampling sites by the U.S. Environmental Measurements Laboratory.
In no cases where there any indications of measurable contamination, athough occasionaly an outlier
gppeared. Thereis no concern with regards to these materials.

Metas There ae large numbers of measurements of a variety of metals in organisms,
sediments, and waters. Such measurements are extremely easy to make and thus attractive. Only three
metas have been involved in pollution episodes in lower latitude areas.  tin as tributyltin in the
unacceptable morbidity's and mortdities of gastropods and other organisms, mercury as methyl mercury
in the Minimata Bay Disease in which hundreds of Japanese citizens logt their lives and many more
auffered illnesses; and copper as an organic complex which impacted upon oyster populations in
Tawan. There are no unusudly high vaues of metds in components of the marine environment that
might cause impacts upon organisms or public heath.

Overview

Many substances dien to the Antarctic are in measurable amounts and some may be increasing.
Others, through regulatory actions are decreasing. With the sense that measurements everywhere and
al of the time of these contaminants cannot be made, what are the priorities with limited funds and
personnd? | submit that two collectives of materias are worthy of assessment for monitoring programs.
litter on the seafloor and hal ogenated hydrocarbons.

Sedfloor litter may continue to build-up in certain areas dthough discharges from ships and from
shore facilities to the marine environment are prohibited. But what of the litter aready in place as in
McMurdo Bay sediment? What is the extent of the litter in ared coverage per unit area? Can this be
measured by photography, by trawling or by radar? Is the impact of anoxia increesing? Can it be
measured by senting organisms such as the aredl abundance of Cepitdlla-- the Capitella Watch?
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The second problem involves the haogenated hydrocarbons entering both atmospherically and
from the facilities on shore. Are the leves in birds, such as the skua increasing? Are there any
population decreases or changes in behavior of these or other birds? Are the body burdens of these
creatures increasing with time?
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The Role of Quality Assurancein Monitoring and Research in Polar Environments

M.A. Champl, A. Y. Cantillo2 and G.G. Lauenstein?
ITexas Engineering Experiment Station, TEES Washington, D.C. Office, 4601 North Fairfax Drive,
Suite 1130, Arlington, Virginia 22203, USA
2NOAA/NOS/ORCA 21, 1305 East West Hwy., Silver Spring, MD 20910, USA,

ABSTRACT

During the 70s and 80s, it became obvious that the data and information collected by many
environmental programs were not comparable within some projects and comparisons across
environmental studies were dso difficult. These projects generdly did not quantify the rdiability of
andytica results for a given protocol or methodology, from smple field sampling to complex chemica
extraction and analyses. This became a crisis as nationd surveys were implemented which required
multiple and regiond laboratories to collect and analyze data on a national bass. The gpproach
developed here assess intra and inter-laboratory laboratory precison; the relevance by using “red”
samples with typica anayte concentrations for intercaibration exercises, and feedback and education to
|aboratories. The vaue of this gpproach has been demongrated in about 20 domestic and internationa
Sudies.

POLAR MONITORING AND RESEARCH

The need for environmental monitoring in polar regions was identified at scientific and political levels. On
14 June 1981, the eight Arctic circumpolar countries (USA, Canada, Denmark, lceland, norway,

Sweden, Finland, and the former Soviet Union) signed an Arctic Environmenta Protection Strategy

which among other requirements commits each country to assess on a continuing basis the threats to the
Arctic environment, and to monitor the levels of, and to assess the effects of, anthropogenic pollution in
al components of the Arctic environment. The current focus of this strategy is on persstent organics,
heavy metas and radionulcides (Champ et al., 1992).

The recently completed Protocol to the Antarctic Treaty on environmenta Protection (26 countries) isa
comparable document that recognizes the unique opportunities in Antarctica for scientific monitoring of
and research on processes of globa as well as regiond importance. It dso states that regular and
effective monitoring shal take place to dlow assessment of the impacts of ongoing activities, including
the verification of predicted impact. The Antarctic Treaty Consultative Parties have long recognized the
need to protect the Antarctic environment and have requested support from the Scientific Committee on
Antarctic Research (SCAR) to provide necessary expert scientific advice: and the Scientific Committee
established by the 1980 Convention on the Conservation of Antarctic Marine Living Resources
(CCAMLR) to begin to implement a plan to monitor key components of antarctic ecosystems. A quality
assurance plan isthe firg gep in implementing a monitoring program.
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QUALITY ASSURANCE

Quadlity assurance must be an integrd part of any multinationd multi-year monitoring effort from the
inception of any environmenta program. It cannot be done retroactively. The quality of the data must be
gated in Data Quality Objectives that will meet the needs of the program. Therefore, the purpose of the
monitoring program must be known before sample collection and andysis begins. If this is not the case,
then the data produced may not be precise enough for the differences over space or time that the
monitoring program intends to detect. Cost is a'so an important factor snce production of data of higher
qudity than needed to answer the program objectives is an unnecessary financid burden. The
Management/Coordinators of an environmenta program must take an active lead in and provide
support to QA/QC efforts. Otherwise data of limited use will result.

QA/QC in an Ongoing Monitoring Program

The Nationd Ocean and Atmospheric Adminigtration (NOAA) Nationa Status and Trends (NS&T)
Program is a large scde multi-year monitoring program that determines the current satus of, and
changes over time in the environmenta hedth of US estuarine and coadd waters. This long-term
monitoring program (1984 to the present) is an example of an environmenta program that uses
numerous aspects of quaity assurance and can sarve as an example for environmenta monitoring
program managers.

In the NS&T Program, concentrations of organic and inorganic contaminants are determined in
bivalves, bottom-dweling fish (through 1992) and sediments. The andytes include 24 polycyclic
aromatic hydrocarbons, 20 polychlorinated biphenyl congeners, DDT and its metabolites, 9 other
chlorinated pesticides, organctins, 5 mgor eements, and 12 trace eements. The qudity of the andytica
data generated by the NS& T Program is overseen by the performance-based Quality Assurance (QA)
Project (Cantillo and Lauenstein, 1993). This Project has been in operation since 1985 and is designed
to document sampling protocols, analytica procedures and laboratory performance, and to reduce
intralaboratory and interlaboratory variation. In addition, the QA Project facilitates comparisons among
different monitoring programs with smilar QA activities and thus extend the tempora and spatid scae
of such programs. It is necessary that sampling sites, sampling protocols and analytical procedures be
described in detail, and this has been done for the NS& T Program Lauengtein et al. (1993) and
Lauenstein and Cantillo (1993). The NS& T Program does not prescribe specific anaytical methods but
encourages the use of date-of-the-art procedures. This dlows the use of new or improved andytica

methodology or instrumentation without compromising the quaity of the data sets. It dso encouragesthe
contractor |aboratories to use the most cost-€effective methodology while generating data of documented
qudity. The andyss of reference materids, such as the Nationa Research Council (NRC) of Canada
Certified Reference Materials (CRMs) and Nationd Ingtitute of Standards and Technology (NIST)
Standard Reference Materids (SRMs), and of control materias generated for use by NS&T labs as
part of the sample stream, is required. A minimum of 8% of the organic andyticd sample string congsts
of blanks, reference or control materids, duplicates, and spike matrix samples. The use of control

materiads does not entirdy replace the use of duplicates and spiked matrix samples. A minimum of 2%
of the sandard inorganic sample dring conssts of cdibration materids and reference or control
materials. Analytica datafrom al control materials and al matrix reference materias are reported to the
NS& T Program office. These data are stored in the NS& T Program office.
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Method Detection Limits (MDLS) are caculated and reported annualy on a matrix and anadyte bass.
Since 1989, the method used for caculating MDLs s that used by EPA and is described in detall in the
7/1/88 edition of the Federd Regigter (Definition and Procedure for the Determination of the Methods
Detection Limits - Revison 1.11). If the EPA method is not used or is modified, the procedure used for
MDL caculation is described in detail. Acceptable limits of precison for organic control materids are
+30% on average for dl andytes, and +35% for individud anaytes. These limits apply to those
meaterials where the concentrations of the compounds of interest are a least 10 times greeter than the
MDLs. The gpplication of these guiddines in determining the acceptability of the results of the andyss
of asampleisamatter of professona judgment on the part of the andy<, especidly in cases where the
andyte level(s) are near the limit of detection. All NS& T laboratories are required to participate in a
continuing series of intercomparison exercises utilizing a variety of solutions and natural matrix materials.
The organic analytica intercomparison exercises are coordinated by NIST and the inorganic exercises
by NRC. Results of these exercises have been described in Vaette-Silver (1992), Cantillo (1995a),
Cantillo and Parris (1993), and Willie and Berman (1995a, 1995b, 1995c¢, 1995d and 1995€).

In has been shown that the performance of |aboratories improves with time, as the result of experience
gained through participation in intercomparison exercises (Cantillo, 1995a; Willie and Berman 19953,
1995h, 1995¢, 1995d and 1995¢). This improvement can only be demonstrated through the continued
andysis of a materid, such as a CRM, SRM or a control materia with known anayte concentrations.
The NOAA intercomparison exercises for trace metals for 1991 through 1993 used BCSS-1 as part of
the exercise materids. Typica results reported by alaboratory joining the exercise program in 1991 are
presented in Figure 1. The accuracy of the Cr, Zn and Se determinations improved with time, as did the
precision of the Se andyss.

No CRMs or SRMs are analyzed specificaly as part of the trace organic intercomparison exercises, o
an evduation smilar to the one done for the trace meta exercises using changes in CRM and SRM
results over time is not possible. A measure of improvement of [aboratory performance can be made,
however, by comparing the performance of a laboratory joining the exercises for the first time and that
of a laboratory that has participated for several years (Figure 2). Laboratories newly joining the
exercises usudly have larger percent errors than the veteran laboratories. Within a year or two,
however, the performance of the new laboratories typicaly improves and equas those of the veteran
|aboratories.

To ensure high quaity environmenta data are derived from monitoring programs, QA must begin even
before a contract is awarded. Organizations proposing to perform andyses of large quantities of
environmental samples should be required to perform andyses of representative matrix samples
provided to them as part of the laboratory sdlection process. Since this requires considerable expense,
the testing should not be required of otherwise unquaified laboratories or in cases where the contract
itsdf isrdatively smal. Laboratories competing to andyze bivalve mollusks under contract to the NS& T
Mussdl Watch Project were required to undergo anaytica tests of their ability to quantify environmenta
contaminants as part of the contract evaluation process. In 1994, competing laboratories were tested
but using matrix materias for the quantitation of both trace dements and organic contaminants. Three
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laboratory groups participated in the exercises. All laboratories were within the acceptance criteria for
the quantitation of trace eements and all laboratories performed reasonably well for the quantitation of
organic contaminants. The laboratories successes may be the result of the fact that dl laboratories
participating in the andytica testing had been long-term participantsin the NS& T QA project.

QA/QC in aMonitoring Program

One of the basic components of a monitoring program is a rigorous QA/QC system that encompasses
sampling and analytica processes, and data management. Such a QA/QC system must be inplace
before sampling and data gathering activities sart and must continue through the life of the monitoring
program. Whenever possible, intercomparisons exercises should be done to compare and document
laboratory/equipment performance, and thus extend the range of comparability. The QA/QC program
must be supported by top management and resources must be alocated for it. This is not an area to
reduce or exclude for lack of funds

Standards and Reference Materials

The use of reference materids (RMs) is part of good quaity assurance practices that insure anaytical

data of documented qudity. An RM is a materid or substance one or more properties of which are
aufficiently well established to be used for the cdlibration of an gpparatus, the assessment of a
measurement method, or for the assignment of vaues to materids. A Certified Reference Materid

(CRM) is an RM one or more of whose property vaues are certified by a technicdly vaid procedure
accompanied by or tracesble to a certificate or other documentation which isissued by a certifying body
such as NRC, NIST or others. A Standard Reference Materid (SRM) is a CRM produced and
certified by NIST. A compendium of RMs for use in environmentd science can be found in Cantillo
(1995).

During the lagt few years, there has been an incresse in the number and type of RMs of environmental
origin, and ther use in the environmental andyticad community is increasing. At the request of the
Intergovernmentad  Oceanogrgphic Commisson/United Nations Environment Programme Group of
Experts on Standards and References Materials (GESREM), NOAA has periodicaly prepared a
publication that assembles and updates dl information available on RMs for use in marine chemistry and
marine pollution research and monitoring (Cantillo, 1995). This publication was recently expanded it to
include dl aspects of environmental science. The current edition lists more than 1200 reference materids
from 28 producers and contains information about their proper use, sources, availability, and anayte
concentrations. RM types included are: ashes, gases, ails, rocks, sediments,dudges, soils, tissues and
waters, indrumenta performance evauation RMs, and physica properties RMs. Indices are included
for elements, isotopes, and organic compounds. An excellent discusson of various aspects of qudity
assurance and of the use of reference materias can be found in Taylor (1985b).
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APPENDIX

There are severa concepts and terms that are essentid to discussions about quality assurance, even that
concept itsdlf. While at avery detailed level any definition can be chalenged as being too narrow or too
broads, these defintions, extracted from Taylor (1985b) are very useful.

Quality Assurance is a system of activities whose purpose is to provide to the data user the assurance
that the data meets defined standard of qudity. It consists of quaity control and quality assessment. QA
goplies to fiddd and laboratory practices including collection, identification, storage, preservation,
shipment and analysis of samples.

Qudity Contral isthe over dl system of activities whose purpose is to control the quality of the data to
meet the needs of the user in a satisfactory, adequate, dependable and economic way.

Quality Assessment is the system of activities whose purpose is to provide assurance that the qudity
control activities are being done effectively.

Sengtivity is a measurements of the capability of methodology or insrumentation to discriminate
between samples having different concentrations of andytes.

The Detection Limit is the smalest concentration/amount of some component of interest that can be
measured by a single measurement with a stated level of confidence. This subject is discussed in detall in
Keith et al. (1983).

Precison is the degree of mutud agreement characteristic of independent measurements as the result of
repeated applications of the process. Precison is a measure of the level of reproducibility of a given
methodology or instrumentation under optimum conditions. Accuracy is the degree of agreement of a
measured va ue with the true or expected vaue of the quantity under concern.

Data Quality Objectives are the stated precision and accuracy ranges that are deemed acceptable for a
gven measurement. If, for example, data need to have an accuracy of +1%, then data resulting from a
measurement system with an accuracy of £20 would not meet the DQOs. If, however, only the
determination of the presence or absence of a substance is needed, then data with an accuracy of £20%
may be more than adequate for this purpose.
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Environmental Monitoring in the Antarctic - the CCAMLR Experience

D.J. Agnew, Data Manager
Commission for the Conservation of Antarctic Marine Living Resources
25 Old Wharf, Hobart, Tasmania 7000, Audtrdia

I ntroduction

CCAMLR's requirement for monitoring arises from Article Il of the Convention which Sates
CCAMLR' s management objectives.

» prevention of decrease in harvested populations to levels below those which ensure stable
recruitment

» maintenance of ecologica reationships

* prevention of changes in the ecosystem which are not potentidly reversble in 20-30 years.

These imply thet, within atime-frame of 20-30 years,
» we know what defines the current ecosystem;
« we can detect humantinduced changesin it and assess their deleteriousness,

» we have sufficient understianding that we can predict ecosystem responses to various changes

These are typica expectations of a monitoring system. CCAMLR has responded with the e aboration of
acomplex ecosystem monitoring program, and anumber of Smpler monitoring initiatives.

The design of the CCAMLR Ecosysem Monitoring Program (CEMP)

Initiation and Aims
The stated aim of the program was.

1. to detect and record sgnificant changes in critical components of the ecosystem, to serve
as abagsfor the Consarvation of Antarctic Marine Living Resources,

2. to diginguish between changes due to the harvesting of commercia species and changes
due to environmentd variability, both physical and biologicd.

To manage the monitoring program, CCAMLR st up an Ad Hoc working group on Ecosystem

Monitoring in 1984, which was established as a permanent working group in 1985, 3 years after
CCAMLR cameinto exisencein 1982:

» coordination: to plan, recommend, coordinate and ensure the continutly of a multinationa
CCAMLR ecosysem monitoring program;

» design: to identify and recommend research including theoretica investigations amed at facilitating
design and evaduation of the monitoring program;
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» data collection: to develop and recommend methods for collection, storage and analysis of data
including formats for submisson to CCAMLR

» datainterpretation: to facilitate the andysis and interpretation of dataand
» decision making: to identify the resulting management implications
Scope and higtorica development

The design of the ecosystern monitoring program evolved over severa years commencing prior to the
time that CCAMLR came into force (1982). The first step was a number of papers summarisng the
current status of the Antarctic ecosystem, suggesting waysin which Article 11 could be implemented and
Setting out the objectives of a monitoring program were trested by a number of authors .

It was redlised very early on that management of the Antarctic ecosystem as a whole was impractica.
Ingead, CCAMLR ams a management of harvesing of Antarctic marine living resources with
reference to the impact that harvesting has on the ecosystem. It was dso redised that Snce even
monitoring the population gatus of krill on an annua bads, for ingance, would be highly impracticad
(Bengtson 1984), monitoring the entire ecosystem would be impossible. For its ecosystem monitoring
program CCAMLR has therefore adopted the concept of indicator species - dependent or related
species that are likely to reflect changes in the avallability of harvested species, epecidly krill, and
therefore “indicate’ the State of those parts of the ecosystem which are most impacted by the activities
regulated by CCAMLR.

Species. Species were identified according to a st of criteria for their importance as indicators
(Sabourenkov, 1989). Firdly a set of critical prey items were identified, selected for their key positions
in Antarctic sub-ecosystems and their potential as harvestable resources. These were krill, Euphausia
superba, the antarctic siverfish Pleuragramma antarcticum, early life stages of fish and Euphausia
crystallorophias. Secondly, a number of predators were selected as indicators to monitor changesin
food availability, with the criteria that they should be specidist predators on the prey items identified,
have a wide geographical digtribution, be important ecosystem components, and that sufficient be
known of ther biology and sufficient basdine data exist to congtruct a scientific monitoring program. The
present list contains Crabesater and Antarctic fur sedls, Addlie, chingirap, gentoo and macaroni penguins,
Antarctic and cape petrels and black browed a batross.

Sites: A core st of Stes were chosen from within three defined Integrated Study Regions (ISRs:
regions for the intensve study of predators, prey and environmenta interactions), and awide network of
additional stes was proposed to complement the research within these Regions. Within the Regions
gtes were chosen o that digtinctions between broad scae and locd scale changes, and changes
occuring in fished areas versus non-fished areas could be detected, but their position was aso limited by
practical considerations and the presence of established bases.

Monitored parameters: Severa parameters are monitored for each predator species. The scales over
which these parameters are expected to integrate changes in the status of the ecosystem varies from
severd weeks, close to monitoring Stes (eg the qudity of chick diets) to annua/semi annua, Region
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wide (the weight of birds arriving to breed). Parameters for monitoring environmenta condition and prey
gpecies condition are being developed to assist with the separation of harvesting and environmental
effects on predators.

Data management: it was recognised early on that the drength of the program would be in
gandardisation of methodologies and centra collation of data which would engble the intense andysis
and cross-comparison of dtes, species, and parameters required to identify anthropogenic changes.
Standard Methods for monitoring predator parameters were agreed in 1987 (CCAMLR 1988) and
have been revised severd times since then. Data collected usng these parameters has been submitted
since 1991, and now covers the period 1976 - 1995 for some parameters. Standard methods for
monitoring prey and environmenta parameters are currently under devel opment.

Feld work and data acquisition for the program is carried out voluntarily by CCAMLR member parties.
The data they collect are submitted to the CCAMLR Secretariat, who carry out specified standard
andyses for condderation by the Working Group on Ecosysem Monitoring and Management.
CCAMLR now holds a dataset containing nearly 50 combinations of sSite, species and monitored
parameter for predator species aone. The Secretariat aso collect and archive data used by the program
which are acquired from remote sensing programs, for example, satellite sea-ice data. Theoretica and
modelling contributions to the program are made both by CCAMLR members and by the Secretariat.

Inter preting monitoring results: There are two parts to interpreting monitoring results: a review of
trends, and an assessment of future ecosystem responses. CCAMLR has conducted an annua review
of predator status based on its monitoring results since 1992. Because of the Statistical complexity of the
process this has so far been smply a qualitative review, but development of the andytical process has
now reached the point where afull quantitative review is now possible (Agnew, 1995).

Basic research is an extremdy important part of the interpretation process. From its inception, the
program has encouraged paralel programs d research and monitoring (Sabourenkov 1989), dways
understanding that interpretation of monitoring results is dependent in part on independent research.
Interpretation of ecosystem responses has stimulated research on a number of modds of interactions
between components of the krill dominated ecosystem.

I ntegration into the decision structure: CCAMLR has afairly well defined idea of what management
entalls - regulaion of fishing activity through conservation measures. It has adso incorporated the
“ecosystem approach” into its conservation measures for some time. However, a direct feedback link
between the results of the monitoring sysem and management decisons leading to conservation
measures regulating fishing has been harder to develop. This was mostly because the scientific problem
of detecting changes in ecologicd reationships, distinguishing between natura fluctuations and those
induced by fisheries, and then developing appropriate management advice was perceived to be so large
that there was areuctance to tackle it, even theoreticaly, despite it being the stated aim of the program.
This lead to afeding amongst some CCAMLR scientists that the program was unlikdy to contribute to
CCAMLR’'s management of Antarctic resources. Substantia progress has now been made to define
thislink, in particular by the Working Group on Ecosystem Monitoring and Management.

Review of the program: In 1995 CCAMLR initiated an extengve review of the monitoring program to
establish whether the parameters which are being measured are yielding data which reflect changes in
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the ecosystem adequately. Of primary concern is whether Type 1 and Type 2 errors are being
successfully controlled. The results of this review, which will teke severa years, could be the
modification, addition or remova of methods.

Scheme for a monitoring program

The CCAMLR experience has shown that a successful environmental monitoring program requires a
number of critical parts. Each of these parts should be addressed before the monitoring program is
initiated, as clear definition of gods and methods early on in the program will asss grestly with later
work.

Initial design: This must define the gods of the program, formulate testable hypotheses, and sdect
monitoring variables. Establishment of standard procedures to ensure standard data qudity and inter-
comparability is essentid at the sart of the program.

Monitoring data gathering: This includes the commitment to long term data collection, and
standardised data storage and quality control procedures. CCAMLR has found this most conveniently
performed by a centralised agency.

Monitoring data interpretation: This includes the daboration of routine analyses which can be
applied across species, Sites and years. It dso includes a subgtantia component of invedtigative anadyss
and moddling in order that changes due to natura and human induced causes may be separated, and
that the consequences of ecosystem changes and management measures can be effectively predicted.

System review: The review of whether the program is able to meet its ams is most conveniently done
a intervals of severd years. A balance must be obtained between the consstency of monitored
parameters and monitoring methods which is required by along term ecologica monitoring system, and
the necessary review of these methods. This component is aso essential to ensure that the program
maintains enough flexibility to respond to changing requirements.

Decision making: The results of the program must feed back into adecision pathway, so that actions
can be modified on the basis of results from the monitoring program. The objectives of this decision path
must be agreed at the outset of the monitoring program.

I ndependent resear ch: Moddling and empirica research is an integrd part of the initid design of the
program, system review and data interpretation. For the Ecosystem monitoring program, for instance,
research is criticd to the separation of environmental and fisheries-induced causes for predator
parameter variation.

This scheme follows Abbott & Benninghoff (1990) fairly closdly, except for the specific inclusion of
decison making into the generd scheme. As CCAMLR haslearnt, it is extremely important to include
this section from the outset during program design, and to agree mechanisms for arriving at corrective
decisons. Without this step a monitoring program is merdly along term data collection exercise.

Other CCAMLR monitoring initiatives
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In 1984 the Commission agreed that members would periodicaly survey beaches, sed and
penguin colonies in the vicinity of their coasta ations and other aress to determine the types quantities
and sources of any fishing gear or other debris accumulating there. The first reports on debris surveys
were submitted in 1987 and from 1988 periodic surveys of marine debris on beachesin the Convention
Area have been carried out. CCAMLR did not at the outset agree common guidelines for carrying out
such surveys. This lack of standardisation began to serioudy affect Commisson’s ability to summarise
and datigticaly compare data from different surveys and lead to the adoption of standards in 1993
(Secretariat, 1993).

Specific Antarctic problems

CCAMLR has met a number of problems in implementing its monitoring program which could be
described as specifically Antarctic in nature. The shear size of the Southern ocean, and even of the ISRs
isamgor problem - the smalles, the South Georgia ISR is dightly larger than Lake Superior, and the
largest, around Prydz bay, is the Sze of the eastern Mediterranean or the Gulf of Mexico. This crestes
difficulties in designing representative monitoring and in deciding the scale for management action. The
oceanographic features of the region are on a gross scae fairly smple - ardatively homogeneous body
of water contained by the Antarctic convergence, with a strong eastward current offshore and a
westerly counter-current inshore - but this in itsdf gives rise to difficulties in assgning gopropriate
management zones. The strong current system gives rise to considerations of flux between one area and
another, which creates difficulties when separating trends in adjacent aress.

The strong seasondity in the Antarctic has given rise to problems of ensuring consgstent monitoring from
year to year. In some years, heavy pack ice has prevented researchers from arriving a monitoring Sites
in time to weigh penguins as they come ashore, for instance. The rugged terrain has meant that choice of
gtes is not dways ided. The remoteness of the region also meant that there was a paucity of exigting
data on some species in some areas. The inclusion of this requirement has meant that monitoring a some
gtes has taken longer to initiate than a others. In fact, most monitoring is done near Sites of prior
occupation, around existing bases.

The internationd legd status of the Antarctic, and the numbers of research saff and tourists, meant that
some sites needed to be protected to ensure that monitoring was unhindered or disrupted by outsde
influences. This lead to the development of CCAMLR's Conservation Measure 18/XI11, agreed in
1990, which dlows for the development of management plans for CEMP sites which redtrict entry into
and activities within the gte. The international nature of CCAMLR has meant that its decisions are
required to meet a baance of interests, and must be mutualy agreed in an internationa forum. Prior
agreement on the roles of monitoring programs was therefore an essentia part of the preparatory work
for the monitoring program.

Condusons
Monitoring is a combined discipline activity, which requires rigorous gods and objectives to be
agreed at the outset. Congderation must be given to the design of the program, the relationship between

monitoring and research, standardisation and centralisation of data collection, storage and andlysis, and
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the integration of monitoring results into management decisons. The program should be reviewed
regularly in terms of its objectives, and long term (15-20 years) commitments to ensure continuity of
both data acquisition and analysis should be made.
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Monitoring the Status and Trends of Chemical Contamination by the NOAA Mussel Watch
Project

T.P. O'Connor
National Status and Trends Program
NOAA N/ORCA 21
1305 East West Hwy.
Silver Spring, MD 20910

Introduction

Since 1986, the Nationd Oceanic and Atmospheric Administration (NOAA) Mussdl Watch

Project has been chemicdly anadyzing sediments and mussdl and oyder tissues collected at dtes
throughout the coastd United States. Sediment data describe the status, or spatia distribution, of

contamination on a national scae. The molluscan data, on the other hand, are used primarily to describe
and follow tempord trends in contaminant concentrations. Results, published in a number of reporty1-
5], indicate that high levels of chemicd contamination are generaly limited to raively smadl aress near
urban centers, that concentrations are decreasing for chemicals whose use has been banned or severely
curtailed, and that no measured chemicals exhibit increasing trends. Experience gained as the Project
has evolved, has led to dterations in the frequencies of sample collection, the level of replication and the
chemicals measured.

Chemicd Sdection

The program began with a lig of mgor and minor eements, chlorinated pesticides,
polychlorinated biphenyls, and polycyclic aromatic hydrocarbons to be measured in both sediments and
mollusks. The ligt has been dightly shortened by diminating some of the mgor dements (eg. S and Al)
whose concentrations in mollusks were not being correctly quantified by the andyticd methods
gopropriate for tissues. For the most part, though, chemicas have been added. The origina list of
pesticides contained many compounds whose use has been banned (e.g. DDT and PCBs). They
remain among the mesasured chemicals but chemicas have been added that are 4ill in use (eg.
endosulfan and chlorpyrifos). It has been particularly interesting to have added tributyltin whose use in
U.S. coasta waters was banned in 1988, except on vessals longer than 25 m. The molluscan data for
this compound and its breakdown products show that its concentration is decreasing. Alpha-HCH has
begun to be monitored because it is isomeric with the aready measured pesticide Lindane (gamma-
HCH) and is commonly found in aress of the world where technica Lindane (not isomericaly pure) is
used. The lig of polycyclic aromatic hydrocarbons has been expanded to include a series of dkylated
compounds whose presence should be diagnostic of oil as opposed to combustion products
characterized by the parent, non-akylated, PAH compounds.

Frequency

When the project began, it was planned to annualy sample surface sediment a each site.
However, after two years, sediment sampling ceased except a newly visited dtes. The reason was
amply that without sediment dating there was no way to assgn a time scade to the upper 2 cm of
sediment+the sampled depth.  In quiet areas with little deposition the upper 2 cm might represent
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severd of years. If sediments are undergoing active biologica mixing, as they usudly are except under
anoxic conditions, the upper 10 cm may be homogenized and represent many decades. Under turbulent
conditions only recently deposited sediment might be found. However, in this latter case, the sediment
is usudly winnowed of fine grained materid leaving only sand. It was determined in the Project not to
use data from sandy sediments when making overal assessments. Because of its low specific surface
area relative to mud (clay and slt), sand dmost dways carries lower concentrations of chemica
contaminants.

There is an ancillary program to the Mussd Watch Project whereby sediment cores are
collected in areas where it is thought they may provide a sequence of temporally independent sections.
If radiodating confirms that the depths in the core do represent distinct years or short sequences of
years, chemicd anays's then proceeds to reconstruct the long-term chronology of contaminant loading
to the area

The origind plan with mollusks aso cdled for annud collections. In this case, as opposed to
sediment, there was good reason to believe that chemica concentrations in mussdl and oysters can
change within a year if the concentrations in their environment change. However, after the first seven
years of the program (1986-1992) collections have been biennid (there are collections every year but
not at every dte). The centrd reason for this is that a trend is a datigticaly sgnificant corrdation
between concentration and year and the “n” which determines the significance of the correlation
coefficient is the number of years. As “n' becomes large, the fiscal advantage of having its rate of
increases has little gatistica consequence. Replication

Initidly, triplicate composites of 20 oysters, or 30 mussels, or 3 surface sediment grabs were
collected, homogenized and andyzed. That did alow estimates of variance and Satistical comparisons
among samples. However, for the most part, data are used for trend detection or in an aggregate
fashion where the variance about any individua concentration does not come into play. While logistic
costs do not change whether one of three compostes are collected, there are savings in performing
analysis on aly one, rather than three composites. Since that saving has little satistical consequence,
only single composites began being andyzed in 1993.

Concluson

Any monitoring program should remain flexible. Origina design isimportant but as time passes
it should be reexamined. The NOAA Musse Watch Project, for example, has added chemicas and
decreased sample frequency and replication. While not discussed, sites have been added and some sites
dropped and chemica andytica techniques have changed. It isimportant not to have chemical datatied
to a particular technique. As more efficient methods evolve they should be tried and if they produce
comparable results to existing techniques they can be adopted.
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AMAP
ATCM

CCAMLR
CEE
CEMP
CEP

CFC

Cl

CcO

CO2
COMNAP

DDT
EIA
ENEA
EPA
FCO

IASC
IEE

NOyx
NSF
NZAP
PAH
Pb
PCB

SCAR

WG

Arctic Monitoring and Assessment Programme
Antarctic Treaty Consultative Meeting

Commission for the Conservation of Antarctic Marine Living Resources
Comprehensive Environmental Evaluation

CCAMLR Ecosystem Monitoring Programme

Committee for Environmental Protection

Chlorofluorocarbon

Chlorine

Carbon monoxide

Carbon dioxide

Council of Managers of National Antarctic Programmes
Dichloro-diphenyl-trichlorethane

Environmental Impact Assessment

Energia Nucleare e delle Energie Alternative
Environmenta Protection Agency

Foreign and Commonwealth Office

International Arctic Science Committee
Initia Environmental Evauation

Nitrogen oxide
Nationa Science Foundation
New Zealand Antarctic Programme

Polycyclic Aromatic Hydrocarbon
Lead
Polychlorinated biphenyl

Scientific Committee on Antarctic Research
Sulphur oxide

Working Group
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