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2 IAEA's MARINE ENVIRONMENT LABORATORY — MEL 

"We are veryproud that the IAEA established its Marine Environment Laboratory in Monaco, 
the only marine laboratory in the UnitedNationssystem. tteirfirstpurpose-builtfacilities, 
dedicatedto marine research, launcheda new era in the investigation ofthe marine environment. 
We arepleased that the Principality ofMonaco has been actively engaged in these developments 
and is continuously supporting activities ofthe Monaco laboratory. " 

H.S.H. PrinceAlbert2nd, Monaco 
(With hisfather, the late Prince Rainier III) 

MEL's Mission: 

• Research for the protection of the marine 
environment from radioactivity and pollution; 

• Applications of nuclear & isotopic techniques 
for tracking oceanic processes, marine 
ecosystems and pollution impacts; 

• Expertise, Training and Reference Materials 
to assist Member States' commitments for monitoring and sustainable development of their marine environments; 

• Strategic partnerships with U N and International agencies to deliver the World Summit on Sustainable 
Development (UN-WSSD) programmes of the ocean. 

1961 
1988 
1998 

— Laboratory established in the Océanographie Museum (left) 
— Temporaryfaeilities in theLouisIIFootballStadium (centre) 
— Permanentfacilities on the Port ofMonaco (right) 
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Foreword 
^ e oceans and seas are our greatest natural resource, providing us with much of the food we eat and the air we breathe. 
More than US $900 billion per year of the world's economy is directly tied to ocean-based activities such as fishing, 
coastal tourism and shipping, and the oceans and seas contribute greatly to the broad ecological balance of our planet. 

Yet numerous human activities are mounting a growing threat to the health and sustainabil i ty of the marine environ-
ment . Coral reefs around the world are suffering a rapid decline. Fish stocks are increasingly overexploited, and some 
unsustainable commercial fish farming is destroying marine habitats. Pollution of the ocean is extensive and, in many 
cases, irreversible. And our greatest guarantee against global warming — the ocean's vast ability to acts as a carbon sink 
— may be seriously undermined. 

Protection of the oceans and seas against further deterioration requires scientific investigation to better understand and 
manage the principal processes. It is here that the use of radionuclides and stable isotopes, which have been used for 
about 50 years as investigative tools, comes into its own. ^ e y have been used to study environmental processes, fate of 

contaminants in ecosystems, atmosphere-ocean interactions, surface and groundwater 
systems and the response of atmospheric, hydrological and marine systems to climate 
change. 

Coastal zones, supporting about 60% of the global population, require special 
attention because of their contribution to the world's food supply and their sensitiv-
ity to pollution. Nuclear and isotopic techniques provide tools for addressing on a 
quantitative basis the problems of coastal zone management, including investigation of 
contamination, groundwater — seawater interactions and other adverse impacts such 
as salt-water intrusion. 

O n e of the most important parameters in determining the climate on Earth is the 
temperature record of the ocean. It is believed that surface seawater temperature and its 
coupling with atmospheric processes is the most important phenomenon in the long-

term climate record. Nuclear and isotopic techniques are helping to better understand past climate changes on the Earth 
and what may happen to our climate in the near future. 

More than 40 years ago, the IAEAjoined forces with the Grimaldi family and several interested governments to establish 
the Marine Environment Laboratory (MEL) in Monaco. Initially dedicated to building knowledge about the behaviour 
of radionuclides in the seas, the Laboratory has steadily expanded its scope of activities into using nuclear and isotopic 
techniques to ultimately better protect the marine environment. Today, it is one of the world's leading centres on marine 
environmental research, and has likewise become an invaluable source of technical assistance to scores o f l A E A Member 
States in the marine environment and related fields. 

If our knowledge and capabilities fail to keep pace with our everyday practices, we doubtlessly endanger our common 
future, ^ e scientific advances o f M E L , together with those of other advanced organizations and laboratories, can lead 
the way in preserving our precious ecological inheritance. 

s<? 
Dr. Mohamed ElBaradei 

IAEA Director General 
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Oceans and Seas: 
Our GreatestNatural Resource 

^ e Oceans: Earth's greatest natural resource; origin of most life forms; source of survival for hundreds of millions of 
people, ^ e y cover 70 percent of the globe's surface — 330 million square kilometres. All seven 
Continents could fit comfortably into the Pacific Ocean alone. 

A few facts illustrate the Oceans' profound significance for livelihoods and global 
ecological balance: 

I ^ e economic value generated by the Oceans each year is roughly US $1 trillion per year. 

I 12 million fishermen operating 3 million vessels land roughly 90 million tonnes of fish each 
year, providing work for over 200 million people worldwide. 

I 80 percent of the world's biodiversity resides in the sea — much of it still undiscovered. 
Up to 100 million unnamed species live on the ocean floor alone. At least 
3000 pharmaceuticals have been isolated from marine animals and plants. 

I 2 billion tonnes of carbon dioxide are absorbed by Oceans every year, 
making them one of the Earth's key defenses against global warming. 

Oceans Under ttreat 

Numerous signals are giving warning that mankind's management of the Planet's environment and 
resources is failing badly: melting ice caps; depleted fish stocks; harmful algal blooms; changing coast-
lines; massive oil spills; polluted beaches; pollution by sewage and litter; rising sea levels; and more 
powerful and frequent storms, ^ e pertinent facts reveal a pattern of widespread resource destruction 
and unsustainability: 

I Poorly managed industrial scale aquaculture is leading to the severe destruction of marine habitats 
and the frequent occurrence o f H a r m f u l Algal Blooms — or "Red Tide". 

I ^ e world's fishing fleet is currently 2.5 times larger than what the oceans can sustain. 75% of the 
world's fisheries are classified as "fully" or "over-exploited". 

I More oil reaches the sea each year from sources such as leaking cars than was released by the Exxon 
Valdez oil spill in 1989- It released 11 million gallons. 

I Some 65 000 chemicals are used in households, gardening, industry and transport, with about 
1000 new ones added every year. Many are discharged into the Oceans, but few have been analyzed for 
marine toxicity. 

I ^ e possibility of widespread climate change resulting from an increase in "greenhouse" gas 
concentrations in the atmosphere is a growing global problem. 
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Global t r e a t s to 
the Marine Environment 

Radioactive and Fisheries and CoralReeß in Decline 
Chemical Pollution 

m e U N Food and Agriculture Organization (FAO) 
estimate that about one-quarter of the oceans' wild 
fish stocks are lightly or moderately exploited and 
still offer some scope for further fisheries expansion 
while roughly half are fully-exploited — that is, 
producing catches that are already at or very close 
to their maximum sustainable production limit. O f 
the remaining, nearly a quarter are overexploited or 
depleted. 

In 90 of the 109 countries with major coral reefs, 
cruise ship sewage and anchors are causing irrepa-
rable damage, often compounded by exploitative 
seafood harvesting, including dynamite and cyanide 
fishing. 

Global Warmingand 
Carbon Balance 

Pollution of the Oceans is essentially a 
20 t h century problem, associated with 
rapid industrialization. Up to 80 percent 

of all ocean contamina-
tion originates f rom 
human activities on land. 
^ e biggest problems 
are presented by agricul-
tural nutrients, heavy 
metals, and persistent 
organic pollutants, such 
as pesticides and 
plastics. Oil spills f rom 
ships and tankers 
continually present 
serious threats to birds, 
marine life and beaches. 

Many pesticides that 
have been banned in 
industrial countries are 
still used in developing 
countries. Ocean dump-
ing of radioactive waste 
has occurred on a large 
scale at various points in 
the past. 

m e oceans are one of the earth's largest carbon 
sinks — their microscopic phytoplankton absorb 
vast quantities of the atmospheric carbon generated 
by burning of fossil fuels in cars, power plants and 
homes. Normally oceans absorb these "greenhouse 
gases" and help to prevent global warming. Polluted 
Oceans are less able to moderate the carbon balance 
and thus contribute inevitably to uncontrolled 
climate change. 

Much ofthe Earth's bounty comesfrom the oceans andseas. Yet today, the marine environment is 
profoundly threatened by human activities. 
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Monaco's Royal Legacy 

An unwavering commitment to guarding the 
integrity of the oceans and seas has come naturally 
for the people o fMonaco , given the Principality's 
reliance on the Mediterranean. H.S.H. PrinceAlbert 1st 

(1848-1922) was one of the pioneers in marine 
sciences, exploring and cataloguing thousands of 
marine species worldwide. 

Prince Albert 1 s t (lower right), known as the "Navi-
gator Prince", dedicated himself to understanding 
and protecting the seas. His passion for the sea was 
best manifested in the establishment (right) of the 
Oceanographic Museum in Monaco in 1910, and 
development of an extensive collection of marine 
species gathered during expeditions throughout his 
life, ^ e well preserved marine specimens — from 
giant whales to microscopic plankton — are still 
appreciated by hundreds of thousands o f M u s e u m 
visitors every year. 

Forgenerations, Monaco's Royalfamily has contributedgreatly to 
scientific knowledge ofthe oceans andseas. 

One hundred and fifty years after his 
birth, the legacy ofPr ince Albert 1 s t grew 
still greater with the opening of the new 
purpose-built Marine Environment 
Laboratory (MEL) (top) on the Port of 
Monaco in October 1998, constructed 
with the help of a US $10 million dona-
tion from the Monegasque Government. 
Today, the words from his 1921 Speech on 
the Oceans echo across the seas with 
continuing veracity: 

"we time has comefor Humankind to tackle the great 
problems ofthe Ocean, deployingits best resources 
so as to make quickerprogress in overcoming the 
backwardness which is still so strong at the very roots of 
civilization. " 
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Building o n l 5 0 Years of 
Knowledge Sharing 

Origins and Evolution oflAEÄs 
Marine EnvironmentLaboratory 

Hie Principality of Monaco has long 
demonstrated a strong commitment to 
guarding the integrity of the seas. But it 
was with considerable foresight that, in 
response to atmospheric nuclear weapons 
testing, Prince Rainier III hosted the first 
world-wide scientific conference on the 
disposal of radioactive wastes on land and at 
sea in 1959-

Two years later, the IAEA, with support 
f rom Monaco's government, established 

the International Laboratory of Marine Radioactivity, 
dedicated to building knowledge about the behav-
iour of radionuclides in the seas and promoting use 
of nuclear and isotopic techniques in protecting the 
marine environment. 

With the continuing support, the Laboratory 
expanded the scope of scientific research and field 
activities over the course of three decades into many 
related fields and established itself as a valuable source 

of technical assistance for IAEA Member States. In 
1991, it was renamed the "Marine Environment 
Laboratory" to convey more accurately the broad 
scope of responsibilities it had assumed in providing 
scientific expertise and technical support to Member 
States. MEL is part of the IAEA's Department of 
Nuclear Sciences and Applications. 

Today MEL operates on a modest regular budget of 
about $3-6 million and has a full time staffs of about 
36 scientists, technicians and administrative person-
nel. Extrabudgetary resources and contributions 
in kind for specialized research and services from a 

variety of governments and international bodies 
total some $2 million annually. 

MEL activities concentrate on five principal areas: 

Understanding Radioactivity in 
the Oceans &Seas 

DiagnosingMarine Ecosystems 
andPollution 

EnablingAnalyticalExcellence 

Building Strategic Partnershipsfor 
Research and Sustainability 

Analysing Ocean Carbon and 
Climate Change 
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Coastal Pollution: Sharing Local Knowledge 

Monaco. Researchers from at least 10 developing countries — from Brazil and Cuba to the Philippines, 
Pakistan and Thailand — have gathered here to exchange insights and information on how to better 
manage polluted coastlines in their countries. They collect mussels, cockle clams, fish and other 
marine specimens in coastal waters and test them for various toxins and contaminants using nuclear-
based techniques that yield new knowledge about how pollution is moving around the marine ecosystem. 
It's all part of an IAEA Coordinated Research Project (CRP). 

Heny Suseno has come from Indonesia to explain his investigations of green mussels in Jakarta Bay 
and how molluscs can be used as "bio-indicators" of marine pollution. Through the CRP, he's learning 
from more advanced laboratories to better employ nuclear techniques in documenting the biological 
processes of toxin accumulation. 

"There's a big gap in knowledge between the labs in industrial and developing countries," Mr. Suseno 
explains. "The CRP is designed to help bridge that knowledge gap and bring us up to speed with the 
latest nuclear techniques." 

Nikom Prasertchiewchan has come from Thailand's "Atom for Peace" agency to share his research on the 
uptake of various radioactive materials — such as cobalt, caesium and strontium — in blood cockles, a 
type of clam. Thailand is constructing a new nuclear research reactor, and Nikom's research will provide the 
baseline data for an environmental impact statement and subsequent monitoring of the reactor facility. 

Other CRP participants come from South Korea, the USA and Australia. All share experience and 
knowledge about their local research on coastal zone management and get additional training during the 
exercise in advanced laboratory techniques. 
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Mission and 
Principal Products 

UnderstandingRadioactivity 
in the Oceans and Seas 

Founded in the wake of atmospheric nuclear 
weapons tests, MEL's core mission has been to 
deepen scientific knowledge about the behaviour of 
all forms of radioactivity in the marine environment. 
Over the ensuing decades, this foundation research 
has broadened to include analysis of a broad range 
of non-radioactive pollutants — from pesticides to 
petroleum hydrocarbons to heavy metals — employing 
both nuclear and isotopic techniques. 

MEL has built a solid capacity to analyse radionuclides 
and model their dispersion in the marine environment. 
U i s helps numerous IAEA Member States in assess-
ing the radiological impacts of past weapons testing, 
nuclear waste dumping and nuclear accidents at sea. 
MEL has conducted in-depth investigations into 
underwater disposal of nuclear waste and reactors in the 

Kara and Barents Seas, the Sea of Japan and 
the Northeast Atlantic. It has documented 
the environmental consequences of recent 
nuclear weapons tests in the South Pacific. 
And the dispersion of radionuclides from 
nuclear facilities has likewise been extensively 
documented. MEL has applied this capacity 
to assist Member States to measure and assess 
radioactivity in areas such as the nuclear weap-
ons test sites in the Southern Pacific Atolls of 
Mururoa and Fangataufa, the dumpsites of 
high and intermediate level nuclear waste in 
the Arctic (Kara Sea), the Irish Sea offshore 
the Sellafield nuclear reprocessing plant, the 
Black Sea and the Caspian Sea. 

With its own measurement results and those 
published by scientists worldwide, MEL has 

established the Global Marine Radioactivity Database 
(GLOMARD) to provide countries with baseline 
data on radioactivity levels in seawater, sediment and 
sealife. A web-based platform called MARIS offers 
access to these data at http:llmaris.iaea.org. With 
support from Japan, a large-scale information gather-
ing project on Worldwide Marine Radioactivity was 
carried out in order to accurately track radionuclide 
levels around the globe. 

A recent cruise in the Southern Pacific and Antarctic 
Oceans undertaken by MEL scientists retrieved new 
data from some of the last radioactively uncharted 
and remote waters in the world, ^ e cruise's goal 
is to document the biological, biogeochemical and 
bio-optical properties of different marine nutrient 
systems, and to analyse carbon "export" in contrast-
ing environments, ^ i s pioneering mapping project 
is supported by the French Research Council, the 
US space agency NASA and the European Space 
Agency. 

^ e recurring phenomenon known as "El Nino" is 
one of the most revered — and feared — marine 
environmental phenomena, with wide ranging effects 
on polar sea ice, fish production in Peru, maize growth 
in Africa and rainfall in Florida. While El Nino occurs 
periodically, its intensity and characteristics in terms of 
salinity and temperature vary widely, thus making its 
impacts hard to predict, t r o u g h a new research 
project coordinated by MEL, scientists are collecting 
radionuclide, stable isotope and trace element records 
in corals and ocean sediments in order to reconstruct 
the patterns left by past El Ninos going back several 
hundred years, ^ i s research will enable scientists to 
predict the sea-surface temperature, salinity, frequency 
and intensity of future El Ninos with much greater 
accuracy. 
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Red Tides Cloud 
Chile's Seas 

Mario Luis, Russie Luengo and 
millions of fishermen in Chile 
are facing cloudy futures. Their 
nemesis is "red tides" — harm-
ful algae that can poison shell-
fish and other seafood, taking 
it off the market. 

Sometimes the scares of 
contaminated seafood are 
real; often they are not. How 
food safety authorities tell the 
difference is a big issue inter-
nationally, with "red tape" high on the list of concerns in 
Ashing communities worldwide. A complicated bureau-
cratic road has delayed a new test to certify that shellfish 
exposed to red tides are safe to sell and eat. 

• Over 100 million tonnes of fish are eaten worldwide each year, providing two and a half billion 
people with at least 20 percent of their average per capita animal protein intake. 

• Fisheries and aquaculture provide incomes to around 200 million people worldwide. 

The test relies on a nuclear-based scientific technique, 
called receptor binding assay, RBA for short, that more 
quickly and precisely measures levels of "red tide" toxins 
that shellfish might contain. Fishing and health authorities 
in Chile, the Philippines and elsewhere are seeing RBA as 
a key tool, and the IAEA is working with partner countries 
and organizations to help them learn and apply it. Their 
goal is to get RBA approved as the global "gold standard" 
for certifying the safety of shellfish and other seafood. 

Today the fight to get RBA approved faster is intensify-
ing. Fishing is a mega-business for coastal countries, 
and how the story of red tide and red tape turns out is of 
growing social and economic importance, especially in 
the developing world where fishermen and women like 
Mario and Russie make their living from the seas. 

Fish Facts 

• 38 percent of all fish is traded internationally. The total world export value for fish and fish products 
is nearly US $60 billion annually. The volume share of developing countries in fishery exports represents 
just over half, about 55 percent, of the total. 
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DiagnosingMarine Ecosystems 
and Pollution 

Nuclear and isotopic techniques are used in 
many ways at MEL to enhance understanding of 
marine ecosystems and to improve their manage-
ment and protection. Radiotracers help track 
the movement of various types ofheavy metals 
and industrial pollutants; radioactive and stable 
isotope tracers improve knowledge about marine 
biological processes; and nuclear methods enhance 
understanding about the history and evolution of 
the marine environment. 

One of the most damaging and widening prob-
lems facing coastal waters around the world is the 
phenomenon known as "red tides," scientifically 
called Harmful Algal Blooms (HABs). ^ e rapid 
growth of algae stimulated by changes in their 
environment or by an oversupply of nutrients, 
leads to a toxic contamination of shellfish and the 
deadly Paralytic Shellfish Poisoning (PSP). HABs 
has become a common problem almost every place 
where fish farming has become commercialized, 
from Chile to Angola and South Africa to the 
Philippines. 

Precise measurement of the levels of toxin in shellfish 
is critical to decisions about marine management and 
human health. In most countries, accurate monitor-
ing determines whether fisheries are closed; whether 
warnings are issued to harvesters; or whether trade in 
shellfish is completely banned. 

^ e coastline of the Philippines stretches over 
17 000 kilometers providing vast shelf areas well 
suited for fisheries and shrimp farming. Over the 
past two decades, as fish farming has blossomed, 
nine major coastal areas have been hit with serious 
toxic red tides. More than 2000 people have been 
afflicted with PSP resulting in more than 100 deaths. 
Economic losses to the seafood industry alone at 
the height of these HABs incidents have surpassed 
$300 000 per day. 

Until very recently, the best means available to test 
for toxins was to extract them from the shellfish and 
to inject them into live mice and measure how long 
it took for the mouse to die. With the help of the 
IAEA and MEL, a more advanced nuclear-based 
technique, know as Receptor Binding Assay (RBA), 
is being introduced into the government's shellfish 
monitoring programme with success. At the same 
time, radiometric data of sediment cores from the sea 
floor is helping to date past red tide occurrences. 
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EnablingAnalytical Excellence 

To produce reliable scientific results, monitoring 
laboratories need quality control that includes regular 
measurements of contaminants in marine refer-
ence materials, ^ e y also require participation in 
interlaboratory comparisons and proficiency tests. 

MEL is a leader in providing marine quality assur-
ance for all types of contaminants, both radioactive 
and non-radioactive through worldwide and regional 
exercises, ^ e number of participating laboratories in 
Member States has increased from 50 in 1971 to 
more than 200 laboratories now analysing radio-
nuclides, trace organics and trace elements. Some 
60 different inter-comparison and reference materials 
have been produced by MEL, lOof which are 
currently available from the IAEA. 
(www.iaea.org/programmes/aqcs) 

Today's MEL is housed in a state-of-the-art facility, 
equipped with aquaria that can mimic the environ-
mental conditions of oceans and seas anywhere in 
the world, analytical laboratories with a wide array 
of sophisticated instruments, computer systems and 
databases to share results with other researchers and a 
new underground counting laboratory. 

MEL uses a wide range of methods and technologies 
in its analytical work. In order to identify nuclides or 
molecules under study, samples must first be prepared 
and purified. A variety of chemical methods are used to 
isolate, purify and concentrate samples before analysis. 

Advanced instrumental techniques, amongst which 
ultra-low-background high resolution gamma 
spectrometry, alpha spectrometry, atomic absorp-
tion spectrophotometry, gas chromatography and 
mass spectrometry, are further applied to quantify 
radionuclides, stable isotopes, organic compounds or 
trace metals. 

andskilledstaffatMonaco have 
made MEL a world leader in 

quality assurance servicesfor all 
types ofnuclear and non-nuclear 

pollution. 

http://www.iaea.org/programmes/aqcs
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BuildingResearch Partnerships 

To obtain the highest quality research results, 
MEL forges partnerships with international orga-
nizations, such as UNEP, UNDP, IMO, FAO and 
IOC/UNESCO, that implement programmes for 
sustainable development of the oceans. In a typical 
year MEL works with some 5 0 t o 6 0 government 
partners, t r o u g h such direct collaboration, Member 
States gain confidence that the marine environmen-
tal research and advice they obtain is of the highest 
scientific quality, relevance and independence. 

MEL is able to investigate non-nuclear pollution in 
the marine environment, ^ u s , the UN and Regional 
Organizations often call on MEL's expertise to assist in 
ocean pollution assessment. Some examples: 

• MEL has worked with the Mediterranean 
Pollution Programme (MEDPOL) o f U N E P 
(UN Environment Programme) for more than 
30 years. One major contribution o f M E L has been 
improving quality assurance of marine monitor-
ing data across the Mediterranean region, t r o u g h 
MEDPOL, MEL has also helped to build the 
analytical capacities of numerous laboratories in 
participating States. 

• MEL worked together with the Global Environ-
ment Facility (GEF) and the UN Office ofProject 
Services in the Black Seas Ecosystem Recovery 
Project, which helped the five coastline countries 
— Bulgaria, Georgia, Romania, Russia, Turkey and 
Ukraine — to upgrade both their staffs and facilities 
to better analyze key marine contaminants such as 
heavy metals, petrochemicals, and organic pollutants. 

I MEL also collaborated with these countries 
through an IAEA Regional Technical Cooperation 
Project to upgrade their capabilities to measure 
radionuclides and apply nuclear techniques to study 
pollution. 

(Below) Withfinancial aidfrom 
thejapanesegovernment, MEL is 
now able to make highly sensitive 
radioactivity measurements through 
a new underground laboratory 
equipped with advanced analytical 
instruments. 
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UncoveringMarine Pollution 
in the GulfRegion 

Two conflicts in the Gulf have badly affected the 
waterways of Kuwait and Iraq. Today, an estimated 
200 damaged and destroyed vessels pose a serious 
threat to navigation and to the marine environment. 
Part of the challenge facing the United Nations 
Development Programme (UNDP), the UN agency 
coordinating the removal of these shipwrecks, is the 
limited information available about their potential 
impact on the environment. Unexploded munitions, 
cargos that could include oil, petrochemical or other 
chemical substances, as well as chemicals, lubricants 
and metals from the ships themselves are all poten-
tial sources of contamination. To minimize environ-
mental damage of salvage operations, UNDP invited 
MEL to provide scientific and technical expertise to 
assess the potential impacts. Initial work began in 
early 2004, involving a pilot study of 20 shipwrecks. 
Samples of sediments around the wrecks were 
collected by divers, freeze-dried onboard and sent to 
MEL for analysis. 

Survey vessel "Halul32" 

Marine pollutants are of particular concern in the 
Gulf region because of its fragile ecosystem and 
the high volume of maritime traffic. In response to 
requests from Member States in the region, MEL and 
the Regional Organisation for the Protection of the 
Marine Environment have investigated several non-
radioactive pollutants in the region. A recent study 
in the Gulf and the Gulf of Oman examined levels 
of organotin compounds, widely used in marine 
paints as anti-foulants, but that can also adversely 
affect aquatic species. Using sediment samples, MEL 
researchers determined that the current levels of 
organotins pose no immediate public health threat to 
the region. 

Surveying the costs oftwo Gulfwars: MEL scientists carried out thefirst environmentalsurvey ofshipwrecks in Kuwaiti andLraqi waters. 

Surface sediments were collected by diversfrom around the wrecks and the samples were delivered to MEL in Monacofor analysis. 

The Oceanic Carbon Sink 

"Marine snow" is an aggregate mixture of microscopic biota and other particles suspended 
in the ocean. This snow can be used to study the biological processes in the ocean, particu-
larly the processing of carbon dioxide. MEL's current research grew out of investigations 
some 20 years ago that analysed the transfer of radioactive plutonium in the ocean environ-
ment. Today alongside natural radioactive tracers (such as uranium and thorium), the low 
levels of plutonium in ocean waters are used to track the movement of carbon dioxide as it is 
exchanged between the atmosphere and the ocean. By sampling suspended particles and 
sediment, MEL scientists are tracking such movements to learn more about the equilibrium of 
carbon isotopes in open ocean waters. Because changes in this equilibrium can be affected by 
temperature, this research is contributing to the development of models of climate change in 
the ocean environment. 
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AnalysingOcean Carbon and 
Climate Change 

The insulating effect of so-called "greenhouse gases" 
between the Earth and its protective ozone layer can 
cause climate changes on a global scale. Even subtle 
drops or rises in temperatures can alter weather 
patterns, disrupt food production and cause severe 
droughts or floods. Carbon dioxide is the greenhouse 
gas of most profound concern. Carbon dioxide is 
produced by both natural and human activities, thus 
controlling its levels is a complex task. 

Current global efforts to reduce climate change are 
attempting to strike a balance between carbon diox-
ide sources and sinks — processes that release carbon 
dioxide into the atmosphere and those that trap or 
sequester it. The ocean is globally a major carbon sink. 

MEL and several American and European institutes 
are participating in a global study of the biological 
processes involved in carbon sinking in the ocean. By 

analysing suspended particulate matter from various 
ocean depths, the study is assessing the influence 
of various factors controlling the transfer of carbon 
from the surface to the deep ocean. These sus-
pended particles are the major vehicle for exporting 
carbon from the surface to the ocean floor. As these 
particles fall to the ocean floor, the organic carbon 
they contain becomes remineralized into an inor-
ganic form, which is much more easily released and 
redistributed into ocean waters at various depths. 
The extent of this redistribution determines how 
much carbon dioxide the ocean can absorb from the 
atmosphere. 

MEL is also studying coral growth bands as 
indicators of climate change, particularly of the 
El Nino effect, which has important socio-eco-
nomic impacts. Growth bands can be dated, for 
example with carbon-14, and analyzed for diverse 
components to study past environmental events 
and reconstruct the temperatures changes of the 
ocean. 
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Young scientists comefrom IAEA Member States 

around the world to expand their knowledge 

through on-the-job training at MEL's advanced 

researchfacilities. Supportforthem isprovided 

through IAEA Coordinated Research Projects, 

Internships and Technical Cooperation 

Fellowships. 
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Technical Cooperation & 
Capacity Building for 

Member States 
t r o u g h the IAEA's Technical Cooperation (TC) 
programme, MEL supports critical capacity-building 
in developing Member States through applied marine 
environmental research. Subjects include marine 
radioactivity and radioecology, radiochemistry and 
marine pollution assessment. MEL also hosts yearly 
dozens of trainees from developing countries to work 
at the Monaco laboratory and enhance their scientific 
skills and knowledge. 

MEL contributes to the implementation of dozens of 
national IAEA-TC projects throughout the develop-
ing world, addressing key problems like petroleum 
pollution, red tides, and radioactive, heavy metal and 
pesticide contamination. In Angola, MEL is helping 
to determine the quantity and type ofhydrocarbons 
in the water column, sediments and mussels on the 
Benguela coastline. In Southern Guatemala, MEL 
researchers are assisting with the analysis of toxic 
metals in the marine environment. And in Paki-
stan, MEL is supporting the evaluation of pollutant 
behaviour and contaminant transport in inland and 
coastal industrial zones through the application of 
both nuclear and non-nuclear techniques. 

Regional and Inter-Regional TC projects help to 
transfer knowledge and skills both to and among 
developing Member States. To help address the 
widening red tide phenomenon throughout the 
world, MEL is introducing the receptor binding 
assay method to numerous countries including Chile, 
Pakistan, Philippines, South Africa and China. A 
new Mediterranean regional project is assisting States 
— from Albania to Cyprus to Serbia and Monte-
negro — with assessment of radionuclides in the Sea. 
An ongoing regional project in Asia is improving 
the States' capacity for planning and responding to 
marine radiological emergencies, ^ e project includes 

China, Bangladesh, Indonesia, Korea, Malaysia, 
Mongolia, Mailand and Vietnam. 

Uncovering Contaminants 
in the Caspian Sea 

The Caspian Environment Programme (CEP) is a 
cooperative effort of Ave Caspian littoral states 
— Azerbaijan, Iran, Turkmenistan, Kazakhstan 
and the Russian Federation — to improve 
regional environmental monitoring and manage-
ment. MEL has been collaborating with CEP in a 
contaminant-screening campaign with support 
from the Global Environment Facility, UNDP and 
the UN Office of Project Services (OPS). 

During the initial phase, an assessment of ma-
rine pollution revealed important new scientific 
data, most notably that sizeable coastal areas in 
Azerbaijan and Iran are seriously contaminated 
with DDT pesticide-related compounds. Mining 
activities, moreover, have raised heavy metal con-
tamination (copper and zinc) levels to dangerous 
levels in numerous "hotspots" along coastal zones 
of the two countries. In the project's follow-up 
phase, MEL is assisting the participating countries 
with expert advice and technical support in estab-
lishing a sound pollution monitoring capability at 
the regional level. 

MEL is carrying out similar scientific capacity 
building efforts for the marine environment in 
the countries bordering on the Red Sea, the 
Gulf of Aden, the Persian Gulf and the Southern 
Mediterranean. 
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" ^ e quality of the MEL staffhas really improved my education and learning, 
^ e radiochemists, biologists and geochemists work closely together, 
which is unusual in marine sciences, so I am able to learn from them all." 

Alessia Maria Rodriguezy Baena, PhD student, Italy 

"We do not have data specific to the marine environment in Cuba. 
We are using these techniques available at MEL to find a suitable species to use as 
bio-indicators ofheavy metals specifically for our environment." 

MiguelGômezBatista, TCFellow, Cuba 

"My goal was to gain practical experience before going on to further 
my field studies. MEL has provided a challenging and 
exciting environment to advance my learning." 

EmmanuelBuschiazzo, MarineBiologist, France 

Over thepastfiveyears, more than 30 long term TCfellows and 

professional traineesfrom 17 countries have honed their research 

skills through on-the-job laboratory research at MEL and in 

training courses organized in collaboration with Member States 

laboratories. 
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Research Fellows and 
Training Initiatives 

Research Fellows and Training 

MEL offers a wide range of training and provides in-
ternships for recent graduates interested in acquiring 
new laboratory skills and other expertise. Intended 
for Member States, regional organizations and other 
UN agencies, MEL's training courses cover a broad 
range of topics related to the use of radionuclides in 
marine studies, as well as analysis of non-radioactive 
pollutants. 

Under the IAEA's Technical Coop-
eration (TC) programme, regional 
courses are offered several times a 
year to provide training on equip-
ment use and methods customized 
to regional needs, ^ i s approach 
helps build local expertise and 
strengthens networking by bringing 
together researchers and technicians 
from across the developing world. 

Equipment and techniques used in 
nuclear and non-nuclear methods 
often must be adapted to condi-
tions in national laboratories. 
T C fellowships provide researchers 

from IAEA Member States with the opportunity to 
learn first hand about the methods used at MEL and 
then customize them for their own research. Because 
of this adaptability, the fellowship programme 
attracts not just marine radiochemists and 
radioecologists, but also geologists and biologists. 

With support from the European Community, 
— Alessia Maria Rodriguez y Baena is pursuing her 
PhD with joint supervision from the University of 
Genoa, Italy and researchers at MEL. Her investiga-
tions of the use of natural radiotracers in the ocean 
to study marine fluxes recently took her to Antarctica 
where she spent two months on board of a German 
research vessel to collect specimens. With support 
and analytical equipment from MEL she was able 
to do much more than would otherwise have been 
possible during this time. Now back in the lab, the 
live samples collected are being raised successfully 
in MEL's specialized aquariums and the samples are 
being analysed so that further research towards her 
PhD can be conducted. 

Following an accidental spill in coastal waters, arsenic 
contamination has been a concern to environmental 
officials in Cuba. Although isotopes are used in his 
laboratory, T C Fellow Miguel Gomez Batista came 
with a specific mission — to see how isotopic meth-
ods could be used to monitor heavy metal contami-
nation in Cuba's coastal waters. Clams from Cuba, 
now being raised in MEL's aquarium facilities, are 
being studied for arsenic metabolism with the goal of 
using them to monitor contamination of arsenic and 
other heavy metals in Cuba. 
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MEL Collaboration Modalities 
and Budget 

MEL Works with IAEA Member States, International Organizations 
and Agencies through: 

IAEA Department of Nuclear Sciences and 
Applications 
(http:llwww-naweb. iaea. org) 
Coordinated Research Programmes (CRPs) 
Cost Free Experts (CFEs) 
Strategic R&D Projects 
PhD Candidates 

Member States can participate in CRPs, can spon-
sor CFEs, request strategic R&D projects and can 
nominate PhDs for training at MEL. 

IAEA Department of Technical Cooperation (TC) 
(http-.Hwunu-tc. iaea. org) 
Country Programme Framework (CPF) 
Thematic Plans (TPs) 
National and Regional Projects 
TC Fellowships and Training Courses 

MEL can assist Member States with marine envi-
ronment aspects of their CPFs, TPs, and Regional 
Projects, andean host TC Fellows and Interns. 

Annual Budget2004 — US $5.8 millions 

Extrabudgetary Contributions 

Member States, UN Agencies and other organiza-
tions may provide funding or in-kind contributions 
for specific research activities or services at MEL. 

European Union (EU) Contributions 

States sponsor MEL scientific research through EU 
Framework R&D Mechanisms 

Extrabudgetary 
. Income 
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MEL in the 21st Century 

^ e threats to our oceans and seas that are portrayed in this booklet are 
likely to become more profound in the decades to come, unless concerted 
actions are taken by the international community. Chemical pollution, 
intensive agriculture, sewage discharge and aquaculture, overfishing, 
irreversible damage to coral reefs and challenges to marine biodiversity are 
recognized as the key threats to which we need to respond. 

1 .a,e.a. 
MONACO 

MEL's mission statement (seepage2) sets out our vision of the contribu-
tion that we can make to the global endeavours to address these challenges 
in the 21st century. We are committed to equipping new generations of 
marine scientists with the knowledge and training necessary to understand 
the threats to our common marine environment through the unique 
diagnostic power of isotopes in marine radioprotection, in marine ecology and climate, and for the tracking of 
the sources, fates and impacts of contaminants in the marine ecosystem. Our experience shows that almost all 
major pollution problems facing the marine environment can be uniquely and better investigated using 
nuclear and isotopic techniques, which offer the diagnostic and dynamic information needed to identify the 
source of contamination, its history of accumulation, the environmental pathways and its impact. Such 
information is needed to make cost effective mitigation decisions. 

We will build on the service provided to our Member States by providing independent marine radioactivity 
environmental assessments, ^ e good news is that the global marine levels of artificial radionuclides continue 
to decline, and that they now are well below both radiological thresholds and the levels of natural radio-
nuclides found in the marine environment. We will, however, maintain and update our capability to provide 
timely assessments for any future marine radiological incident. 

^ e potential of isotopic techniques to study climate and climate change have been extensively used in recent 
years by marine scientists to investigate ocean currents, water masses, and the ocean as a sink for carbon. 
Even past ice ages and present-day greenhouse warming trends and El Nino changes have been tracked from 
their isotopic signatures in the coral bands and in microfossils of deep sea sediments. We will continue to 
collaborate with other international organizations active in these and other fields, and which are dedicated to 
understanding and helping to preserve our precious marine environment. 

Our special skills in the Monaco laboratory are to utilize the unique properties of isotopes, whether as 
sensitive time clocks or as tracers for life supporting elements, or for assisting in the control of contaminants. 
Marine scientists use isotopes for "tracking the pulse of the ocean". 

In the years to come we will continue to play our part in keeping the body, the marine environment, healthy 
for future generations to enjoy. 

Dr. R. Fauzi C. Mantoura, Director 
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Gamma spectrum ofnatural and anthropogenic 

radioactive isotopes in a marine sediment. 

il 

In support oftheAgency'sprogramme on ocean carbon sinks 
MELparticipatedin oceanographic expeditions organizedon 
board the French research vessel Marion Dufresne (middlej and the 
US research vessel Endeavor (bottom, in Monaco HarbourJ in the 
Pacific Ocean and the Mediterranean Sea. 
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Top Centre & Right: SEMphotomicrographs oftwo species ofsingle-celledmicroalgae. Left: Discosphaera sp and Right: Emiliania sp; 
cellsize: 10 and5 ^m resp) thatfrequently bloom (up to million cellsper ml) in the upper ocean. 7Äeir carbon-rich biomineral (CaCO^) 
skeletons settle out to the deep sea and contribute significantly to the oceanic sink ofcarbon and the removal ofmetals and radionuclides. 

Remotesensingimage ofcontinentalandoceanic regions ofAfrica,Asia andEuropeshowingfertile chlorophyll-rich regions (green landand 
red-green coastal seas) and unproductive deserts (brown) and central ocean gyres (dark blue). 
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