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The lectures will begin by a presentation of the large Antarctic and 
Greenland polar ice sheets , as well as high altitude mid-latitude 
glaciers which are suitable for obtaining snow and ice cores which can 
be used for reconstructing the past history of atmospheric pollution and 
climate . We shall then describe the procedures used in the field to 
collect shallow snow from the walls of snow pits and deep ice cores down 
to depths of several kilometers using deep electromechanical or thermal 
drills . The different methods used for age dating of the samples so 
obtained will be explained , with examples of the depth-age 
relationships for different locations . 

 We shall then describe in some details the analytical procedures used 
for the analyses of these snow and ice samples . Such analyses are 
especially difficult because polar snow and ice is the purest natural 
water on Earth , with extremely low concentrations down to sub pg/g 
levels for elements such as heavy metals . Reliable data can be obtained 
only if specially designed ultra-clean laboratories are used , with 
sophisticated procedures to clean all material which is going to be in 
contact with the samples using ultra-pure water and acids . It is 
moreover essential to perform extensive blank determinations to 
quantitatively assess the contamination brought to the samples during 
each step of the whole analytical procedure . Of particular importance 
is the development of sophisticated procedures to decontaminate deep ice 
cores since the outside of such cores is generally heavily contaminated 
during drilling operations . Thermal Ionization Mass Spectrometry ( TIMS 
) , Inductively Coupled Plasma Sector Field Mass Spectrometry ( ICP-SFMS 
) , Laser Excited Atomic Fluorescence Spectrometry ( LEAFS ) and 
Graphite Furnace Atomic Absorption Spectrometry ( GFAAS ) are some of 
the most commonly used analytical techniques . 

 Examples of some of the most interesting results obtained so far will 
then be presented , with special emphasis on the history of atmospheric 
pollution for heavy metals from the Antiquity to present , and the 
reconstruction of past changes of climate and greenhouse gases during 
the last glacial-interglacial cycles . 

 The Greenland data show that the large scale pollution of the 
atmosphere of the Northern Hemisphere for lead (Pb) was already 
significant two millennia ago at the peak of the Roman civilization , 
with major contributions from mining and smelting activities in the 
Roman empire , especially in Southern Spain , before declining after the 
fall of the empire and rising again after the industrial revolution . Pb 
pollution became extremely important during the 20th century as a 
consequence of the massive use of ethyl lead and methyl lead antiknock 
additives in automobile and aviation gasoline : Pb concentrations in 
Greenland snow deposited in the 1960s are found to be about 200 times 
higher than natural concentrations in Holocene ice . The data obtained 
in Antarctica and various mid-latitude areas show that this pollution 
for Pb and various other heavy metals can be found everywhere on Earth 
and is therefore global . Of particular interest is the evidence of a 
recent pollution for platinum (Pt) , palladium (Pd) and rhodium (Rh) 
linked with the use of automobile catalytic converters . Finally , data 
obtained from the analysis of ancient ice dated from before any human 
impact allow to assess past natural atmospheric cycles of various heavy 
metals and their changes from glacial to interglacial periods . They 
especially allowed to determine fallout fluxes of extraterrestrial 
material ( meteoric smoke particles ) to Earth . 

 The data obtained from the analysis of hydrogen and oxygen isotopes in 
ice cores have allowed to obtain highly interesting data on past changes 
in climate during the last climatic cycles . For Antarctica , available 
data cover the past 800 000 years , back to Marine Isotopic Stage ( MIS 
) 20.2 , thanks to the extensive study of deep ice cores drilled at 
Vostok , Dome C and Dome F in central East Antarctica . For Greenland , 
available data cover the past 100 000 years , thanks to the analysis of 
the GRIP and GISP 2 ice cores drilled at Summit in central Greenland . 
They show a succession of interglacial and glacial periods , with 
periodicities linked with the changing orbital parameters of the Earth . 
Highly interesting data were also obtained from the analysis of 
greenhouse gases such as CO2 and methane contained in the air bubbles 
entrapped in the ice . They show low natural concentrations during the 
coldest stages of glacial periods , such as the Last Glacial Maximum ( 
LGM ) 20 000 years ago , and higher natural concentrations during 
interglacial periods .
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