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The atmosphere is recognised as an important source of trace metals to the oceans - Rin‘;oste S B, Pl g James Clark Ross
(Duce et al. 1991). However, there are few measurements of trace metal Saharan O g ; T . England to Falkland

Methods

concentrations in remote marine regions, particularly in the Southern hemisphere. : i Islands =, : R : Aerosol samples were collected during cruises in the Indian and Atlantic

Aerosol samples were collected during cruises in the Indian and Atlantic Oceans and g ; : September/October % - Oceans. High volume aerosol samplers were employed to collect aerosol

their metal content investigated. The lead isotope ratios in the aerosols were measured ! (13, 16, 17)~ ot East B “wly ; 2001 : - particles on the surfaces of acid washed Whatman 41 filter papers. A 0.1 M

and used to assist in source apportionment of the samples. These are the first trace = (@ 10-12,15)8 Nitric Acid extraction solution was used followed by analysis for a suite of
metal concentration data reported for aerosols over the South Indian Ocean. b s - - 32°S Indian Ocean

trace metals using Graphite Furnace Atomic Absorbance Spectroscopy. This
S Atlantic/Remot ! Transect on enabled the readily soluble metals in the aerosols to be quantified. Lead
Wis2s) RRS Charles Darwin i ‘ : isotope ratios were determined with multi-collector-inductively coupled

South Africa to plasma-mass spectrometry.
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ﬁ¢> (193 Sk RS, od This Study Pb[ Cu study are of a similar magnitude to those # Saharan
i Range 2.9 North Atlantic 83| 141 calculated by Duce et al® and Spokes et 164 9S. Atlantic/SouthEast © Different sized fractions of the same sample show differences in Pb isotope ratios
ooy : I . Souh Arlanne b il ©) ©S. Atlantic/S. African although these are not systematic. The enriched lead in the coarse mode may reflect
(1989-90) : South Indian 370273 al. ©. ¢ g y. . y
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) . | earlier lead emissions resuspended on soil particles, leading to isotopic differences in
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— size fractions as trends in lead use evolve.

Range (1.1-6.0) — | North Atlantic 9.6 0.2 et al. for the South Atlantic and South O South African
South Atlantic 11 003 Indian Oceans. This may reflect an | AMid Indian (W) @ There is a marked difference between on shore and off shore flow at Mace Head,
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South Indian 0.3 0.01 ) . ) i
increase in industrialisation in the OMid Indian (E) possibly due to the difference between US and European lead sources.
Southern hemisphere in recent years. E Australian

Lead Isotope Ratios in Aerosol Samples
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GHT N e ] North Aflantic }0'5} 36‘ 3'7‘ 2] 21 © Samples collected under Saharan dust influence have similar Pb isotope ratios which

South Atlantic 02| 20] 14| 16| 13/ @ The input of trace metals to the are typical of Saharan dust, even though the Pb is enriched above crustal values.
The leqd data are presented here and similar trends were seen in other metals studies North and South Atlantic are of a
(Cu, Ni, Zn and Cd).

¢ Most samples in this study had air mass back trajectories suggesting they had a
predominantly marine origin. © Atmospheric flux of lead more important than river fluxes. For other
metals, river fluxes are a similar magnitude or larger than atmospheric but;
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© Aerosols collected in the Indian Ocean close to South Africa has a similar lead isotope
similar magnitude. ratio to those collected in the mid Atlantic Ocean with South Easterly air mass back
trajectories (S. Atlantic/S. Africa). These ratios suggest southern African signal has
changed. The Pb signal was more radiogenic than previously detected implying S
© Low lead concentrations were observed even fairly close to industrial regions such as African Pb is now dominated by mining and coal burning activities.

Western Europe and South America. @ The atmosphere. .likely to deliver several times the dry deposition flux 235 247 239 21 243 245 € Throughout much of the mid and eastern and Indian Ocean air mass back trajectories
© Similar concentrations were observed in the Northern and Southern hemispheres. through wet deposition processes. 208pp, 207, suggested a westerly source. The isotopic signature of the lead in the samples imply

@ Rivers only deliver material in continental regions, the atmosphere is Australian ores are important throughout this regions, as well as over parts of the South
Atlantic.

Solid symbols: Atlantic samples
Open symbols: Indian Ocean samples

€ In terms of metal concentrations in remote ocean regions, generally:

. . Australian Ores (was used in European petrol)
Pacific Ocean < Indian Ocean < Atlantic Ocean the most important source in remote ocean areas.

Summary

€ Even close to industrial centres such as Montevideo and Buenos Aries, low trace metal concentrations were observed reflecting the importance of sample history when assessing aerosol data.

€ Calculation of Enrichment factors (using Al and Na as reference elements) showed that trace metals were enriched above both crustal and oceanic sources in aerosols collected close to land and in remote ocean regions 1000s of km from emission sources. This
confirms that continental emissions of trace metals can impact even very remote parts of the ocean.

¢ Aerosols over the remote Pacific Ocean appear to have the lowest trace metal content, followed by the remote Indian Ocean with higher concentrations found in the remote Atlantic Ocean.

< Atmospheric deposition of trace metals to oceans in the Northern and Southern hemisphere are now of a similar magnitude possibly resulting from the increase in industrialisation in many countries in the southern hemisphere.

¢ Although lead isotope ratios are less region specific since the phase out of leaded petrol and the growing homogeneity in the global lead market, many ocean regions show distinct Pb isotope signals consistent with those measured in adjacent continental areas.
< The long range transport of metal emitted in South Africa and Australia appear to influence large areas of the South Indian and South Atlantic Oceans.

< This work confirms the atmosphere as an important source of metals even in remote oceanic regions.
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