
Background


The use of stable isotopes as tracers has been well documented.  For example, a coastal sulfate aerosol with a 34S of around 21‰ 1 suggests that the particle originated as sea salt spray.  However, one problem with using simple isotopic ratios as a tracer is the fact that these ratios are altered (fractionated) by a variety of physical and chemical processes.  In a complex system such as the atmospheric sulfur cycle, it quickly becomes impossible to determine the origin of a particle using simple ratios alone.  However, most fractionations occur due to differences in mass between isotopically substituted species, and therefore species with more than two stable isotopes will maintain a proportional relationship between the isotopes.  That is, an isotope two mass units away from the dominant isotope will be fractionated twice as much as an isotope one unit away.  This is the basis of mass-dependent isotopic fractionation.  Very rarely a process is found that deviates from this relationship, causing one particular isotope to be enriched in a mass-independent (MI) manner.  Once this occurs, the now mass-independent isotopic composition persists and can be used as a tracer from that point forward since the new MI composition is not removed by subsequent mass-dependent fractionations.  In that way, multiple isotope studies can reveal information that is impossible to gain with concentration or single isotope data alone2.  MI oxygen tracers have been used in a variety of systems.  Of particular interest in this context has been the use of MI oxygen compositions to distinguish between aqueous and non-aqueous sulfur oxidation processes.   It was found by Savarino et al.3 that ozone and hydrogen peroxide transfer their anomalous MI composition to sulfate during aqueous oxidation in distinct proportions.  Using the oxygen isotopic composition of sulfate, they were then able to determine how much sulfate was produced in the aqueous phase as opposed to other non-aqueous oxidation processes.

This work


We have found that northern hemispheric sulfate aerosols also contain MI sulfur isotopic compositions.  This MI signature cannot be explained with the aqueous oxidation mechanism for oxygen mentioned above and therefore represents the workings of a distinctly different process.  Isolation of the process producing this new MI sulfur signature will allow multiple sulfur isotopic compositions to serve as a new tracer of atmospheric sulfur chemistry and the formation and transport of sulfate aerosols.

The purpose of the proposed sampling campaign will be to help identify the source of this MI sulfur effect.  Air samples will be collected from a variety of global locations to narrow down the field of possible origins. 

Proposed sampling in Shenandoah National Park


Air samples would be collected at the Big Meadows NADP/NTN Monitoring Location (VA28) with a Graseby G2000H high volume air sampler.  The sampler is 4.5’ tall by 18” square and is self-contained with the exception of a necessary 110V power supply.  Sampling would commence August 13th 2001 and conclude on or before September 17th 2001.  The proposed sampling would in no way compromise other sampling operations.  The filter cartridge would be changed weekly by personnel from our laboratory, who will need to access the site by vehicle.  The aerosol samples will be size segregated and the fine fraction (sub-micron) will be analyzed in a UCSD laboratory.  The samples will be destroyed in the process.  The resulting isotope data, if significant, may be published, acknowledging the contribution of the NPS, and will also appear in the PhD thesis of Alvaro (Albi) Romero. 

Notes and References

1. delta notation is a ratio of the isotope of interest to the most abundant isotope, relative to a standard, in units of per mil (‰).  For example, 34S = [ ( 34S/32S)sample  /  ( 34S/32S)standard    - 1 ] * 1000
The standard for sulfur is the troilite phase of the Canyon Diablo meteorite (CDT).
  

2. Thiemens, M. H., Mass-independent isotope effects in planetary atmospheres and the early solar system, Science, 283, 341-345, 1999.

3. Savarino, J., C. C. W. Lee, and M. H. Thiemens, Laboratory oxygen isotopic study of sulfur (IV) oxidation: Origin of the mass-independent oxygen isotopic anomaly in atmospheric sulfates and sulfate mineral deposits on Earth, Journal of Geophysical Research, 105, 29079-29088, 2000.

Mass-Independent Sulfur Isotopic Compositions in Sulfate Aerosols


Alvaro Romero and Mark Thiemens


Department of Chemistry and Biochemistry


University of California, San Diego


9500 Gilman Drive, Mail Code 0356


La Jolla, California 92093-0356


(858) 534-6053  abromero@ucsd.edu











