




















PART II SUMMARY OF COMPLETED PROJECT

In January and February 1994 the Sulfur Chemistry in the Antarctic Troposphere Experiment
(SCATE) was conducted at Palmer Station (64°46’S 64°03°W), Antarc.dca. Major objectives
of SCATE were: to obtain a comprehensive data base for modelling the atmospheric
chemistry of DMS in high latitudes, 2. to study processes related to new particle nucleation
and particle growth, 3. to contribute to a better understanding of the marine biogenic sulfur
record in Antarctic ice cores with respect to past global climate change, 4. to provide a model
data base for estimating the sensitivity of the present climate of Antarctica to
anthropogenic/volcanic sulfur pollution. Species measured included the basic photochemical
parameters NO, O,, CO, H,0, and solar UV as well as the centrally important hydroxyl
radical, OH. Sulfur measurements included DMS (marine and air samples), DMSO, and
DMSO,, MSA( gas phase and particulate), H,SO,(g) and nss SO,2, particle size/number
distribution. Based on observations of these species/parameters , it now appears that local
DMS levels are controlled both from local sources as well as patchy distant sources which are
advected into the area. Of special significance is the presence of quasi permanent low pressure
systems in the area which lead to the shallow convective pumping of considerable amounts of
DMS into the mid/lower FT. These air parcels move out from the region of pumping,
undergoing radiative cooling and the loss of most of their water, while DMS is slowly
oxidized via OH addition rxs and to a lesser extent OH abstraction. Major addition products
such as DMSO and DMSO, build up to reservoir levels with photochemistry acting to further
convert DMSO into more stable oxidation products such as MSA and perhaps H,SO,. Any
newly formed H,SO, and MSA would appear to be removed relatively quickly due to
nucleation or particle growth processes. For reasons not yet completely understood this lower
FT air on a rather frequent basis subsides into the BL as blobs which result in sulfur being
returned to the surface within a very short time span.



PART III- TECHNICAL INFORMATION: Project SCATE

Introduction: In January and February 1994 the Sulfur Chemistry in the Antarctic
Troposphere Experiment (SCATE) was cunducted at Palmer Station (64°46’S 64°03°W),
Antarctica. This station is located just below the polar circle and is the smallest of the three
year-round operating U.S. Antarctic stations. During these two months the frequency of
overcast conditions and precipitation events (about 40-45 mm/month) is typically 5-7 days per
week, and thus, quite unfavorable for conducting a photochemical study. On the other hand,
the expected advantages of performing the experiment at Palmer Station, such as close
proximity to the ocean and minimal anthropogenic emissions, was considered at the time of
planning to outweigh the above cited photochemical and work space limitation.

The complement of species measured during SCATE included the basic photochemical
parameters NO, O,, CO, H,O, and solar UV as well as the centrally important hydroxl
radical, OH. Sulfur measurements included DMS (marine and air samples), DMSO, and
DMSO,, MSA( gas phase and particulate), H,SO,(g) and nss SO,2, particle size/number
distribution. Efforts to measure SO,, using a new fluorescence technique, were unfortunately
unsuccessful. These measurements were hampered by high blank variations and a number of
technical problems which could only partially be solved in the field. A post-mission
reevaluation of the data resulted in the decision to discard these data.

Because the SICIMS mass spec system was used to measure sulfur species as well as
OH, thus involving the detection of both positive and negative ions, it was necessary to time-
share this instrument. Thus, DMSO and DMSO, were measured early in the program,
between 18-24 Jan, followed by measurements of MSA and H,SO, between 4-25 Feb, and
OH between 16-25 Feb.

Results: Shown in Table I are Palmer Station summary data for several different sulfur
species. These results clearly indicate that large variability was observed in the levels of most
species. The mean DMS flux estimated from sea water measurements is seen as 2.3
umol/m?/d, and is somewhat on the low side relative to other reported DMS summertime
fluxes. Again, however, at the time of sampling things appeared to be quite patchy and in
addition there were periodic intense storms. This variability is also reflected in the DMS(air)
data which reached highs of nearly 500 pptv in late Jan/earlier Feb; but more frequently had
mixing ratios in the range of 50-200 pptv. As seen in Table 1, DMSO and DMSQ, also show
major variations in concentration levels with oscillations from median values being factors of
10 to 15. Quite significant here is the fact with the possible exception of Jan 19, the
fluctuations in the mixing ratios of these two species was found to be quite independent of the
level of solar activity, e.g., see Fig. 5. Note, some of the largest changes occur under dark
conditions. A more detailed analysis of these data as shown in Figs. 6a and 6b show that all
high values of DMSO and DMSQ, are associated with the lowest equivalent potential
temperature, ©,, and the lowest dew points, DP. Thus, these data strongly suggest that air is
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Figure 2. Scatterplots of DMSO and DMSQ, vs. a) Equivalent
Potential Temperature and b) Dew Point.

Figure 3. Diurnal profile of measured OH (circle), H,SO, (square),
and UV (diamond) at Palmer Station, Antarctica on 19 February,
1994. Smooth lines indicate model calculated OH and H,SO,
profiles.
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Table 1. Statistical summary of Palmer field data. Table 2. Averages filtered by equivalent potential

temperature.
Units Range Median Mean Eq. Pot. Temp. <284K > 288K Ratio (<)

DMS (air) pptv 6-595 94 119 NSS (nmol/m®) 5.55 1.16 4.80
DMS (sea) nM 0.7-3.7 1.97 1.86 MSA (nmol/m®) 3.18 045 7.05
DMS Flux pmol/m?¥d 0.032-19.21 1.14 2.31 MSA(g)* 3.40E+05 6.45E+05 0.53
DMSO pptv 0-25 1.5 23 H,S0,(g)" 5.51E+05 1.16E+06 0.47
DMSO,  pptv 0.2-11 13 1.7 DMSO (pptv) 3.25 0.62 5.21
MSA(p) nmol/m® 0.15-6.25 1.28 1.66 DMSO, (pptv) 2.97 0.44 6.72
NSS nmol/m*  0.04-6.88 1.88 2.48 a-units are molecules/cm’

subsiding from the lower free troposphere in non-uniform blobs, and further raises the
question as to what fraction of marine BL released DMS is being transported into the free
troposphere and oxidized there.

By contrast, as shown in Fig. 7 the concentration levels of H,SO,, and to a rather large
extent MSA, did track with solar activity. However, in this case the removal of both of these
species was estimated to be less than 2 hrs. Since both species are stable with respect to attack
by OH and are not themselves readily photolyzed, the loss process is quite clearly physical
removal. Based on measured total particulate surface area, the assumption of a sticking
coefficient of ~.5 for H,SO, gave a rather good fit to the observed profile.

The formation of H,SO, is yet another interesting aspect of the Palmer data in that it
was found that oxidation of DMS within the BL to give SO,, via the OH abstraction channel,
could explain less than 3% of the required H,SO, formation rate, based on the OH+SO,+M
rx. Modelling simulations of these BL conditions suggests that either SO, was being entrained
from the FT (the required levels in the FT were estimated to range from 60-170 pptv) or that
some fraction of the OH abstraction channel (e.g., .15 to .4) was going to SO, through some
intermediate, which itself was then converted with high efficiency to H,SO, (e.g., see Fig. 4).
In the absence of SO, observations both explanations either independently or in combination
appear plausible.

As noted above, on the one day early during the field campaign in which it appears
that downwelling from the FT was minimal, Jan 19, the DMSO and DMSO, do appear to
track solar activity. If the assumption is made that indeed this was the case, a more detailed
modelling analysis of this one day leads to the following tentative conclusions: 1) under
typical BL conditions the oxidation of DMS can not explain the. observed levels of DMSO. 2)
The observed diurnal profile of DMSO on the 15th is consistent with a rate of formation from
DMS oxidation that agrees with current OH addition kinetic data but with a loss rate that is
nearly seven times faster than that predicted for the OH+DMSO rx [Hynes et al., 1996]. This
again suggests that the loss of DMSO as well as probably DMSO, is not controlled by
photochemistry in the BL, but rather, physical loss on particles or loss to ocean/land/ice
surfaces. Estimated lifetimes range from 2 to 3 hrs. Given the total particle surface area at
that time, a sticking coefficient of 0.2 would be required to explain our results. This value is
quite close to that recently reported by Kobe et al., [1994]. '

Discussion: As noted above, one of the interesting questions that the above data raises is:
what fraction of the BL released DMS is being oxidized in the FT? To explore this question
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we have examined all data collected at Palmer in terms of ©, such that data were binned
based on when air was most likely inflowing from the FT (i.e.,©, < 284K ) versus air that
was more characteristic of the BL. (©.> 288K). These results are shown in Table 2. What is
apparent from these tabulated data is that species that most likely would tend to have short
lifetimes even in the absence of high particle surface areas, e.g., due to nucleation or particle
growth (e.g., H,SO,(g) and MSA(g)), show no increase and perhaps even a decrease; whereas,
those that might be expected to have longer lifetimes (i.e., DMSO, DMSO2, MSA(p), and
NSS(p)) show increases of factors of 5 to 7. Thus, if one were to make the simplest of
assumptions that the lifetimes of the latter group of species is ~6 times greater in the FT, it
would suggest that as much as half the DMS might have been oxidized in the FT.

In summary, it now appears that local DMS levels are controlled both from local
sources as well as patchy distant sources which are advected into the area. The presence of
quasi permanent low pressure systems in the area lead to the pumping of considerable
amounts of DMS into the mid/lower FT via shallow convection. This air parcel moves out
from the region of pumping, undergoing radiative cooling and the loss of most of its water,
while DMS is slowly oxidized via OH addition rxs and to a lesser extent OH abstraction. The
major addition products DMSO and DMSO, build up to reservoir levels with photochemistry
acting to further convert DMSO intc more stable oxidation products such as MSA and
perhaps H,SO,. Any newly formed H,SO, and MSA would appear to be removed relatively
quickly due to nucleation or particle growth processes. For reasons not yet completely
understood this lower FT air on a rather frequent basis subsides into the BL in a non-uniform
manner as blobs which results in the sulfur being returned to the surface within a very short
time span.

Although still speculative in many of its details the above picture is considerably
different (for this region) than what has previously been thought to define DMS chemistry. It
clearly emphasizes the important role that atmospheric dynamics can play in defining DMS
product distributions, and it also clearly points out how important fast-time-resolution
measurements are to understanding the coupling between chemistry and dynamics.
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PART IV - FINAL PROJECT REPORT -~ SUMMARY DATA ON PROJECT PERSONNEL

(To ba submitted to cognizant Program Officar upon completion of project)

The data requested below are important for the development of a statistical profile on the personnel supported by
Federal grants. The information on this pan is solicited in resonse to Public Law 99-383 and 42 USC 1885C. All informa-
tion provided will be treated as confidential and will be safeguarded in accordance with the provisions of the Privacy Act
of 1974. You should submit a single copy of this part with each final project report. However, submission of the requested
information is not mandatory and is not a precondition of future award(s). Check the "Decline to Provide Information®
box below if you do not wish to provide the nformation.

Please enter the numbers of individuals supported under this grant.
Do not enter information for individuals working less than 40 hours in any calendar year.

Senior Post- Graduate Under- Other
Staff Doctorals Students Graduates Participants

Male | Fem. | Male | Fem. | Male | Fem. | Male | Fem. | Male | Fem.

A. Total, U.S. Citizens 2, ] | 3

B. Total, Permanent Residents

U.S. Citizens or
Permanent Residents?:

American Indian or Alaskan Native . . . .

Black, Not of Hispanic Origin. . ... .. ..

Hispanic........................

Pacificislander . . .................
White, Not of Hispanic Origin..... ...

C. Total, Other Non-U.S. Citizens
1Specify Country
2.
3 _ ] __ |
D. Total, All participants 2 T - |
(A+B+C) v / l 3

I S S N

Decline to Provide Information: Check box if you do not wish to provide this information (you are still rqugred to retumn this page
[0 along with Parts i-11l).

' Category includes, for example, coliege and precoliege teachers, conference and workshop participants.

2Use the category that best describes the ethnic/racial status fo all L.S. Citizens and Non-citizens with Permanent Residency. (/f more
than one category applies, use the one category that most closely reflects the person's recognition in the community.)

A person having a physical or mental impairment that substantially limits one or more major life activities; who has a record of such
impairment; or who is regarded as having such impairment. (Disabled individuals also should be counted under the appropriate
athnic/racial group unless they are classified as “Other Non-U.S. Citizens.")

AMERICAN INDIAN OR ALASKAN NATIVE: A person having origins in any of the original peoples of North America and who main-
tains cultural identification through tribal affiliation or community recognition.

ASIAN: A person having origins in any of the original peoples of East Asia, Soutmaést Asia or the Indian subcontinent. This area
includes, for example, China, india, Indonesia, Japan, Korea and Vietnami.

BLACK, NOT OF HISIPANIC ORIGIN: A person having origins in any of the black racial groups of Africa.
HISPANIC: A person of Mexican, Puerto Rican, Cuban, Central or South American or other Spanish culture or origin, regardless of race.

PACIFIC ISLANDER: A person having origins in any of the original peoples of Hawaii; the U.S. Pacific teritories of Guam,
American Samoa, and the Northern Marinas; the U.S. Trust Temitory of Palau; the islands of Micronesia and Melanesia; or the
Philippines.

WHITE, NOT OF HISPANIC ORIGIN: A person having origins in any of the original peoples of Europe, North Africa, or the Middie East.
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