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Network History
Beginning in the early 1980s and into the late 1990s, the University of Miami Aerosol Group established and operated a global network of aerosol sampling stations. During these two decades, the UM group occupied over 50 stations for varying periods of time. During most of this period, 20 to 25 stations were constantly in concurrent operation. A few stations were in operation for much or all of the two decades.
Network building began in conjunction with SEAREX, an NSF supported program. The establishment of the SEAREX  network in the North Pacific in the early 1980s was motivated by the discovery of very high concentrations of Asian mineral aerosol and pollutant species during a field study on Enewetak in May 1979 (Duce et al., 1980). Rain- and dry-deposition samples from Enewetak suggested that a significant fraction of the non-biogenic marine sedimentation in the Enewetak area might be linked to atmospherically transported Asian dust. In order to better characterize this transport, we established (with funding from NSF) a thirteen-station SEAREX Asian Dust Sampling (SADS) Network in the North Pacific. The SADS Network began operations in early 1981 as a joint SEAREX-Japanese investigation. SEAREX operated sites at Oahu, Midway, Belau, Guam, Enewetak, Fanning, Shemya and St. Lawrence. The Japanese, under the direction of Prof. Shizuo Tsunogai of Hokkaido University, operated stations simultaneously at Okushiri, Izumo, Hachijo Jima, Chichi Jima and Okinawa. (See the attached table for the location of stations, dates of operation, and other details.) Identical collection systems were used at all sites, and sampling was carried out on a synoptic schedule. Aerosol samples were collected on a weekly basis.
In 1983 the SEAREX network was expanded to the South Pacific with support from NSF. Stations were established at: Cape Matatula, American Samoa; Cape Reinga, New Zealand (subsequently moved to Karamea); Funafuti, Tuvalu; Nauru; Norfolk Island; Rarotonga, Cook Islands; and Yate, New Caledonia. 

In a parallel effort supported by DOE Health and Safety Laboratory, New York City (later named the Environmental Measurements Laboratory) we began  in early 1983 to establish a Southern Ocean network that focused on the mid and high latitudes. Sites were initially installed at: Cape Grim, Australia; Chatham Island and Invercargill, New Zealand. In subsequent years the network was expanded to: Wellington (later moved to Baring Head), New Zealand; Cape Point, South Africa; the Falkland Islands; Marion Island and Reunion Island in the Indian Ocean; and Mawson Station, Palmer Station, and King George Island in the Antarctic.
In the late 1980s, network building was extended to the North Atlantic as part of the AEROCE program funded by NSF. AEROCE involved a mix of continuous measurements and intensive field campaigns.  The facility at Barbados was greatly expanded as was that at Miami. New stations were established at Bermuda (operated in cooperation with the Bermuda Biological Station for Research) and Mace Head, Ireland (operated in cooperation with University College Gallway). The facilities at Barbados, Bermuda, and Mace Head included the erection of 17 – 20m tall walk-up (scaffold) towers and the placement of field laboratories (modified ship cargo containers). Activities were greatly expanded at the high altitude station (2360m) at Izaña Observatory, Tenerife (operated by the Meteorological Service of Spain). In 1991, a station (a simple high-volume filter sampling system) was established on Heimaey Island, located off the south coast of Iceland.

Although the funding for these various networks was largely derived from NSF and DOE, the operation of many stations over the years was supplemented by support from other sources, especially NASA, ONR, and NOAA.

In the late 1990s, the direction of the aerosol studies at the University of Miami shifted to focus more on intensive field campaigns. Also, DOE reduced its support of monitoring at remote sites. As a result, the networks were largely shut down after about 1996 – 1998 although studies have continued at some sites, notably Barbados, Miami, Iceland.

Sampling Site Selection

Most stations are located on islands. (Notable exceptions are: Miami; Cape Point, South Africa; Invercargill and Wellington/Baring Head, New Zealand; Mace Head, Ireland; Mawson, Palmer, and King George, the sites in the Antarctic. Wherever possible the sampling stations were erected on the climatologically-determined windward shore of the island sites and also on the coasts of the continental sites.
The Sampling System and Protocol

The sampling system in most cases consisted of a relatively compact, freestanding high volume filter sampling system. Aerosols were collected by drawing air through an upward-facing 20 x 25 filter. The filter head was protected against precipitation by a Lucite "hat". Most of our systems used a modest size centrifugal blower (Fuji VFC302P and Fuji VFC402P or similar) which yielded  a flow rate of about 1 to 1.5 m3 min-1. At most stations (those using the free-standing samplers) the filter head was positioned about 2m above ground level.  However, at some stations (noted in the data files) it was mounted on towers ranging in height from 10 to 20m; some towers were simple fold-over devices while others were walk-up scaffold-towers.

Sample flow rates were determined by measuring the pressure drop across a calibrated orifice plate. At most sites (the SEAREX and DOE sites), filters were changed on a weekly schedule (although on occasion for specific studies a daily schedule was followed).  At the AEROCE sites in the North Atlantic filters were changed on a daily schedule.

At many sites, to minimize contamination from local sources, wind speed and direction were monitored and the sampler was activated only when the wind blew from the ocean at speeds over 1 m s-1. Sampling was continuous so long as the winds met the sampling criteria. All samplers in the SEAREX and AEROCE programs were sectored. The DOE sites were NOT sectored – they operated continuously over the sampling period.

To monitor contamination during handling in the field, a field blank was periodically taken – at most sites where week-long samples were taken, after every three weekly samples. To do this a blank filter was mounted in the sampler and immediately removed, processed and packaged. All blanks were analyzed. At the sites where daily samples were taken, blanks were more frequent.
Filter Matrix

Except for the DOE network, all stations used Whatman 41 (W41) filters.  We selected W41 for several reasons: it yields relatively high flow rates at low pressure drops and it is relatively immune to clogging. As received from the manufacturer W-41 filters are relatively clean and can be directly used for measurements of a wide range of elements even at the relatively low concentrations that obtain at many of our remote sites. They can be further cleaned by acid washing, a procedure that cannot be used with most other types of filters. Also, because of the relatively high flow rates per unit area compared to other types of filters, the ratio of sample-to-blank can be relatively high. Finally, the W41 filter matrix can be easily destroyed by ashing at relatively low temperatures (500°C) or by other oxidation means (e.g., microwave digestion). This is particularly convenient for the sampling and analysis of mineral dust aerosols.
The one shortcoming of W41 filters is that they are relatively inefficient for particles under a few tenths of micrometers diameter. However, in the marine boundary layer for the species of interest here, there is little aerosol mass in this small size range. An extensive test was carried out on a cruise in the North Atlantic during which the fine-particle performance of W41 filters was compared against quartz fiber filters which are known to be highly efficient [Pszenny et al., 1993]. There was no significant difference in the collection of nss-sulfate. 

Pszenny, A., et al. (1993), Direct comparison of cellulose and quartz fiber filters for sampling submicrometer aerosols in the marine boundary layer, Atmospheric Environment - Part A General Topics, 27 A(2), 281-284.

W-41 filters are known to pick up gas-phase HNO3. But in the MBL there is very little free HNO3; NO3- is largely found in the supramicromenter size range, associated with sea-salt or mineral dust.
Filter use in the DOE network was dictated by the availability of filters from DOE. Three different filter materials were used over the course of the program. Microsorban filter material was used from the inception of studies in 1983 until about 1988 when their manufacture was terminated. In 1988 we changed to Microdon LM2020 filter material (Pellon Company). The production of this filter was also discontinued after several years. Finally we used Dynaweb DW7301L filter material (Web Dynamics). We phased in Dynaweb filter material into the program in the early 1990s as our stock of Microdon was used up at the sites. The Dynaweb filter is composed of three layers of 100% polypropylene web sandwiched between two sheets of 100% polyester protective scrim. Intercomparison studies carried out at DOE/EML on the collection of 7Be and 210Pb using Microdon and Dynaweb indicate no significant differences in the collection efficiency of these two filter materials. The DOE studies show that these filters have a collection efficiency of essentially 100% for test particles larger than about 0.2 µm  diameter. Their minimum efficiency is 87% for particles between 0.07 and 0.10 µm diameter. . We also carried out our own comparisons of filter performance for the chemical species of interest to us and could find no significant difference.
Filter Analyses

All filters from the network were returned to Miami for processing and analysis.
The chemical analyses are performed at the University of Miami. For analysis of the water soluble species, a one-eighth section of each filter is first wetted with 1 mL of ethanol and then extracted with 20 mL of Milli-Q water (18 Mohm cm) in three separate aliquots of 10, 5 and 5 mL each. Nitrate, sulfate, chloride and MSA concentrations in the extract are determined to within ±5% by ion chromatography. Sodium is measured to within ±2% by flame atomic absorption and NH4+ to within ±5% by automated colorimetry. Non-sea-salt (nss) sulfate is the difference between total sulfate and sea-salt sulfate, the latter being calculated as total sodium times 0.2517 (the sulfate:sodium mass ratio in bulk seawater).
Mineral dust concentrations were estimated in two ways, one based on the concentration of Al and the other on filter residual mass. Al was determined by instrumental neutron activation analysis. The detection limits (defined as a value twice that of the blank and for typical week-long sampling volumes which range from 5000 to 10000 m3) ranged from 0.003 to 0.0015 pg  Al m-3, values equivalent to soil dust concentrations of about 0.04 to 0.02 µg, assuming the average crustal abundance of Al, 8% (Taylor and McClennan, 19??).
The other procedure for soil dust consisted of ashing the filter (after extracting the soluble aerosol components) for 12 hours at 500°C and then weighing the residue. The resulting weight is corrected for the loss of soluble soil components during extraction and for volatiles lost during ashing. We use a factor of 1.3 based on our past experience. For example, a scatterplot of Al concentration, measured by neutron activation [Arimoto et al., 1995; R. Arimoto, personal communication, 1997] against extracted filter ash weights from 1349 dust‑laden filter samples collected at Barbados, yields an Al concentration of 10.4%. Using the measured Al‑filter ash percentage, 10.4%, and assuming an average Al concentration in soil dust of 8%, we obtain an adjustment factor of 1.3.  This relationship has been evaluated at a few other network sites where both Al data and filter ash weights were available and similar results were obtained. Nonetheless, the correction that we use may not be appropriate on a global scale. This is significant since most of the dust data in this data archive is based on filter ash weights. The major exceptions are much of the data in the AEROCE data set and in the early years of the SEAREX data set In most of the data sets it will be obvious which procedure was used. In the data files, the dust concentrations based on Al data will show the measured Al concentrations while those based on filter ashing will show a column labeled “ash”. In the latter case the data sheet will also show a column with the dust-ash concentration corrected for losses using the factor 1.3.

Note that in our routine analysis we used only a one-eighth section of the filters collected in the SEAREX and AEROCE networks. The remaining portion of the filter was archived for use in other studies. We can provide portions of these filters to persons who wish to carry out other measurements. We caution, however, that the filters have been stored at room temperature and may not be suitable for many types of studies. Persons interested in obtaining portions of filters should submit a request to us. Please include a short description of the intended use along with the number of filters so that we can advise you of the availability and suitability of the samples.

Filters collected in the DOE network were handled somewhat differently. DOE/EML was interested in measuring radionuclides on the filters. To this end, when we received the filters in Miami, we cut off a quarter section; the other portion was returned to DOE/EML for radionuclide analysis. Of the quarter protion that we retained, we processed half (i.e., an eighth of the entire filter) according to the routine procedure; the remaining one-eighth section was archived. Note that the radionuclide measurements made by DOE/EML are available from DOE sources.
In some of our data sheets you will find data for 7Be and 210Pb. These measurements were initially made by M. Uematsu (U. Tokyo) and later by K Turekian (Yale) and later in AEROCE by R. Arimoto (New Mexico State Univ.).  As a courtesy, you may want to contact them before using these data.
Other Cautions

In many of the data sheets we present ammonium results. We advise caution in using this data. There are a variety of reasons why this data may not be entirely accurate. Depending on the relative acidity of the collected aerosols and the concentration of sea salt on the filter, ammonia could be picked up on the filter or ammonium could be lost. We have never made detailed use of the ammonium measurements in our own publications.
As previously stated, most sites are located on the coasts of islands or continents. Consequently the sea salt aerosol concentrations could be strongly influenced by local sources – that is spray from breaking waves on coasts, off-shore reefs, barrier islands, etc. This was clearly more of a problem at some sites than others. We usually insert notes in the files to indicate what we expect to be doubtful sea salt data because of these effects. But the absence of a note does not mean that the data are good by default.
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