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Abstract
These data include total-dissolvable iron concentrations in rainwater and corresponding rainfall amounts for
composite samples collected during approximately weekly intervals on the sampling tower at Tudor Hill,
Bermuda, between November 2018 and March 2020. The data allow estimates of the wet deposition of iron to
the Bermuda region over the period of the BAIT project, which included cruises in the Bermuda Atlantic Time-
series Study (BATS) region in March, May, August and November 2019. The rain samples were collected by
staff of the Bermuda Institute of Ocean Sciences (the Tudor Hill tower facility is managed by Dr. Andrew
Peters, with funding from NSF), and sample processing and analyses were completed in the laboratory of Dr.
Peter Sedwick at Old Dominion University.
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Spatial Extent: Lat:32.265 Lon:-64.879
Temporal Extent: 2018-11-26 - 2020-03-16

Dataset Description

Weekly sampling was conducted at Tudor Hill, Bermuda from November 2018 to March 2020.  The sampling
tower platform is approximately 30 meters above sea level with coordinates of 32.265°N, 64.879°W. 

https://www.bco-dmo.org/dataset/906757
https://www.bco-dmo.org/project/725402
https://www.bco-dmo.org/project/822807
https://www.bco-dmo.org/program/2016
https://www.bco-dmo.org/program/2022
https://www.bco-dmo.org/person/51056
https://www.bco-dmo.org/person/905726


(Comma Separated Values (.csv), 3.16 KB)
MD5:178580ca3b57285066710e21490368b7

Methods & Sampling

Composite samples of bulk rainwater were collected atop the 23 meter height sampling tower at Tudor Hill,
Bermuda, on an approximately weekly basis from November 2018 through March 2020, bracketing the four
BAIT project cruises. Rainwater samples were collected in acid-cleaned 2-L wide-mouth fluorinated high-density
polyethylene bottles (Nalgene) using an automatic rain sampler (N-Con Systems ADS 00-120); Rain samples
were subsequently acidified to 0.4% (v/v) with 6 M ultrapure hydrochloric acid (Fisher Optima) in the collection
bottles, and then after two months the acidified, unfiltered samples were transferred into acid-cleaned 125 mL
low-density polyethylene bottles (Nalgene) for analysis of "total-dissolvable Fe" (TDFe; Sedwick et al., 2007).
Field blanks for the rainwater (125 mL ultrapure deionized water) were deployed on the Tudor Hill tower and
processed in the same manner as samples, but without opening the rain sampler.

Iron concentrations in acidified rainwater were determined by inductively-coupled plasma mass spectrometry
(ICP-MS, Thermo Fisher Scientific ElementXR) without preconcentration, using calibration standards prepared
in 0.4% ultrapure hydrochloric acid (Fisher Optima) and yttrium as an internal standard. The field blank value
for rainwater was 0.17 nmol TDFe, which equates to a concentration of 1.7 nmol L-1 for a typical rain sample
volume of 100 mL. The limit of detection for iron in blank-corrected rain samples was estimated as 0.002 nmol
per sample, from three times the standard deviation on the mean of replicate analyses of the single field blank
(in the absence of a replicate field blank for rain). Repeat ICP-MS analyses of iron in the rainwater samples
indicate an analytical uncertainty of less than ±5% (one-sigma). In the absence of duplicate samples for
rainwater, we assume an overall analytical uncertainty of less than ±25% (one-sigma) for TDFe in rain, similar
to that estimated from our analyses of total iron in replicate aerosol samples.

Problems/Issues:
For some sampling periods there were problems with the rain sampler closing, or with spillage or loss of the
sample bottle, or issues with the rain gauge; in these cases data are labelled with a QC flag of 2. No rain
samples were collected during the period of 16 September-October 14, 2019, owing to the passage of
Hurricane Humberto and subsequent loss of electrical power at the Tudor Hill sampling site.

Data Processing Description

Inductively-coupled plasma mass spectrometer: Instrumental data were collected using ElementXR processing
software (Thermo Fisher Scientific), and post-analysis calculations were performed using Microsoft Excel.

BCO-DMO Processing Description

- Imported data from source file "BAIT_Rain_Fe_Data.xlsx" into the BCO-DMO data system
- Added columns for latitude and longitude of sampling tower
- Modified parameter (column) names to conform with BCO-DMO naming conventions
- Replaced spaces with underscores in parameter (column) names
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Data Files

File

906757_v1_bait_rain_fe.csv

Primary data file for dataset ID 906757 version 1
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Parameters

Parameter Description Units
Latitude Latitude of sampling tower at Tudor Hill, Bermuda decimal

degrees
Longitude Longitude of sampling tower at Tudor Hill, Bermuda decimal

degrees
Sample_ID Unique identifier for each rainwater sample unitless
Start_date Start date for rainwater sampling (local) unitless
End_date End date for rainwater sampling (local) unitless
Sampling_period Number of days over which rainwater was collected day
TDFe Concentration of total dissolvable iron nanomoles per

liter (nmol L-1)
Rainfall Rainfall during sampling period (from rain gauge) millimeters

(mm)
Sample_flag Data quality flag that applies to TDFe and/or Rainfall (1=good, 2=rain

sampler or rain gauge malfunction, 3=sample volume insufficient for
analysis)

unitless
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Instruments

Dataset-
specific
Instrument
Name

Thermo Fisher Scientific ElementXR ICP-MS

Generic
Instrument
Name

Inductively Coupled Plasma Mass Spectrometer

Dataset-
specific
Description

Iron concentrations in acidified rainwater were determined by inductively-coupled plasma mass
spectrometry (ICP-MS, Thermo Fisher Scientific ElementXR) 

Generic
Instrument
Description

An ICP Mass Spec is an instrument that passes nebulized samples into an inductively-coupled
gas plasma (8-10000 K) where they are atomized and ionized. Ions of specific mass-to-charge
ratios are quantified in a quadrupole mass spectrometer.

https://doi.org/10.1029/2007GC001586
https://doi.org/10.1029/2022GL102594


Dataset-specific Instrument
Name Rain gauge

Generic Instrument Name Precipitation Gauge

Dataset-specific Description Rainfall during sampling period from rain gauge measured in
millimeters

Generic Instrument Description measures rain or snow precipitation

Dataset-specific
Instrument Name N-Con Systems ADS 00-120 automatic rain sampler

Generic Instrument
Name Precipitation Sampler

Dataset-specific
Description

Rainwater samples were collected in acid-cleaned bottles using an automatic rain
sampler (N-Con Systems ADS 00-120).

Generic Instrument
Description A device that collects a sample of precipitation (rain, hail or snow) as it falls.
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Project Information

Operation of a Community Marine-Atmospheric Sampling Facility at Tudor Hill, Bermuda (THMAO)

Website: https://tudorhill.bios.asu.edu/

Coverage: West Bermuda, 32.2646N 64.8791W

NSF Award OCE-2123053 Abstract:

This project supports the Tudor Hill Marine Atmospheric Observatory in Bermuda. Because of its location in the
western North Atlantic Ocean, Bermuda has been an important location for many studies of the marine
atmosphere. The observatory is well equipped for carrying out research, with field laboratories and a 23 meter
tower at Tudor Hill. This allows scientists to study the chemistry and physics of the atmosphere over the
oceans. This part of the atmosphere plays an important role in the transfer of moisture, chemicals, and energy
between the ocean and the atmosphere. Routine work at the site includes the observation and recording of
weather conditions, and sampling of rain and air. In addition, samples and data are collected for a number of
research partners, including NOAA, NASA and many US and international universities. As well as supporting
research, this project will provide a range of educational opportunities, including through the NSF-funded
Research Experience for Undergraduates (REU) program, and through other internships and courses at the
Bermuda Institute of Ocean Sciences.

The continued operation and maintenance of the Tudor Hill Marine Atmospheric Observatory facilitates
research concerning the chemistry and physics of the marine troposphere and ocean-atmosphere exchange
processes. The specific objectives of the project are to: 1) Operate and maintain the atmospheric sampling
facility at Tudor Hill, Bermuda; 2) Continue collection of continuous meteorological data and weekly bulk-aerosol
and rain samples, which will be archived at BIOS and made freely available to other researchers; and 3) Collect
additional atmospheric samples and data for external investigators, and provide for the use of the facility by
external investigators. Ongoing partner activities at the facility include monitoring and data acquisition for NASA
(AERONET) and NOAA programs (Ozone and greenhouse gas monitoring), and a new sampling location will be
established for the US National Atmospheric Deposition Program (NADP) in 2021. The THMAO site will enable
research to be undertaken that is central to international initiatives such as IGAC, SOLAS and GEOTRACES. In a
regional context, the Tudor Hill facility will complement ongoing oceanographic time-series research in the
Sargasso Sea, including Hydrostation S and BATS.

NSF Award OCE-1829686 Abstract:

This project provides continuing support for the Tudor Hill Marine Atmospheric Observatory in Bermuda. The

https://tudorhill.bios.asu.edu/


marine boundary layer, the lower level of the atmosphere over the oceans, plays important roles in the global
cycles of many chemical elements and this observatory provides a unique facility for the ocean and
atmospheric chemistry research communities. At present, many aspects of atmospheric composition,
atmospheric transport, and atmosphere-ocean exchange remain poorly understood. This limits our ability to
predict and mitigate the effects of anticipated future environmental change. Central to improving our
understanding of these topics is the ability to observe and sample the marine boundary layer. In this regard,
oceanic island observatories have played a crucial role. By virtue of its location in the western North Atlantic
Ocean, Bermuda has been a key location for numerous field studies of the marine troposphere and is well
equipped for such research, with the 23 meter high atmospheric sampling tower and site laboratories at Tudor
Hill. Routine facility operations include the collection of continuous meteorological data and weekly bulk aerosol
and rainwater samples, which are archived at the Bermuda Institute of Ocean Sciences and made freely
available to the scientific community. Additionally, samples and data are collected for a variety of external
research programs funded by NSF, NOAA, NASA and other agencies. This project is expected to make
significant educational contributions at a number of levels, including undergraduate education opportunities
through the NSF-funded Research Experience for Undergraduates (REU) program, and through other courses
taught at the Bermuda Institute of Ocean Sciences.

The continued operation and maintenance of THMAO site will facilitate research topics that are central to
international research initiatives such as IGAC, SOLAS and GEOTRACES. The specific objectives of the project
are to: 1) Operate and maintain the atmospheric sampling facility at Tudor Hill, Bermuda; 2) Continue collection
of continuous meteorological data and weekly bulk-aerosol and rain samples, which will be archived at BIOS
and made freely available to other researchers; and 3) Collect additional atmospheric samples and data for
external investigators, and provide for the use of the facility by external investigators. The continued operation
and maintenance of the Tudor Hill site facilitates research concerning the chemistry and physics of the marine
troposphere and ocean-atmosphere exchange processes. In a regional context, the Tudor Hill facility will
complement ongoing time-series research in the Sargasso Sea, including Hydrostation S and BATS.

NSF Award OCE-1735504 Abstract:

This award would provide a year of continuation funding for the Tudor Hill Marine Atmospheric Observatory in
Bermuda. The lower level of the atmosphere over the oceans plays important roles in the global cycles of many
chemical elements and this observatory provides a unique facility for the ocean and atmospheric chemistry
research communities. At present, many aspects of atmospheric composition, atmospheric transport, and
atmosphere-ocean exchange remain poorly understood. This limits our ability to predict and mitigate the
effects of anticipated future environmental change. Central to improving our understanding of these topics is
the ability to observe and sample the marine boundary layer. In this regard, oceanic island observatories have
played a crucial role. By virtue of its location in the western North Atlantic Ocean, Bermuda has been a key
location for numerous field studies of the marine troposphere and is well equipped for such research, with the
23-m high atmospheric sampling tower and site laboratories at Tudor Hill. Routine facility operations include the
collection of continuous meteorological data and weekly bulk aerosol and rainwater samples, which are
archived at the Bermuda Institute of Ocean Sciences and made freely available to the scientific community.
Additionally, samples and data are collected for a variety of external research programs funded by NSF, NOAA,
NASA and other agencies.

The specific objectives of the project are to: 1) Operate and maintain the atmospheric sampling facility at Tudor
Hill, Bermuda; 2) Continue collection of continuous meteorological data and weekly bulk-aerosol and rain
samples, which will be archived at BIOS and made freely available to other researchers; and 3) Collect additional
atmospheric samples and data for external investigators, and provide for the use of the facility by external
investigators. The continued operation and maintenance of the Tudor Hill site facilitates research concerning
the chemistry and physics of the marine troposphere and ocean-atmosphere exchange processes. In a
regional context, the Tudor Hill facility will complement ongoing time-series research in the Sargasso Sea,
including Hydrostation S and BATS. This project is expected to make significant educational contributions at a
number of levels, including undergraduate education opportunities through the NSF-funded Research
Experience for Undergraduates (REU) program, and through other courses taught at BIOS.

NSFGEO-NERC: Collaborative Research: Using Time-series Field Observations to Constrain an
Ocean Iron Model (BAIT)

Coverage: Bermuda Atlantic Time-Series Study region, waters of the western Subtropical North Atlantic Gyre
(ca. 30°N-33°N, 62°W-65°W)



NSF and NERC Award Abstract:
Iron is an essential nutrient for the growth of phytoplankton in the oceans. As such, iron plays key roles in
regulating marine primary production and the cycling of carbon. It is thus important that models of ocean
biology and chemistry consider iron, in order to explore past, present and future variations in marine
productivity and the role of the ocean in the global carbon cycle. In this joint project involving researchers in
the U.S. and the U.K., supported by both NSF and the Natural Environment Research Council (U.K.), field data
from the Bermuda Atlantic Time-series Study (BATS) region will be combined with an established, state-of-the-
art ocean biogeochemical model. By leveraging the known seasonal-scale physical, chemical and biological
changes in the BATS region, the oceanographic context provided by the BATS core data, and an existing model
of the regional physical circulation, the proposed study will yield process-related information that is of general
applicability to the open ocean. In particular, the proposed research will focus on understanding the
atmospheric input, biological uptake, regeneration and scavenging removal of dissolved iron in the oceanic
water column, which have emerged as major uncertainties in the ocean iron cycle. The project will include
significant educational and training contributions at the K-12, undergraduate, graduate and postdoctoral levels,
as well as public outreach efforts that aim to explain the research and its importance.

The ability of ocean models to simulate iron remains crude, owing to an insufficient understanding of the
mechanisms that drive variability in dissolved iron, particularly the involvement of iron-binding ligands, colloids
and particles in the surface input, biological uptake, regeneration and scavenging of dissolved iron in the upper
ocean. Basin-scale data produced by the GEOTRACES program provide an important resource for testing and
improving models and, by extension, our mechanistic understanding of the ocean iron cycle. However such
data provide only quasi-synoptic 'snapshots', which limits their utility in isolating and identifying the processes
that control dissolved iron in the upper ocean. The proposed research aims to provide mechanistic insight into
these governing processes by combining time-series data from the BATS region with numerical modeling
experiments. Specifically, seasonally resolved data on the vertical (upper 2,000 meters) and lateral (tens of
kilometers) distributions of particulate, dissolved, colloidal, soluble and ligand-bound iron species will be
obtained from the chemical analysis of water column samples collected during five cruises, spanning a full
annual cycle, shared with the monthly BATS program cruises. These data, along with ancillary data from the
BATS program, will be used to test and inform numerical modeling experiments, and thus derive an improved
understanding of the mechanisms that control the distribution and dynamics of dissolved iron in the oceanic
water column.

This award reflects NSF's statutory mission and has been deemed worthy of support through evaluation using
the Foundation's intellectual merit and broader impacts review criteria.

This is a project jointly funded by the National Science Foundation’s Directorate for Geosciences (NSF/GEO) and
the National Environment Research Council (NERC) of the United Kingdom (UK). 

[ table of contents | back to top ]

Program Information

United States Surface Ocean Lower Atmosphere Study (U.S. SOLAS)

Website: http://www.us-solas.org/

Coverage: Global

The Surface Ocean Lower Atmosphere Study (SOLAS) program is designed to enable researchers from
different disciplines to interact and investigate the multitude of processes and interactions between the
coupled ocean and atmosphere.

Oceanographers and atmospheric scientists are working together to improve understanding of the fate,
transport, and feedbacks of climate relevant compounds, and also weather and hazards that are affected by
processes at the surface ocean.

Oceanographers and atmospheric scientists are working together to improve understanding of the fate,

http://www.us-solas.org/


transport, and feedbacks of climate relevant compounds.

Physical, chemical, and biological research near the ocean-atmosphere interface must be performed in synergy
to extend our current knowledge to adequately understand and forecast changes on short and long time
frames and over local and global spatial scales.

The findings obtained from SOLAS are used to improve knowledge at process scale that will lead to better
quantification of fluxes of climate relevant compounds such as CO2, sulfur and nitrogen compounds,
hydrocarbons and halocarbons, as well as dust, energy and momentum. This activity facilitates a fundamental
understanding to assist the societal needs for climate change, environmental health, weather prediction, and
national security.

The US SOLAS program is a component of the International SOLAS program where collaborations are forged
with investigators around the world to examine SOLAS issues ubiquitous to the world's oceans and
atmosphere.

Â» International SOLAS Web site

Science Implementation Strategy Reports

US-SOLAS (4 MB PDF file)
Other SOLAS reports are available for download from the US SOLAS Web site

U.S. GEOTRACES (U.S. GEOTRACES)

Website: http://www.geotraces.org/

Coverage: Global

GEOTRACES is a SCOR sponsored program; and funding for program infrastructure development is provided
by the U.S. National Science Foundation.

GEOTRACES gained momentum following a special symposium, S02: Biogeochemical cycling of trace elements
and isotopes in the ocean and applications to constrain contemporary marine processes (GEOSECS II), at a
2003 Goldschmidt meeting convened in Japan. The GEOSECS II acronym referred to the Geochemical Ocean
Section Studies To determine full water column distributions of selected trace elements and isotopes, including
their concentration, chemical speciation, and physical form, along a sufficient number of sections in each
ocean basin to establish the principal relationships between these distributions and with more traditional
hydrographic parameters;

* To evaluate the sources, sinks, and internal cycling of these species and thereby characterize more
completely the physical, chemical and biological processes regulating their distributions, and the
sensitivity of these processes to global change; and

* To understand the processes that control the concentrations of geochemical species used for
proxies of the past environment, both in the water column and in the substrates that reflect the
water column.

GEOTRACES will be global in scope, consisting of ocean sections complemented by regional process studies.
Sections and process studies will combine fieldwork, laboratory experiments and modelling. Beyond realizing
the scientific objectives identified above, a natural outcome of this work will be to build a community of marine
scientists who understand the processes regulating trace element cycles sufficiently well to exploit this
knowledge reliably in future interdisciplinary studies.

Expand "Projects" below for information about and data resulting from individual US GEOTRACES research
projects.
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http://www.solas-int.org/
http://data.bco-dmo.org/US_SOLAS/US-SOLAS_Science_Implementation_Strategy.pdf
http://www.us-solas.org:8080/Plone/science-implementation-strategy
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http://www.jhu.edu/scor/GEOTRACES.htm
http://www.nsf.gov


Funding

Funding Source Award
NSF Division of Ocean Sciences (NSF OCE) OCE-1829833
NSF Division of Ocean Sciences (NSF OCE) OCE-1829686
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