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Summary A brief overview of results from the ANSTO radon programmes at the Cape Grim and Mauna Loa
Observatory World Meteorological Organisation Global Atmosphere Watch stations it presented. At Cape
Grim, a 100 mBq m3 threshold on radon concentration observations has proven to be a suitable criterion for
Baseline monitoring. Furthermore, analysis of the Cape Grim Baseline radon data has enabled the
characterisation of the oceanic radon flux over the Southern Ocean Cape Grim fetch region. Radon
observations at the Mauna Loa Observatory, in conjunction with back trajectory analysis, have helped to
identify the source regions of the most pervasive pollution events in the atmosphere of the Pacific Basin. The
seasonal variability in the strength of terrestrial influence on Pacific air masses has also been characterised.

Introduction

The World Meteorological Organization (WMO)
established the Global Atmosphere Watch (GAW)
Programme in 1989 to investigate the role of
atmospheric chemistry in global change. The GAW
program assists in the development of a predictive
capability for future atmospheric states and feeds into
future policy development. At present there are 22
stations situated in remote locations, representative of
large geographic areas that continuously measure a
broad range of atmospheric parameters over decades.
Data are typically applied to global issues such as
climate change and stratospheric ozone depletion as
well as regional issues.

Most pollution, irrespective of whether it is natural or
anthropogenic, has terrestrial sources. Radon (222Rn)
is an ideal passive tracer for atmospheric studies at
remote GAW stations since it is an unambiguous
indicator of terrestrial influence on an air mass
[Balkanski et ai, 1992]. The Australian Nuclear
Science and Technology Organisation (ANSTO) is
presently involved in atmospheric radon monitoring
at three GAW stations (Cape Grim, Tasmania; Mauna
Loa Observatory, Hawaii; Cape Point, South Africa).
ANSTO leads radon monitoring programmes at Cape
Grim and Mauna Loa Observatory.

Results

Cape Grim Baseline Air Pollution Station

Sector analysis of Cape Grim atmospheric radon data
(Figure la) indicates that wind direction is a
relatively reliable indicator of air mass origin at this
site. Consequently, observations at Cape Grim are

usually categorised as representing one of three
predominant fetch regions: mainland Australia,
Tasmania and Southern Ocean [Zahorowski and
Whittlestone, 1999], referred to as Mainland,
Tasmanian and Baseline, respectively. Each of these
sectors has a distinct radon signature. Between 1987-
2001, approximately 42% of data originated from the
Baseline sector (Figure lb).

Air masses within the Baseline sector with radon
concentrations below 100 mBq m3 are unlikely to
have had contact with land for more than two weeks
(a requirement for Baseline monitoring). 31% of the
1987-2001 data satisfied this criterion. The 90th

percentile radon concentration from the Mainland
sector (likely to represent air masses with an extended
terrestrial fetch) is approximately 3600 mBq m'3

(Figure lc).

The radon source function is 2-3 orders of magnitude
less over oceans than terrestrial surfaces [Wilkening
and Clements, 1975]. Consequently, the oceanic
source term is often ignored in global models.
However, efforts to evaluate transport and mixing
schemes of regional and global models would benefit
from a better constraint on the oceanic source term
[Mahowald et ai, 1997]. The median radon
concentration of baseline air masses was estimated to
be -50 mBq m3. Based on typical mixing depths over
the Southern Ocean fetch region, it was estimated that
the oceanic radon flux is within the range 0.0014 -
0.0035 atoms c m V .
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Figure 1: (a) Angular distribution of hourly radon observations, (b) angular distribution of number
of samples, and (c) distributions (10/50/901'' percentile values) of hourly radon data by sector,

recorded at Cape Grim from 1987-2001.

Wet or frozen soils inhibit radon emanation [Schery
and Wasiolek, 1998]. Thus the radon source function
of southern Australia exhibits a seasonal cycle,
characterised by a summer maximum and winter
minimum. However, the seasonal cycle in radon
concentration observed at Cape Grim indicates a
winter maximum and summer minimum (Figure 2).
One explanation for the mismatch between the
continental radon source function and Mainland
sector radon concentration is that there is a seasonal
variability in terrestrial fetch of Mainland sector air
masses. This hypothesis was confirmed using back
trajectory analyses. On average, land contact hours of
mainland events increased from approximately 10
hours in the summer months, to almost 40 hours in
the winter months [Matthew Tully and Author
Downey, personal communication].

Mauna Loa Observatory

Approximately 100 Tg of mineral aerosols from
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Figure 2: Example of the seasonal cycle in observed hourly radon
concentrations at Cape Grim.

continental Asia enter the Pacific Basin annually
[Holmes and Zholler, 1996; Littman, 1991].
Furthermore, the southeast Asian region is

suspected of soon becoming the largest source of
anthropogenic pollution in the world [Perry el at,
1999]. There are two paths for Asian continental

outflow to the Pacific Basin: low level (within the
boundary layer), and upper level (within the
tropospheric jet stream) [Balkanski el ai, 1992; Kritz,
1990]. The Mauna Loa Observatory is ideally situated
to observe upper level outflow events.

Anabatic and katabatic winds on the face of the
Mauna Loa volcano have a pronounced effect on
observations at Mauna Loa Observatory [Mendonca,
1969]. The most representative free tropospheric air
mass samples are obtained at night, when down-slope
winds prevail. The nocturnal sampling window for
this study, based on diurnal composite radon data on
a seasonal basis, was 22:00 - 07:00.

Mauna Loa Observatory

Approximately 100 Tg of mineral aerosols from
continental Asia enter the Pacific Basin annually
[Holmes and Zholler, 1996; Littman, 1991].

Furthermore, the southeast Asian
region is suspected of soon
becoming the largest source of
anthropogenic pollution in the
world [Perry et ai, 1999]. There
are two paths for Asian
continental outflow to the Pacific
Basin: low level (within the
boundary layer), and upper level
(within the tropospheric jet
stream) [Balkanski et ai, 1992;
Kritz, 1990]. The Mauna Loa
Observatory is ideally situated to
observe upper level outflow
events.
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Figure 3: (a) Daily mean radon concentration based on nocturnal sampling window, and (b) 10-day
back trajectories corresponding to high (90th percentile) radon events at Mauna Loa in spring 2001.

Anabatic and katabatic winds on the face of the
Mauna Loa volcano have a pronounced effect on
observations at Mauna Loa Observatory [Mendonca,
1969]. The most representative free tropospheric air
mass samples are obtained at night, when down-slope
winds prevail. The nocturnal sampling window for
this study, based on diurnal composite radon data on
a seasonal basis, was 22:00 - 07:00.

The greatest terrestrial influence on observed air
masses at the Mauna Loa Observatory is in the
Northern Hemisphere spring and late autumn (Figure
3a). At these times, many of the tropospheric outflow
events descend within the Pacific anticyclone en
route to the west coast of Amercia, and are turned
southwest, toward Hawaii [Merrill et ai, 1989]. 10-
day back trajectory analyses using the NOAA ARL
HYSPLIT 4 package [Draxler and Hess, 1998]
indicated that the fetch region for Asian continental
outflow events reaching Mauna Loa was primarily
between 20-40°N (Figure 3b).

It was found that air masses usually crossed the Asian
continent within ±5° latitude of where they cross the
Asian coastline. Trajectories corresponding to
terrestrially influenced air masses arriving at Mauna
Loa within the nocturnal sampling window were then
categorised according to latitude band (20-30°N or
30-40°N) and season. Distributions of the radon
concentrations (corrected for time over the ocean) of
the corresponding air masses were then computed
(Figure 4).

Spring was the time of greatest terrestrial influence
on observations at Mauna Loa Observatory, and a
latitudinal gradient was observed in the radon
concentration of terrestrially affected air masses. An

opposing gradient in the radon source function is
commonly assumed to exist [Conen and Robertson,
2002]. A concurrent latitudinal gradient in the
frequency or strength of events that inject boundary
layer air to the free troposphere over central China
would explain the observed gradient in radon
concentrations.
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Figure 4: Distributions (median ±10th and 90th
percentile values) of time-corrected radon
concentrations, by season and latitude, of
terrestrially effected air masses arriving at

Mauna Loa Observatory.

Conclusions

The Australian Nuclear Science and Technology
Organisation is leading radon programs at two World
Meteorological Organisation Global Atmosphere
Watch stations, Cape Grim (Tasmania), and Mauna
Loa Observatory (Hawaii). The relatively short half-
life of radon (3.8 days) has enabled the development
of a Baseline event threshold at Cape Grim (100 mBq
m3), below which an air mass is unlikely to have been
in contact with land for more than two weeks. The
extensive Cape Grim radon data set is suitable for a
variety of applications and has already been used to
estimate a regional oceanic radon flux from the Cape
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Grim Southern Ocean fetch region. Radon
observations at the Mauna Loa Observatory, in
conjunction with back trajectory analysis, have
helped to identify the source region of the most
pervasive pollution events in the atmosphere of the
Pacific Basin. Spring was found to be the season of
maximum terrestrial influence on air masses observed
at Mauna Loa. A mismatch between the observed
latitudinal gradient in radon concentration and
assumed source function was found. This was
attributed to a latitudinal gradient in the
frequency/strength of mechanisms that inject
boundary layer air into the free-troposphere (cold
fronts and convection).
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