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Tellus (1990), 42B, 46-61 

The China Clipper-fast advective transport of radon-rich 
air from the Asian boundary layer to the upper troposphere 

near California 

By MARK A. KRITZ, Atmospheric Sciences Research Center, State University of New York, 
Albany, NY 12222, USA, JEAN-CLAUDE LE ROULLEY, Centre des Faibles Radioactivities, 

Domaine du CNRS, 91190 Gif-sur-Yvette, France and EDWIN F. DANIELSEN, 
Space Science Division, NASA Ames Research Center, Moffett Field, CA 94035, USA 

(Manuscript received 1 November 1988; in final form 5 June 1989) 

ABSTRACT 

A series of upper tropospheric radon concentration measurements made over the eastern 
Pacific and west coast of the United States during the summers of 1983 and 1984 has revealed 
the occurrence of unexpectedly high [ > 16 pCi/SCM] radon concentrations for 9 of the 61 
measurements (and 6 of the 13 flights). A frequency distribution plot of the set of 61 
observations shows a distinct bimodal distribution, with approximately ~ of the observations 
falling close to 1 pCi/SCM, and ~ falling in a high concentration mode centered at about 
11 pCi/SCM. Trajectory and synoptic analyses for two of the flights on which such high radon 
concentrations were observed indicate that this radon-rich air originated in the Asian 
boundary layer, ascended in cumulus updrafts, and was carried eastward in the fast moving air 
on the anti-cyclonic side of the upper tropospheric jet. Transit times were of the order of 
3 days; however, in one instance, transport from China to a point a few hundred kilometers 
west of San Francisco occurred in 48 h. These findings suggest that the combination of rapid 
vertical transport from the surface boundary layer to the upper troposphere, followed by rapid 
horizontal transport eastward represents an efficient mode of long-transport for other, 
chemically reactive atmospheric trace constituents. 

1. Introduction 

Radon (222Rn) enters the atmosphere from the 
crust, where it is produced by the radioactive 
decay of its parent, 226Ra. Because radon is a 
noble gas, and relatively insoluble in water, its 
removal from the atmosphere by precipitation 
scavenging is negligible, so that its only signifi
cant atmospheric sink is its own radioactive 
decay, which occurs with a half-life of 3.8 days. 
For these reasons atmospheric radon measure
ments have been used as an indicator of vertical 
transport (e.g., Jacobi and Andre, 1963; Larson, 
1973; Liu et al., 1984), as well as an indicator of 
the presence and transport of continental air over 
the oceans (e.g., Prospero and Carlson, 1970; 
Larson et al., 1972; Wilkness et al., 1973; Polian 
et al., 1986; Andreae et al., 1988). However while 

numerous observations have been mad~ of radon
rich continental air over the oceans, those 
reported here are remarkable because of the 
distance, speed and altitude of the associated 
transports. 

The highest concentrations of atmospheric 
radon occur in the continental boundary layer, 
where values on the order of 100-300 pCi/SCM 
(standard cubic meter) are frequently observed 
(Gold et al., 1964; Cox et al., 1970; Lambert et 
al., 1982). Radon concentrations in the free 
troposphere are typically an order of magnitude 
or more lower, decreasing, in the mean, with 
altitude to values on the order of 1 or 2 pCi/SCM 
near the tropopause (Wexler et al., 1956; 
Wilkening, 1970; Moore et al., 1973; Liu et al., 
1984.) 

The decrease of mean concentration with alti-
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