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Concentrations of the natural radionuclides 'Be and 2!Pb were determined in aerosol samples
collected in the western hemisphere Arctic during the recent NOAA Arctic Gas and Aerosol Sampling
Program (AGASP 3) and NASA Global Tropospheric Experiment/Arctic Boundary Layer Expeditions
(GTE/ABLE 3A and ABLE 3B) missions. Beryllium 7 showed a free tropospheric concentration
maximum between 4 and 5 km in the summer of 1990. Previous ’Be data obtained in the late 1950s and
early 1960s also indicated a similar vertical distribution of "Be near 70°N. Injection of stratospheric air
through tropopause folds associated with the Arctic jet near 70°N appears to explain the presence of
a layer of air near 4-5 km in the high Arctic free troposphere with elevated "Be concentrations. The
vertical distribution of %!°Pb showed a distinct difference between the high-Arctic and sub-Arctic in
the summer of 1988. At latitudes greater than 65°N, 2!1°Pb concentrations at 3-6 km were elevated
compared to those below 1 km. The reverse of this trend was observed near 60°N. These same vertical
distributions were also apparent in aerosol SO, determined in separate aerosol samples collected on
the same flights (Talbot et al., this issue). The results for 20py, suggest that some of the difference
between the summer troposphere in the high- and sub-Arctic is also due to enhanced stratosphere-
troposphere exchange in the vicinity of the Arctic jet. These observations, and other findings from
ABLE 3A presented in this issue, suggest that for some species the stratosphere may be a principal
source influencing their distribution in the Arctic summer troposphere. For example, intrusions of
stratospheric air constitute the dominant source term for tropospheric budgets of 'Be and ozone, and
may be important in the 2'°Pb, SO}_, and NO, budgets. Further investigation, including determina-
tion of detailed "Be and 2'°Pb distributions, is needed to quantify the stratospheric impact on the

chemistry of the Arctic troposphere during the summer.

INTRODUCTION

Atmospheric radionuclides have long been recognized as
valuable tracers of air mass mixing and transport processes
[Rama, 1963; Junge, 1963; Bhandari et al., 1966, 1970; Feely
and Seitz, 1970; Poet et al., 1972; Husain et al., 1977,
Dutkiewicz and Husain, 1979, 1985; Viezee and Singh, 1980;
Lambert et al., 1982]. The utility of atmospheric radionu-
clides for such applications depends on two major factors:
(1) that the sources of radionuclides, both natural and
anthropogenic, in the atmosphere are fairly well defined, and
(2) that the majority of the radionuclides of interest rapidly
become attached to atmospheric aerosols, but thereafter are
largely passive tracers of these particles (with H and '*C
being obvious exceptions). These unique features of atmo-
spheric radionuclides suggest that improved understanding
of their atmospheric distributions obtained from detailed
measurements will facilitate refinement and validation of
global circulation models.

Most of the early measurements of atmospheric radionu-
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clides focused on anthropogenic isotopes produced during
open-air testing of thermonuclear bombs. The levels of
fallout isotopes in the atmosphere have recently returned to
such low levels that they are rarely detectable at the surface,
even during the spring-summer period of most extensive
stratospheric-tropospheric exchange [Feely et al., 1988,
Larsen and Sanderson, 1990]. Measurements of natural
atmospheric radionuclides, primarily cosmogenic or end-
members of the uranium decay series, can greatly supple-
ment the information already obtained from studies of the
fallout isotopes.

The production rates of cosmogenic "Be, °Be, p, 3p,
and 3°S, and their spatial and temporal variations, have been
predicted theoretically [Lal et al., 1958]. The important
details of these predictions have now been experimentally
confirmed [Lal et al., 1960; Rama, 1963; Bhandari et al.,
1966]. Due to the relative ease of detection and quantifica-
tion, 'Be (half-life 53.3 days) has been one of the most
studied cosmogenic radionuclides. The maximum produc-
tion of "Be occurs near 15 km [Bhandari et al., 1970]. Once
formed, "Be rapidly attaches to aerosols [Arnold and Al-
Salih, 1955], predominantly those in the submicron fraction
[Maenhaut et al., 1979; Bondietti et al., 1987, 1988]. The
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combined effects of high "Be production rates in the strato-
sphere and the relatively rapid removal of aerosol-associated
species from the troposphere produce stratospheric "Be
concentrations about an order of magnitude higher than
those just below the tropopause [Rama, 1963; Bhandari et
al., 1966; Dutkiewicz and Husain, 1979, 1985]. Conse-
quently, "Be is a sensitive indicator of intrusions of strato-
spheric air into the troposphere [Husain et al., 1977; Wolff et
al., 1979; Dutkiewicz and Husain, 1979].

Some of the 22Rn (half-life of 3.8 days) formed in the 23U
decay series escapes to the atmosphere, where it decays
through a series of short-lived intermediates to 2°Pb (half-
life of 22.3 years). Unlike the noble gas Rn, Pb (and all of the
intermediate daughters) is metallic and rapidly associates
with atmospheric particles [Turekian et al., 1977]. Like "Be,
most atmospheric 21°Pb is concentrated on submicron aero-
sols [Maehhaut et al., 1979; Bondietti et al., 1987, 1988].
Radon flux to the atmosphere from the oceans is negligible
compared to that from the continents [Turekian et al., 1977],
so the ultimate source of atmospheric 2!°Pb is the continen-
tal boundary layer. However, enough *Rn enters the
stratosphere to create a significant stratospheric >'°Pb res-
ervoir near the tropopause [Bhandari et al., 1966; Feely and
Seitz, 1970; Lambert et al., 1982].

Three intensive, aircraft-based, atmospheric sampling
campaigns have recently been conducted in the high-latitude
region of the western hemisphere. Although measurement of
selected atmospheric radionuclides was not a main focus of
these research programs, 78 aerosol samples became avail-
able for the determination of 2'°Pb and 33 for "Be. The
distributions of “Be and 2!°Pb in the Arctic atmosphere
revealed by this recent sampling suggest that our under-
standing of the structure and dynamics of the polar atmo-
sphere is not yet complete. In this paper we demonstrate the
potential usefulness of atmospheric radionuclides in further-
ing that understanding.

METHODS

The aerosol samples discussed here were collected during
the NOAA Arctic Gas and Aerosol Sampling Program 3
(AGASP 3) in March 1989, and the NASA Global Tropo-
spheric Experiment/Arctic Boundary Layer Expeditions
(GTE/ABLE 3A and ABLE 3B) in July—August 1988 and
1990, respectively (Figure 1). AGASP 3 was based out of
Bodo, Norway, and focused on the atmosphere over the
pack ice near Spitsbergen [Schnell et al., 1991]. During
ABLE 3A, most of the flights were in the vicinity of Barrow
or Bethel, Alaska, but samples were collected on all transit
flights (including two between Alaska and Thule, Greenland,
as well as one flight over the pack ice northeast of Thule
[Harriss et al., this issue]. ABLE 3B flights were mainly
over northern Ontario and Labrador; however, most of the
samples for atmospheric radionuclides were collected be-
tween Goose Bay, Labrador, and Frobisher Bay on Baffin
Island. During ABLE 3B, very small air volumes were
sampled (5-13 standard cubic meters (m? STP)), as one of
the objectives was to determine the finest temporal and
spatial resolution with which 'Be concentrations could be
measured in the free troposphere.

On all three missions, atmospheric aerosols were collected
on filters coupled directly to short inlet lines. Sample vol-
umes were determined with integrating mass flowmeters.
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Fig. 1. Map of the Arctic Basin showing the general areas of
aircraft operations during NASA GTE ABLE 3A (July-August
1988), NOAA AGASP 3 (March 1989), and NASA GTE ABLE 3B
(July-August 1990). Also shown are the following ground locations
discussed in the text: Bethel (BT), Barrow (BR), Mount Logan
(ML), Thule (TH), Dye 3 (D3), Frobisher Bay (FB), Goose Bay
(GB), and Bodo (BO).

Insofar as possible, sampling rates were adjusted to maintain
isokinetic flow. Details of the aerosol sampling are reported
elsewhere [Talbot et al., this issue]. The sharp-edged nozzle
used on AGASP 3 may cause some loss of aerosols by
deposition inside the inlet [Huebert et al., 1990] (P. Sheri-
dan, personal communication, 1990). The curved leading
edge nozzle employed on the ABLE missions appears to
minimize these problems, especially for submicron-sized
particles (R. W. Talbot et al., manuscript in preparation,
1991). For AGASP 3, particles were collected on 20 x 25
cm? Whatman 41 filters. During ABLE 3A we used 90-mm-
diameter Gelman E/A glass fiber filters and 90-mm-diameter
Whatman GF/A glass fiber filters on ABLE 3B. After sample
collection, the filters were folded in half (exposed side in)
and sealed in polyethylene bags.

The activities of "Be and 2!°Pb on the filters were deter-
mined by nondestructive gamma spectrometry. Filters were
crushed into 4-mL polyethylene vials for counting in the
germanium well detector in the Glacier Research Group’s
Keck Radionuclide Counting Laboratory (only one-half of
each AGASP 3 filter was counted, with the other half being
sent to D. Lowenthal at the University of Rhode Island for
instrumental neutron activation analysis (INAA)). Due to
the large sample load in the counting laboratory, none of the
filters was counted longer than 24 hours. Calibration was
accomplished by spiking blank filters with National Bureau
of Standards (NBS) traceable standard solutions, then crush-
ing these filters into the same geometry as the samples.
Activities were corrected for decay between sampling and
analysis. Repeated counting of standards, blanks, and aero-
sol filters from an ongoing study indicates that precision for
24-hour counts is approximately 150 fCi 2'°Pb and 250 fCi
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Fig. 2. Bel}llium 7 concentrations during AGASP 3. Samples
that contained %!°Pb are indicated by triangles. The horizontal error
bars represent one-sigma counting uncertainties in the activity,
while vertical bars depict the altitude range over which the samples
were collected. The inset shows the lower altitude samples on an
expanded concentration scale.

"Be. Filters from ABLE 3A did not become available until
early 1990, precluding determination of the "Be activity.

REsuLTS

AGASP 3

Beryllium 7 was readily quantified on all 22 filters exposed
during this mission (Figure 2). One-sigma counting uncer-
tainties averaged 7% of the activity measured on the filters
collected in the free troposphere. For the six samples
collected in the boundary layer the average uncertainty was
15%. Six samples collected near, or above, 8 km, in air
containing >100 ppb O;, which was presumably strato-
spheric air, averaged 1330 = 800 fCi "Be (m? STP) !,
compared to an average of 198 = 138 fCi ’Be (m> STP) ! for
all other samples.

Lead 210 was detectable on only six filters (Figure 2). The
average concentration of the two samples with detectable
210pp collected above 8 km (44.6 fCi m> STP) (which were
also the samples with the highest "Be concentrations (Figure
2)) was more than 5 times higher than the average of the four
lower altitude samples with detectable 2'°Pb (8.4 fCi (m?
STP)™ ). Sample volumes on this mission ranged 7-153 m?
STP, with an average of 40. If the precision of repeated 2!°Pb
determinations is divided by the average volume, a very
rough ‘‘working”’ detection limit of 4 fCi (m? STP) ! can be
estimated.

ABLE 3A

Lead 210 was present above the detection limit on 22 of
the 45 filters analyzed from this mission (Figure 3). (Sample
volumes averaged 23 m?® STP (range 14-43), giving a ‘‘de-
tection limit near 6 fCi (m® STP)~'.) The significantly
higher percentage of samples with detectable 2'°Pb (49%),
and higher average concentration for the ABLE 3A samples
(22.7 fCi ?°Pb (m?® STP)~!), compared to 8.4 fCi (m3
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Fig. 3. Lead 210 concentrations during ABLE 3A. The horizontal
error bars represent one-sigma counting uncertainties in the activity.

STP) ! during AGASP 3, suggests that there was consider-
ably more atmospheric 2!°Pb in the North American Arctic
troposphere in the summer of 1988 than was present over the
ice between Greenland and Norway the following March.
These observations will be discussed in more detail below.

ABLE 3B

As was the case for AGASP 3, "Be was readily quantified
on all of the filters collected during this mission, despite the
much smaller sampled volumes (Figure 4). Counting uncer-
tainty averaged 15%, improving to 10% when samples 8-1
and 19-4 (with very low "Be concentrations) are excluded.
The average concentration of 229 = 105 fCi "Be (m?> STP) !
is slightly, but not significantly, higher than observed below
8 km during AGASP 3. The lower average, and wider range,
in "Be concentration during AGASP 3 mainly reflects inclu-
sion of samples from levels between the surface and 3 km
and 6-8 km that were not sampled during ABLE 3B.
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Fig. 4. Ber%/llium 7 concentrations during ABLE 3B. Samples
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that contained ?'°Pb are indicated by triangles. The horizontal error
bars represent one-sigma counting uncertainties in the activity,
while vertical bars depict the altitude range over which the samples
were collected.
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Lead 210 was detected on just four of the ABLE 3B filters
(Figure 4). (The average volume of 9 m3 STP for these
samples raises the ‘‘detection limit’’ to 15 fCi (m? STP)~1)
Interestingly, these samples were collected between 4.9 and
5.5 km. The average 2'Pb concentration in these four
samples, 26.7 fCi (m3 STP)"!, was quite similar to the 22.7
fCi (m? STP) ! average value during ABLE 3A.

DiscussioN

Beryllium 7

The composite ’Be altitude profile observed during
AGASP 3 (Figure 2) shows the expected rapid increase in
concentration with increasing altitude. The *‘‘stratospheric’’
average of 1330 fCi (m® STP)™! (as well as the highest
concentration measured, 2770 fCi (m? STP) 1) is consider-
ably lower than theoretical predictions and previously mea-
sured values for the stratosphere at these latitudes [Rama,
1963; Bhandari et al., 1966]. This finding suggests either that
true stratospheric air was not sampled or that aerosol losses
in the inlet were severe [Huebert et al., 1990]. However, the
average of 198 fCi "Be (m3 STP)~! for all samples below 8
km (mainly below 6 km) is in reasonable agreement with the
average of 229 fCi (m? STP)~! for 3.0- to 6.0-km altitudes
during ABLE 3B, indicating that loss of particles during
sampling was probably not a major problem.

Beryllium 7 concentrations measured during ABLE 3B
suggest the presence of a free tropospheric maximum near
4-5 km (Figure 4). Tropospheric concentrations of "Be are
widely variable in space and time, reflecting differing histo-
ries of individual air masses. In particular, recent vertical
motions (up or down) and scavenging by precipitation can
greatly modify the horizontal and vertical distribution of "Be
in the troposphere. The present 'Be data set is admittedly
sparse (only 11 samples from ABLE 3B), but several lines of
evidence suggest that the observed maximum is real and may
be a pervasive feature of the summer Arctic troposphere.

Berylium 7 samples were collected from more than one
altitude on just two of the flights during ABLE 3B (flights 8
and 19). Both of these profiles show elevated levels of "Be
near 4 km relative to higher altitudes (Figure 4). Examination
of preliminary profiles of ozone and dewpoint for ABLE 3B
flights 8 and 19 shows that the samples with relatively high
"Be were collected in layers showing sharp dewpoint depres-
sion and elevated ozone concentrations (near 60 ppb ozone
in comparison to values near 40 ppb above and below).
These three tracers together indicate that air masses near 4-5
km in the North American Arctic troposphere in the summer
of 1990 had a stratospheric component. A synopsis of UV
differential absorption lidar (DIAL) measurements during
ABLE 3A indicates that >56% of the air masses encoun-
tered between 4 and 6 km in the summer of 1988 had
significantly enhanced ozone levels due to stratospheric
intrusions [Browell et al., this issue]. Estimated values of
potential vorticity also indicate significant inputs of strato-
spheric air should have been occurring over much of the
ABLE 3A and 3B study areas [Sandholm et al., this issue].
Finally, the average 'Be profile over Alaska at 70°N in the
early 1960s also showed a midtropospheric maximum, with
the average concentration at 4.6 km (250 = 127 fCi (m?
STP) }) considerably higher than those at 3.0 and 5.5 km
(151 = 48 and 159 = 32 fCi (m® STP)~!, respectively)
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[Rama, 1963]. We hypothesize that this may be a common
situation in summer, pointing to consideration of a strato-
spheric source for selected tropospheric species (e.g., Os,
SO}_, NO, [Gregory et al., this issue; Browell et al., this
issue; Talbot et al., this issue; Wofsy et al., this issue;
Sandholm et al., this issue].

Shapiro et al. [1987] showed that the Arctic jet stream
causes significant stratosphere-troposphere exchange
through tropopause folds, and that this jet will generally be
near 70°N. Raatz et al. [1985] present a detailed description
of one such tropopause folding event encountered over
Alaska during AGASP 1 (March 1983) near 65°-~70°N, noting
that, as observed for lower latitude tropopause folds
[Danielsen, 1980; Johnson and Viezee, 1981], the strato-
spheric air injected into the troposphere through the fold
tended to form a nearly horizontal layer between about 400
and 600 mbar (approximately 4-7 km). No clear tropopause
folds were encountered during the three missions presently
under discussion, but layers of air in the free troposphere
that retained a signature of a stratospheric source were
common.

During AGASP 3, 32 profiles of ozone and dewpoint were
obtained. In 14 cases, layers showing elevated ozone and
depressed dewpoint were encountered in the troposphere, 12
of the 14 cases showed the layer to be between 4 and 5 km.
Similar layers of stratospherically influenced tropospheric
air were very frequent during ABLE 3A [Gregory et al., this
issue; Browell et al., this issue]. Meteorologic analyses for
the ABLE 3A flights suggest there was ‘‘sighificant strato-
sphere/troposphere exchange’’ in the area of hircraft opera-
tions on 11 of the 15 days when flights were near or north of
65°N [Shipham et al., this issue]. Interestingly, no exchange
was predicted for the 12 flights near Bethel (60°N). Average
ozone profiles from all of the UV-DIAL measurements near
Barrow and Bethel are similar below 2 km, but the Barrow
profile shows increasing enrichment above this altitude, with
an average enhancement of 20 ppb or more at 5 km [Browell
et al., this issue]. Significant stratosphere-troposphere ex-
chidnge was also indicated for all three of the transit flight
legs near the polar jet stream at about 50°N, in very good
agreement with Shapiro et al.’s [1987] ‘“‘threefold’’ structure
of the northern hemisphere tropopause.

Lead 210

The very low 2'°Pb concentrations near Spitsbergen dur-
ing AGASP 3 are surprising, given the extensive evidence
from previous studies that this region of the Arctic is
frequently influenced during the winter by heavily polluted
air masses from Europe and Eurasia [e.g., Rahn et al., 1982;
Iversen, 1984; Joranger and Ottar, 1984; Raatz, 1984; Raatz
and Schnell, 1984; Iversen and Joranger, 1985]. The Arctic
troposphere generally has 10-15 times higher 2!°Pb concen-
trations in winter than summer, due to more efficient trans-
port of air masses from these lower latitude continental
source areas and reduced removal rates of aerosols [Rahn
and McAffrey, 1980]. However, March 1989 was anomalous
meteorologically, with the Arctic dominated by zonal winds
which prevented the usual intrusions of mid-latitude air
masses to higher latitudes [Herbert et al., 1990, 1991].

Lead 210 concentrations near Barrow were distinctly
higher at 4.5-5.5 km than at lower levels, while the reverse
trend is true near Bethel (Figure 3, Table 1). Talbot et al.
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TABLE 1. 21%Pb Concentrations in the North American High-Latitude Troposphere During
ABLE 3A and ABLE 3B
Ratio of
Number of
Samples With
210pp o Total
Samples <1 km 1.04.5 km 4.5-5.5 km >5.5 km
ABLE 3A

Thule 47.9 — 15.6 —
5/5 (1/1) (0/0) (4/4) (0/0)

Barrow 8.8 12.6 23.9 —
8/16 /7 (1/3) (5/6) (0/0)

Bethel 20.8 44.2 —_ —
4/12 (3/7) (1/3) 0/2) (0/0)

Ferry —_ 16.5 29.3 18.4
5/12 0/0) (2/4) 2/5) 2/3)

All flights 21.3 28.4 21.9 18.4
22/45 (6/15) (4/10) 11/17) (1/3)

ABLE 3B
—_ —_ 26.7 —_
4/11 0/0) (0/4) (4/6) 0/1)

Concentrations are in fCi m® STP; averages calculated only for those samples where 2%Pb was
above the detection limit. Also shown (in parentheses) is ratio of the number of samples with 21°Pb to

the total number of samples.

[this issue] noted the same trend in comparing the concen-
trations of a range of aerosol species between the high Arctic
(>60°N, roughly equivalent to Barrow in Table 1, but
including high-latitude ferry flights and the samples collected
near Greenland) and sub-Arctic (50°-60°N, essentially the
flights near Bethel). These distributions were attributed to
(1) long-range anthropogenic inputs and/or stratospheric
inputs (at least for SO}‘), (2) efficient removal of aerosol-
associated species from the lower levels of the high Arctic
troposphere due to the frequent occurrence of low-level fog
banks and stratus cloud decks, and (3) a significant source of
the aerosol species from surrounding oceans and sub-Arctic
tundra at 50-60°N. In addition, we observed approximately
fourfold enrichment of SO;~ in free tropospheric (>2 km)
“‘clean’’ air in the high Arctic compared to the sub-Arctic.
Lead 210 appears to mimic this free tropospheric distribution
of SO}‘, suggesting common principal sources for these
species.

Trajectory analyses for the ABLE 3A flights indicate that
the air masses sampled near Barrow typically originated
over eastern Asia, mainly Siberia, and were transported
rapidly across the Bering Strait or Chukchi Sea. In contrast,
trajectories for the Bethel flights where radionuclides were
sampled indicated that the air masses originated (3 days prior
to sampling) over the North Pacific. In this scenario, the free
tropospheric samples collected near Bethel would be ex-
pected to have low 2!°Pb concentrations, while at lower
levels, 2'%Pb may have a surface source from Alaska as the
air masses moved onshore. Similarly, processing of the
Siberian air masses by low-level stratus and fog banks could
readily produce depleted 2%Pb concentrations at lower
levels near Barrow. However, the 21°Pb concentrations from
4.5 to 5.5 km near Thule in 1988 and over northeastern
Canada in 1990 (Table 1) are comparable to those at the same
altitude near Barrow, but are not due to the same rapid
transport from Siberia. Given the foregoing discussion of
stratosphere-troposphere exchange in the northern hemi-
sphere summer, and the relatively high 2!°Pb concentrations

observed at the base of the stratosphere during AGASP 3,
we hypothesize that some of the 21°Pb found near 5 km is
stratospherically derived, and may be associated with strato-
spheric SO}~ aerosols injected into the troposphere near
70°N.

A series of samples collected on the two ABLE 3A transit
flights between Alaska and Greenland provide strong sup-
port for this hypothesis. During the long level transit flight
legs near 5 km (between Greenland and Alaska, 70°~76°N
(Figure 1)), we intercepted air masses with sharp dew point
depressions and highly elevated ozone concentrations be-
tween 107°W and 135°W on flight 4 and just east of 139°W on
flight 28 (Figure 5). Aerosols collected over time intervals
that included these air masses were enriched in 21°Pb
compared to other samples from these flights (Figure 5).
Sample 4-2 also showed significant SO}_ enrichment, reach-
ing a concentration of 150 ppt, the highest level observed at
4-5 km during ABLE 3A (Figure 5).

If the stratosphere is a significant source of tropospheric
SOZ~ in the Arctic, the location of the polar and Arctic jets,
and associated intensive stratosphere-troposphere ex-
change, may contribute to the poorly understood difference
between ice core records of SO}~ deposition in South
Greenland and the Yukon Territory. At Dye 3, Greenland
(65°N, 44°W), the concentration of SO;~ in recent snow is
roughly threefold higher than in snow deposited at the turn
of the century [Mayewski et al., 1990], while the record from
Mount Logan (60°N, 140°W) shows little or no change over
this time period [Monaghan and Holdsworth, 1990]. Dye 3 is
very near the location where the front associated with the
Arctic jet generally intersects the surface [Shapiro et al.,
1987], and therefore its chemical climatology may be
strongly influenced by stratospherically derived air masses.
On the other hand, Mount Logan is between the usual
positions of the Arctic and polar jets and should generally
reflect diffuse chemical effects of stratosphere-troposphere
exchange. Such a latitudinal dependency of stratosphere-
troposphere exchange could also explain the fourfold enrich-
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Fig. 5. Concentrations of 2!°Pb and SO}~ measured near 5 km during ABLE 3A transit flights between Alaska and
Greenland. Also shown are dewpoint and ozone during the flights. (a) Flight 4 was westbound on 9 July; (b) flight 28

was eastbound on August 12, 1988.

ment of SO4~ in *‘clean’’ free tropospheric air over Barrow
relative to Bethel. This hypothesis implies, of course, that
the stratospheric SO}' reservoir has been greatly enriched
by anthropogenic emissions, as has been recently suggested
[Hofmann and Rosen, 1980; Sedlacek et al., 1983 ; Hofmann,
1990]. Perhaps more important, this also implies that the
impact of anthropogenic SO~ on the summer Arctic tropo-
sphere is significantly moderated by stratosphere-tropo-
sphere exchange processes. This intriguing possibility merits
further investigation, including examination of latitudinal
differences in SO}~ depositional trends for the past century
(from snow and ice records) and additional atmospheric
sampling throughout the Arctic.

SUMMARY

Beryllium 7 concentrations measured during the AGASP 3
mission north and west of Norway are in accord with
previous results for high northern latitudes, but suggest that
the “‘stratospheric’” air masses sampled at the highest ele-
vations reached were significantly diluted with tropospheric
air. Higher resolution sampling (in terms of time and space,
particularly in the vertical) in the free troposphere of the
North American Arctic during ABLE 3B revealed a layer of
elevated "Be concentrations near 5 km. A similarly enriched
layer was documented, but not discussed, by Rama [1963] in
a compilation of all "Be data obtained near 70°N during the
major sampling efforts investigating bomb fallout in the late
1950s to early 1960s. The presence of a layer of stratospher-
ically derived air at about this level in the troposphere is an
expected consequence of tropopause fold events and may be
a common feature of the North American Arctic tropo-
sphere, particularly in the summer.

The distribution of 21°Pb in the high-latitude troposphere
of North America during the summer was quite similar to
distributions of more frequently measured aerosol species
(e.g., SO}_). At latitudes above 65°N, free tropospheric
concentrations tended to increase with altitude up to at least
5.5 km, while the concentrations near 60°N tended to be

higher near the surface than at 4-6 km. Lead 210 concentra-
tions in the high Arctic troposphere between Greenland and
Norway in March 1989 were probably anomalously low, but
two samples of mixed stratospheric and tropospheric air
above 8 km contained #1°Pb at levels greater than fivefold
higher than the tropospheric samples from the same area and
nearly twice as high as the average concentration seen at 4-6
km in the North American summer troposphere. A partial
explanation for the elevated 2'°Pb levels seen near 5 km in
the summer in the North American Arctic (and perhaps the
similar SO}~ enrichment reported by Talbot et al. [this
issue]) may be stratospheric intrusions through tropopause
folds, as was discussed in connection with the layer of
elevated "Be seen during ABLE 3B. Detailed measurements
of selected meteorological and chemical parameters, includ-
ing "Be and 2!°Pb, are needed to begin quantification of the
stratospheric flux of material into the Arctic troposphere and
assessment of the influence of such fluxes on the composi-
tion of the troposphere.
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