
lected between 18 and 20 June from 
about 30 to 140 km, line-of-sight dis- 
tances, around the volcano, beginning 

Reports 
Mercury Content of Equisetum Plants Around 
Mount St. Helens One Year After the Major Eruption 

Abstract. The mercury content of young Equisetum plants collected around Mount 
St. Helens was higher in the direction of Yakima and Toppenish, Washington 
(northeast to  east-northeast), than at any other compass heading and was about 20 
times that measured around Portland, Oregon. The increase in substratum mercury 
was not as pronounced as that in plants but was also higher toward the northeast, 
the direction taken by the May 1980 volcanic plume. 

The injection of volcanic material into 
the atmosphere by Mount St.  Helens 
began on 27 March 1980 and continued, 
with quiescent interludes, for several 
months (I). 

On 18 May 1980, a major eruption and 
explosion devastated some 500 km2 of 
timberland north of the mountain (2). 
The blast zone, as  delimited by the inter- 
face between singed and green standing 
timber, extended no more than 20 km to 
the east and northeast of the mountain 
(2), whereas the massive volcanic plume 
covered a far greater area; the lower 
portions of the plume moved in an east- 
erly direction at  jet stream velocities (3). 

The chemistry of the 18 May plume 

has been examined (4 ) ,  but mercury was 
not among the trace elements studied 
even though its significance a s  a primary 
volcanic effluent has been well estab- 
lished (5, 6). The accumulation and re- 
lease of mercury by plants have also 
been the subject of study (7), and it has 
been proposed that vegetation has a ma- 
jor role in the distribution and cycling of 
volcanic mercury (8). Because of their 
ability to accumulate mercury, plants 
may be of value as  geothermal indica- 
tors. 

To test this, a study of plant mercury 
content was conducted around Mount 
St.  Helens in June 1981, 1 year after the 
major eruption. Plants and soil were col- 

Table 1. Mercury content of samples of Pacific Northwest Equisetum arvense collected 
between 1969 and 1975. Values are mean t 1 standard deviation (three to six samples, 10 to 
15 g). 

Location Collection date Mercury 
( P P ~ ,  dry) 

Banff, Alberta 
Seattle, Washington 

Juneau, Alaska 
Portland, Oregon 

June 1969 
June 1969 
July 1972 
July 1972 
December 1972 
March 1975 

lW 
Y Table 2. Mercury content of Equiserum ar- i .,. \ vense and associated substratum around 

Mount St. Helens, June 1981. Values are 

/ T  . mean t 1 standard deviation (three to six 
samples, 10 to 15 g). 

Mercury (ppb, dry) 
Location 

Substratum Equisetum 

\/By P u H Portland Kelso 
15.0 1.4 t t 0.2 1.9 2.2 6.2 t t 0.2 1.2 

Toutle River 10.2 t 0.2 9.4 -C 0.8 
Fig. 1. Schematic map of Mount St. Helens ~ ~ ~ d l ~  5.3 t 0.5 7.5 rt 0.9 
(solld circle) and environs showmg sample white pass 5.7 t 0.5 7.0 & 0.7 
collection stations in Oregon at Portland (P) yakima 9.1 k 0.9 22.6 t 2.8 
and in Washington at Kelso (K) ,  Toutle River ~ ~ ~ ~ ~ ~ i ~ h  23.2 t- 3.9 45.1 t 4.0 
(TI,  Randle (R) ,  White Pass (W), Yakima ( Y ) ,  Horsethief Lake 15.6 t 0.8 9.5 t 0.5 
Toppenish (Tp), Horsethief Lake (H), and h ill^ 17.1 t 1.5 15.8 a 0.8 
Bonneville (B).  
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and ending in Portland, Oregon. 
The indicator plant Equisetum ar- 

vense, the common horsetail, was select- 
ed because it was available in quantity at 
every site, and because comparative 
data for the period 1969 to 1975 in the 
Pacific Northwest were available. Sub- 
stratum samples were collected at  the 
same sites as plants. 

All samples were sealed in 10-mil poly- 
ethylene bags and stored in the cold until 
analyzed. Triplicate samples (10 to 15 g, 
wet weight) were digested in nitric and 
sulfuric acid mixtures and analyzed by 
flameless atomic absorption (6, 9). To  
prevent loss by volatilization, samples 
for mercury analysis were not dried, and 
other portions of the plant and soil sam- 
ples were used to determine dry weights. 

More than 350 species in plants and 
animals have been analyzed for mercury 
in our laboratory since 1968; among 
them are several members of the genus 
Equisetum including E, arvense from the 
Pacific Northwest (Table 1). The tests 
show E. arvense to be a relatively poor 
accumulator of mercury under ordinary 
(geothermally inactive) conditions. A 
low concentration of mercury was found 
in soil and plant samples from Portland 
during the collection period, but at all 
other sites around the volcano both plant 
and soil mercury concentrations were 
elevated (Fig. 1 and Table 2). High con- 
centrations were most striking in the 
plant samples from Yakima and Toppen- 
ish, Washington, and in the substratum 
at Toppenish, which appeared to be par- 
ticularly high in ash. Among our substra- 
tum samples, visibly high accumulations 
of ash were also found at  Toutle River, 
Washington, and in Yakima. Analyses 
showed mercury concentrations of 10.2 
and 9.1 parts per billion (ppb), respec- 
tively. This agrees well with reported 
mercury concentrations of 8 to 13 ppb in 
ashfall collected in May 1980 at  Tieton, 
Washington, 98 km from the mountain, 
to Missoula, Montana, some 644 km 
distant (10). It  appears that ash mercury 
is not highly mobile. Thus the samples 
from the east-northeast to east of Mount 
St. Helens, the major stratospheric 
plume direction of the 18 May 1980 erup- 
tion, were elevated by an order of magni- 
tude or more in mercury content relative 
to previous and current samples from 
Portland and samples collected at earlier 
times from various Pacific Northwest 
locations. 

The values reported here for mercury 
content of soil, ash, and Equisetum are 
quite low when compared with general 
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plant and soil data from continuously 
active volcanic locations such as Iceland 
and Hawaii (7). More common values in 
both of these locations would be one or 
two orders of magnitude higher. 

In general, mercury content of plants 
is high when mercury content of the soils 
is also high, but this relation does not 
always hold. The mercury content of the 
substratum in both the Kelso and Horse- 
thief Lake regions of Washington, for 
example, is about 15 ppb, but the mercu- 
ry content of the plants a t  Kelso is about 
6 ppb and that at Horsethief Lake is 
about 9 ppb. In some instances, such as  
at Kelso, the mercury content of plants 
is less than that of the substrate; in other 
places, such as  at  Yakima and Toppen- 
ish, the plants contain higher concentra- 
tions than the substrate. The variations 
probably arise from differences in the 
relative availability to the plant of mer- 
cury in the substratum and in the plume 
ash. 

The plants we sampled were, on the 
average, 10 cm or less in height and less 
than 6 months in age, yet they reflected 
with reasonable accuracy the direction 
of a volcanic plume generated during an 
eruption that took place months before 
these plants began their growth. 

B. Z. SIEGEL 
Pacific Biomedical Research Center, 
Uiziversity of Hawaii at Manoa, 
Honolulu 96822 

S. M. SIEGEL 
Department of Botany, 
University of Hawaii at Manoa 
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Comet Encke: Radar Detection of Nucleus 

Abstract. The nucleus of the periodic comet Encke was detected in November 1980 
with the Arecibo Observatory's radar system (wavelength, 12.6 centimeters). The 
echoes in the one sense of circular polarization received imply a radar cross section 
of 1.1 k 0.7 square kilometers. The estimated bandwidth of these echoes combined 
with an estimate of the rotation vector of Encke yields a radius for the nucleus of 
1 ..5?:; kilometers. The uncertainties given are dependent primarily on the range of 
models considered for the comet and for the manner in which its nucleus backscat- 
ters radio waves. Should this range prove inadequate, the true value of the radius of 
the nucleus might lie outside the limits given. 

Comets are widely believed to repre- 
sent samples of the most primitive mate- 
rial of the solar nebula ( I ) ,  and their 
nuclei especially have been the subject 
of intense study. However, direct study 
of the nucleus of a comet has been 
hindered by the difficulty in separating 
the light reflected by the nucleus from 
that scattered by the surrounding coma. 
Apart from a spacecraft mission to a 
comet, ground-based radar appears to be 
the only technique available for the di- 

rect detection of a nucleus. But such 
detection is rarely possible because of 
the combination of the small size of a 
comet's nucleus and its generally great 
distance from the earth. 

Comet Encke has the shortest orbital 
period of any known comet (Po = 3.3 
years), and has been observed carefully 
during most of its passages through peri- 
helion since its discovery in 1786. Its 
orbit has been determined accurately (2) ,  
and its nucleus described (3) as  an inho- 

- 180.00 -90.00 0.00 90:00 ' 180.00 

Relat ive rad io frequency of echo (Hz) 

Fig. 1. Smoothed spectrum from radar observations of comet Encke made during the period 2 to 
8 November 1980. The abscissa represents the radio frequency of the received signal relative to 
the frequency calculated from the ephemeris for the comet; the scale spans an interval slightly 
larger than the smallest difference between any two of the four transmitted frequencies (4). The 
central peak of the echo is offset by about 7.5 Hz from the ephemeris value which corresponds 
to the origin of the abscissa. The ordinate represents echo power in units of the root-mean- 
square fluctuations of the noise power. The distribution of the noise samples in the final 
spectrum approximates to the expected degree a Gaussian probability distribution of mean zero 
and standard deviation unity. 
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