
36 at 15.2 km and 48 ppb in flight 39 at 
18.9 km. These results imply HNO, plus 
NO, mixing ratios greatly exceeding 
those for the unperturbed stratosphere. 
Also, our results show higher mixing ra- 
tios for these nitrogen constituents at 
15.2 km than at 14.0 km in flight 36. This 
is another indication of the nonuniform 
distribution in the plume. 

Measurements were also made of 
222Rn from samples from fights 36 and 39 
(7). The measured radioactivity for the 
16.5-km sample from flight 36 was 
0.13 -+- 0.02 disintegration per minute 
per liter (at standard pressure and tem- 
perature), where the error limit is 3 
standard deviations. The flight 39 sample 
from 18.9 km, which was collected 26 
days later in the predicted trajectory of 
the plume sampled in flight 36, showed 
that the radioactivity was 0.018 2 0.002 
disintegration per minute per liter. From 
the 222Rn time constant of 3.8 days, 
the radioactivity is calculated to have de- 
cayed to about 1.4 x The back- 
ground level of 222Rn activity of the un- 
perturbed stratosphere must be better 
known before the difference between the 
measured and calculated results can be 
properly interpreted. 

Measurements of N,O, CFCl,, CF,C12, 

and CO, showed that the concentrations 
were within the range of mixing ratios 
previously measured in unperturbed 
stratospheric air in locations at similar 
latitudes (8). 
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Changes in Stratospheric Water Vapor Associated with the 
Mount St. Helens Eruption 

Abstract. A frost point hygrometer designed for aircraft operation was included in 
the complement of instruments assembled for the NASA 21-2 flights through the 
plume of Mount St .  Helens. Measurements made on the 22 May flight showed the 
water vapor to be closely associated with the aerosol plume. The water vapor mixing 
ratio by mass in the plume was as high as 40 x This compares with values of 
2 x lo-" to  3 x outside of the plume. 

Stratospheric water vapor-its con- 
centration, variability, sources, and 
sinks-has been the subject of consid- 
erable interest and controversy ever 
since Brewer and co-workers (I) made 
measurements in the late 1940's. To ob- 
tain new data on this water vapor, we as- 
sembled a frost point hygrometer for use 
on the U-2 aircraft. 

Table 1. Stratospheric water vapor mixing ra- 
tios in parts per million (ppm) measured over 
Moffett Field, California, 15 May 1980. 

Altitude Mixing ratio (ppm) 
(km) Average Range 
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The instrument, based on the design 
used by Mastenbrook (2) in his balloon 
program, consists of a small mirror that 
is controlled by temperature at the frost 
point. The mirror is connected through a 
moderate thermal resistance to a liquid 
nitrogen reservoir and has an electrical 
heater attached to it. The temperature is 
controlled by balancing the electrical 
heat input with the thermal conduction 
to the cold reservoir. The presence of 
frost on the mirror is measured optically 
and is used to servo control the temper- 
ature. A knowledge of the frost point 
yields the absolute humidity and the wa- 
ter vapor mixing ratio. 

The instrument was installed in the 
wing tank of the U-2. Ambient air was 
taken in through a Rosemont probe 
mounted on the skin of the wing tznk; it 
flowed across the mirror surface and was 

exhausted at the back of the tank. The 
major concern in any water vapor mea- 
surement is that the ambient air is not 
contaminated in the sampling process. 
The flow through our system is fairly 
high (1.6 liters per minute), and metal 
tubing is used throughout. 

After fabrication and testing of the unit 
in late April and flight testing on the U-2  
during May, the first flight with the unit 
was made on 15 May. When Mount St. 
Helens erupted on 18 May provision was 
made to fly the frost point unit on several 
flights into the volcanic cloud. Data were 
obtained on 22 and 27 May and 14 and 17 
June 1980. 

The water vapor mixing ratios, mea- 
sured during the 15 May flight over 
NASA's research center at Moffett 
Field, California, are given in Table 1.  
Both average mixing ratios and the 
ranges for each altitude are shown. At 
this time, because of the limited data 
base with the instrument, we are not able 
to separate the fluctuations due to mea- 
surement precision from those due to 
water vapor variability. The figures are 
included for comparison with data ob- 
tained during penetration of the volcanic 
cloud on 22 May (Table 2). The time 
range for the measurements is included 
so that the water vapor data can be 
compared with measurements made by 
other sensors aboard the U-2 and de- 
cribed in accompanying reports. 

Our data indicate that the aircraft was 
in the cloud at 1845 Universal Time (3). 
The water vapor data show a marked de- 
crease in mixing ratio associated with the 
increase in aircraft altitude at 1925 and a 
sharp increase in mixing ratio when the 
aircraft descended again at 2000. The 
mixing ratio by mass decreases signifi- 
cantly after 2015 and appears to reach a 
background level of 3 x 10+ at an alti- 
tude of 20.2 km by 2030. A background 
of 2.6 x at 19.8 km was measured 
on the 15 May flight. These data confirm 
that significant amounts of water vapor 
were injected into the stratosphere by 
the 18 May eruption. On the flight of 22 

Table 2. Stratospheric water vapor mixing 
ratios in parts per million (ppm) measured 
in the plume of Mount St. Helens on 22 May 
1980. 

Altitude Mixing ratio 
Time 

(km) range 
( P P ~ )  

*These data were obtained well away from the 
plume and represent unperturbed background mix- 
ing ratios. 
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May the plume was well defined, and the 
water vapor mixing ratio in the plume 
was at least an order of magnitude above 
background concentrations. 

Data obtained on the other three 
flights through the volcanic plume with 
the frost point hygrometer show larger 
variations in water vapor mixing ratios 
than observed during the 15 May flight, 
but the higher mixing ratios are generally 
only a factor of 2 or so above back- 
ground. These increases are not as easily 
correlated with the time when the air- 
craft was in the plume. On the 27 May 
flight the range in mixing ratio by mass 
was from 1.5 x to 4.5 x the 
highest readings were obtained between 
0200 and 0215, the time during which the 
pilot was in the area where the cloud 
was predicted to be. High readings were 
also observed around 0245 when the air- 
craft was over Washington state but 
thought to be out of the plume. 

The data obtained during the 14 June 
flight also showed great variability in 
comparison with the 15 May flight. Wa- 
ter vapor mixing ratios by mass ranged 
from 1.5 x to 5.2 x There 
seemed to be no extensive areas where 
the mixing ratio was higher than that in 
surrounding areas; rather the regions ap- 
peared to be patchy. 

The data obtained during the 17 June 
flight show practically no increase in wa- 
ter vapor mixing ratio anywhere along 
the flight path except for one brief period 
around 2135. At that time the mixing ra- 
tio reached 6.0 x During the rest of 
the flight the mixing ratio was between 
2.0 x and 2.5 x 

From the data obtained with the frost 
point hygrometer it is evident that a large 
amount of water vapor was injected into 
the stratosphere by the 18 May eruption. 
It is less evident that the later eruptions 
carried much water vapor into the strato- 

sphere. During the flight of 22 May, the 
enhanced water vapor mixing ratios 
were well correlated with the plume, and 
the plume size determined by Danielson 
(4) can be used to estimate the total 
amount of water injected by the eruption. 
Danielson gives the volume of the plume 
as = 2 x lo6 km3. From an average mix- 
ing ratio in the plume of 2 x it ap- 
pears that a total mass of 3.2 x lo9 kg of 
water was injected by the eruption. The 
injected water could come either from the 
volcano or from entrained tropospheric 
air. If the only source of water is tropo- 
spheric air, with a mixing ratio of 2 gim3, 
it would require the entrainment of 1.6 x 
103 km3 of tropospheric air to account 
for the water vapor measured in the 
plume on 22 May. This appears to be too 
large a volume, and thus some of the wa- 
ter vapor probably had to come from the 
volcano. If the source is totally volcanic, 
3.2 x km of liquid water would be 
required which, in view of the size of the 
18 May eruption, appears reasonable. 
The water vapor mixing ratios measured 
after the other eruptions were not en- 
hanced enough to argue for major injec- 
tions of water from the weaker erup- 
tions. 
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Measurements of Cloud Condensation Nuclei in the 
Stratosphere Around the Plume of Mount St. Helens 

Abstract. Measurements of cloud condensation nuclei were made from small sam- 
ples of stratospheric air taken from a U-2 aircraft at altitudes ranging from 13 to 19 
kilometers. The measured concentrations of nuclei both in and outside the plume 
from the May and June 1980 eruptions of Mount St. Helens were higher than ex- 
pected, ranging from about 100 to about 1000 per cubic centimeter active at I per- 
cent supersaturation. 

The eruptions of Mount St. Helens in por condensation at supersaturations of 
May and June 1980 injected significant the order of 1 percent (relative humidity 
amounts of gases and particles into the of 101 percent). 
stratosphere. We measured cloud con- Rather elaborate projections of the ef- 
densation nuclei (CCN), the part of the fects of volcanic aerosol on the earth's 
aerosol capable of nucleating water va- climate have been made in recent years, 
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such as that of Pollack et al. (I). Whether 
stratospheric CCN are important in the 
total picture of global weather depends 
on (i) the numbers of CCN available in 
the stratosphere, (ii) the rate at which 
they enter the troposphere, and (iii) the 
way in which they affect weather sys- 
tems in the troposphere. Our measure- 
ments relate to the first of these three as- 
pects. The second may involve any of 
eight mechanisms described by Shapiro 
(2). Once in the troposphere, CCN of 
stratospheric origin could modify cloud 
microstructure, leading to two possible 
effects upon climate: alteration of precip- 
itation processes and alteration of the 
scattering and absorption of solar radia- 
tion by clouds (3). 

To the best of our knowledge, our 
CCN data are the first reported from alti- 
tudes above the local tropopause. An in- 
dication of the CCN count, however, can 
be gained from the measurements of Ro- 
sen and Hofmann (4) taken between 10 
and 20 percent supersaturation before 
June 1980, and more recently at 200 per- 
cent supersaturation, in numerous bal- 
loon ascents over Laramie, Wyoming. 
These investigators reported evidence of 
both anthropogenic and volcanic in- 
creases in stratospheric sulfates (5). Our 
measurements are taken as a function of 
two to three supersaturations within the 
range of those found in actual clouds; if 
compared to tropospheric counts, they 
should help to resolve questions of 
whether or not the stratosphere can ever 
be a significant source of CCN. 

We analyzed four 1-liter samples of 
stratospheric aerosol collected by a 
NASA U-2 aircraft. These samples, al- 
though well suited for their original pur- 
pose of trace gas analysis, presented a 
serious concern with respect to our CCN 
measurements. It was expected that 
losses due to Brownian diffusion to the 
walls might cause unacceptably rapid de- 
pletion of the CCN present in the small 
sample containers, which were stainless 
steel cylinders with rounded ends (radi- 
us, 5 cm; length, 20 cm). Laboratory 
simulations of the experiment with simi- 
lar containers showed that the loss of 
CCN active at 1 percent supersaturation 
was a rather consistent 35 2 5 percent 
per hour. (No attempt was made to es- 
tablish stable thermal stratification of the 
container contents.) 

The 1-liter sample containers were 
cleaned and evacuated before each flight 
and were opened by pilot activation of 
motor-driven valves at the specified hori- 
zontal and vertical coordinates. All sam- 
ples were obtained from a sample entry 
system designed for gas analysis. Dif- 
fusion losses of CCN were probably neg- 
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