
• Air Pollution Dry Deposition: Radioisotopes as Particles and Volatiles 

Objectives of this study are: 

• Developing an experimental basis for models predicting removal of airborne particles and gases by dry 
deposition onto outdoor surfaces. 

• Developing predictive models accounting for the influence of particle size, gas characteristics, wind 
velocity, deposition surface, and other variables on deposition rates. 

• Determining deposition rates using dual tracer techniques in the field and in a wind tunnel in the 
laboratory. 

Volcanic Ash and Ambient Airborne Solids 
Concentrations at Hanford, Washington, Sam
pling Sites Subsequent to the 
Mt. St. Helens' Eruption 

G. A. Sehmel 

Introduction 

A major eruption of Mt. St. Helens, 
Washington, occurred on May 18, 1980, re
sulting in an airborne plume of volcanic 
ash (pulverized rock) transported by east
erly winds. Particle dry deposition from 
this plume resulted in downwind ash fallout 
of varying depths. The Hanford area, 
northwest of Richland, Washington, was 
within the edge of the fallout plume. Lo
cated within this area are airborne parti
culate sampling sites used in prior wind 
resuspension experiments. These sampling 
sites were reactivated to collect airborne 
volcanic ash. The Horn Rapids sampling 
site is near the southwestern boundary of 
the Hanford area, and the meteorological 
station sampling site is 24 km northwest 
of the Horn Rapids Dam site. Both sites 
received relatively low ash deposits which 
were about 1- to 2-mm and 3- to 4-mm in 
depth, respectively. 

This investigation set out to determine 
a time history of airborne volcanic ash 
concentrations (Sehmel 1980) immediately 
after the eruption (starting the following 
day, May 19). In addition to recording 
airborne solid concentrations, any changes 
in airborne volcanic ash concentrations 
with time were of potential use to wind-
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resuspension investigations of surface
contaminated areas. Volcanic fallout ash 
was a tracer of opportunity for investigat
ing wind resuspension from a near "infi
nite" surface source area of freshly de
posited solids. 

Sampling Equipment 

Airborne solids concentration was meas
ured using filters for solids collection 
on an average daily basis (or several days) 
by 1) sampling continuously for all wind 
directions and speeds at the Horn Rapids 
and meteorological station sampling sites, 
and 2) sampling only during 220 0 to 290 0 

wind directions at the meteorological sta
tion samplin~ site. Winds from the south 
are from 180 while winds from the west are 
from 270 0

• 

Airborne particulates were classified 
(while airborne) into two or more size 
fractions with three different types of 
sampling equipment: 

• A cyclone preseparator(a) with a 
5.5-~m 50i cut-off diameter, followed 
by a 20- x 25-cm2 glass-fiber filter. 
During sampling, the cyclone
preseparator cylindrical sampler in
let was continuously oriented into 

(a) Model 230CP cyclone preseparator, 
Sierra Instrument Co., Carmel Valley, 
CA 93924. 



the wind with a tail fin. Except 
during rain, sampling was continuous 
for 24 hours. 

• A 20- x 25-cm2 filter sam ler. In 
this sampler Sehmel 1978 , airborne 
particles either settled in the sam
pler inlet (1.9- x 25-cm2 cross sec
tion) or were collected on the backup 
filter. Airborne solids concentra
tion was calculated from only the 
filter collection. 

• A laser optical particle counter.{a) 
This optical counter sizes airborne 
particles electronically and accumu
lates number counts in diameter in
crements as small as 0.07 ~m. Meas
urements were taken during 30-min in
crements at a site near the Hanford 
meteorological station. Results are 
reported as the volume distribution: 

bV '1104 bN 
6TriO = -6- bO 

which has units of ~m3/cm3. The par
ticle volume is V, the diameter is 
0, and the number of particles per 
unit volume is N. 

(a) Active Scattering Aerosol Spectrometer, 
Particle Measuring Systems, Inc., 
Boulder, CO 80301. 
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Airborne Solids Concentration 

Airborne solids concentration, ~g/m3, 
is shown in Figure 2.1 along with selected 
meteorological oat a (shown below the fig
ure) recorded at the Hanford meteorological 
station. 

Horn Rapids Site Results 

Two cyclone filter samplers were used 
at the Horn Rapids sampling site to inves
tigate airborne solids concentration and 
sampling reproducibility. The two samplers 
were 2 m apart. Average concentrations for 
these two samplers are shown by both open
and solid-data symbols in Figure 2.1. Each 
datum point is plotted at the average con
centration calculated from these two sam
plers. The limits of the vertical bar 
through each datum point are solid concen
trations determined from each sampler. If 
limits are not shown, the limits are within 
the datum symbol. 

During the day after the eruption, the 
daily average concentration for respirable 
particles (i.e., <5.5-~m dia. was 
1430 ~g/m3), the total, including the 
cyclone-preseparator collection, was 
2610 ~g/m3. The respirable content of the 
airborne solids was 55%. Subsequently, the 
daily average airborne solids concentration 
decreased. From May 20 to 27, concentra
tions of 150 to 600 ~g/m3 were measured and 
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Figure 2.1. Airborne Solid Concentrations Measured at Two Hanford Area Sampling Sites after the Mt. St. Helens 
Eruption on May 18, 1980. 
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were still high compared to normal (prior 
to eruption) concentrations. 

There were three rain periods, including 
four successive days from May 25 to 28, 
which could have affected the wind resus
pendability of volcanic ash, 0.11 in., 
0.79 in., 0.01 in. From a comparison of 
rain accumulated each day and airborne 
solids concentration, an estimate can be 
made of the rain accumulation that can re
move airborne particulates and prevent wind 
resuspension of surface solids by wetting 
ground surfaces. Decreased airborne solids 
concentration was evident on May 27 to 28 
when the concentrations decreased two or
ders of magnitude at both sampling sites, 
and on June 12 to 13 when the concentra
tions decreased one order of magnitude at 
the meteorological station sampling site. 
Subsequently, airborne solids concentration 
increased as ground surfaces dried and re
suspension occurred. 

Although resuspension and, hence, air
borne solids concentration are a function 
of both surface and meteorological parame
ters, an estimate is made for the amount 
of rain required to significantly reduce 
resuspension. There were only three signi
ficant rain periods recorded: 

• 0.79 in. on May 26 

• 0.22 and 0.35 in. (0.57 in. total) on 
June 12 and 13 

• 0.19 in. on June 20. 

Significant (i.e., an order of magnitude) 
reductions in airborne solids concentration 
occurred only during the first two rain 
periods (0.79 and 0.57 in.) and not during 
the last period (0.19 in.). Thus, a tenta
tive conclusion is that from 0.2 to 0.6 in. 
of rain may be required to significantly 
reduce airborne solids concentration aris
ing from wide-area resuspension sources. 
However, the duration of reductions may be 
as short as a day. 

Airborne-Volume Distribution Ranges 

Airborne-volume distributions calculated 
from the optical counter operated near the 
Hanford Meteorolgical Station are shown in 
Figure 2.2 as a function of particle diame
ter. The ranges of optical counter results 
from May 22 to 30, 1980, are shown by the 
cross-hatched area. Also shown are ranges 
determined at Hanford in 1975 (Sehmel 1976) 
during dust storms and on clear days. The 
ranges for the volcanic ash overlay the 
1975 data, showing that during measurement 
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Figure 2.2. Airborne-Volume Distributions 
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times the maximum airborne volcanic ash 
concentrations for the particle diameters 
investigated were similar to dust concen
trations during the most severe dust storms 
measured in 1975 by Sehmel (1976). How
ever, a significant difference between vol
canic ash and dust storm data occurs for 
particle diameters between 0.3 and 0.5 I'm. 
For this diameter range, the maximum ash 
concentration was about four times greater 
than reported for dust storms. 

Conclusions 

Airborne solids concentrations of vol
canic ash increased from a sampling site 
in the Hanford area to another site 24 km 
northwest. This second site was closer to 
the maximum ash fallout area. At both sam
pling sites, a rain of 0.79 in. on May 26 
decreased airborne solids concentration by 
two orders of magnitude. Subsequently, 
airborne solids concentration increased as 
surfaces dried and resuspension occurred. 
Changes in airborne solids concentration 
after subsequent rains were interpreted to 
indicate that 0.2 to 0.6 in. of rain may 
be required to significantly reduce, at 
least for a day, airborne solids concentra
tion from area-wide resuspension sources. 
Even after the initial rain, airborne 
solids concentration remained relatively 



high at the meteorological station sampling 
site. Airborne solids concentration data 
are still being obtained at both sampling 
sites so the longer-term airborne effects 
of this surface resuspension source can be 
investigated. 
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Plutonium Dry Deposition Experiments Using 
Ambient Airborne Plutonium Near Horn 
Rapids, Washington 

G. A. Sehmel 

Airborne concentrations of solids and 
plutonium were measured (Sehmel 1979a) at 
two sampling sites separated by a distance 
of 305 m near the Horn Rapids Dam, Washing
ton. The purpose of these measurements was 
to determine the deposition or resuspension 
of ambient soil and plutonium between two 
sampling towers. In the experimental 
design, a uniform, crosswind airborne plume 
of resuspended soil was anticipated to be 
approaching the upwind tower. Subse
quently, plume depletion between towers 
would occur as a result of dry deposition. 
The decreased concentration near the sur
face would be measured at the downwind 
tower. The deposition rate would be esti
mated from the differences between towers 
in the integrated concentrations as a func
tion of height. 

Air samplers were located on each tower 
at six sampling heights from 0.3 m to 20 m 
above ground. Three sets of isokinetic air 
samplers (Sehmel 1978 and 1979b) were at
tached on each tower. When the wind speed 
and wind direction were identical at each 
tower (i.e., a wind direction of 233 0 * 45 0 
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and wind speed increments of 3 to 5, 
5 to 7, and 7 to 11 m/sec measured at an 
elevation of 30 m), the three sets of iso
kinetic air samplers were automatically 
turned on at both upwind and downwind 
towers. 

An inlet closure on the isokinetic air 
samplers was opened when the wind direction 
and speed criteria were satisfied. 
"Larger" particles collected by gravity 
settling in the isokinetic sampler inlet, 
whereas "small" particles remaining air
borne within the sampler were collected on 
a 20- x 25-cm filter. The sampling rate 
was 1.1 m3/ min (40 cfm). 

All collected samples were weighed for 
total collected solids and, in some cases, 
analyzed for plutonium content. Calculated 
results are shown here for the airborne 
solids concentration, ~g/m3, and for mate
rial collected on the filter as well as for 
the total including the sampler inlet col
lection. For plutonium analysis, only fil
ter samples for the 5- to 7-m/sec wind 
speed increment were analyzed. 

Airborne Solids 

Airborne solids concentration for both 
upwind and downwind sampling towers are 
shown as a function of height in Fig-
ure 2.3. Upwind and downwind concentra
tions are shown by solid and dashed lines, 
respectively. Airborne solid concentra
tions determined from only filter collec
tion are shown in three sections on the 
left side of the figure. On the right side 
of the figure, total airborne solids col
lected on both the filter and the isokine
tic sampler inlet are shown. For the 3- to 
5-m/sec wind speed increment, airborne con
centrations determined from filter collec
tion were less at the downwind tower for 
sampling heights below about 5 m. This de
crease indicated deposition between towers. 
Unexpectedly, however, for heights above 
about 5 m, airborne solids concentrations 
were greater downwind. 

For the 5- to 7-m/sec wind speed incre
ment, airborne concentrations decreased 
with downwind distance for both solids col
lected on the filter as well as total solids 
collected on the filter plus sampler inlet. 
Similarly, for the 7- to I1-m/sec wind speed 
increment, airborne solid con- centrations 
decreased with downwind distance. 

Changes in the total airborne solids be
tween towers were calculated. For the cal
culations, concentrations at each tower 
were integrated with respect to height. A 
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Figure. 2.3. Average Airborne Solids Concentration 
During Identical Wind Speed Increments and Direction 
233° ± 45° at an Upwind Site and a Sampling Site 305 m 
Downwind Along 233° Collected from July 21 to 
November 20, 1978, 

constant air speed with height was assumed. 
Then, the ratio of the downwind to upwind 
integrated concentrations were calculated. 
These ratios are shown in Table 2.1. Al
though ratios do change as a function of 
sampling height, the ratios do decrease 
with downwind distance. At a sampling 
height of 20 m, the ratio ranges from 0.60 
up to 0.84 with one exception at a ratio 
of 1.05. One interpretation of these data 
is that approximately 16% to 40% of the to
tal solids was lost either by dry deposi
tion or was transported above the downwind 
sampling sampler. 

87 

Airborne Plutonium 

Airborne plutonium concentrations are 
compared for the 5- to 7-m/sec wind speed 
increment in Figure 2.4. Shown in this 
figure are plutonium solids concentrations, 
~Ci/g, airborne plutonium concentrations, 
~Ci/cm3, and airborne solids concentra
tions, ~g/m3, for comparison purposes. It 
is surprising that at the 2- and 3-m 
heights of the upwind sampling tower the 
~Ci/g are approximately three times greater 
than for any other sample at the upwind 
tower. 



Table 2.1. Downwind to Upwind Ratio of Airborne Solids: Integrated Total From Ground Level to Indicated 
Heights 

Wind Speed 
3 to 5 m/sec 

Sampling Filter Filter + 
Height, m Collection Inlet 

20 0.60 0.73 
9 0.72 0.87 
5 0.73 0.88 
3 0.75 0.87 
2 0.83 0.88 

0.93 0.90 
0.3 1.23 1.11 
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Figure 2.4. Average Ai! borne Solids and 239-Z<OPU Concentrations as a Function of Height Near Horn Rapids at 
Hanford from July 21 to November 20, 1978, When Sampling an Identical Wind Speed Increment of 5 to 7 m/sec 
and Direction 233 0 ± 450 (Measured at a Height of 30 m) at Both an Upwind Site and a Sampling Site 305 m Downwind 
Along 2330 
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Airborne plutonium concentrations, 
~Ci/cm3, are shown on the right side of 
Figure 2.4. Again, airborne concentrations 
at the upwind tower sampling heights of 
2 and 3 m are approximately three times 
greater than for any other sample at the 
upwind tower. 

An estimate of the total airborne pluto
nium changes between upwind and downwind 
sampling towers was made after integrating 
the airborne plutonium concentrations with 
respect to height. We assumed the air 
speed to be 5 to 7 m/sec at all sampling 
heights. The ratios of upwind to downwind 
integrated airborne plutonium concentra
tio'ns are shown in Table 2.2. Although the 
total airborne plutonium below 20 m is 
nearly constant between sampling towers, 

Table 2.2. Downwind to Upwind Ratio of Airborne 
Plutonium: Integrated Total From Ground Level to 
Indicated Height for a 5 to 7 m/sec Wind Speed 
Increment 

Ratio: Upwind/Down 
Sampling Height, m. for Filter-Collected Plutonium 

20 1.02 
9 0.67 
5 0.48 
3 0.36 
2 0.38 

0.64 
0.3 1.46 
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there are unresolved questions concerning 
these airborne plutonium concentrations. 

Plutonium-240/239 Atom Ratios 

Plutonium isotopic analyses were made on 
filter samples because further explana
tions about the measured atom ratios might 
be found. The results are shown in Fig
ure 2.5. The 240/239Pu atom ratios reflect 
the presence of both fallout and locally
produced plutonium. 

Fallout is indicated by the ratios above 
about 0.15; at the 2- and 3-m height of the 
upwind tower the lower ratios from 0.0829 
to 0.1142 reflect the presence of locally
produced plutonium. These results are a 
further confirmation that Hanford process
grade plutonium is transported from off
site near the Hanford southwestern 
boundary. 

Conclusions 

At the upwind sampling tower the air
borne plutonium concentrations are greatest 
for sampling heights of 2 and 3 m. For all 
other sampling heights at both the upwind 
as well as all sampling heights at the 
downwind tower, the airborne plutonium con
centrations appear to be reasonably uniform 
as a function of height. Surprisingly, the 
total airborne plutonium appears to be con
stant with downwind distance. Additional 
data are needed to interpret these plume 
depletion differences between airborne 
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Figure 2.5. 240PU/2J9PU Atom Ratios for Airborne Solids 
Collected on Filters as a Function of Height Near Horn 
Rapids at Hanford from July 21 to November 20, 1978, 
When Sampling an Identical Wind Speed Increment of 
5 to 7 m/sec and Direction 233° ± 45° (Measured at a 
Height of 30 m) at Both an Upwind Site and a Sampling 
Site 305 m Downwind Along 233° 
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solidS concentrations and airborne pluto
nium concentrations with downwind distance. 

References 

Sehmel, G. A. 1978. "Isokinetic Air Sam
pler." In Pacific Northwest Laboratory An
nual Report for 1977 to the DOE Assistant 
Secretary for the Environment, Part 3, At
mospheric Sciences. PNL-2500-3, PT 3, 
pp. 1.32-1.34, Pacific Northwest Labora
tory, Richland, Washington. 

Sehmel, G. A. 1979a. "Particle Dry
Deposition Experiment Using Ambient Air
borne Soi 1." In Pacific Northwest Labora
tory Annual Report for 1978 to the DOE As
sistant Secretary for the Environment, 
Part 3, Atmospheric Sciences. PNL-2850-3, 
PT 3, pp. 3.12-3.15, Pacific Northwest Lab
oratory, Richland, Washington. 

Sehmel, G. A. 1979b. Isokinetic Air Sam
pler, U.S. Patent 4,159,635, July 3, 1979. 




