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- EXECUTIVE SUMMARY

This report summarizes a study of atmospheric particulate matter in the
vicinity of Mono Lake, California. Mono Lake is Tocated east of Tioga Pass
and Yosemite National Park, and is the largest natural Tlake entirely within
the state. The lake has no outlet, and over the centuries it has both shrunk
in size and become strongly alkaline. Diversion of four of the five feeder
streams of Mono Lake has provided considerable high quality water and hydro-
electric power to the Los Angeles Department of Water and Power, but at the
cost of accelerating the lowering of the lake level. Exposure of the lake
bottom has formed alkaline playas of considerable extent. Residents have
been concerned about dust episodes, confirmed recently by A.P.C.D. Total
suspended particulate monitoring results show infrequent but extremely elevated
dust levels, (to 1800ug/m® near Mono Lake). The present study was designed
to determine the frequency and severity of dust episodes, acertain the size
and chemical nature of suspended particulates, associate the dusts with local
and regional sources, and document the geographical extent of such events.

These goals parallel those of a similar A.R.B.-funded study by the Davis Air
e Quality Group of the dry Owens Lake, and this study benefftted from methodology
and results of the earlier study.

The study includes data taken at Hansen's ranch (see Figure E-1) between
April 24 and June 18, 1979, in the earlier Owens Lake study. Particulate
monitoring took place near Mono Lake between May 13 and October 28, 1980, at
sifes in Bridgeport, Bodie, Hansen's ranch, Lee Vining, and Benton, Ca., using
seven day averaging periods. Daily 24 hour sampling was conducted at Hansen's
ranch from May 13 to July 16, and from July 16 to October 18 in the city of
Lee Vining. Air quality was also studied with solar-assisted battery powered air
samplers, between July 15 and November 30. A1l air samplers used in this study
were stacked filter units (SFU's), delivering two size fractions between 15um to
2.5um, and less than 2.5um diameter. Retention of dry, coarse particles was
enhanced by using grease coatings on the first stage, which also greatly reduced
mis-sizing based on bounce phenomena, The separation at 2.5um is done by partia1
filtration, giving a gentle cut similar to the human Tung but much softer than
impactors.

11T
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Samples were also collected of local soils and playa sediments. These
samples were suspended in an air stream, and size-selected for particles below
T5um to coincide with the aerosol techniques.

Analysis was done for total mass {(all particles less than 15 microns) and
for elemental content, (sodium through lead), using particle induced x-ray
emission (PIXE) at Davis. These analytical systems are subject to strict
third party quality assurance protocols, partly because they were the major
analytical methods used for the 40 station EPA/National Park Services Western
Fine Particle Network. Sensitivity is nominally 10ug/cm?, while absolute accuracy
has been consistently better than 5%. Some samples were examined by a scanning
electron microscope with elemental analysis by electron beam induced x-rays.

The results of the study at Mono Lake are similar to those obtained near
Owens Lake, but the levels of dust in episodes are neither as severe nor as
frequent. Analysis of soils near each lake give rather similar elemental values,
while composition of the alkaline crusts are also similar. In particular,
the C1/S levels at each site were identical (3.3 + 0.1, Owens Lake; 3.3 + 0.5
at Mono Lake but ignoring Pahoa Island)}. However, Mono alkaline crusts have
higher levels of sodium, sulfur and chlorine relative to soii-like materials.

No analog to Mono's caicium carbonate tufa columns was sampled at Owens Lake.
The SEM analyses of crystalline materials (K. Lajoi, USGS) showed sulfur as

the dominant peak, with little chlorine. This result may help explain the
reTatively elevated sulfur levels seen at both Owens Lake (Kee1er)'and Mono Lake
(Cedar Hill, Simis) sites, as the crystalline material may resuspend more
‘easily (Figure E-2).. '

Air quality at Owens and Mono Lakes was simultaneously sampled in spring,
1979. Figure E-3 shows these results. Two periods characterized by elevated
dust episodes were present at both sites, while mean dust values climbed to
equivalent levels by late June. The Owens episodes could be clearly associated
with alkaline Take bed materials and not wind blown soils, through upwind-downwind
sampling and by chemical similarities to the lake pTayas. These results enhance
the similarities between the Owens Lake and Mono Lake airsheds.

Monitoring at Mono Lake in 1980 was carried out in mean and peak wind
conditions lower than those of 1979 (Figure E-4). This is one possible cause for
the Tower particulate levels in 1980 at Mono Lake, (Figure E-3), but the elevated
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FIGURE E-3

- MEAN WEEKLY TOTAL AND FINE GRAVIMETRIC MASS
OWENS VALLEY - MONO LAKE COMPARISON
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FIGURE E~-4

Bishop Wind Speed Data - 1979 vs 1980
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precipitation in early 1980 could also be implicated. Even though the total

. dust levels were reduced in 1980 at Mono Lake, the fraction associated with
lake playas increased relative to soils, as shown by S/Fe and C1/Fe ratios.

" This is in accord with decreased aeolian soil transport associated with high
soil moisture content.

Monitoring studies at sites near Mono Lake (Lee Vining, Hansens's ranch)

and several miles from the lake (Bridgeport Bodie and Benton) yielded information
on frequency and occurance of events, size and chemical signatures of dust
episodes, and transport away from the lake. Mean particulate levels were good,
averaging about 35ug/m 1in the less than 15um inhaleable size fraction. Fine
particulate matter was a small fraction of the mass. Only sulfur particles
were routinely present, but these showed no enhancement at the sites near the lake.

Sites near Mono Lake Fine Sulfur Period
Lee Vining 505 + 268na/m> 5/13 - 10/28/80
vansen's ranch 443 + 308ng/m° 5/13 - 10/28/80

, Sites Away Mono Lake Fine Sulfur Period
* Bridgeport-Bodie 501 + 202ng/m® 5/13 - 10/28/80
Renton 482 + 257ng/m? 5/13 - 10/28/80

Thus, as expected, fine particulate sulfur is not of local origin.

Little correlation was seen between sites near the lake and other sites
in terms of the coarse soil particles that dominated the gravimetric masé.

The combination of particulate size, chemical, and geographical information
points to non-playa sources for most particulate mass at all four sites during
the entire monitoring period.

The fraction of playa méteria] present at sites near the lake is shown
best in the daily monitoring'data at Lee Vining. Here the characteristic short
term episodes of alkaline minerals are best seen, clearly associated with local
ptaya sources by their partfcle size and chemistry, as local soils are almost
totally devoid of soluble alkaline salts. The levels, while increasing as fall

- approached, reached only 1600ng/m3 (chlorine} and 800ng/m? (coarse sulfur)

over this period. By associating these materials with total particulate mass

from playa samples, one can estimate that only about 5 + 3% of Lee Vining mass

was from playa sources, May 13 to October 28, 1980. There were some days, however,
expecially in the fall, when playa-associated materials dominated all other

sources of total mass.




Detailed studies of periods characterized by blowing dust were carried
out with solar-assisted battery powered SFU's. This technical innovation
of the Davis Air Quality Group allowed measurements to be made for periods of
up to 7 days at sites where electrical power is absent. The playa origins
of such episodes was confirmed both visually and chemically. A lake wide episode,
August 19 and 20, generated levels of 300ug/m3,, while levels of up to 500ug/m3
were observed up to the Nevada State 1ine (Cedar Hi11)on November 29-30.
During the summer episodes C1/S ratios were very similar to lake bed values,
not showing the sulfur enhancement seen at Owens Lake, By late fall, however,
C1/S ratios had decreased by an order of magnitude for reasons presently
unknown.

In summary, while the Mono lLake area is generally possessed of good to
very good air quality, elevated dust episodes occurred in which the playas
are clearly the dominant source. Particles are inhaleable (<15 microns), strongly
‘a1ka]ine, and occasionally achieve 24 hour levels that must be considered
high on any HeaTth or welfare standard. '

The present study was hindered by atypical wind and precipitation conditions
in 1980, delay in setting up monitoring sites, and a duration too short to
catch most of the spring and fall dust episodes. Lack of local meteorological
information has made more difficult quantitative association of the'comp1icated

local winds to blowing dust.




INTRODUCTION

Mono Lake is one of several saline Takes that exist along the arid
eastern escarpment of the Sierra Nevada. Located east of Tioga Pass near
Yosemite National Park, Mono Lake is really an inland sea, for no rivers
ever leave it. Several small streams have been depositing minerals in the
Mono basin for thousands of years. The water has become so strongly atkaline
that fish are unable to 1ive in it. In recent years the level of the lake
has been dropping; due to both natural evaporation and the diversion of
its tributaries, causing more of the lake bed material to be uncovered.

The possible suspension of this alkaline dust into the atmosphere has
been the concern of residents of the basin and regulatory agencies.
In order to obtain quantitative data on air quality in the Mono Lake
area, a study sponsored by the California Air Resources Board was conducted
by the Air Quality Group at U.C. Davis. The study included both weekly
il - monitoring and daily intensive sampling of particulate aerosols during a
24 week period, from May 13 to October 28, 1980. Measurement of ambient

‘4 aerosol concentrations were made by size mass and elemental composition.
Surface material was collected from the exposed lake bed and surrounding
soils to help determine the source of these aerosols.

It should be noted that the air samplers used in this study collected
only particles less than 15 micron aerodynamic diameter, ie. particles of
respirable size. State standards for TSP are based on Hi-Volume samplers
which have no inlet cutoff. Hence, particles as large as 100 microns can
be captured by these instruments. Therefore, measurements made in this
study may not indicate whether particulate standards have been violated, since
a significant portion of the total suspended particulate mass is not measured
by the stacked filter unit. '




2.

2.

PARTICULATE SAMPLER DESCRIPTION

1 STACKED FILTER UNIT

The stacked filter unit (SFU) is a two-stage sampler in which
size segregation is provided by the collection efficiency of 8um pore
size Nuclepore membrane. The first filter (coarse stage) collects
particles between about 3um and 15um. The second filter (fine stage)
collects the particles which pass through the first filter, that is,
particles below about 3um. The particle collection properties of the
SFU are similar to those of the human respiratory tracts, as shown in
Figure 1 . The figure includes the collection efficiency vs. particle
size of two stages for a typical set of filters, along with the curve

 of the upper respiratory tract. Also shown for comparison, is the

distribution of particles in a typical urban environment. The coarse

‘stage of the SFU thus primarily collects particles from the coarse, or

largely natural atmospheric mode which would be captured in the upper
respiratory tract. The fine stage of the SFU primarily collects particles
from the fine, or anthropogenic, mode which would be captured in the
Tungs and bronchial tubes.

Early tests on SFU's, bpth in the laberatory and infield intercomparisons,
showed two problems; 1)some coarse, dry particles appeared on the fine stage
due to a "bounce" or similar phenomenon, and 2}1oss of dry particles from the

coarse stage during transport. Both effects were largely (+90%) eliminated by
making the coarse stage sticky with an Apiezon-L grease applied at the factory
under Air Quality Group supervision.

The SFU illustrated in Figure 2 is assembled from the f0110w1nq components:




Stacked Filter Unit

Figure 1
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Intake

Filter Holder

Flow Adjustment

Pump

Flow Measuring
Device

Support Stand

A stack and cap designed to permit
ambient particles <15um to be pulled
through the filters. A wire screen
is provided on the cap to prevent
insects from entering the sampling
system.

A commercially available plastic
muttiple filter holder

A brass needle valve is used to set
the flow rate.

A diaphragm air pump is used to
provide air flow through the filters.
ITT Durair Model V-220 or Gast

Model DOA-161-AA.

A calibrated orifice is placed upstream
from the filters. The pressure drop
across the orifice is measured by a
magnehelic gauge, and is calibrated
against flow through the filters '
via a spirometer.

A tripod is used to hoid the
filter holders and stack intake

at a desired height - usually

5' (1.5m.) above ground.
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