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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 lake 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 épisodes, 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
* 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), deVivering 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.

i1
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Samples were also collected of Tocal soils and playa sediments. These
samples were suspended in an air stream, and size-selected for particles below
T5um to coincide with the aerosol technigues. _

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~-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 Cl1/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 1éveTs were good,
averaging about 35pa/m in the less than 15um inhaleable size fraction. Fine
particulate matter was a small fraction of the mass. Only suifur 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 visualiy and chemically. A lake wide episode,
August 19 and 20, generated levels of 300ug/m3,, while levels of up to 500ug/m?
were observed up to the Nevada State line (Cedar Hil1)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 Lake 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]1ne 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.
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INTRODUCTION

Mono Lake is one of several saline lakes 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 Tive 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, both in the laboratory 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 sampiing
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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2.2 MODIFIED MULTIDAY SAMPLER

The daily sampler used in this study is a hybridization of the ARB
multiday sampler and the stacked filter unit, and is shown in Figure 3.
The automatic switching mechanism of the multiday sampler was retained but the
impactor drums and after-filter were replaced by 8 separate stack and filter
assemblies. The use of stack filters results in less size segregation than
the multiday (only 2 stages now rather than 3), but permits important gravi-
metric analysis of the filters. Each stack and filter assembly was used to
collect areosols for 24 hours. The filters were changed weekly, A1l samples .
were collected at a flow rate of 10 liters pef minute, and all sampler
characteristics {inlet configuration, etc.) were identical to the stacked
filter unit. Hence inlet cut and 50% cutpoint for the modified sampler were
identical to the SFU.

2.3 SOLAR ASSISTED BATTERY POWERED'UNIT

The solar assisted battery powered air sampling unit (BPU) is a dichotomous
air sampler based on the stacked filter unit (SFU). It was designed to
operate unassisted in areas lacking electrical power for one week at a time.
The unit is shown in Figure 5. A rechargeable battery (6 volt, 20 amp hour
gel cell) powers a Spectrex model AS-120 pump which pulls air through a stack
and two filters at a rate of one liter per minute. The small size of the stack
and area of the filters (25mm diameter) was chosen to maintain the 3 micron
aerodynamic diameter for 50% capture efficiency at one liter per minute. A
solar panel is used to recharge the battery during daylight hours. A regulating
circuit ensures that relatively constant power is delivered to the pump which
minimizes fluctuations in the flow rate. Direct roof top side by side compari-
sons of the BPU and SFU were conducted at U.C. Davis and the results are shown
in'Figure 6. Generally the BPU over-estimates the gravimetric mass, although
the XRF elemental analysis shows fair agreement with the standard SFU. The
unit is still being perfected and a detailed description is being prepared for
publication. Thus, early results must be considered semiquantitative.
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TABLE 1

SFU-MODIFIED MULTIDAY COMPARISON

{Concentrations in ng/mg)

SAMPLING Fine Si Total Si Fine Fe Total Fe Fine S
_ PERIOD SFU M S M SFU M SU M S D
1 566 618 1563 1712 58 34 168 142 3u? 241
2 714 399 3408 993 49 15 311 6% 534 170
3 630 704 2079 1952 5% 34 228 175 265 516
4 832 782 5763 3957 66 68 543 418 501 374
5 1429 825 8222 5831 111 72 850 630 4865 261
6 1755 2248 6520  715p 141 120 735 693 573 439
7 868 947 5522 5554 56 55 587 569 4il1 352
8 760 822 5666  huhy Lb 50 543 4837 447 430
9 1713 747 7433 5646 65 50 605 o4 676 793
16 654 785 4719 4982 46 51 513 538 585 501
- 11 L8y 833 5545  B84L T2 53 7hl 787 618 632
12 376 295 4197 2517 50 25 452 286 868 255
13 259 525 3015 6539 L6 43 673 700 234 293
14 331 609 6608 5795 56 57 782 654 513 510
15 175 347 2677 u256 27 27 306 481 323 190
16 212 882 5953 7701 36 h Bu5 875 234 223
r=.60 r=.67 r=.81 r=.84 r=.35

Comparison of SFU and weekly averages of the modified miltiday for selected elements.
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FIGURE 6
SFU - BPU Camparison of Selected Elements

XRF Analysis (concentrations in nanograms per cubic meter)
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3. GRAVIMETRIC ANALYSIS OF AEROSOL SAMPLES

r The total suspended particulate mass in both of the size ranges may

be obtained by weighing each of the filters. Since the mass collected by

an SFU filter is several orders of magnitude less than that collected by

a standard Hi-Vol sampler, a sensitive balance which is accurate to Tug is
needed. If this requirement is met, accuracy and precision comparable to
that obtained with a Hi-Vol is obtained, since the ratios of deposit weight
to blank weight are comparable for the two samplers, as shown in Table 2.
Note that the deposit to blank ratio is three times better for Nuclepore than
for other membrane filters. -

In addition, the Tow hygroscopicity of the membrane filters compared
to Whatman 41 or fiberglass, greatly reduces humidity effects. Of all
filters tested, the Nuclepore membranes have the Tlowest hygroscopicity.

An estimate of the precision that can be obtained from SFUs can be
determined through side by side tests of multiple units. Numerous tests
have been performed for twenty-four hour duration runs using 10 1/min.
flow rates. For Nuclepore filters on both the coarse and fine stéges, the
precision in the gravimetric analysis of the collected masé averages + 4%,
for units with coated coarse filters, flow control on the pumps,‘and mass
determination by a Cahn-ModeI 25 electrobalance. This results in a precision
in the particulate mass value of +0.5ug/m3 for each size range. under conditions
of low particulate mass in the atmosphere. These tests include many sources
of uncertainty beyond those associated with the gravimetric analyses, including
flow rate, filter area, handling losses, intake variations, etc.

The precision of gravimetric analysis for the stacked filter unit was
also calculated from data collected in a recent study in Oregon. The SFU's
were operated for twenty-four hours at ten liters per minute. During the
course of the study, two scales were used to determine gravimetric mass;

a standard Mettler mechanical balance, recently serviced, and a Cahn elecro-
balance. Prior to weighing the filters, the electrostatic charge was removed.
Fi1tefs were weighed, placed in petri dishes, and retained for twenty-four
hours. Filters were then reweighed. A precision of + 9ug/m® was recqrded

-11-




TABLE 2. COMPARISON OF GRAVIMETRIC ANALYSES

HI-VOL SFU SFU
- Fiberglass Coarse or Fine stage
or . fine stage Gh-1 or
w4l Nuclepore Fluoropore
o 2 2 2
Areal Density 8 mg/cm 1 mg/cm 3 mg/cm
o2 2 2
Filter Area 500 cm 17 cm 17 cm
Filter Mass 4000 mg 17 mg 51 mg
Flow Rate 1400 1/m 10 1/m 10 1/m
3 3 3
Volume of Air 2000 m 14 m 14 m
© (24 hrs.)
| . (1) |
Mass of Deposit 200 mg 0.48 mg 0.48 mg
Ratio of Deposit : ,
to Blank Filter 5% 3% 13

(1) Assumes a total particulate density of lOOug/cm3 of which 1/3 is
larger than 15um, 1/3 between 3 and 15um, and 1/3 is smaller than 3um.

-12-




by the mechanical balance for both stages, while the electrobalance achieved
a precision of +0.3ug/m3 for the coarse stage filter and 0.lug/m3 for fine
stage filters (Nuclepore 0.4um). '

X-RAY ELEMENTAL ANALYSIS OF AEROSOL SAMPLES

The samples collected by the stacked filter units are well suited for
elemental analysis using x-rays, excited by x-ray sources (x-ray fluorescence,
or XRF), or by ion beams (particle induced x-ray emission, or PIXE).

Numerous SFU samples have been analyzed using the PIXE system at U.C. Davis.
Table 3 Tlists the minimum sensitivity in micr‘ograms/cm2 for the major elements
collected by SFU samplers on a variety of filter substrates. The average
minimum sensitivity for Nuclepore is 1/2 that of Fluoropore, 1/3 that of

GA-], and 1/7 that of W-41. Similar ratios would be generated by other x-ray
based analytical systems in which the filter substrate must be analyzed together
with the deposit. The quoted sensitivity for the U.C. Davis system is for

120 second irradiation, the standard time used for low sensitivity (and Tow
cost) analyses of multiple elements on air filters by PIXE. - Higher sensi-
tivities can be gained for well loaded filters by longer PIXE irradiations

or use by XRF, although the former increases cost, and the latter deletes

the tight elements Na through C1.

Elemental values from x-ray analyses must be corrected for the
absorption of x-rays between the point of emission, and when they leave the
sampie. Three types of effects may be present with SFU filters: (1)
particle size effects, produced by the absorption of x-rays before they
Teave the particle; (2) loading effects which involve absorption of x-rays by
the deposit which 1ies on top of the particle containing the emitting atom;
and (3) penetration effects for cellulose (GA-1 and Millipore AA) and teflon
{Fluoropore and Mitex} filters, which occur when particles penetrate the filter,
so that the filter medium absorbs x-rays. The SFU coarse stage corrections
incTude only particle size effects for an 8um filter operating between two
and twenty Titers per minute. Nuclepore size corrections include particle
size effects only, while for the other substrates, penetration effects must

-13-




TABLE 3 MINIMUM SENSITIVI%’IES FOR VARINNS SHRSTRATES FOR TYFICAL
TWO—MINUT'E ANALYSIS RUN, CONCENTRATIONS IN MIC'ROGRAMS/C‘MQ

Nuclepore Fluoropore GA~1 W-n1
(ug/emd) (3 pg/em®)  (ug/om®)  (Bng/on®)
AL U 200 - .30 .53
si .13 .20 .29 .53
S .10 .18 .27 .52
c1 .09 .18 .28 .55
K 06 .13 .18 42
Ca .04 .09 .13 .31
Ti, V .03 .09 .12 .29
- cr .03 .08 .11 .25
M .03 .07 10 .23
’ Fe .03 .07 .10 .22
Ni .02 06 .08 7
Cu .02 .05 .07 .14
Zn .02 .06 .09 .16
Br . OY .10 .13 .37
Pb .08 .20 .25 .70

“* PIXE system, U.C.Davis
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also be made. For the fine stage, loading corrections should also be included
(the total correction is a product of individual corrections). It must be
stated that the corrections currently used were only after making many
assumptions regarding the chemical and size characteristics of the deposit,
and thus represent approximations valid only for typical ambient aerosols.
They may be seriously in error in source-enriched locations that have abnormai
particles in Targe numbers.

DESCRIPTION OF X-RAY ANALYSIS SYSTEM

A diagram of the analysis system is shown in Figure 7. An 18 MeV alpha
beam from the cyclotron passes through the sample and is collected by the
Faraday cup, which measures the total charge Q that passes through the
sample. The number and energy of the x-rays produced in the sample are
measured by a Si (Li) detector and associated pulsed optical feedback circuitry.
Major effort was expended in the design of the electronics to measure this '
number accurately, including proper dead time corrections.

The number of characteristic X-rays, Nz’ produced by a transition of
element z, depends on the areal density (pt)Z of the element in the sample
according to

| N, =4, (pt), Q
where AZ is a constant determined by gravimetric standards. A best value
for each transition was obtained by fitting the values measured for thirty
standards to a polynomial expansion. The estimated uncertainty-in the
absolute value of any elemental concentration is ten percent.

Verification of the accuracy of the system has been made by (1) formal
and informal interlaboratory comparison, (2) selected reanalysis of samples
using PIXE after approximately one year. Inail cases, the errors are
routinely less than ten percent. '

- Tests have determined that there is very littie loss of material from
exposure to vacuum, beam irradiation, or long term storage. ‘The only detect-
able loss was a 25% decrease in halogens when the sample was irradiated for
sixty-four times the normal charge.

A11 elemental concentrations are corrected for matrix effects due
to the absorption of the X-rays as they pass through the sample. A small
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correction is made for the absorption from particles lying on top of the
particle containing the atom which produced the x-ray. Corrections exceed
five percent only for sodium and aluminum. A second correction is made

for absorption by the material in the particle containing the atom; this

is largest for large particles and low z elements. For the first stages

of the Multiday and of the stacked filter unit, the correction for suifur is
approximately thirty percent.

QUALITY ASSURANCE PROGRAMS

The accuracy and precision of all data included in the Mono lLake
study are subject to quality assurance procedures. These procedures are
used in all aspects of this programn, from particulate collection through
data reduction. A formal third party review by Rockwell International under
the direction of the U.S. Environmental Protection Agency has been part of
this program since 1979. The formal protocol document is Tengthy, but
key elements as they bear on the Mono Lake project are identified below.

.1 SAMPLE COLLECTION

Most samples were collected via stacked fiiter units, and quality assurance
procedures were used on particulate sizing and on the elemental analysis of
ambient aerosol samples. The size segregationhis based on filter pore size,
flow rate, and filter coating. Hence, filter characteristics are critical.

A11 filters used were manufactured in a single batch process and the material
used was checked for trace element contamination. Pore size and particle cut-
off were verified through work of the Air and Industrial Hygiene Laboratory,
State Department of Public Health, Berkeley, under ARB contract. Anti-bounce

" coatings were applied by U.C.Davis at the factory, and coating densities were
verified in laboratory field tests. All were sealed and stored at Davis

prior to use, Field measurements of flow rate were made using an orifice meter.
The orifices were made by precision drilling a thin steel plug. These orifices
were then calibrated using a Collins Spirometer which is accurate to + 1%.
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By integrating the flow rate over the time of collection the volume of air
was determined. In no case did a significant (>20%) change of flow occur
during the program on the normal units.

6.2 SAMPLE ANALYSIS

Two types of sample analysis were conducted; mass using a Cahn 25 micro-
balance, and elemental content using the proton induced x-ray emission (PIXE)
system at Davis. The Cahn 25 was calibrated using type S weights. The results
of the Rockwell audit, of 9/81 indicated agreement to + 10ug, which is
equivalent to + 0.lug/m3 in the 7 day samples.

The PIXE analyses system is subject to an extensive and continuing
guality assurance program. The program includes:

a) The PIXE system is calibrated by 10 weighed elemental

standards, certified by Micromatter, Inc., Seattle, Wash.

b) The results are checked by comparison with literature x-ray

emission values for the jon beam and detector efficienby.
o ¢) The system is validated through use of comparisons against the

UCD XRF system, special EPA plastic foils from the Physics &

~ Chemistry Division Research Triangle Park, and participation
in intercomparison studies. The last published study was an
EPA/DOE test in 1978 for Si, S, Ti, Fe, In, Se, Br, and Pb.
The PIXE system at Davis had a ratio of 0.98 + 0.08 (actual/
measured) for all elements analyzed.

d) The Rockwell International elemental intercomparisons have

just begun, and will be used to ensure the accuracy and
precision of the system.

In summary, the PIXE analysis system has achieved mean‘accuracy, and pre-
cision for all such tests since 1973 of 1.03 + 0.07 (actual/measured). Therefore
the quoted + 10% errors are conservative. Precision in element to element
ratios is + 2%. | |
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7.

SITE DESCRIPTIONS AND SAMPLING METHODOLOGY

Sampling sites were selected in order to provide representative samples
of particulate aerosol in the Mono Lake basin. The use of battery powered
units permitted sampling in areas lacking electrical power.

.1 WEEKLY MONITORING

The standard stacked filter units (SFU’'s) were set up at four sites
around the lake on May 13, 1979. Each sampler was used to collect a weekly
integrated aerosol sample. Figure 8 shows the sampling sites in the basin.
Site 1 was located in Lee Vining, the major population center in the basin.
The sampler was set up behind the high school, east of Highway 395, about
1 1/2 miles from the southwest shoreline. It was moved to the nearby Cal-

~ Trans yard midway through the sampling period (due to vandalism at the original

site). Site 2 was located on the property of the Hansen family, approximately
1000 feet from the northwest shoreline of Mono Lake near Mill Creek. Benton
was the location of the third SFU, near the house of Mr. Elmer Christie,

east of Road 6, 28 miles east-southeast of Mono Lake. The fourth SFU was
first located north of the lake in Bridgeport 16 miles away. After 7 weeks

it was moved to the ghost town of Bodie, 10 miles due north of the lake in

the Bodie hills., These four SFU's were run for seven consecutive days each
week at a flow rate of 10 liters per minute. Sampling ended on October 27,
1979 for a total of 24 weekly sampling periods.

Battery powered units were set up at two sites on August 20, 1979. One
was placed about one mile from the north shoreline on the Simis' property,
south of Road 167. The second battery powered unit was set up 300 ft. from
the south shoreline, just west of the South Tufa Towers. These units were
run for seven consecutive days at a flow rate of 1 1iter per minute. Equip-
ment problems led to réiiab]e data for only 6 weeks at the Simis site and
4 weeks at the Scuth Tufa site.
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-0¢-

I samingG Aw

= ) ~ S wEET AN
o ™ S ? [ .

2 v * —/’}\ Prytake N l AN
- - . el 7 N i

§BRIGEEPORT. .. : N LA | SITE MAP
B rdyrrling ‘ﬁﬁ The T \’ et :\ \:’
el \‘I 4 Vi
= \ e 2 N 4 7 i Standard SFU's
'.! f[:crfs W ’
LT RN T ;éPPLE ' BODIE

. Sroiar_-assi'sted SFU's

- CEDAR HILL 01 23 4 5 6
_ —_—————— i 1 'y 1 L i '

Al

Scale in Miles

b seaiw AT
FL P54 oo

1T HAEOEN
NS -

5 ! '

L MORSE MTH,

0.6‘1/.4

PLJ rhq;/'\
i
3

[jood 1‘:'»3

113 EJn,

) Gt

3 ,—/ a
kg ¥

A7 (uvv”\ AT

e Ay
Ve oo’

v
A e ival CAYES

J40101 4

g.



A1l of the weekly monitoring sites were maintained and operated by
Charles Fryxell, The Great Basin Air Pollution Control District Officer,
and his employees Don Harjo and Bill Cox. Pre-weighed filters were placed
in filter holders at U.C. Davis and mailed via UPS toiMr. Fryxell in Bishop.
The operator would then drive to each site, measure the air flow before and
after the filters were changed with a spirometer calibrated orifice meter
and return this information with the exposed filters to U.C. Davis. Upon
arrival at UCD, the filters were post-weighed and prepared for x-ray analysis.

.2 SPECIAL STUDIES

On four occasions intensive 24 hour sampling was conducted. These daily
samples were collected to characterize both very clean and dirty days due to
blowing lake bed dust. Table 4 Tists these intensive sampling periods and the
observed weather conditions. Only one of the intensive sampling periods was
conducted during a significantly windy period. '

TABLE 4

OBSERVATIONS NOTED BY
INTENSIVE SAMPLING PERIOD SAMPLER OPERATORS

July 15-17, 1980 Occasional blowing dust
August 18-20, 1980 Occasional blowing dust
October 26-28, 1980 Calm and Clear

November 27-December 1, 1980 Significant sustained winds

The sites used for these studies included the 6 sites used for weekly samp1ing
described above as well as additijonal sites, including: 7) the Benderup's
property near the north shore, 8) Krakatoa Island and 9) Cedar Hill, near
the California-Nevada border, 12 miles northeast of the Take. '

Continuous daily sampling was conducted using the modified multiday
impactor at one site. The sampler was located at the Hansen site for 6 weeks,
and then moved to the Lee Vining site for the remaining 18 weeks. The sampler
was run at 20 Titers per minute and provided data on the daily gravimetric as
well as elemental composition of the aerosol samples.
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7.3 SOILS

Soil samples were collected from the surface and several centimeters
below the surface at all of the aerosol sampling sites. In addition soil
samples were taken at several other locations around the lake. These samples
were resuspended and analyzed by PIXE to help determine the source of ambient
aerosols found in the Mono Lake area. In addition samples of the exposed
lake bed were also collected at several sites around the lake.

=22~




RESULTS AND DISCUSSION

8.1 OWENS VALLEY-MONGC LAKE MONITORING, SPRING, 1979

- Early data on particulate matter at Mono Lake was gathered as part of
the California Air Resources Board program, "A Study of Ambient Aerosols in
. the Owens Valley Area," J.B. Barone, B.H. Kusko, L.L. Ashbaugh and T.A. Cahill,
November 1979. Mean weekly totals of gravimetric mass in the less than 15um
particle size range were obtained for seven sites in the Owens Valley for the
period February 20 to June 18, 1979. During part of this period, April 24-
June 18, 1979, monitoring was conducted at the Hansen ranch near Mono Lake.
Figure 11 shows the average total mass for each week found at Mono Lake.
While the mean particulate mass at Mono Lake was less than that of the average
of Owens Valley sites, the Mono Lake to Owens Valley ratio being 0. 59 o, 28
the patterns were very similar. Episodes of sharply increased mass were
superimposed on a steadily rising curve during this period. Detailed elemental
analysis of the composition of the ambient dusts and their potential sources
showed that the increased mass episodes in the Owens Valley corresponded
. with alkaline dust storms that contained a large measure of salts from the
dry Owens Lake bed. The smoothly rising portion 6f the curve appeared to be
due to increasing desication of the entire valley floor as spring advanced
into summer. The presence of coarse particulate chlorine and sulfur in the
two elevated episodes at Mono Lake during the weeks starting April 24 and
May 7, 1979, shows some Take bed influence. No other periods at Mono Lake had
such a signature. Nevertheless, even in these per1ods, soil part1cu1ates
dominated the total mass, with only about a 513 percent contribution from the
Mono Lake playas. This study also indicated that the meterological conditions
- at Mono Lake are similar to the better know behavior of Owens Valley, and
that under similar conditions of soil moisture, similar ambient particulate
matter concentrations are observed, By late June, the Mono Lake ambient
particulate concentrations were 0.98 + 0.09 of the Owens Valley values.

8.2 MONO LAKE MONITORING 1980

Weekly monitoring data are shown in Figures 11 through 15 for gravimetric
mass, silicon, iron, and sulfur.
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TABLE 5

BISHOP WIND SPEED

1979
X Speed May June July Adg: Sept. Oct. Total %
0 5 3 8 4 5 3 28 3.4
1-05 30 36 44 46 b5 46 257 30.9
6-10 63 56 49 30 35 45 278 33.4
11-15 30 3 22 29 14 28 157 18.8
16-20 19 10 18 16 13 18 94 1i.3 Mean=8.93 kts
21-25 2 4 3 3 1 2 15 1.8
26-30 1 0 1 1 0 1 4 0.5
30 0 0 0 0 0 0 0 0
Mean  9.53 9.13 8.79  9.19 7.63 9.13 833 100
. Speed
i 1980
Speed May June July Aug. Sept. Oct. Total %
0 6 10 19 16 10 20 81 9.7
1-05 38 43 47 56 48 45 277 33.1
6-10 51 56 40 . 50 34 42 273 32.6
11-15 33 26 27 22 21 13 142 17.0 Mean=7.55 kts
16-20 20 8 10 3 6 12 59 7.0
21-25 1 1 1 0 1 0 4 0.5
26-30 1 0 0 0 0 0 1 0.1
30 0 0 0 0 0 0 0 0
. - Mean 8.33  7.81 7.38  6.56 7.23 6.83 837 100
' Speed '
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8.2.1 MONITORING OF GRAVIMETRIC MASS

Gravimetric mass data at Hansen's ranch show the same behavior in 1980
that they did in 1979, with an increase in June as the surface soils dried
out. The values for 1980, however, were only 52% of those for the same
period of 1979, confirming local reports that 1980 was a relatively wet year
in the Mono Lake basin, and that average wind speeds were significantly less
in 1980 than in 1979. Once this rise had occurred, gravimetric values averaged
around 30pg/m® until the fall when sharply elevated values, up to 70ug/m3,
were measured. While the pattern of rising values in spring occurred at all

' sites, major differences were also evident in the mass values from site to
site. Bridgeport had the lowest average mass values, while Benton and Bodie
had the highest. Note that little lake influence was expected at either
Bridgéport or Benton. Lee Vining had a major rise in June, 1980, twice the
value at Hansen's ranch, however the fall differences were much more modest,
reaching only about 40ug/m3. The fall increase at Hansen's ranch was also
seen at Bodie, and at similar levels, while no such increase was seen at
Benton. In fact, those parameters dominated by coarse mode mass (15um to
2.5um diameter}, including total gravimetric mass and soil-1ike particles

) such as silicon and iron, showed little correlation between Benton and the
other sites. This might be expected due to the shorter residence times of
coarse mode particles in the air. It should be noted however, that the spring
dust storms in 1979 showed increases in mass at both Owens Valley and Mono

Lake sampling sites, suggesting that synoptic scale meteorologic conditions may
have an important influence on measured concentrations over large distances
during some conditions. .

Figure 10 and Table 5 shows mean wind speeds measured at Bishop during
similar time periods in 1979 and 1980. Bishop, located midway between Mono
Lake and Owens Dry lLake, has a National Weather Service Station where wind
speed measurements were made during daylight hours. Although this data may
not be representative of true mean wind speeds, the 1979-1980 differences
are significant, and may help explain why ambient particulate concentrations
were lower in 1980 than 1979.
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8.2.2 MONITORING OF SELECTED ELEMENTS

Two elements typically associated with soils, silicon and iron, are

shown in Figures 13 and 14. These two elements were chosen because they

are not a large fraction of the mass in the playas of the lake, but are a
significant proportion of the surrounding soils. One result in evidence

at all sites is that the particles collected are predominantly in the coarse
size range, (2.5 to 15 microns). Typical ratios of coarse to total mass

were 0.90 for these elements. Except under very strong winds conditions
- such particles cannot travel far before settling. This is suggested by the
large concentration variations at each site. Significant soil contributions
to the total mass were seen at a single site often (soil episode), for example,
at Lee Yining on the week of June 2, at Hansen's ranch on the week of June 9,
at Benton on the week of July 7, and at Bodie on the week of August 4. Several
soil episodes occurred at more than one site; for the week of September 29
high soil levels were seen at Lee Vining and Hansen's ranch but not at

Benton. The Bodie filter was damaged so no information for this site was
available. A1l four sites exhibited elevated ambient concentrations for

the week of August 11. The sensitivity to local influence for coarse soil
derived particles makes detailed interpretation difficult. It can be stated
that soil derived particles (the elements A1, Si, K, Ca, Ti, Mn, Fe and their
oxides) dominates gravimetric mass at all sites for most periods, The
correlations between sites that occur can be explained by the similar response
of exposed soils to synoptic meteorology. The lack of strong similarities
suggest the sampling period had a low incidence of large scale windstorms.

Non-scoil type particles of interest include elements known to be common

in the playas and tufa formations of Mono Lake. Sulfur and chlorine ih the
coarse particle (2.5 to 15 microns) are generally produced from the exposed
lake bed materials. These elements were commonly found in the Take bed soil
samples, but were rare1y seen in soils away from the lake. The only anthro-
pogenic source of sulfur in the basin is automotive exhause which would produce
fine particle sulfur (Tess than 2.5 microns), and since no anthropogenic
- source of chlorine exists in the area, man made emission of coarse particle
sulfur or ch1or{ne is negligible. Long range transport of these large
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FIGURE 12a
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Fine (particles less than 2.5 microns)
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FIGURE 13a
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FIGURE 13b
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FIGURE T4 a
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FIGURE 14b

Fine (particles less than 2.5 microns)
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Fine (particles less than 2.5 microns)

T T T Total (particles less than 15 microms)

FIGURE 15

Weekly Monitoring of Sulfur
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particles from outside the basin may be disregarded due to the short
residence times they have in the atmosphere. Fine particle sulfur is
generally produced by gas to particle conversion of sulfur dioxide to sulfate
aerosols or by direct production of sulfates through the burning of fossil
fuels. These fine particles have long residence times in the atmosphere and
may be transported into the area from far away. In the Owens Valley study
of 1979, sharply elevated levels of coarse particle sulfur and chiorine.
were measured downwind of the dry Owens Lake bed during strong valleywide
windstorms For these reasons, sulfur and chlorine in the 2.5 -
15 micron range were investigated at Mono Lake. _' ' , |

The results for sulfur, shown in Figure 15, indicate that the ambient
sulfur aerosol is mostly in the fine particle mode; less than 2.5 microns.
Furthermore, a stong relationship between sulfur concentrations at all
four sites, for both weekly patterns and average values are shown in the
data. Mean summer values of fine sulfur aerosol for the five sites were:

Bridgeport 614 + 148 ng/m3 (5719 - 7/15/80)
Bodie _ 388 + 255 ng/m3 (7/21 - 10/25/80)
Lee Vining 505 * 268 ng/m3 (5/13 - 10/28/80)
Hansen Ranch 443 + 308 ng/m3 (5/13 - 10/28/80)

+ 257 ng/m3 (56/13 - 10/28/80)

Benton - 482

These values are similar to those found at Lake Tahoe and suggest long range
transport may be responsibie for the fine sulfur aeroso] found in the area.
In addition, little change in mean particle size distribution was seen at
the sites close to the lake. Thus, the lake bed contribution to ambient
sulfur Tevels in the Mono Lake vicinity during 1980 was not significant.

A comparison of the sulfur to iron and chlorine to iron ratios measured
at Hansen's ranch was made. for the same period in 1979 and 1980. Table 6
shows these ratios as well as silicon to iron and titanium ratios for the
coarse particle mode. Fe/Fe was taken to be 100. The lake bed derived
aerosols increased significantly in 1980 while soil derived aerosols showed

only a slight increase.




TABLE 6

1979-1980 Comparison of Selected Elements

S/Fe C1/Fe Si/Fe Ti/Fe

1979 1980 1979 1980 1979 1980 1979 1980

May 13 6.7 80.0 9.0  234.5 708 816 7.6  <10.0
May 21 22.2 52.6 <6.5 16.9 604 1028 8.6 6.9
May 26 10.4 47.1 <6.1  114.5 696 842 8.4 4.7
June 2 <1.3 12.6 <2.7 12.8 657 1034 8.5 7.3
June 9 7.4 3.2 <2.9 3.6 788 919 6.5 7.6

8.3 SPECIAL STUDIES

Several studies were incorporated into this program to gain more infor-
mation on the ambient aerosols found in the Mono Lake area. First, soil
sampies were taken near the air sampling sites, from the exposed lake bed,
the land bridge to Negit Island and from surrounding soils. These were
resuspended at U.C. Davis and analyzed for elemental composition. Secondly, -
a daily sampler was operated for the entire 24 week sampling period. This
provided data on short term fluctuations of aerosol concentration. The
Tower mass loadings on the filters, however, resulted in a decrease of sensi-
tivity compared to the weekly samples. The third special study included
several weekly and daily sampling periods around the lake where continuous

electric power was not available. For this purpose solar assisted battery

powered units were used.




8.3.1 SOIL SAMPLES

Soil samples taken in the Mono Lake area were brought to U.C. Davis
for analysis. They were initially sifted, eliminating all particles greatef
~than 50 microns in diameter. The samples were then placed in a resuspension
device developed by the U.C. Davis Air Quality Group which was designed to
collect particles less than 15 microns to coincide with the inlet cut point
of the stacked filter unit. The apparatus is shown in Figure 16 and the
results are shown in Table 7. Bandy Black clay, a National Bureau of Standards
reference soil, was used as a control. Ratios to Silicon were found to be:

~ BANDY BLACK ANALYSIS

Al K Ti Fe
Si 54 X §i
. | NBS Value 46% 4.3%  2.8%  2.5%
| Trial 1 514 6.7%  3.4%7  2.3%

Trial 2 47% 5.4% 3.5% 2.3%

These data suggest that the resuspension device should provide a representative
sample of suspendable materials less than 15 microns in size.

Analysis of the materials that could be suspended by winds indicated several
distinct catagories (Table 8). The soils away from the lake bed are of itwo types-
silicon rich (i.e. Lee Vining) and calcium rich (i.e. Bodie). These materials

~ are often associated with uncovered surfaces, dirt roads, and other potential
sources for wind transport. _ |

The 1ake'bed soils, as expected, contained alkaline materials. The surface
soils were very typical of earth crustal average soils with an additional
sodium and chlorine component. Sub-surface soils, generally in muds that are _

. not resuspendable until dried and exposed, showed similar ratios to surface soi]s._'
Tufa deposits, as expected, were aimost totally calcium (calcium carbonate).

The efflorescent crust proved to be rather variable in composition,
containing mixtures of soil and alkaline matéria]s. However, except for some
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FIGURE 16
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TABLE 7

UED=4rB INVESTIGATIUN UF ALK wUALLTY [ Trk MONU LAKE AREA

MORD LARE SULL KESUSFENSLUN STuUny

PARTICULATE CONCEMTRATIUNS 14 NANUGRAAS/CURIL METER

COARSE PARTICLES (2.5 Tu IS5 mICKUNS)

SOUTH TufFA SnlL
LAaCK PT, ROAD
TUFA TOwER

NEAR LAND BRIDGE
CRUST

DIRTY NEAR SHORE
NEAR LANC HRIODGE
CRUST :
CRUST

TOP S0OIL NEAR SHURF
BEACH DIRT
BENCERUP

PINE GROVE=HWY 12v
SQUTH TuFa wOAD
LAND BRIDGE

LEE VINING H,5,
NEAR LAND BRIDGE
BODIE

LAND BRIDGE

LAND BRIDGE

1T0P SUIL

TOP S01L

BanDY HLACK
BANDY BLACK
PAOHA 1SLAND
SIMIS DIRT

SIMIS CRUST
LOWER SO]L

LOWER SODIL

DIRT UNDER LRUST
DIRT UNDER CRUSI
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DIRT UNDER CRuUSI
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258
F17ax
g4y
Bubux
e -2
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1524848
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2red
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5
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501%*
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1378
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1639
854
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B3x
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Ad4x
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451
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341
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335
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TABLE 8

SURFACE MATERIALS NEAR MONQ LAKE

- (ratios to Calcium)

Na Si S € K Ca Fe

Soils (surface) _
Lee Vining <40 1500 <5 <5 185 =100 205
Bodie <35 176 ~<b <6 106 ~ =100 60
Soils (lake) |
Surface 45 160 <7 17 20 =100 16
Sub-surface <50 35 2.6 16 13 =100 16
- Tufa deposits <5 2 <1 <] 0.6 =100 0.5
- “White Lake Crusts
Negit Is. 40 20 107 301 67 =100 6
Pahoa Is. 640 370 143 70 63 =100 ' 51
beaches 1200 45 86 245 35 =100 9
heaches 5400 <50 270 1070 456 =100 <10
beaches 1700 25 101 360 52 =100 17
OWENS 209 116 6 22 22 =100 25

Note: C&/s ratio, surface, except Pahoa Is.
3.3t0.5, when both present.




samples from Pahoa Island, the C1/S ratios were quite constant, (3,3 + 0,5)
when both elements were simultaneously bresent. Pahoa Island samples were
soil rich and chlorine poor, (C1/S ratio of 0.49).
Samples of the crystalline crust were collected by C. Simis from the
north eastern margin of the exposed lake bed. These were photographed using
a scanning electron microscope (SEM) and analyzed by energy dispersive x-ray
analysis by the U.S. Geological Survey. The results for three samples are
included in this report, (Figs. 17, 18 and 19) courtesy of Dr. Kenneth Lajoie
of the U.S.G.S. Visually the deposits show a crystalline nature, with structure
as small as one micron (10‘4 an). Elemental analysis shows great similarities
between the three samples. Sulfur is the dominant element in all cases, with
major components of silicon and calcium. Chlorine was present in only minor
‘amounts, but most prominantly in the least crystalline sample (Figure 17),.
The SEM analyses differ from the "white lake crust" category of Table 8
in that the SEM results show far less sodium and chlorine. The C1/S ratio
was 0.1. The reason for this difference cannot be resolved at this time without
more extensive analyses of surface crusts, but it shows the much higher degree
) of chemical variability we have seen at Mono Lake than at Owens Lake. It
also supports the necessity for actually resuspending particles in airstreams
. _ in order to match particulate composition seen in the atmosphere.

8.3.2 DAILY SAMPLING RESULTS

Daily sampling with the modified multiday Samp1er; began at Hansen's ranch
on May 13, '1980. Theunit was moved after 10 weeks to Lee Vining (on July 16)
for the remaining 14 weeks of the sampling period, to provide a more representative
sample of the likely exposure levels to residents of the City. The results
for silicon, iron, sulfur and chlorine are shown in Figures 17, 18, 19 and 20.
Evident from the coarse soil data is the rise from mid May to mid June as the
ground became more arid. Thereafter, levels remained relatively constant
even though mean wind speeds measured at Bishop declined from May to August.
- Large single day episodes of coarse silicon and iron were well correlated,
and increased in magnitude and frequency during the sampling period.
The levels of sulfur and chlorine remained quite low for most of the
sampling period. A sulfur episode was seen on July 23, and chlorine episodes
were observed on July 6-9, August 19, September 2 and October 12. Levels of
these elements increased significantly in mid October, near the end of the
sampling period.
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Figure 17
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Figure 18
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Figure 19
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FIGURE 16
2500 Daily Monitoring of Silicon
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FIGURE 17

Daily Monitoring of Iron
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FIGURE 18

Daily Monitoring of Sulfur
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FIGURE 19

Daily Monitoring of Chlorine
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8.3.3 SOLAR ASSISTED BATTERY POWERED UNIT

Weekly monitoring results taken with the solar assisted battery powered
unit are given in Table 9 . Generally the data is consistent with the SFU
measured values. The large chlorine episode at Simis on the week of
September 1 was seen with the daily sampler at Lee Vining on September 2.
The sulfur and chlorine episode at South Tufa for the week of August 20 was
concurrent with a large chlorine episode at Hansen's ranch, and elevated
sulfur values at Bodie and Benton. '

Tables 10 through 14 show the results of the 5 intensive sampling
periods when daily samples were taken. Intensive 1 shows slightly elevated
soil levels. Intensive 2 at Krakatoa Island shows:a drop in aerosol levels
as winds died down., Intensive 3 shows a large chlorine peak at Simis on
August 19 which may be a part of the episode seen at South Tufa and Hansen's
ranch on the week of August 20. By late November blowing dust became sig-
nificant on occasions, but there was only one sampler left in the area.
Concentrations observed were an order of magnitude higher than those seen

‘at any earlier time.
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TABLE 9

MOND LAKE AREA

FARTICULATE CUNCENTRATITONS IN NAMUGRAMSZ/CUBIC METER

COARSE Par1ICLES (2.5 TU 15 MICKUNS)

CEDAR HILL
SIMIS
SIMIS
SIMIS
SIMIS
SIMIS
SIMIS
SOUTH TUFA
S0UTH TUFA
SOUTH TUFA

10712
8/29
8725
971
9/8
9/15"
10721
8720
8,25
16/6

NA
2745
798
3123
149%
142¢
2bbb
419
13514
1440
3134

AL
309x%
833
150«
224
1604
21
173%
329%
189%

B2%

51
4250
1298
1758
1794
1737
1850

S06
1858
2901
1213

FINE PARVICLES (LESS FHAN 2.5 MICRONS)

CEDAR HILL
ISIMIS
SIMIS
SIM1sS
S5IMIS8
SIMig
SIMIS
S0UTH TuFA
50UTH TUFA
S0UTH TUFA

10r12
B8/20
8725
Qs
9/8
9715
10/21
820
8/2%
Lus6

NA al
471x 19ux
3294 T4
201 % Blx
531 117%
194% Thx
303 123%
270 109x
S72% 2l
2HE% 1ob*
118 2u
* DENUTES

51
512
149
125

81
1ug
115
193
1A«
392
170

P
251 %
17aa

ENE]
166%
123
159%
128x%
2U4S*
140%

&1

P
124%
78
53
Tor
51
Blx
fax
141»
Tox
31«

S
22t .
131,

55!
202
161
256
134

69
f0ba

43

5
574
189
244
589
azgd
2u5
172
1436
331
153

UPFER LIMIT OF ELEMENI

cL
238
93
bL9%
iled
3el
309
a5
467
225
74

265
835
37
H0%
53
h057 2
39
187

NUT FOUMD

K
261

2é
toe
239
138
133
126
250
23z

BE

[
q7
Hix
98
Uih
en
374
3354
032
30
10%

CA

‘4ae

106
147
349
473
243
173
299
371
iel

i1

S0
37
clx
36
27
34x
28%x
53
30
132

T1
18

25

15«
2l
1ax
2ex
10
39x
7
Ax

M
1 X3
26

13

a9
elx
27x
2t

dex
19

11x

MN
18
14
18
10

10
17%
26
16

FE
317

80
164
178
167
124,
152
150

287

110

FE
35
21%

18
12
13
17%
27
21
28

48%
3ok
Q%
34k
2h*
33
2lx
S1x
29
13

3dx
1"
15%
2lx
14»
22%
20*
k11
19+
Hx

LR
43
32

S 18k

31%
25
29
2ix
45
2hb%
11x

CR
30%
21

1H*
1e*
20
10
Sdx
17%
T

RK
63x
49 x
2T®
45 %
33
usa
I7x

C e

k-1
17%

RR

52%
I7x
2e*
3l
2lx
20

Ipn
57
£9x
13

PB
1214
KT
52 %
Bhx
b2 x
%
To*
127%
73
28

Py
9T %
10%
41x
44
40
bha
58%
106%
SHux
107
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TABLE 10

THE MOMOD LAKE AREA

U JULYy 17,1980 &=

PARTICULATE CUNCENTRATIONS IN NANOGRAMS/UUBIC METER

COARSE PARTICLES (2.9 T0 15 MICRONS)

LEE VINING = 7/1%
50UTH TUFA 7715
BENDERUP T/15
KRAKATOA 15L, 7/15

LEE VINING 7/1e
SOUTH TUFA 7710
BENDERUP 7716

FINE PARTICLES

LEE VINING 7715
SCGUTH TUuFaA T/15
BENDERUP 7/1%5
KRAKATOA ISL, 7715
LEE VINING 77106
SOUTH TuFa 7716
BENDERUP 7/16

NA
974
22Bus
33384
2851 %
s424x
5166%
5013

(LESS THAN 2.5 MICRGNS)

HA
115d*
757
1132+
100bx
11E7x
lodgux
CAES

AL
T26%
589%
BHG %
T33a
KB 1A
815%

IRE-LE

AL
Hb bk
194
223
H4O9x
454
42t
Yagn

51
eoie
3669
3750

-la2ug3
5453
4754
5088

sl
Gbo
25%%
54
503
H09
ey
530

P
S42x%
439%
bU1x
547
655+
608+
374

[*]
e67
103
143
2H9%
298X
331
26HA

5
202
330k
195
41 3n
193
265
ige

5
366
326
230
512
4p0
aiip
a43p

cL
8B
LR
GhHx
315
471*
4455«
415

cL
1R8
149%
134

73

80
2lbx
1az

K
154
193
2cy

1502
250
176
123

Ta1x

9%
139%
124x%
137%
128+
122*

* DENUTES UPPER LIMIT OF EILEMENT NOT FOUND

CA
2790
362
oey

1484
¢le
359
327

CA
53

48
46
9lix
B8
36

11
117x

95
138x
118%
142x
131%
125%

TL

BY %
BTk
33

T5%
Bix
78+%
Tax

MN
i
47 %
6d
51
Tox
3l
24

FE
190
4
144

502
419
194
237

FE

72w

29
lT2x
25
Tix
btk
63

v
it3x

133%
11dx
137
129

121%

v

B4n -

H6%
A%
Tix

B2«

aq

73%

CR

64

H2x
119
101x
122%
113»
108%

CR
.28
49 %
Tdx
.65
48
58
by

BR
179#
142%
2249
16% %
202 %
191x%
1782

8K

130%

89x%
13
115
128
118%

11

PB
Idex

eltx .

437
322x
EI-T
366
340%

PR
245«
1684
130
216%
241 %
222
2lix




COARSE PARTICLES (2.% 1

KRAKATOA
KRAKATOA
KRAKATDA
KRAKATOA

—bg-

FINE

KRAKATOA
KRAKATOA
KRAKATOA
KRAKATDA

UCD=ARB INVESTIGATIUN UF Alk HUALLTY 1IN

BATTEKY PUWERED UNEIT=ARAKATOA ISLAND & JULY 15 TO JULY 25,1950

IsLanp
18LAND
isLanb
IS anD

PARTICLES (LESS THAN 2.5 MiCRO~S)

ISLAND
ISLAND
1sLanD
1SLaAND

7715
Tr22
1723
Tred

7/15
7782
7723
Tre8

TABLE 11

[HE MONO LAKE AHFA

PARITUULATE CUNCENTKATIONS IN NANUGHRAMS/CUBEIC METER

15 MICRONS)

NA . AL 31
2891w T33x 12423
BG37 3458 806
5143 TTex 5011
3543 G2¥s 3028

NA AL 81
10062 409= 503
670 4lbx 6940
1349 519 43y
1059« 427k &02

P

547 %
581
H76x
88

)
269%
ET9r
145
237

S
413
3373
270
167

S
512
Thd
757
598

* DENUTES UFPER LIMLT OF ELEMENT

cL i CA
31% 1502 Y44
295 ns1 1718
398 517 TEYS
492% 188 U3
CL K CA
73 {2ux 46
204x 127% 83
141 165« 113%=%
258 76 B9
NUT FOURND

Tl
118%
125
124
149%

f1
75%
TT*
100%
92

MN
4y
100%
100
I20%

MN
51
bax
Bdx
bb*

FE
1502
443
282
el7

Y
b1dx
120
119%
143

T4
Tox
QG
THA

LR
101%

51
150

72

CR
&65x*
45
87x
b8 A

Br
169%
175«
177%
254y

BR
115x

154%
129%

PR
322%
333x
339n
49 4%

;]
216%
237*
Z290x%
AUl




COARSE PARTICLES (2.5 TU

SIMIS
&1 S0UTH TUFA
L1 S0UTH TUFA
S5IMIS

UCD=aRH IRVESTIGATION UF AIR GUALITY [N FHE MUNO LAKE AREA

BATTERY PUWERED UNIT-INIENSIVE 3

‘B/1b

8718
8719
B/19

TABLE 12

PARTICULATE EUNCENTHATTIONS IN NANUGRAMS/CUBIC METER

A AL
2526% 648
134 508
271dx 698 *
6535 76974

15 MICRUNS)

51
3241
1314
3053

a72

FINE PARTICLES (LESS THAN 2.5 MICRONS)

SIMIS
'SOUTH TUFA
SOUTH TUFA
SIMIS

8718
B/18
8719
8719

NA AL
1012x Yt
Tu7a 301x
Yp9x 717
Gos* 15%

S
1248
595
3gTx
322

p

CHEZ%

I80x
S520x%
LTS

P
268k
192
256
174

S
313

267

215
3103

§
752
6b7
7591
449

CL
430

271

152
17158

CcL

191

147
350
75

K
146
1dax
197

4437

49
91%
39
44

* RDENOTES UPPER LIMIT OF ELEMENT NOF FOUND

CA
205
191
271
3764

CA

85%
bex
Bix
Rp*

k% AUGUST 18 ID AUGUST 2U,1980 xk

TI
104

B2
112%*
1206«

TI
T5%
Se%
Tex
42

FE
10w
112
310
143

FE

b3k
604
HU*

MN
Tu
2.3
104
55

MN
b2

59%
bow

v
100x

79x
108x%
115%

Tdx
2d

71w

CR
H9x
Tox
6%
162+

R
H5%
R
b2
b2 A

BR
145%
117=*
152x%
151w

HE
117%

Hbx
113%
112%

P8
277
el
290%
288+«

FB
22l %
166
213
211+
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UCO=ARB INVESTTGAFTON UF. AlK QUALITY 1N'IHF MIND LAKE AREA

BATTERY PUWERED UNIT-INTENSIVE 4

TABLE 13

PARTICULATE CUNCENTRAFIONS 1N NANDGRAMS/CUBIC METER

COARSBE PARTICLES (2.% TU 15 MICRONS)

SIMIS
SOUTH TUFA
SIMIS
SOUTH TUFa

1u/26
10/26
10727
10727

KA
1531
7341
1907
1432

AL

g7
LT
SBEx
Yliw

51
22549
31993
2198
3330

FINE PARTICLES (LESS 1HAN 2.5 MICROMS)

SIMIS
1SOUTH TUFA
SIMIS
SOUTH TUFA

10726
10726
tos27
16727

NA
975
1324%
H56*

1213%

AL
379
1035
361
49 3%

S1
333
450 %
294 %
LR

p
515
734
439 %
679x

p
301
462
120
505

* DENGTES UPPER LIMIT OF

3
411
579
315
403

]
164
§0e
182
410

ELEMENT

CcL
aqez
833
51dx
EY )

cL

72
2otk
1704
129

H0T FOUND

K
79
279%
166%
257

120%
i62x
106*
1oux

CA
155
111

thi
330

Ca

B2k
111%

T3x
10%%

At DCTUBER 26 TU OCIUBER 28,1980 ax

Tl
107 *
198%
QY
147

11

ATH

F8a
64
91 %

FE
G4 x
124%
Tix
:X4

FE
LY E)
35
Sdx

MN

127
28
72

MN
34
g2%
54
3

103

136
9%

127

12%
T
63
Gk

CR

Erss
135%

81x
126%

CR,
63x
BS«%
37

19%

HH
lagx»
217
131x
194 %

1313
110%
153%

GHx
1y

PR
272%
41 Y
250
370x

Pa
208x
2B7%
185
2hix




TABLE 14

UCD=ARB INVESTIGATIUN UF AIW QUALITY IN THE MONU LAKE AREA
BATIERY PUWERED UNIT=INTENSIVE=S %% NOVEMBER 29 TU DECEMMER 1,1980 %x

PARTICULATE CUNCENTRAFIUNS IN HAMUGRAMS/CUBIC METER

COARSE PANTICLES (2.5 TU 15 MICRUNS)

&n A al ST P $ cL K Ch I NN

N CEDAR HILL 11729 69083 2169% 52685 1607+ 6791 7435  S647 7041 383% 175

SIMIS 11730 Su308 1873+ 15926 1390% 5204 2179 1477 2336 134 2384
FINE PARTICLES (LESS THaN 2,% MICHONS)

NA AL 51 P 3 L K ca 1 MN

CEDAR MILL 11729 4007 606 1614 722x 1883 675 229 402 201%  168%

SIS 11730 2821% 1139% 1823 T49x 2077 939 3aux 2364  208x 130

x DENOTES UPPER LIMIT OF ELEMENT NOT FUJND

FE
6367
1369

FE
150
176x%

330%
286%

198
206%

CH
EEYE
25U x

Cr
17ux
181 %

BR
g dx
IR«

BK
305
312«

FB
807
e THP2x

P8
STdx
LY-1E)




CONCLUSION

The data collected in the Mono Lake area during this study suggest the
following conclusions. During the summer and fall of ]980,'ambient aerosol
concentrations were usually quite Tow, with air quality being very good.

Weekly averages of particulate concentrations showed an increase in late spring
and. then remained fairly constant (around 35ug/m3) through October. The
contribution of the exposed lake bed crusts to the ambient particulate concent-
~ trations was small, being on the order of a few per cent. Several high dust
events of a short time scale occurred during the spring and fall, yiélding

on one occasion size-corrected 24 hour total suspended particulate (TSP)

values in excess of 500ug/m® (Simis ranch). Two-thirds of the mass was
measured to be inhalable. The beach or playa areas of Monoc Lake contributed
more to the aerosol concentrations than did the surrounding soils during

these events, yielding particulates rich in sodium, sulfur and chlorine.

An earlier ARB study by this group of air quality in the Owens Valley
showed the Owens Valley and Mono Lake areas behaved in a similar manner
. from February through June, 1979. Particulate levels in the Mono Basin were
somewhat Tower (40-105%) than the average levels in thé Owens Valley, but it
was noted that the spring dust storms in 1979 showed increases in mass at
both Owens Valley and Mono Lake sampling sites. Furthermore, mean wind
speeds during the 1980 sampling period were Tower than during the 1979 sampling
period, resulting in a decrease of ambient aerosol concentrations in 1980
(Figure 9). This indicates that synoptic scale meteorological conditions
may have an important influence on measured aerosol concentrations over large
distances during some conditions,

Further research is needed in the Mono Lake area. Specifically, the
relationship between local meteorology and dust events needé to be better
understood. The chemical nature of the particulate aerosol also needs to

be compared to the chemistry of the local soils and playas which s seen
to be much more variable than the playas of Owens Lake.
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MONO LAKE STUDY

Weekly Monitoring

May 13, 1980 to October 28, 1980
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UCD-ARB INVESTTGATTON OF ATR QUALTTY IN THE MONO LAKE ARFA
Weekly Monitoring Study

Gravimetric Mass - Micrograms per Cubic Meter
FINE - Particles less than 2.5 Microns

. Bridgeport lee

Bodie Hansen Vining Benton

X 1. 5/13 - 5/19/80 - 4.3 4.9 3.0
2.  5/19 - 5/26/80 8.9 4.2 5.1 6.1

3. 5/26 - 6/02/80 7.0 7:6 7.1 4.7

4. 6/02 - 6/09/80 5.1 4.1 2.1 4.3

5. 6/09 - 6/16/80 . 3.7 3.8 Iy, 4

6. 6/13 - 6/23/80 9.0 5.8 4.8 4.8

7. 6/23 - 6/30/80 5.2 4.2 4.7 4.5

8. 6/30 - 7/07/80 4.y 4.2 4,7 8.1

9. 7/07 - 7/15/80 3.9 6.1 3.7 i.7

) 16.  7/15 - 7/21/80 - .4 4.6 4.5

11.  7/21 - 7/28/80 6.2 8.3 7.5 6.6

. 12.  7/28 - 8/04/80 6.9 7.4 6.7 6.3

13.  8/05 - 8/11/80 4,2 5.1 5.0 3.8
14,  8/11 - 8/18/80 4.3% 13.9% 7.7 4,8%
15.  8/19 - 8/25/80 4, 3% 13.9% 7.3 4.g%

16. 8/25 - 9/01/80 4.2 9.2+ - 3.1

17. 9/62 - 9/08/80 9.0 8,24 - 7.1

18. 9/08 - 9/15/80 13.7 9.2+ - 3.7

19.  9/15 - 9/22/80 L,2 9.2+ 3.4 1.5

20, 9/22 ~ 9/%9,80 4.1 9.2+ 5.0 5.0

21. 9/30 - 10/06/80 - 5.0 6.6 5.6

- 22, 10/07 - 10/13/80 9.1 19.9 8.0 6.2

23. 10/13 - 10/21/80 1.9 2.4 5.6 3.5

) 24. 10721 - 10/28/80 6.6 4.8 8.3 4.2

ata
“w

2 week sample
+ 5 week sample




UCD-ARB INVESTIGATION OF ATIR QUALITY IN THE MONO LAKE AREA
Weekly Monitoring Study
Gravimetric Mass - Micrograms per Cubic Meter
COARSE - Particles 2.5 -~ 15.0 Microns

Bridgeport Lee

Bodie Hansen Vining Benton

- 1.  5/13 - 5/19/80 - 5.1 4.6 10.3
2. 5/19 - 5/26/80 4.7 7.4 3.8 16.2

3.  5/26 - 6/02/80 8.4 7.5 38.3 18.8

. /02 - ©/09/80 10.9 26.2 71.6 21.6

5.  6/09 - 6/16/80 14.0 30.6 28.7 12.5

6.  6/19 ~ 6/23/80 25.3 19.5 28.9 32.6

7. /23 - 6/30/80  23.1 22.3 22.8 46.5

8.  6/30 - 7/07/80 17.6 14,9 18.9 28,0

9.  7/07 - 7/15/80 18.3 30.5 19.5 62.5

) 0. 7/15 - 7/21/80 - 19.2 19.6 50.8
11.  7/21 - 7/28/80 40.6 17.0 33.9 40.8

. 12.  7/28 - 8/04/80 48,7 14.9 19.2 17.9
13.  8/05 - 8/11/80 54.5 4.1 24.6 28.4
4. 8/11 - 8/19/80 47 4% 25.3% 27.5 31.1%
15.  8/19 - 8/25/80 47, 4% 25.3% 26.6 31.1%

16.  8/25 - 9/01/80 34.9 18.8+ - 16.2

17.  9/02 - ©/08/80 47.8 18.8+ - 65.L

18.  9/08 - 9/15/80 54.7 18.8+ - 20.3

19.  9/15 - 9/22/90 20.5 18.8+ 1.8 20.1

20.  9/22 - 9/29/80 24.0 18.8+ 21.1 21.6

21.  9/30 - 10/06/80 - 36.8 16.7

22. 10/07 - 10/13/80 58.8 ' 28.5 21.9

’ 23.  10/13 - 10/21/80 9.2 10.1 11.8
24,  10/21 - 10/28/80 23.5 14.8 26.9

1o
w

2 week sample

+ 5 week sample




UCD-ARE TNVESTIGATION OF ATR QUALITY IN THE MONO LAKE ARFA
Weekly Monitoring Study
Gravimetric Mass - Micrograms per Cubic Meter
TOTAL - Particles Less than 15 Microns

. Bridgeport Lee
Bodie Hansen Vining Benton
. 1. 5/13 - 5/19/80 - 9.3 9.5 13.3
2. 5/19 - 5/26/80  13.6 11.5 8.1 22.3
3. 5/26 - 6/02/80 15.4 15.1 “‘, 45,4 23.5
4.  6/02 - 6/09/80 15.9 30.3 73,7‘ 25.9
5. 6/09 - 6/16/80 - 18.4 34,3 32.3 16.9
6. 6/19 - 6/23/80 34.3 25.3 33.7 37.3
7. 6/23 - 6/30/80 28.2 26.5 27.5 51.0
8. 6/30 - 7/07/80 22.0 19.1 23.5 36.1
9. 7/07 - 7/16/80 22.2 36.6 23.2 67.2
10, 7/15 - 7/21/80 - 23.6 MW.2 55.3
' 11. . 7/21 - 7/28/80 46.8 25,2 o 7.4
. 12.  7/28 - 8/04/80 53.6 22.3 25.9 24,2
13.  8/05 - 8/11/80 58.8 19.2 29.5 32.3
1t,  8/11 - B8/19/80 61.6% 39,2% %2 35.9%
15. 8/19 - 8/25/80 51.6% 39,2% 33.9 35.9%
16.  8/25 - 9/01/80 39.0 28.0+ - 19.3
17.  9/02 - 9/08/80 56.8 28.0+ - 72.5
18.  9/08 - 9/15/80 68.4 28.0+ - 2,1
19,  9/15 - 9/22/80 24.6 28.0+ 16.1 21.7
20,  9/22 - 9/29/80 - 28.1 28.0+ 26.1 26.6
21.  9/30 - 10/06/80 - 70.8 43.L 22.2
22. 10/07 - 10/13/80 - 67.9 51.7 %.2 281
) 23, 10/13 - 10/21/80 11.1 8.4 16.7 15.2

24, 10/21 - 10/28/80 30.1 - 15.2 22.7 31.1

ot
-

2 week sample

+ 5 week sample




UCD=AHE INVESITual10N OF ALK QUALITY IW THE MOND LAKE

MUND LAKE MUNTTURIHG STty xx MAY 13 1Q may

19,1980

LI

ARE A

PARTICULATE CUNCERNTRATIONS IN MANUGRAXMS/CUBIC METER

COARSE PARTICLES (2.5 Tu 1% MICRUNS)

A AL 31 P 5
BENTON 1280 57x  AdTe 37 79
LEE VINING | eubx - 57 1384 37 173
HANSEN RANCH 282x% 77« H#07 Sk B8

FINE PARTICLES (LESS THAN 2.5 MICRONS)

NA AL $1 P S
BENTON g% 31x - dbhe 25+ 55%
LEE vINING 82 % 2154 517 2lx 481
HANSEN RANCH 2hyn qix babd L2% 343

* DENUTES 1PPER LIMIT OF ELEMERT

L

el

16
2548

L

172
1%
23*

NDT FUUND

K
448

g7
174

49
S1
49

ca
iB7
is2
189

CA

59
bu

Tl

8x
1ix

TI
B A
%3
9

MM
[
T *
9x

MN
Sk
52
L}

FE

417

146
110

FE
51
7
S6&

(X3
Bx
11x

Bx
S
T

CRr
Tx
10~

LR

5
fr &

BR

1ex
11x
2ex

Bk

0%

8x
1e*

L
23
14
47

g

2ex



UCD«ARB INVESTIGATION UF AIR GUALITY IN 1HE MONO LARE AREA

MONU LAKE MOJITURING STUBY % MAY 19 T0 MAY 26, 9B xx

FARTTCULATE CONCENTRATIUNS [N NANUGRAMS/CUBIC METER

COARSE PARTICLES (2.5 TO 15 mICRUNS)

: : NA al.
BENTON 1957 ST*
LEE VINENG 1828 62 %
BRIBGEPURT 2d2% .F-44
HANSEN RANCH 237« 313

FINE PARTICLES (LESS THAN 2.5 MICRONS)

NA AL
BENTON 160 3dx
LEE VINING 20649 Sox
BRIDGERORT 836 47
HANSEN RANCH 263k 53x

* DENOTES UPPER LIMIT OF ELEMEN

31
4176
4750
3760
2694

51
610
1119
715
7td

P

EYE

O
4%
Yk

P

PO
24
AHA
31

181
197

99
138

S
402
629
513%
34

CL
2k
29 %
29%
1y

cL

1G9%
2tk
ik
22x

NOT FOURD

K
431
373
315
243

74

74
63

Ch
452
363
371
286

Ca
77
58
59

TI
T

T x
Tx

MN

O W~

MM
&%
4

54

[} 1

FE
373
448
486
262

FE
60
98
65
49

A&
Ix
Y
Gx

Tx
bx
hi
Ta

Ck
T
B
Hx

tR
b x
S
6k
bR

Bk

1eéx
13*
13
14«

BHK
1ex
b
104
tix

FB

22x
2Ux
25k
2T

PR
25
16x%
20x%
21x%




UCD=ARB IWVESIIGATIUN OF AIR WUALITY IN THE MONU LAKE AREA

MOND LARE MUNLTORING S1UDY #x MAY 2b T0 JUNE 2,19R0 Ax

PAR({CULATE CUNUENTRATIUNMS [N NANUGRAMS/CURIC METER

CUARSE PANTICLES (2.5 TO 1S MICRUNS)

M A AL 31 P 5 cL K CA T1 MN FE v CR BR PH
BENTON 387 hUux 2054 29% B4 2lx 341 3h3 27 3 314 bk b 9 17 !
LEE VINING 282 79+« 11484 51% 59 37 Qub I3 92 18 1267 11 10% 17« 32x
BRIDGEPORT 2lbx bux 2732 9% 137 28x% 184 263 i8 T* 299 Bx B 13 25 *
HANSEN RANCH 1050 49 1449 31 81 197 153 375 A bx i72 Tx b 10 19

FINE PARTICLES {LESS THAN 2.5 MICRONS)

NA AL 51 P 5 CL K Ca Tl M FE v CR BR PR
BENTOM 414x 75« 1642 42x 1265 2% 120 tte 9% 7= 97 Rx T 1dix a7+
LEE VINING bede bUAx 1539 35% 890 25% i7 [ bx 3 97 LN 5% b 1o
BRIDGEPORT 1132 olx 814 29 817 2ux 60 51 6 & Sx LY bx - Bx 1 o* 18x%

HANSEN RANCH 185% 36x 630 29% 2hé 1Hx 39 13% bx 4% 56 . S% S« Gx 18«

* DENUTES UPPER LIMIT OF ELEMENT NOT FOUND




Uen=akB [8vESTIGATION OF A

MONG LARE MONSTURING STUDY

RodudaLlly

IN THE MU0 LAKE ARE&

A JUNE 2 T0 JUNE 9, 1480 =%

PARTICULATE CONCEMTRATIONS LN NANDGRAMS/CUBIC METER

COARSE PARTICLES (2.5 TO 15 MICRUNS)

BEMNTON

LEE VINIANG
BRIDGEPORT
HANSEN RANCH

NA
1394
2964
1951
1568

AL

S8
B9
Sax
S

ST
4853
16947
2918
4931

P

37«
ST
39%
35

FINE PARTICLES (LESS THAN 2,5 MICRONS)

BENTON

LEE VINING
BRIDGEPOR!
"MANSEN RANCH

NA

Tox
5Yb &
bdl
2114

AL

cox
oudx
5%
dbhx

ST
534
122t
549
H32

<]

19x%
0%
22*
27

S
187

b2

B85

8
Heo
243
diy
501

CL
27x%
4«
25%
=31

cL

Jax
2t
16%
1G%

K
530
1548
24z
437

0%
57
2X1)]
b5

* DENOTES UPPER LINMLF OF ELEMENT NOT FOUND

Ca
579
1138
287
426

Ca
b8
33
49
boH

TI
5
b
Sx
b

MN

31
7*
Tx

MN
)
Sa
&
S

FE
463
2096
343
477

FE
61
71
59
[4].]

5x
Sk

5%

33

LR
Tx
11%

T

LR
S &
5%
i} *

L

RR

12%
22Uk
12x
12n

Rk
b
Bx
Ex

10%

PR
17
37
2%x
lo

PR
29
15%
1o
19x



UED=ARS IMVESTIGATION UF alR QUALITY [& THE MONO LAKE ARFA

MUND LAKE MUnTORING STURY

sk FUNE 9

T JUNE 16,1980 #&

PARTICULAIE CONCENTRATIUNS TN NANOGRAMS/CURILIC

COARSE PARTICLES (2.5 70O

N A
BENTON ~ 204d4
LEE VINING 2elH
BRIDGEPORT 200%
HANSEN RANCH 203

FINE PARTICLES (LESS THAN 2.,% MICRONS)

Na
BENTON ] 253
LEE VINING 7094
BRIDGEPORT 2ob*
"HANSEN RANCH : 320
x DE

15 MICRUNS}

AL
57%
Oex
Sok
58k

AL
LY
1Ub=x
53x
Biyx

WOTES UFPER L1MIT OF ELEMEN] NGT FOUND

S5t
1352
5974
3534
6793

$1
103n
249z
1022
142y

p

36k
41
3b%
I

P

27
474
3w
T3«

5
118

11v
24

>
399
673
459
bbb

cL

294
2bi
2vk

cL

184
3ux
eck
23%

K
146
533
285
60%

99
12%
94
121

METER

Ca
160
427
i3e
581

CA
1a0
114

84
110

Ti
Rx
5%
3k
56

T1
bi
B*
7
T*

MN
5%
b4
b
Lx

FE
121
711
436
739

9x
B
8%

5%
IE]
Tx
ix

CR
T *
[iE]
Tx
T *

CR
S«
ha

Bk

12%
172
1ex
13

HR
&r
1O*
11x
11#

PE

23%
2%
22*
ZHr

PH

15
184
21x
204



UCD=ARE JWVESTIGATION OF ALk QUALLIY 1M THE MUNU LAKE AREA

MUNG LAKE MONTITURING *%

JUNE b6 Tu

JUKE 23,1980 *x

PARTICULATE CONCENTRAILIGNS 1N NANUGRAMS/CUBIC METER

COARSE PARTICLES (2.5 T IS5 MICRONS)

HA
BENTOMN 21h%
LEE VINING 258
BRIDGEPORT 1313
HANSEN RANCH 1954

FINE PARTICLES (LESS THAN 2,5 MICRONS)

i A
BENTON 1503
LEE VINING 1006%
BRIDGEPORI 5372
"HANSEN RANGH S0 *

* DENUTES UPPER LIMIT OF ELEMENT NOT

Al

60 x
T2x
S8 %
5% %

AL
413

147«
[T
bl

St
6339
Bia4
4012
4760

51
tuie
3219
1153
175%

P
Iaa
Gk
37 %
354

31k
b
37
Hqyxk

S
272
120

57
129

5
506
1008
S64
573

cL
28x
35a
439
29k

CL
2l*
Tux
575
eix

FUOUN®

K
791
758
379
473

100
192
131
164

CA
867
754
476
61lo

Ca
1e?
177
127
186

FI
62
84

a3

71
i
B *
Hx

M
G4
7
fx

FE
679
100%
579
594

FE
7
135
1351
Ld0

Hx
10x
B
B

b
Hx
T *
i

CR
LR
Ux
T
7%

BR

1%
17%
12%
135%

K&
H*x
11%
12~
15%

PR

g
324
%
25%

Pa
162
214

254



UCD=ARB INVESTIGAFIUN OF "ALR WUALITY IN THE MONG LAKE AREA

MUNLD LAKRE MUKLITORING *% JuUNE 273%

[ JUNE 30,1980

PARTICULATE CONCENTRATIUNS IN NANJGRAMS/CUBIC METER

COARSE PARTICLES (2.5 T¢ 1% MICRONS)

NA
BENTON 1856
LEE VINING 3Usa
BRIDGEPOURI 331
HANSEN RANCH 3gusk

FINF PARTICLES (LESS 1maN 2,5 MICRONS)

-NA
BENTON 626
LEE VINING 4524
BRIDGEPORT 9916
‘HANSEN RANCH 1714

& DENUTES UPPER LIMIT OF ELEMENI

Al .

EAE
110
Y3k
B85«

Al

Tix

BY9%
teux
149%

51
boTl
fo94
3654
4654

51
1113
105%
164%2

Rnf

p

S8%
71x
bUx
55

P

Lk
51%
Tox
80a

S

i1
35
30
i6

b
460
bY6
B30
a1

cL
ddx
51
4%
16

cL

33x
13
H9%
Six

NOT FOUND

K
732
577
°92
a§7

165

137

7%

Ca
beé
451
i%¢
429

CA
90

74
“a

Tt
b
45
38
33

T1

104
11x
14%
17 %

g ~~

-
o

My
B x
9«
11%
13%

FE
614
739
46s
531

FE.

15%
16k
1 3%
1o

g x
t1x
13
16H%

Ck

184
144
17
11

CR
A%
10x%
11%
lax

BR
19
2lx
20 %
0%

BR

15%
1o%
19x
4l

PB

37k
51
ek
3T

PB

2pn
29»
Ink
TRA



HCD=ARB INVESTIGATION OF AIR WUALLTY IN THE MUND LAKE AREA

MOND LAKE MONLTURING %% JUNE 30 TO JULY T7,1980 »x

PaRTICULATE CUNCENTRATIONS IN NANOGRAMS/CUBIC METER

COARSE PARTICLES (2.5 ¥0 15 MICRUNS)

M A AL 51 P 5
BENTON 1271 ux  SH37 S8 46
LEE VINING 350 SEx 3510 bha 48
BRIDGEPQRT 317 105%5%  d3p2 bB* Ho
HANSEN RANCH 3174 104x 4906 67x% B2

FINE PARTLCLES (LESS Txah 2,% MNICKONS)

NA al 5T P S

BENTON 61d9 138% 2159 774 955
LEE VINING 146% G9% 1175 b4x 429
BRIDGEPORT : : 530% 102% 1147 58 6717
« HANSEN RANCH 4igx 9¥x 761 S6% a7

* DENOTES UPPER LIMIT OF ELEMEM]

cL
192
45«

5%

CL
S0
45
e
i9x

NOT FOUNG

K
129
303
L1
dee

201
E).]
170
75

CA
8
22y
345
413

Ca
i7e
4b
45
49

1
45
43

ad

Ti

13
13%
1354
13x%

f
Le
12x
13x
13%

M
LS

10#
10%

FE
504
370
518
500

%

13
14x
15%
15%

12
[ 2%

BY-4

| ¥54)

CR

11x
13
13
13

CR
i1k
11
114
11 %

BR
ux
2T x
2bx
23%

AK

19%
17x%
17
2T*

(4]

3gx
52
50
444

PR

37
Itk
345
Stx




S UCD=aRD INVESIIGATION UF ALK QUALITY IN ThHE MJINU LAKE AKEA

MONUD CARE MONLTURING &% JuLY 7 10 JULY 14,1980 %%

ParRTICULATE CUNCENTKATIUNS JN MANDGRAMS/CURLIC METER

COARSE PARTICLES (2.5 T0

MA
BENTON 47«
LEE VINING 1586
BRINDGEPORT 371
HANSEN RANCH 1691

FINE PARTICLES ILLESS THAN 2.5 MICROUNS)

WA
BENTUN HTHA
LEE VINING: 159x%
BRIDGEPORI ST7T*

"HANSENM RANCH 5801

15 MICRONS)

AL
125«
101%
1035%

Box

AL

1i1s

S50%
984
147

S1
11392
4904
5767
5729

81
1075
750
833
1713

P

By
65«
bbx
55«

P

Sox
41
51
133

5
124
47 %

78

5
645
evd
605
676

CL
S8x%
7 x
4h

30b

cu
574
31k
35
45 %

K
1261
395
vl
64%

87
b9
T4
103

* DENDTES UPPER LIMIT OF ELEMENT NOT FOUND

Ca
920
286
358
427

CA

40
ua2
X

TI
99
21
24
38

I

P1w
11=
19*
13%

MN
1e
tex
15%

M
oL
9x
g

10x

FE
1044
472
467
540

ki
44
1)
48
65

18%
14
1%
12%

10x%
114
10%
12x

CR

16x%
13x%
15
11

CR
9%

10%

Qx
10

BR

27
20%
2o
19

HR

1
\R-1.1
1ax
{8

PR
Sex
38x
4p K
12

PR

28x%
ELE
2Tk
35«



VCU=AKE INVESTIGAFLON OF AIR WUALLIYY 1IN FHE MOND LAKE AREA

MUND LAKE MUNITUORING *x JuULY

bd Ty JuLy 21,1980

PARTICULATE CUNCENTHATFONS IN MANUGRAMS/CUBIC METER

COARSE PARTICLES (2,5 10

NA

BENTON 12%7
LEE VINING 1313
HANSEN RasnCH 1380

FINE PARTICLES (LESS THAN 2.5 MICRONS)

A
BENTON 489«
LEE VINING 131«
HANSEN KANCH 3474

* DENUTES UPPER LIMIT OF ELEMENT NOI

15 MICROGNS)

]

o9 %
Soa
612

S5x%
Ik
Gux

3
154
b9

5
594
a4y
584

CL

504
Y&
yux

CL

I6«
26k
31k

FOuMD

K
750
579
9%

104
i
g8

Ca

691
273
358

Ca
G
33
49

TI
b3
25
35

TI

12*
10%
10%

HN
13s
11x

MN

10
Hx
Ba

FE

591
499
467

FE

42
46

9%
12%
15#

i
YA
10%

{R

14
114
12%

CR
10w
8 x
Gx

BK

25
19%
2u%

KR

t7x
1ox
1T

PR

5%
Ibx
39%

PR
32«
2%
22



UCD=aRB INVESTIGATEON OF alR GUALTTY IN THE MONU LAKE ARFA

MONDG LAkE MONITORING STUDY x%x JULY 21 TO JULY 28, 1980 =xx

PARTICULATE CUNCENTRATIUNS IN NANUGRAMS/CUBIC

COARSE PARFTICLES (2.5 TO

NA
BENTON 2549
LEE VINIKNG 19948
HANSEN RANCH U996

15 MICRONS)

AL SI
10%% 8072
9% viol
130% 4581

FINE PARTICLES (LESS Tuan 1% MICROMS)

NA
BENTON : 112x
LEE VINING 122+
MANSEN RANCH - TR

* DEnUTES UPPER LIMLT OF ELEMENT NOT FOURD

AL 51

U x 309
Sex 497
18 305

p

70k
59
Bix

P

30
31
30«

5
105

230 -

321

g
bld4
biy
600

cL

514
124
154

ce

20+
25
2

K
848
580
416

K

91
114
104

METER

CA
708
5740
446

CA
4
81
b6

i1
67
39
26

T
g

Kk

M
7x
7%
1x

FE
758
683
429

15%
13%%
{18

8x
Gk
da

CR

Tax
12%
l1e*

CR

10

BR

dhx
20x
ehx

HK

15
{3
13

Pb
49
22
49

P8
2lx
cdn
29



UCD=AKB INVESTIGATIUN UF ATIR QUALIFY IN THE MOND LAKE AKEA

MUNG LAKE MONITORING STUDY ** JULY 28 TQ AUGUST 44,1980 *x

PARTICULATE CONCEMTRATIOUNS

COARSE PARTICLES (2.% TU 15 MICRUNS)

NA
BENTON 3054
LEE VINING PO
BODI1E 569
HANSEN RANCH A26%

FINE PARTICLES (LESS THaN

. NA

BENTON 130%
LEE VINING 129«
BODIE Tyt
HANSEN RANCH 15ux

& DENOTES UPPER LIMIT

AL

85«
G7x
Box
Yy

Al

Sbx
55
gy*
LT

-1
3260
3621
6733
2439

1% MICHOMS)

ST
299
373
543
207

P

b5k
b2a
Sox
SHx

a
ELES
335
27%
34

OF ELEMENI]

§

71
89
B7
5

3
788
Bo7
529
1.1,

CL
3e
49
16

193

NUE

cL

25%
24
20*
25%

FOUND

335
531
796
261

bb
8y
106
79

IN NANJGRAMS/CUBRIC METER

CA
287
285
hR1
284

T1
29
36
se
14

11
104
9%

10=

M
12

11%

MN
Hx
Ba
tk
Hx

FE
300
a17
b6
298

12*
4%
12%
15

9k
Ix
7k
4

CR
1%
124
f1s
12%

CR

b*
B+

HiH

19
23%
19
2lx

RR

1dx
1354
11%
14%

PB
37
4 4%
35
0%

FB

27 *
£axr’
2nx
26+



UCD=aRE INVESTIGATIUN OF AIR QUALTFY 1IN THE MUOND LAKE AKEA

MUNU LAKE MUNITURING

STUDY *x%x aUGUSI

u

1o

AUGUST 11,1940

x4

PARTICULATE COMCENTRATIONS IN MANDGRAMS/CURIC METER

COARSE PARTICLES (2,5 T IS MICRONS)

VA
BENTON 3589
LEE VINING 120
BODIE ’ 489
HANSEN RANCH 358

AL
123
100 %
135%

G x

51
ob6ls
2756

13647
2454

FINE PARTICLES (LESS THAN 15 MICKUNS)

HA
SENTON 139%
LEE VYINING 9%
8001E teex
"HANSEN RANCH t30%

A DENGTES UPPER LIMLT

AL
61
43
Se%
B x

sl
331
26)
ar7
2e%

[ 5

79% Yy
B x 47s
B7x 233
bl 57
P 8

174 346
2a4 225
32a 158
35x 552
OF ELEMENT

CL
21
do 4 .
3o i
43

€L

284
dUr
25%
26k

NQT FOUND

K
s29
466
415
225

54

131
52

Ca
433
329

10%9
208

CA
40
38
al
45

TI
58
o
86

Tl
11
fx

104

MN
15%

24
12%

MM
Di
(33
I %
tin

FE
H87
618

i166
254

FE
45

191
36

174
1dn
19%
3%

10x

I

LR

16«
13
17%
12«

LR
9 x
6*
/|
B

HBR

28%
22
2o*
L]

B8R

164
114
1dx
14

Pa
53x
16
SOox*
d3a

Pa
50
26
43



UCD=ARA INVESTIGATIUN OF Alw SUALITY IN THE MOMU LAKE AREA

MUNU LAKE MUONITORING SFULY 2% AUGUSE

11 YU AUGUST

19,1980 *x

PARFICULATE CUNCENIRATIONS 1IN NaNUGRAMS/CUBIC METER

COARSE PARTICLES (2.5 Tu

NA
genTONT 300
LEE VINING 29T*
goolet 2uta
HANSEN RANCH T 260%

15 MICRONS)

AL -

83
B5%
Gla
Tlx

51
7840
6277

lieoy
basl

FINE PARTICLES FLESS FHAM 1% MLIURONS)

N
BENTONT T3k
LEE VINING LuB &
BODIET b69%
"HANSEN RANCHT 1030

* DENUTES UPPER LIMIT OF ELEMENT

ab .
324
47x
Jux
U

51
230
338
320
292

+ TWO WEEK SAMPLE

p

54«
53
ELE
45

P

19x%
2hx
18%
7%

5
3217
tes
296
103

5
04y
529
320
ER b

cL
i
L1
[Lr-E B |

263

CL
8
2ix
134

1715%

EeN

FOUMD

"
814
520
358
65%

[
Lo
i3
T0
372

Ca
623
420

1u3s6
%48

CA
34
4y

1553

T1
77
61
105
48

11

8 x
5%
i*

MN
12

25
i

]
1%
1%
dx
hx

FE
b
126

1379
176

FE
5%
4%
S

12%
124
14+
10=%

9%

Sx
I*

CR
11
11%
12%
Q%

CR
g%

b*

RR
16
1 7%

2L

15

Bk
bk

13
A

12%

FR
35
33
40
29x

¥R
1o
4p
15
£2%



LEE VINI&IG

HANSEN RMNCHT

- LEE VINING

"HANSEN RMNCH

ULDh=ARR INVESTIGATIUN OF AIX WUALLTY IN [HE MONU LAKE 4&REA

MOND LAKE MONTTORING STUDRY & AUGUST 19 10 AUGUST 29,1980 #%x

PARTICULAVE CUNCENTRATIUNS [N WANUGRAMS/CUBIC MEFER

COARSE PARTICLES (2.5 TU 15 MICRUNS)

NA AL 81
3004 B3%  TR1O
3493 119« T¢7S
2014 914 116d9
200+ Tix  badl

FINE PARTICLES (LESS THAN 15 MICRUNS)

NA AL 51
T3x 3Ex 230
131% 57 H16
oA Iuw 320
1030 4« 29

* DENOTES UPPER LinMET
+ THO WEEK SAMPLE

[ 3 cL K Ca
S3x 127 b % B4 623
Tor 162 57 571 5148
58x% 296 az2x 1353 1036
45 Lu3 563 6595 958
P 3 CcL K ca
194 434 B 56 34
EL 2 T04 -T2 9 53
L& 320 134 70 - 32
21« 13-} 1715 372 1553

UF ELEMENT NOT FuUUWD

VI
77
57
105

TI

10»
& %
Tx

MN
1e

25

Ml
G
Bx
¥ 4
b

FE
Ade
709

1379
776

FE
38
bé
us
b4

124
17
132
1Ox

5%

5%
Ta

CR
i1k
15%
XAy
Gk

CR
U

X3

Rk

1b*
A4x
21*
15

BR
g

154
X3

122

FR
35
47
Y=
29

FB
16%
284
15
22



UCO=ARE INVESTIGATIUN OOF AIR wUALITY IN THE MUNO LARKE AREA

MUNU LAKE MUNITORING STURY x* auGLSH

23 FU SEPTEMHER 2,1980 *x%

PARTICULATE CUNCENTRATIUNS 14 NANOGRAMS/CUBIC METER

COAHSBE PARTICLES (2.5 TO 1S MICR(INS)

. NA AL SI
BENTON 1525 9%%  58u8
30D1E - Grix  h1aw 7525
HANSEN RANCH T 111% 31a  di4le

FINE PARTICLES (LESS THAN {45 MICRONS)

NA Al 51
BENTON 139 60 481
30D1E 108 9d 4914
HANSEN RANCH T 54 1% 193

* DENUTES JPPER LIMIT OF ELEMEN]

+ FIVE WEEK SAMPLE

P

b6
Tux
ik

]

Tha
PR*
e

S

25
59
ee

S,
622
282
123

CL
Hix
21
L

CcL

21%

21x
548

HOT FOUND

K
574
7166
444

91

91

CA
458
57T
u47

Ch
67
q4%
458

T1
[=])]
the
dq4

T1
10«

Tk

M
HBx
bk
2

Fe
657
135
632

FE
Te
67
38

13%
1ax
Ij*

10x%
Bx
4%

CR

L2«

154
£

CR

T
e*

BR

23«

3%
7%

BR

12
bk

FH

U3
594
132

PH

33%%
2l
11+



UCp=arB INVESTIGATIUN UF AR

MOND LAKE MONLITURING STUDY #+ SEPIEMBER 2 TU SEPTEMBER B, i980 %4

JUAETTY

N

THE MDH(O LAKE AKREA

PARTICULATE CUNCENTRATIONS 1M NAMOGRAMS/CUBIC MEIER

COARSE PARTICLES (2.5 TO 15 MICROMNS)

NA AL 51
BENTON 46718 178x 1403%0
BOD1E 497 L47%x 11829
HANSEN RawcHt 111 3% 4ale

FINE PARTICLES (LESS THAN 15 MICKONS)

NA AL 81
BENTON 1ad* Bla. 0190
BODIE 1564 67k S0b
HANSEN RavcH? S4 itk 193

P

115
88«
2Ux

B
HO*
41 %
10

€L K

a7 169 1347
299 g9g 1241
ea 36 444

®

cL K
665 EY.1 9¢
673 30w 115
1és 543 91

A DENOTES UPPER LIMIT OF ELEMENT 20T FOUaD

+ FIVE WEEK SAMPLE

CA
1055
1oo4

uy7

Ca
bt
61
438

i1
108
i
49

T1

tax

12+
44

MN
24
22

MN

11«
9x
2%

FE
1345
1318

632

FE
80
77
38

29%
19%
4%

iy

I

CR

23

17
Ux

CR

11«

1G«#
ox

BR

figx

3ix
7%

RRk

20

13
ox

PH

B1ls
b
132

FB

3G
33
1i*



UEH=ARE THVESTIGATION UF AIR WUALTTY Ib JrE MONU LARE AKEA

MONU LAKE MO8 LEURING STUDY x& SEPTEMBER 8 T SEPTEMUER 149,

PARTICULATE CURCENTHRATIUNS Tax MNANUGRAMS/CUBILC ™Mb

COARSE PARTICLES (2.% TU 1% MICRUNS)

P 3 CL K

NA AL 51
BENTON 21487 B9x 5506 57 34 44 SHi
BODIE 5183 1814 15157 Ttex 183 lio 1510
HANSEN RANCH T 1t1* 3ix  4idie 204 e2 36 huy
FINE PARTICLES (LESS THAN 15 HICRONS)
NA AL S p 3 cL K
BENTON oY% 30% geh 18% 244 tux 59
BODIE 179% 268 189 4k Lou7 124 218
HANSEN RANCH T 54 18« 193 Lun 126 348 91
N x DENUTES UPPER LIMLY OF ELECENT wOF FJMw

+ FIVE WEEK SAMPLE

1980

TER

CA
atq
1294
447

CA
19
150
U3

TI
5%
157
40

11

12%
Tx

MN
16

Mt
4k

{0
2

FE
549
1541
632

FE
54
178

13
2h9n
'

S

L

LR

i

£3%
ax

CRr
%

10x
2

HR

2uk

Héx
7%

BR
Gx

1t
tbx

Pa
Lok

13k

Pg
a7
S3%x
IR R



ULD=ARB IHVESTIGAFTUN OF ATR WUALITY 1IN 1hE MONO LAKE &4RFA

MONO LAKE MUNITURENG STUDY *% SEPTEMBEN

15 TQ¢ SEPTEMBRR 22,1980 &

PARTICULATE COMCENTRATIONS IN NANDGKAMS/CUBLIC MEVER

COARBE PARTICLES (2.5 TO 1S5 MICRONS)

MA
BENTON 165%
LEE VINING 196
BODIE Yo
HANSEN Raucnht 11L%

AL - 51
102% 20dS
97x 2502
gbb9 6524
Iix 44106

FINE PARTECLES (LESS VTHAN 15 MICRONS)

HA
BENTON g%
LEE VINING 140 %
BODIE e
‘HANSEN RaveH 't Ny

% DENUTES UPPER LIMLT

AL 51
B1la 116
bex 174
e 628
4= 193

+ FIVE WEEK SAMPLE

P
bbhx
[-T-¥3
B2x
20x

&)
4gx
38a
35%
10%

5

454
et
22

g
172
fvd
3134
12%

OF ELE~EN]

~NO

CL
LHx
19
23

36

Ci
574
AHa
2hk
L4

FOUND

K
221
233
674
qay

44
k1

91

CA
169
eel
39
nay

[
|
t4x
X1]
4

11
14»
11
19%
I

—

MM

fix
Q%
Hx
2%

FE
191
282
647
632

FE
11#
28
79
38

5%
1d%
18a

%

4
10
L%

CR
13
12%
16x
U x

CR
12

£ &
2%

RK
23x
20x
5%
Ta

113

22*.

{o*
15«
[+3 1

PB
[[RY

bbx
13

Pg
apn
53
29
114



UCD=AKB [NVESTIGATIUN UF AJR GUALLTY N

CONCENTRATIONS In

MOND LAKE MUNLETURING 3Tuly
PARTICULATE

CUARSE PARTICLES (2.5 T 15 #ICKGNS)
WA AL 51
BENTON LT Qux  d2bo
LEE VINING edx . 10ix 5741
BODIE 841 Y0x 5147
HANSEN RaNnent 111+ Il 4uts

FINE PARTICLES (LESS THAN 19 MTCRONS)

(RN ]
BENTON HTk
LEE VINING 105%
30DIE 107
‘HANSEN RAaNecH T 54

* DENUTES UPPER LIMIT OF ELEMENT

AL

Tox
4ok
ik
164

51
162
eil
446
193

+ FIVE WEEK SAMPLE

*a SEPTEMRER 22

P

6k
65k
Sdx
Fuk

%)

25%
2aa
28x
10

§
113
149

54

ee

5
241
22l
11k
125

[0 SEPTEMBER 29,1960 #x

cL
26
20
4ok
L1

CL
17
21x

C 2Nt
348

01

FOUND

THE MONO LARE AREA

K
g™
47a
540
444

53
634
154
91

.50

NANMOGRAMS/CUBIC METEK

Ca
374
d4a44
369
447

LA
3B

438

Tt
a8

uB
44

Vi
Bx

i

M
12%
L2x
11

M
S %
3

%

2k

FE
431
611
528
&3

15%
14x
135%

4%

i*

LES
ix

CR
12%
19
L2
da

LR

T %
24

BR
2es
elx
21
7

BR

11
12%
tix
O *x

)
Uz«
34
Hin
134

P

22
2%
1ta



UCD=ARE FWVESTIwallwe OF AR dJalLlly IN

ITRE MUINO LAKE AKEA

MOND LAKRE MONITURLING S1UDY &% SEPTEMBER 29 TO OCIOHER b, 1980 *x

PARTICHLATE CONGENTRATIUNS 1IN NANOGRAMS/CUBLEC METER

CUARSE PARTICLES (2.5 TU 15 MICRUNS)

NA AL 51
BENTON a2k 976 QWb
LEE VINING 4934 2284 9149
BODIE ’ ELY-4 Hix 174
HANSEN Rancht S4Bs  40%a  [36]]

FINE PARYICLES (LESS THAanN 2,.% MICROUNS)

NA AL ST

BENTON : 157% 171 349
LEE VINING Lo 70% b7

. BODIE f3ix dox %5
"HANSEN RANCH 116* -3 y33

* DENGTES UPPER LIMLF

=

bdx
BEx
47
CL. R

L

42x
qex
chx
A1

OF

3

48a
6o
i34
bY &

S
262
2ub

19
132

ELEMERNT

CL

53

B2 A

184}

41 1

CL
31
31a
2e
5%

HOT FOUND

¥
551
894

5%
637

99
91
13%
96

CA
265
782

4y

1794

Ca
63
&4
Gk
84

T
33
72
i«
109

P

12%

12k
Bx
Fk

MN
12
17%
9%
36

M

10%

104
7
7%

FE
336
11es

1796

FE

&1
b*
6l

Lox
20*
11x
22*

—

Vi

CR
13%
|7
9 x
19x*

Cr

L4

10
1

K
2bhx
31x
17%
Y

RR

194
19
12%
13=%

PR

54
59x%
33
¥

Fi

35k
39%
23x
25%



UCD=ARE INVESTIGATIUN OF AlR GUALLITY [d 1HE MOND LAKE AREA

MONU LAKE MOMITURING STUDY x4 OCTUBER & TO UCTWUBER

13,1980 k&

FARTICULATE CONCENTRATIONS In NANIGRAMS/CUBIC

CUARSE PARTICLES (2.5 TO 15 MICRGNS)

BENTON

LEE VINING
BODI1E

HANSEN RANCH

FINE PARTICLES (LESS THaN 2.5 MICRONS)

BENTON

LEE VINING
BOD1E

HANSEN RANCH

NA
29 %
i28x
ELEL
393k

WA
126

Bo*
teds
132

* DENUTES UPPER LIMIT

AL
[-3:31
485

4113
1324

AL
S56x
38x
53x
724

S84
3094
3707

12165
Sdod

SI
274
157
827

1808

P
S52%
S58x%
Box
T0x

P

A
23k
3%
32

OF ELEMENT

&

at
175
124

27

-4
352
100
254
290

CL
LT
41
Hhk
g4

cL

25%
17%
2u%
25%

K
40
394

1452
805

6%

138
286

FOUND

METER

Ca
300
i6g
Y99
949

Ca

29
68
28y

Ti
e
3y
114
66

r

10x
Tk
Qx

17

MN
tin
1w
25
io

M
e

Sx
Tx

Fe
362
504

1472
que2

12%
13
18x
tHx

O = Wy

CR

104
11a
19%
14

CR
8+
5k
A«
T

BR
19%
22
21
23

HR

10%
11%
13%
13%

PH
374
U2 %
58+
S3%

PR
30
32
ehx
45



UCO=ARR INVESTIGATIUN OF ALK WUALITY IN THE HONU LAKE AREA

MUNU LAKE MONETOREMG STUDY xx OCTOBER 13 10 OUTUBER 21,1980 =

PARTICULATE CUNLENTRATIONS IN NANUGRAMS/CUBIC WETER

COARSE PARTICLES (2.5 TU 1% MICRONS)

A Al 51 P ] clL K Ca
BENTON 252 g% 21b1 45% YL 18 2uY 177
LEE VINING 379% 127% 1594 6bx YA 29 150 18%
BODIE : 227x Tox 1232 U 294 176 164 232
HANSEN RANCH 1374 113x 958 60+ 25 28 111 125

FINE PARTICLES (LESS THAN 2,5 MICRONS)

A AL S P 5 CL K Ca

BENTON Bix 374 172 22 2us Lo 4z 35
LEE VINING 125% S4qx pee i eue 25% 93 er
BODIE Hox 43 162 204 197 20 L] 31

* HANSEN RANCH Hhk [T 94 2t 192 19=% 29 2

* GENUTES UPPER LIM1Y OF ELEMEN] NUT FOUND

11
21
19

1dx

TI
3

10%
Bk
T*

MN
g%
10

1ix

MN

L]
84
bx
b

FE
218
20%
131
166

FE
50

L9
lu

10x
15

9
lux

w0

CR
11
13*
B
12

CR

Bx
bk
9

anr
13
27
164
2%

Hk
T

lax

1i=
)

Pid
33
9e
L3R
454

ra

17x
2bk
20k
fax



UCD=AKE [NVESTIGATIUN UF AIR wUaLIVY In Tuf MONG LAKRE AREA

MONUG LAKE MUNITORING STUBY ax OCTURER 21 TO SUFUHER 28,1980 x4

PARTICULATE CONCENTRATIONS [N MANOGRAMS/CUHRIC METLR

COARSE PARTICLES (2.% TO

N A
BENTON LIS
LEE VINING 290
BODIE 560%
HANSEN RANCH S63x

FINE PARTICLES (LESS THAR 2,5 MICRONS)

MNA
BENTON 123+
LEE VINING 123
BODIE cubx
‘HANSEN RANCH 246k

* DENDTES UPPER LIMIT OF ELEMERT NO1 FDUwD

15 MICRUNG)

AL

1243
97 x
18488
188a

AL
LR
Silk
QU
109 %

St
4537
2311
6321
2553

$1
67
227
67
390

P

So*
Bk
100%
1010 %

33
334
54k
bboh

5
Yirw
37x
Tlx
57

S
22¢
2i2
255
327

cL
39
36
To=x
1de

cL
24 x
25%
RN ]
ik

K
$19
229
667
276

Bh
By
1351
ie

CA
324
237
398
324

Ca
59
59
bk
a1

i
48
23
45
b

Tl
9«
9 x
1o
19=%

HN
11
1Ux
11
19%

M
8x
Hx

142

15%

FE
452
300
571
323

FE

55
]

33

13
1d*
25
25

R I I

CR

114
10*
19%
19%

CR
A
B

13

20

RR
16
21
7%
15%

RR
13
13x

13

4]
4in
7o
ak
67%

g

2h4
25%
4P
51



MONCG LAKE STUDY
Daily Monitoring

May 13, 1980 to October 28, 1980

* k % k¥ %k k% k *k k& * k% % %




COARSE PARTEICLES (2.5

DAY
Day
nay
DAY
DAY
DAY

ool N VIRV R

FINE

DAy
DAY
DAY
DAY
nDay
‘DAY

O W &K=

UCH=ARA ERNVESTIGATION UF AR WUALLTY

Id VYHE MON{ LAKE AREA

MUND LARKE DATLY=HANSEN RKANRCH xax MAY 1% T0D MAY 19,1980 xx

PARTICULATE CONCENTRATIUNS IN NANODGRAMS/CUBILLC METER

HA
2590
7584
1458
BI2*
97%
1052+

A
2843
Jbgk
2544
450
711
149%%

* DENOTES UPPER LIMIT OF ELFMENT NOI

AL
7948
208x
0B
228x
759
2BHx

AL
330
1452%
i1 3]
27)
501
945«

Tu {5 MICRUNS)

51
3566
179
B72
494
102G
425

PARTICLES (LESS THAN 2.5 HICRONS)

81
B2y
527
285

1216
b4l

4S5

p
375+
119«
1884
130
180x
1ndx

p
216x
B
95
GG
113
A58«

]
ehix
85«
134x
Gix
128
62

S
510

b6
256
2el
256
259

cL
2T0x

Hox
135%

Qdw
1302
118«

cL
163
6Ox*
bbo
Tax
Bhx
273*

FOU

K
4709

102
59
114
73

84

202
38
40

17R*

Ca
460
B2
109
130
193
79

TE
G0%
29K
495 %
3%
Hin
39x

My
7ex
it
31
25%

39

32

MN

“S51a

2lx
1%
234
27 x
BT

Ff
350
23
ia
72
145
3tx

FE
53
elx
23

37
874

aR*
2R x
Hok
3=
42 x
Thx

b 4%
26%
3hx
2Rx
33x
L0774

LR
1A

39
7%
37
34

CR

55
14

33
24
2
2%

Bk
111
30
57 %
40
45
45

BR
93
36
53
Glix
5%
43z2n

PR .
2igx

108
72
1024

G5 %

B
175=

Y.L
100

48
104
Hlix



UCD=ARB TNVESTIGATION OF ATR QUALLITY IN 1HE mOHO LAKE AKEA

MONG LAKE DAFLY=HANSEN RANCH %

HAY

i9

T MAY Zb, 1950 A%

PARTICULATE CUNCENTRAYIONS IN MANDGRAMS/CUBIC METER

COARSE PARTICLES (2.5 TU 15 MICRUNS)

DAY
DAY
DAY
DAY
DAY
Day
DAY
DAY

o TN T

FINE

DAY
DAy
PAY
DAY
DAY
DAY
DAY
DAY

[ VI U B O P L L

NA AL
16u0 byl
497 . 2udsx
Teus 2%
509 229
G729 23Yx
“49 275
959% 4z2s
R59x i3t

$1
LY
232
fle
362
00
a8
372
4t

PARTICLES (LESS THAN 2,5 MICKUNY)

N8, AL
Tou 1584
Ho? 301
330x 120%

qy2x 159+
Soex 130%
LR 150%
527 % 18d%
Jbux 446

* DERUTES UPPER LIMIT OF ELEMEN] nN0T FUUND

St
TR
iy
So2
p9I3
473
129
389
1160

p
1594

57
114»
140
165
1574
115
135«

F)
103
G
794
104
BSx
102%
124x
87

5
BQ

IR
42
49
112»
10ux
Y6 x

5
39

84
123
133
147
11e
234
teg

L
74
o2
41
1935
119%
1154
16k

Rl

cL

THA
hi9x
GOk
/9%
b+
[:1Y
Glhx
Gbx

K
2uS
58x
60
us
[\%)
bix

0

35
{15k
319%
20
25
blx
61x
43k

CA
33
31
2Tk
k3-2
29%
23
42 %
29%

T1

38
34
19

5%
dgx
1A%
3%
3ex

11

31%
27T«
cik
5tk
=1
30
i6x
2hx

My
13
21
19
2t
52a
11
26
]

My

2h%
g%
19%
25

o 2nx

U

C2%x

1y

FE
239
27%
i
48
35
30x
2R
29

FE

349

224
19%
25k
20k
e
29%
21%

v

37
313
2ix
JiUx
394
37«
ELE
2%

T
21
234
ERR
25%
30%
Ihx
2ok

Ck
33k
24
2l
B0
34 x
$2%
30%
28x

CR
2ht
25«
20*
12
22%
-4-3]
31«
17

BR
29
2T
3I7%
a2
49 %
1
Uon
Hix

Bit

bur
36
35%
45
382

T4y x

Sdx
40%

Py
YUK
L1134
T0%
B9 x
QGia
Q1%
33
851

Fi
121%
T2x
LHbh
BESa
72%
B
97
7S



UCD=ARH TNVESTIGATIUN UF ALK WUALITY IN THE MONOG LAKE AREA

HONQ LAKE DALLY=HANSEN RANCH A* MAY 26 Tu JUNE 2,1980 =

PARTICULATE CONCENTRATIUNS In NANOGRAMS/CUMIC METER

COARSE PARTICLES (2.5 TUu 1% MiCRUNS)

DAY
DAY
DAY
Day
DAY
Day
DAY

FINE

DAy
DAY
DAY
DAY
DAY
Day
DAY

= U b Py e

~NO R -

WA
1003«
446

BPE«

TT5x
10684

4u4d

PARTICLES (LESS THaN 2.5 MICRONS)

A
401 x
39
108
EXA-A]
Ik
393+
gl2x

* DENUTES UPPER LIMIT

Blis

AL
275
299
194
354
151
ibé
479

AL
ladx
152+
1194
199

hD
114
317

S1
977
918
1119
1106

723
1047
24850

81
753
2130
2n8
434
31y
cby
Bt

4]

157«
1dbox
1274
140
1214
168
128%

P
Qd»
GYx
781
H8a
s
30

118%

5
112+
103

G0A
1004

Box
1192

58

]
259
448
405
567
573
03y
B9y

OF ELEMENT

CL K
113% 4
105% 91

91x 92
101+ 95

&7 5
120% 82

53 286
CL K

Tix 25

5% 45

59k 45

6T % 39

5h4 44

Tix 51
B89x ol

NOT FOJND

Ca
126
163
166
155
139
162
324

Ca
28
37
15
45
44

100

TI
8%
35
19
34
29*
17
17

T1

284
29x
23«
2b%
ALk
284

1s

N
0%
8%
12
eix

32x%
2ux

HN
28k
2%

21x
17«
ecx
cHx

FE
1L
125
164
102
91
129
301

37x%
3dx
T
334
2
I9x
294

2l

29%
2hk
2ok
21x
27 *
3ya

CR

32
30n
2bk
16

£25%
35%
cohx*

CR
2l
25

2o

22

i1
29%

8R
S1x%
27
26
19
e
et
34

BR
U] %
4ex
-1
Ibw
30x
42a
45 &

PB
9B %
0%
T8x
B84
174
101

Fa
7.
&0
b7 %

56

924



UCD=AKRB IWVESTIGAT1UN OF ATR QUALLTY [N THE MOy LAK& AxE A

MUND LAKE DATLY=HANSEN RANCH #%

JUN3 10 JUNE

10,1980 &%

PARTICULATE COUNCENTRATIONS 1% NANDGRAMS/CuUBIC

COARSE PARTICLES (2.5 Tu 15 MICRONS)

DAy
DAY
LAY
OAY
DAY
DAY
Day

A= SR R VR VR

FINE

Day
oAy
DAY
DAY
DAY
DAY
DAY

~ TS e

HA
557
1357
817
BELH A
Tobr
foodx
1223

PARTICLES (LESS THAN 2.5 MICRONS)

A
“92
ERY-Ad
LR

515+,

3nb6x
240
1227

 DENOEIES UVPER LI&]? NF ELEAENT N0OT FOUKD

AL .
544
515
224%
755
Slix
S8R5

14171

al
P17
125
blb
18da
upu
258
1943

Sk
3532
1483
1096
2847
1049
3ut1
B769

S
Yuy
84
734
7759
8n9
667

1163

p
119
141«
1258
139«
1202
167%
192%

P
TTa
Hea

1ide

121%
Qi
Bdx

P17

5
Hew
b1

994
Bo 4
114%
150"

3
330
306
S50
562
389
cus
es7

cL

od

151
EF-E

10U
BhH4

120%

- 13b

cL

S58a
62%
BSx
I s
b
bl x
83

K
dgs
146
105
263
eei
24%
728

METER

Ca
501
143
tda
278
521
37
791

Ca
13
29
48
64
iIin

221

TI
Zb
EYIRY
26
3%
29x
21
a1

VI

22
2%
33%
35%
2b6%
25x%
Iy

MN
2ek
11
18
2T*
FEL
td
37%

M
13

Abk
ctha
2l
2l k
27«

FE
268
116
129
319
371
334
915

2T
Lix
30

LEL

28x
3G«
g5

2o
Phx
LEXS
I5%
2bu
25x
34x%

CR
ik
29k
18
2%
n7
55 %
Yy

CR

L9
19

2B
39
2%
21x
29

KR
39%
31
Qb
Hbx
19
49 %
Lox

BR

31
35x%
51%
Héix
THx
36+
Yix

Pg
74x%
9ix
43
HA X
Tox

107

FH

S58x
boi
Fox
914
Tix
T2*
HO%



COARSE PARTICLES

DAY
Day
DAY
Ony
Day
DAY

B e o

FINE

DAY
DAY
DAY
DAY
DAY
DAY

[NV LB SRRV R

MUND L AKE

DATLY=HANSEN RANCH *x JUNE

UCD=aRrB InvESTIGATION OF AIR WUALLTY

IN THE MONU LARE AREA

10 T8 JUNE 16,1980 1%

PARVIGULATE CUNCENTRATIUNS TN MANDGRA4S/CURIC METER

(2.5 710

NA
bS50 %
1029
667
852~
107dx
Bo9x

A
333%
118
525
925
443
3471

* VENOTES UPPER LIMIT OF ELEMENT w0l FUUND

15 MICHUNS)

AL
704
8478
584

1018
947
2176

AL
324

117%

h49

1955

115
Sdo

SI
S04
4358
2271
4599
4y

10012

PARTECLES (LESS THAN 2,5 MICRONS)

sI
Tu8
37
272
1620
bol
971

P
102%
1394
134x
130x
LoBa
L2 7=

i
79
27

B9x -

100«
[RE]
gox

5
T3
U
5%
954
120
0%

5
192
247
259
254
294
2u6

cL
Tux
100«
96
Gorx
121
Qi

L

60%
S8
67
Thx
hix

LR

K
378
385
192
182
320
917

K
70
83
52
71
46
147

Ca
429
416
166
403
Sy
Bo7

TI
S5
33
16
32
49
51

T1
23k

2ha
29
2hi
chx

My
16
27«
Aok
11

23

MN
19%

168«

2Yn

FE
us?
466
231
467
412

1179

249
38
Ttk
3w
39
i0x

23%
25
2b*
29
26

2hn

CR

29
28%
28
A%
6%

CR

20x
20x
22k
25«
22k
13

gR
31
d1x
33
UGk
37
es

BK
I3x
33x
Ib*
42 %
18+
Tyx

PH

S8
T8«
EL

77+
Yox
Tax

PB

b2*
6%
684
T9x
T1s
bhx



UCD=ARE THVESTIGATIUN UF AIR WUALLTY 1IN THE SMOND LAKE AKEA

MONO LAKE DAILY=HANSEN RANHCH %# JUNE 16 T0 JUNE 24,1980 #x

PARTICULATE CUNCENTRATIGNS FN NANUGRAMS/CUBLE ™METER

COARBE FARTICLES (2.5 Tu

DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY

e SV IR VRN SRV I VG SS

FINE

DAY
DAY
DAY
DAY
DAy
DAY
DAY
NAY

fo R W R LY AR

N
1509
971
564
1029
a7
1t28+%
GeBn
451

PARTICLES (LESS THAN 2.5 mMICAONS)

NA
Ylok
a5 7
769

1456
GG x
35
388
49 e

* DEFNUTES UPPER LIMIF UF ELEAENT NOTF FOUND

15 MICRUNS)

AL -

2dle
i92u
1912
2749
1214
1428
[T 11]
1962

AL
17Tua
6Yb
619
“Hl
433
4uze
139%
K16

51
eduy
5812
6547
7321
3601
5242
2846
2951

R
1077
1280

976
i9ud
1274

Aok .

1095
iyb

P
177
152
150«
1604
139a
175%
fasa
204

P
Plix
106
1004
18

QYx

T9x

91k
Itoa

S
1259%
1082

1 0b

114
Qg%
Iu

[RVE L

145

5
334
414
410
496
647
Sty
217
201

cL
127
1094
104
115*
100
126%
104%
136

cL

H54
5
763
81x
71
[}V
69
B

K
STt
5354
708

699 -

343

453%

217
279

91
126
166
193
161
128

9

51

CA
beh
ia27
912
Bio
501
o4y
334
K3

Ca

99
159
198
250
172
135

53

TI
47
39
G4
49
S3%

PED

35%
4G x

|

3%
d1x
29x
S1x
2B4
254
27x
Sy«

My
ELE]
17
iv
19
15
19
12
39

MN
$1
5%
24
25%
Pex

1Yk
T4

el

FE
682
688
760
Biz2
500
633
798
298

FE
76
136
148

217 -

42
teé
52
21

g1
Thn
39x
I8
35
q1*
Igx
Ha

3%x
31
2%
1
28x
2%%
21%
Bk

CR

36%
5tx
31
33x
2Gx
36x%
50%
G2x

CR

LR
27
25%

4%
20x
Al
29%

Bk

g
574
29
3
564
a7«
29

ER
b1
bx
CY-F ]
45 %
39«
LR
L1:Ea
Ut a

FB
111x
EA R
109
104>
QU

1104

i

130+

P
1154
87 x
5Tk
39
Tux
Y
Tk
Qi



DED=ARB THveSTIGATION OF ALR QUALITY In THE MUND Lakk aREA

MUNGE LARE UATLY=HANSEW RAnCH 2% JUNE 24 TU.JULT 11980 #&

PARTICULATE CUNCENTRATIONS IN NANUGHAMS/CUBLIC METER

COARSE PARTICLES (2.5 1Y

DAY
DAY
DAY
DAY
DAY
DAY
DAY

O R L P —

FINE

DAY
DAY
DAY
DAY
DAY
DAY
DAY

-~ O

PARTICLES

NA
B19x

leed
e2B6%
Q05*
10254
1235+

494

(LESS THAN 2.5 MICRONS)

NA
457 %
a78x
968
663
do2a
423n
516«

* DENUTES UPPER LIMIT OF ELEMEMT NOT FOUND

15 MICRONS)

AL
tiove

1d9e

vdi
1741
1%51
L1984
1264

AL
IELR]
aagz
Tug
477
lolx
152%*
187

S1
36806
5839
4040
6159
4oy
5649
4760

s1
591
020
4fs
31
2754
815
B9y

P
126%
174
358x%
1d1 %
159%
192%
186

P
56
112
259
Gn
105»
Vg%
1234

5

Fi4
124»
2556 %
lula
4y
1374
58

3
299
40
237
174
556
521
387

cL

Gex

a4
256
102%
11dx
P38«
V344

cL
ik
a35%
19é%
Ter
Apx
T5%
29

K
377
374
S64
635
418
513
sy

og
49
91
[=15]
%h
90
b2

Ca
39%
575
buy
5le
469
494
4A5

T1

4px
j=1-¥1
60

Gpk
26

11

31
33x
36

28x%
Stx
29%
56%

MN
26
T4
45
23
21
37%
14

MN

25%
21x
bk
2h%
2lx
29x%

fue

FE
479
184
5¢1
672
487
58%
A

FE
40
ub

a1
44
30

o=
41n
Buax
3ix
37
Ny %
Yix

31x
334
Tox
284
30
2%k
Iox

CR

27%
3b%
TUn
29%
33
40«
38«

CR
41
27
56
21
26
13
12

B
o
36
59
22
CLT
34
3y

BR
41 =
47
116
41%
de*
gi=
50%

PR

40
113=
257»

QA=A
102
117
117x

Pg
TTx
88 %
218+
TR*
KO
T
Ghx



UCD=ARB INVESIIGATIUN OF alXN QUALITY IN 1HE MUNU LAKE ARLA

MUND LARE DATLY=HANSEN RANCH #x JulY 1 10 JULY B, 1980 4

CPARTICULATE CUNCENTHATIONS TN NAMOGRAMS/CURBIC METER

COARSE PARTICLES (2.5 T0 15 MICRUWS)

Lay
DAY
DAY
DAY
DAY
DAY
DAY

~ O U Ty

FINE

DAY
Day
OAY
DAY
DAy
DAY
DAY

~ N Ly -

NA
520
gu3x

840

936%

RIS
1549
115/

PARTICLES (LESS THAN 2.5 MICRUONS)

WA
47yx

724
455«
Seo%
L3835

269
a1l

« DENUTES UPPER LIMIT OF ELEMENT HOT FOUND

AL

53
494
304
3n6
1625
1726
14t

Al
1694
2H&
byo
188k
Bud
1322
219+

51
2774
2234
1765
1%49
6414
5592
5486

ST
630
327
538
1056
1114

g
tosy

p

147 %
134dx
132«
147«
150+
170
JuS

p
111+
QU x
107+
12354
HG
AT *
1d43%%

5

Y7k
G5 %
Gua
38
107
1glx
41

8
byy
ags
517
507
el
255
617

L
%
£
G5%
106
&
15¢e
298

CL
HBux
71k
HBia
Gix
&lx
66k
1064

K
290
2494
U9
157
629
544
595

Ca
596
5us
eleé
tae
bb6b
514
516

CA
61
55

.35

55
67
ug
132

TI
17
52
324
35
67
92
37

FI

32%
28%
31
36
26 %
ahk
g%

MiN
chx
1V

25«

iy
2%

28

Miy

22k
25%
29x
2l

16

FE
302

288

217
177
169
637
634

FE
29
29
21
37
84
Uy
104

Fax
31
31
Fax
35
g
Jdx

12k
cHx
314
Lo x
2hx
264
41 %

CR
2Hx
28 x
27
30%
ik
55+%
30k

CR
18
31
27
14
23

36%

BR

47w
24

43x%
4Bk
b
Hyx*
S0w

BR

4%
4o
RS
4%
Iox
Tk
58%

FB

BGx
T2
Hox
91
Y2
4y

95«

FRB
b3
58
box
Y3

bR
1104



UCD=ARYE INVESITIGATTIUN OF AR QUALITY 1IN JTHE MONU LAXKE AREA

MOND LAKE DALLY=HAMSEN RANCH #% JULY b T0 JULY 15,1980 *=

PARTICULATE CONCENTRATIONS TN NANﬁGRAHS/CUBIC HETER

COARSE PARTICLES (2.5 TU 15 MICRUNS)

DAY
DAY
DAY
DAY
DAY
DAY
DAY
DAY

o RSN SRV B~ PR VR

FINE

DAY
DAY
DAY
DAY
Day
DAY
DAY
DAY

o~ O B Y e

NA
9324

310}
BT1x
TaT«
Todx
287+«
110%%

495

PARTICLES (LESS IHAN 2.5 MICRONS}

WA
tie?
672
124
4304
32
1421
391
1244

* DENUTES UPPER LIMIT

AL
2360

. 1320

1225
375
489
368
#54%

1534

AL
633
260
119
157«
P9
169
ob?
137 %

51
104800
6395
5234
2459
2373
3023
4978
4850

S1
o9
dbz
578
633
1114
94
269
4540

P

144x%
ib3x
137«

C1ldk

120%
139«
1734
162%

IR x
9ix
78%
105x%
7o
110%
119&
B

8
146

CNE)
T9x
BSx
PATS

115%

S
289
16U
1u7
399
LY-F
528
344
St2

UF ELEMENI

cL-
467 1
738
Fhx

B
143
376
116%

CL
Tux
73
246
7o
S
Bdx
Q0%
bilta

HOT FOUND

Kk
189
bdg
592
303
235
155
510
ue7

141
134
60

90
80
B4

CA
717
469
411
el
254
283
371
325

Ca

38
68
41
35
49

49

¥i
45
39x%
43
T

LR
25
45

11

29%
29
23
30x
2%
32x
36«
2bx

MiN
20
31k
14
eek
11
16
Tux
3%

MoN
25%
2354
13
2tk

17

2t
2l

FE
664
590
549
25%
295
313
452
554

FE
79
34
58
40
T4
5S4
T 21
62

34%
8%
32k
26%
28x
33
41
15%

9%
2%
23
30
2ix
324
35«
2b*

CR
12
33
29
24
25
20
36
13x

CR

ehx
25%
20
2bx
18%
2Rx
30x
224

BR
19
H1x
45%
5
19
ok
42
55%

B8R

45«
Hix
ik
LR
29
gh%
51
EY:F

PR

92 %
YA x
59 %
T3ix
63
BTx
5¢

105«

rAa
B4 %
78
bix
7%
33
Hdn
9ex%
T2%



LED=AKE INVESTIGAIIUN OF AIR CGUALITY IN InE MONO LAKE AREA

MONO LAaRE DAILY=LEE VInING ax JULY

te 10 JULY 21,1980 »a

PARTICULATE CUNCENTRATIONS IN NANOGRAMS/CUBLIC METER

COARSE PARTICLES (2.5 Tu¢

DAY
DAY
DAY
DAY
DAY

T AN -

FINE

DAY
DAY
DAY
DAY
DAY

URE Lk Ry e

NA
114k

lp72x

123504
930
871

PARTICLES {LESS THaw 2.5 MILROWS)

A
1268
11se
1263
1294

1¢é2

A DENGTES UPPER LMY

15 MmICRUNS)

AL
1586
1630
1744
1204

a7

AL

1514

d 44
a7
a7s
790

51
4B3p
o6
5375
3198
2912

51
601
So3
999

1111
b5 3

181«
feBx
192*
1elx
137

o

Yta
102%
107«
117x

Lu9a

5
1282
119%
136%
11dx

97 x

R
a7y
YN
415
abs
S4g

OF ELERMENT

CL
130x
120%
138+
116%

98»

CcL

75+
77
Bix
RO«
BR2A

NOT FOUND

K
42q
doul
4ol
25
265

t4
115

85

1

Ch
333
307
401
24
au7

CA
35
54
56
38
45

11

i§3x
4%
Gbx
39
35x

TT

29%
30%
31
Iux
52+

MN
2l
17
37
31
16

MN

23k
2Hx
29%

2t

2b*

FE
551
598
562
359
366

FE

62
4e

39

yex
39
45
1B
32

29%
0%
31
Z4x
32

CR

37«
I5%
4gn
33
28k

CR
19
2bx
27x
27
16

BK
Tex
b3%
bi*
21
28

HE

a1
ek
4y
ET-e
45

PR
138+«
120

95
108

Ybx

PAa
37
T9%
176
GG x
Bin



UCO=aRY [NVESTIBATION UF Alr QUALITY IN THE MONU LAKE AREA

MUNU LAKE DATLY-LEE VINING *% JULY 21 10 JuLy 29,1980 *&

PARTTUULATE CUNCENTRATIONS IN HMANOGRAMS/CUBLIC METER

_COARSE PARTICLES (2.5 TO 15 MI1CRONS)

DAY
DAY
DAY
DAY
DAY
Day
DAY
DAY

=B B RV A R

FINE

DAY
DAY
DAY
DAY
Day
Day
DAY

[»-2C S - SRV O L VR

MNA
10341
5926
3174
1016k

ahix
1134

FG1Hx*

T95%

FARTICLES (LESS FHaN 2.5 MICRONS)

It A

YD x
2301
1271
1232

a27

529«
359%

A DENUTES UPPER LIMIT

Al
1208
1708
2203
1896
1355
1957

554
1135

AL

1652

B f
632
5748

27ex

490

128n

51
46455
781¢
H172
061
S0w7
B30
2198
5155

51
874
1239
q4a9q
1671
ela
1780
539

3]
legx
194
239«
1594
13ax
372%
144w
125%»

)
108«
1094

Qtin
105
179
123

BUx

5
115%
419
128
113

F5%
138
102%

B9 x

S
419
a9
674
1137
39¢
6973
455

OF ELEMERT

CL
t17x
301
172
TL4%

Gh*
2HT*

40

Fi*

cL
624
Bex
71x
B
136#
Gix
bux

NOT FRIND

K
S64
845
7137
6b4
492
B35
268
532

LT
261
254
127
10a

L)

50

CA
462
1063
808
593
417
8a1
256
499

ca
e
ens
1
67
Y
[1¥1)
37

ET

32k
32k
28 %
31
53x%
6%
25%

MN
20
22
4%
13
21
47
ebx
2u

MN

2bx
2h4
22k
25%

29%
it

FE
589
qub
888
897j
676
956
279
hoe

IGa
4box
57
I3
32
88z
I4x
0%

T324
125

284
3ta
534
6%
25»

CR
EUES
40 %
S0
33
28x
17
3%
2bh

CR
27
ca4a
13
oh

21k

Bk
42
B9
145x%
LES
Yuxn

BR
Uix
b x
g
us
a1
SG%
Iox

P
[RTR R
170x
278
122%

bBux
217

2%

PB
7BA
35
135
Bdx
153+
104
103



COARSE PARTICLES (2.5 Tu

DAY
DAY
DAY
DAY
DAY
DAY

[« RV S BF S VU AV B

F INE

DAY -

DAY
Bay
DAY
Day
DAY

L+ SRV B ~JR PRI PR

UCH=ARB IHVESTIGATIO

MOND LakeE DATLY=LEE VINENG *x JUlLY 29 TO AUGUST %,1980 »*

NODE ATR GUALTTY TN THE MONU LAKE AREA

PARIECULATE CONCENTRATIONS LA NANUGRAMS/CUBIC MEVER

NA aL
B854 jue
7254 51%
B8 246
Tudx 196
PRI 424

fouds 1119

15 MICRO~S)

51

2614
1768
* 533
. Heo
151%
QuQ

PARTICLES (LESS THAN 2.5 MLCRONS)

NA AL 51
LT 255 290
upix ldox eah
507 139 103
53y 239 S5l
857 12%% 337
378 ¥ 59
* DENUTES UPPER LIMIT

P
1359
11dw»
Talx
116k
14br
157

P

Ay x
59
be
Tux
81«
BuUx

5
be

lous
B3x
B3

IRYA

313
139
63
b1a
293
oH

OF ELEMEN]

CL
0w
Ha*
IBE
83%
105%
536

CL

bix
73
6%
LG
651x
blx

NOV Fudnd

K
189

S198

HHx

144
114

Ca
159
192

ai
104
167

6d

CA
i8
26
gHx
L7
13
14

Fi

7

27x
3
28«
35
38

Ml

25%
2Bk
2%
23x
2ux
U

MiN
10
1)
2%
eex
16
16

MK

c0x
2hx
19%
19x
14x
19%

FE
258
231

aq

285
129

fFE
19
12
19
45,
19x%
19x

v

33
27
33x
2B x
35%
317

25%
2ok
2lx
FA L
2
2ux*

LR
c9k
LT

29

2%
5
32«

CR

25*
2ia
cix

20%

ci=

B
26
2y

28
32
47 %

BR

5%
41%
35
3k
3ix
4lix

Py
18
65 %
Blx
Y.%
B3x
90

PH
.33
17
bbx
bN*
b x
THx



UCD=aRY ENVESTIGATLION UF

MONU LAKE DAILY=LEE vinlwmu

Ah AUGLISI

)

Vi AUGUST

AR WUALETY 1IN THE MUND LAKE AKEA

12r 1980 *x

PARTICULATE COMCEMTRATIUNS IN NANOGRAMS/CURIC METER

COARSE PARTICLES (2.5 TU 15 MICRONS)

pay
DAY
DAY
Day
DAY
DAY
DAY

- LT e

FINE

DAY
DAY
DAY
DAY
DAY
DAY
DAY

b Rl = VR T

NA
1179
125Rx%

901%

2855
G457

RS

1202+

PARTICLES (LESS THAN

WA
ddo
d410%
391«
337«
449
d'abyx
757

AL
1924
649
1265
2564
748
vh%
21491

51
fu91
3917
bheg
CLE
3461
2703

105350

p

185
194
1d1=
145%
131%
172%
189

2.5 MICROMS)

AL
l4ex
274
142
121
l1dix
287
9243

51
687
1010
343
615
uBg
a4y
290

P

i
97
G
By
Jo i
109
60

5
151
1384
fjulx
103

EXTS
22+
15dx

$
500
231
228
283
374
328
317

* DENUTES UPPER LIMIT OF ELEMENT

CL
133a
140
joex
lodx

Yh%
d12]
136*

CL
Tix
73* l
71
33
Tex
GELS
B2+

NOT FulinD

K
bue
152
651
758
414
379
Bu3

Gua
dé&
qe
73

37
50

Ca
5335
326
473
567
519
320
fuh

ca
-3}

32
42
25
15
45

11
55
47T %
iz
55
56
41+%
66

Tl

27+
dHx
2R
23x
2hx
32
Sex

MN
29
18
)
15
25
35x
28

MN
22x

13

19
254
2ok
2b%

FE
769
379
788
970
424
354

1021

FE
49
L
33
i7
35
30
hé

Hqigx
qo»
34x
T4x
31
41
{5 %

27x
2B8=x
28%
25%
2dx

3da

i2s

(0874

3B
40«
29
0%
27
364
59%

CR
2lx
SHx
Pl
20 %
2hx
28
17

Bi
S5%
59
2¢e
32
30

S64

B8R
45
ok
Uk
Jibx
39
43
47 n

FB
&n
112%
B0x%
Edx
B
104x%
106

Pp

86
By x
5%
T3
L2
(2.2



. DAY

UCD=anB IWVESTIGATIUN JUF AFR WUALITY [N THE MOHQ LARE AXREA

MUNU LAKE DALLY=LEE VINING *x AUGUST 12 10 ADGUST 20,1980 «a

FARTICULATE CONCENTRATIUNS TN NANOGRAMS/CUBIC

COARSE PaARTICLES (2.5 TO

UAY
Day
DAY
DAY
DAY
DAY
DAY

E =W E Mo

FINE

DAY
DAY
DAY
DAY
DAY
DAY
DAy
DAY

0~ T BN~

NA
1246

676
“adhx

5%2
1097
1289+
Y95%
912*

PARTICLES (LESS THAN 2.5 MICRONS)

15 MICRUNS)

AL
2109
{d7e
1505
1254
1455
tusi
Luid
puog

NA AL
IaTx 126
445 161x
Ho8x tdbn
R59 487
382 395
ql1ox 1651%
S#2 29¢e
355 138%
* DENUTES

S1
3640
5945
5542
4159
ag1y
4279
3258
849

Si
302
7599
775
547
618
385
S542
4ie

P
1964
197»
1394
1a2x
172%
294
l42a
143

P
ALk
105«
Fox
ek
110
9G %
9h«
Y

YPPER LIMLT OF

-8
139a
1aga

49 x
101
122%
142%
101 *
1024

5
265
288
273
olS
Bay
417
911
Y1)

ELEMENT

CL
140=*
Ldix
100x%
102%
194
619
102*
103

‘L

b3x
[V
7 A%
70%
B 5
75%
7%
bBx

NOTF FOJUND

K
625
521
498
347
408
4ot
325
4a7

91
(33
bb
91
97
56
b4
ap

HETER

CA
bUY
487
426
310
439
ibg
282
397

ca
29
kY:]
55
4y
62
1]
53
35

Ti
47k
39
41
bbh

Lhx
41

11
25%
L1a
28x
cix
32%
29 %
28
26k

MN

12

25%
25%
2k
bk
Uk
2ix
21+

FE
901
637
LY
518
586
417
425
588

FE
b1
23
72

H2
43

L

47*
47
33»
ELE)
41k
4l
Jax
LT

25x%
ix
g%
27x
32
2
2H*
2bn

CR

4n*
41x
cUA
19

3%
Hix
29
30x%

CR
19
16
FLEY
2%
cHs
25n

ek

BR
58 %
34
32
36
33
55
47
a2

RR
il
Uen
1G9 %
3ok
ydx
4lx
T8%
37x

PR
110+
81
50
B5%
1014
119%
GG
B7a



UCD=ARB INVESTIGATIUN UF AIR WUALITY 1IN THE MOND LAKF AKFEA

MUNU LAKE DAILY=LEE VINTHGL %% AUGUST 20 T0 AUGUSE 25, 1980 *4

PARTTCULAFE CONCENTRATIONS InN WANDGRAMS/CUBIC METER

CUOARSE PARTICLES (2,5 T0 1% MICRONSY

NA AL o 51 e $ cL K CA T1 MN FE
DAY 1 Ghdx 1201 4TR3 14Bx 1054 107 ugy ady 61 2e 639
DAY 2 FaBx 259%  tulH 198 % 49 1o 113 Qg 6% 29 % 114
Day 3 Iny 10457 4751 138 QB x b5 332 461 LETY 10 560
DAY 4 990 Yo b 2ati 141 100 49 239 276 17 2% 290
DAY & . LOB%% 1038 3oud 170 letn 122 261 543 Hix 24 409

FINE PARTICLES (LFSS TnaAN 2,5 MICRONS)

N A ab Si P ] cL K CA [ MN FE
DAY 1 586 . 2ue 5214 B24 740 62k 134 61 2U* 9% 74
DAy 2 A76x L39% 1124 197 Tix &1 33 30x 26* 16 elx
DAy 3 ld11 136x 1353 AY9x 1125 Y EY 117 o ehx clx B9
DAY 4 1445 354 293 87 % 593 b He 33 26 2ix 34
DAY & IS 651 £53 9iaA 362 &9 2 bb 2Tx 2hx 36

* DENUTES UPPER LIMLIT OF ELEMERT NOT FOUND

354
35%
ik
3%
dox

2
2hx
2b%
2o
2Tx

CR
31
th
29
29%
15«

CR
21*
a7
13
2ex
13

Bx
29
33
hex
43x%
36

R

EEL
31
3/
Ib
374

PR
HOx
BB
B1x
166
9T x

Fh

G
6%«
9%

Tox



UCH=ARB THVESITGAFIUN OF AIR QUALLITY IN THE MUNO LAKE ARE A

MUNU LAKE DAILY={EE VINING &2 SEPEEMHBER 2 10 SEPTEMBER DrlYou ks

PARTICULATE CunCENTRATIDNS

CCARSE PaRTICLES (2.5 10 1% MICKUNS)

DAY
Day
DAY
NAY
DAY
DAY
DAY

et IR« LY i R VAR I

FINE

DAY
DAY
Day
DAY
DAY
Day
DAy

R I« SR O R VR T

NA AL
REDLT LTt
913 1519
#adx sei

1187% 4408
Hioi 979
Guex 1225
3A4 49b

PARFICLES (LESS THAM 2.5 MICRONS)

™A AL
lyesx 4744
413 146x

359x% 1304
1508 1494
LYAR] ece
172 by

bldx 220

© DENUTES UPPER LIMLI

St
1v38
5236
2143
19448
5113
3269
1958

51
650
630
112
795
3890
eb4
5]

I NANOGRAMS/CUBTIC METER -

P 5
479 118
L4 1028
1324 Qi
186+ 132%
133 4g
150 tuTs
191+ 43

P 5
2Ubx 460

0y 393
139 =3}

ERES 531

B x S5ee

Thx ibb6
tdda Y-y

UF ELEMENT

CL
891
103%
99
1354

95

72
2%4

cL
1864
THx
65
Tux
bk
57 %
1094

K
962
489
245

15%2
309
3136
223

NOT FOunND

CA
7120
44y
2u9

1450
292
272
185

Ca
57
62
29
L)
A
2!
30

TI
115%

32
211
5t
3k
b

i1
Tix
29k
25%
2lx
26
2ex
d2w

My
92x
2B
chbx
a7
el
17
15

- MN

59
25%
22U
23%
ik
18%
3l

FE
1121
620
258
2170
414
370
253

FE
81
69
ek

47
34
16

114d=
IUx
1«
a4yx
Bek
Io*
Lhx

T3
29%
25%
28%
Fhx
2c*

U

CR
56
30
2T«
LHx
27%
51 %
18

CR
b K
25%
22k
Ie
19%
19

BH
B4
i
2.2
a4
28
Six
34

BR
113%
Yo
IhHa
IG%

© 35

31
bl*

4]
295+«
Yok
Q2%
119«
BOx
45
100%

PR
2l2x
T6x
6T
T3x
b
59%
11ds



UCD=ARE INVESTIGATIUN OF ALlR QUALLETY 1IN THE MJND LAKE AREA

MUND LARE DallLy=itE VINING #% SEPTEMBER 9 TU SEPIEMBER 1551980 %4

PARTICULATE CONCENTRATIUNS 1N NANDGRAMS/CUHIC METER

COARSE PARTICLES (2.5 TU 15 MICRONS)

DAY
DAY
DAY
DAY
DAy
Day

~ O Py

F INE

DAY
DAy
DAY
DAY
DAY
DAY

~N TR w0

NA AL
1691 % dodw
BTdx 394
1014x 243
2ui BI7
1578 061

H78=x 775

51
1eus
714
1133
AT
1ese
3las

PARTICLES {LESS THAN 2.5 MICRONS)

MNa AL

TRY% 853
1162 4nhy

486 305

1tad 73

328x% 120
4i)bx a9

*

DENUTES UWPPER LIMIT OF ELEMENT NOT FOUND

51
259%
325
1vb*

A7

H9*
257

=3

bk
1304
1994
134x
152%
137x%

4
75
95
T4
I
39
Sox

5

108
97 x
1132
Lo
lonx
ELES

5
28BS
159

)
129

LY
2b3

CL
191+

1idx
b
158

CcL
layx
Tux
bl
57«
bluk
7ax

K
1o}
75
09
315
93
262

QU
dbx
g2n
34
24
26

Ca’
160

105
A7

B
259

[}
Elik
15
29
T
2T
16

Tl
G
334
3Hx
42
36
32

Tt

56%
29%
252
22
ehx
28x

MN
21
190
3=

294

e

MM
49 x
235x
18%

23x%

bax
3o
i
32%
36%
33n

Séx
ehx
ek
cex
25«
ehx

R

24
535

31
2hx

CR
4B *
2
15
15
2k
2Un

RR
o
20
21
43
25
31

HK

B2k
4dix
36k
33k
Iyx
dira

FB
142«
5%
b r
2%
Y2«
854

o)
155«
75+
HHA
b2 A
bS5=
Ton



UCD~akE IHVESTIGATIUN UF aIR WUALLIY N

PARTICULATE CONCENTRATIONS [+ NANUGRAMS/CUBIC

COARSE PARTICLES (2,5 TU 15 MICRONS)

DAY
CAY
Cay
Day
DAY
Gay
DAY

~ U e

FINE

Day
DAY
DAY
DAY
DAY
Day
DAY

O U N e

NA
HIbk
G440
B18x%
T96%
Tiux
Bd 2%
Ti8#&

NA
3inx
FUB %
2us*
349
d6U%
477 %

1229

* DENOTES UPPER LIMIT

AL
419
27648
o34y
219
207
251%
sy

AL
1224
278
104
a4
459
515
158

51
2776
11068
2401
2614
23048
1811
3457

PARTICLES (LESS THAN 2.5 MICKONS)

SI
238
154%.
159
198
81

151
1Ha%

P
109
P49
128%
1254
L12x
132a
1134

S
To*
106
Gix
BYa
By*
9adx%
B0

5
317
506
131
140

.25

152
1)

OF ELEMENT

CcL
fax
107
ek
G*
a1x
ELT
122

CL

a1k
hlx
T4
b5k
Hhx
HS»
6%

NMUT FOUND

K
326
GEA
267
2h0
270
230
31

FHE MONG LAKE AKRFA

MUNL L AKE DAILY=LEE VINING x% SEPIENMBER 15 TO SEPTEMBER 22,1940 %%

METER

Ca
296
B33
2be
eus
192
198
297

CA
22
39
549
1o

LBk
}5

1
58
112
3%
39
46
S2x
51

It

2dx
2Ha
20%
25%
2bx
34%
2T x

MN
17
31

10
2ex

2%

MN
19+
19
1ok
FAVE ]
10
tu
2ex

FE
42y
1224
292
358
328
cud
307

FE

T
41
204
2tk
a7k
2ex

2%
354
Ik
304
a7
1ix
2lx

R
24 x
cu*
2d*
2hx
5%
27

CR
28
ERES
27
26*
32
27%

CR
15
20«
17«
21+
2e*
15
23

HBR
29
28
19
35
2l
26
Ibx

BR

34
3is
g%
374
I8*
Ylk
I9x%

Fg
T0%
G0k
Bux
79
T3x
By ok
13x

P
bS*%

369
H7A
694
Tex
Hiyx
upz



UCD=ARY

MOND LAKE DATLY=LEE VINING A% SEPTEMHER 22 0 SEPIEMHER 29,1980 &t

CUARSE PARTICLES

DAY
DAY
Day
DAY
DAY
DAY

~ OB

FINE

DAY
DAY
DAY
DAY
Ay
DAY

R e

PARTICLES

(LESS

INVESTIuAl lUn UF

ATH QUALITY IN THE MIONU LAKE AREA

PARTILULATE CUNCENTRATIONS 1M NANUGRAMS/ZCUBIC METER

(2.5 v

Na
o7y

Telx

1138%
95T A
2acux
LEY-LS

IHAN

N
Yoir
127
29n%
453
a7 ix
S494q

* DENGTES UPPER LIMET

15 MICRUNS)

AL .

1908
363
1571
1299
4o 54
415

2.5 MIGCROAS)

Al
Jd 7
ilax
198
515
355«
2849

51
4833
2u58
4354
3724

23659
2279

S1
1091
1091
T R49

a1

638
349

P
S05x
113
P77%
LSO
318
1314

227
Tox
Tix

tuex
9z
9G &

164
22%
154
fue
209
143%

CL
i’

28
127
106
135

Qi

cL
172
B Hx
Sin
1ug
176
The

N
450
247
430
LYA¢

2180
225

a1
50
il
154

DF ELEMENT NOT FOUND

Ca
47
272
2
3ee

glut
235

Ca
53
q%
4
L]
TBx*
2e

TI
Tia
274
4R
3o
243
A7

11

BT %
22#
214
304
b8
can

Mo
2h
22
er
15
57
254

MN

LY'E
17
gix
55%
24x

FE
592
250
439
454

2726
350

FE
33
46

58
55%
22

73
2T
g2
6%
Thx
31

67
e2*%
2lx
30w
bR
29 x

CcR BR
45 100G#
2ikx cH
6% ib
3 SGx
21 111
i5 454
CR Bk
043 9%
9 31k
18 2%
le ek
59+ 103
15 4%

FB
1954
75
112=
4S5 x
glex
87

rg
207
58«
Sh*%
BNaA
Ay
Hex



UCD=aka [NVESTIGATION UF ALR QUALILTY

MOUND LAKE DALLY=LEE VINING 2% SEPTEMHER 29 10 OCTUBER 7,19H0 #x

IN FTHF MOiNU LAKE AREA

PARTICOLATE CUNCENTRATIUNS IN NANOGKAMS/CURIC METER

COARSE PARTICLES (2.% TO 15 MICRONS)

Day
DAY
DAY
DAy
DAY
DAY
Day

-~ OV

FINE

DAY
DAY
DAY
Day
DAy
DAY
DAY

-0 R e

NA
EENY R R
480
912%
Geux
945k
3328

10491 %

AL
517
Fud
271
276k
249%
ELY:E
3234

81
15027
5540
2201
8951
Hays
11749
19ev7?

PARTICLES (LESS Toan 2.5 MICRONS)

A
5353
15834
1268
591
15504
192594
l2bb*

AL
2004
323x
2T19x%
151
317
349x%
SHB*

S§
el
2935

222x*
237
2555
2923
ae28n

p
2k
175%
17%4

7o -

393
231
cub*

P
Va7
18dx
ELTY
11l=
130
182«
1732

h]
151
1469
1294

56
313
171k
194dx

5
479
430
I 294
430
854
Tut
qut

K DEHOTES UPPER LIMLIT UF ELERMEN]

CiL
167x 1
155

156
129«
417

iod

75 1

cL
115«
128
131

85%
126
123%
125%

NUT FUOUND

K
144
460
159
813
680
926
357

138
175
b9«
114
100
208
2HH

Ca
8454
453
11t
431
572
Te9
Y06

CA
75
72
ek
56

- de

Y6

T{
{41
4l
2%
21
duik
3T*
41+%

MN
18
33
3%
S4ax
35
Qi x
14

MN

Jdx%
35
L1x
26%
324
29%
%%

FE

1253

573
183
954
836
1083
1514

Ubk
i9x
3%
4
4%
S1%
4ok

4=
39x
37x
L3R
354
3I5%
39x

LR

giw
ELT
35%
35«
r7

Yés ke
qyx

LR
Tdax
21
eTx
33x

344

Bk
bbx
S5k
59 %
6H3x
hex
Tax
Thax

.ER

bix
56a
56
49 %
Suw
55»
bix

B
125%
1C1x
112=
120
116%
1d42%
tulx

PB

110%
1054

102
103
1284



JCD=ARH IwVESTIGAT LUN OF AjR

MONU LAKE DAILY=LEE VINING *x

AAal LFY 1IN THF

MUND L AR

E ARFA

BCTDBER 7 TO UCTOMER 14,1980 xx

PARTICULATE CUNCEMIRATIONS [H WAMODGRAMS/CUBIC METER

COARSE PARTICLES (2.5 Tu

DAy
DAY
DAY
DAY
DAY
DAY
Lay

B RV RV, VI

FINE

Day
DAy
DAY
DAY
Day
DAY
DAY

- U BN N

MA
105Ux
1083
1081«
3538
1220%*

R4
la20%

PARTICLES (LESS THAN 2.5 MICROMS)

A
2820
1721x
2u79%
JBudx
493 x
Solx
6Bk

15 MICRUNS)

AL
505
S64x
A2 L%
379%
359
295%
Go1#

AL
533
345N
5%ux%
327%
1848*
1914
SHUx

S1
Tu¥o
6305
732%

14099
1593
5306
6304

5t
$155
Sivd
3312
£292
1828
1684
1754

P
196
230x
207x%
244 x
231k
1882»
2Tix

[
192
193%
21%%
172~
138
1d0x
176k

5
1658
173%
153«
151
171%
140«
132

S
696
Tud
592
Tau
050
495
69y

£ DENUTES UPPER LIMEY GF ELEMAENT

CcL
44
19¢
L84
Td 1
UFE)
136%
94y

CL

154
135x
Ldix
b1 7«
Tubx
fo7x
11a

HOT FOUMD

K
6hb
550
551
135
507
410
55%

161
149

165
260

319

CA
194
371
55¢
978
539
375
386

Ca
67
57
a3
60
94
29
74

TI
73
544
75
Q4
5%
LR
(XL

TI
23
g2
Y]
16
9k
39x
Gk

M

3/
45%
39x%
47
G
Ibk
52=*

MN

35«
30x
Tox
28R
3k
35
Gla

FE
724
S70
701

1560
728
538
6lg

FE
107
54
68

75

114

25

DET]
52%
dbx
Sd4x
Six
G2
b1

U1
4y0x
FLL

33w
38+

-3

20

CR

39«
21

qyx
48
b %
37
S54x

CR

3bx
354
38k
29k
33x
ELES
y2*

HR

bk
Thx
Tk
T9%
7ok
67 %
100%

Bk

bl
Stx
HA
53x
bex
63
79n

PR
1264
128
138%

61
144x%
128+
190#

FB
115+
112%
1182
100%
152

70



UCD=aRB TwVvESTILATLION UF ALR GUALITY 1N FTHE WMONG LAKE AKEA

MUNG LAKE DALLY=LEE VINING ** QCTUBER 14 TG OCTUBER 22,1980 %

PARTICULAIE CONCENTRATIONS IN NANOGRAMS/CURIC METEW

CUARSE PARTICLES (2.5 Tu

DAY
DAY
DAY
DAY
DAy
Day
DaY
Day

=R B N E LR R VL L PR

FINE

DAY
DAY
Day
DAY
DAY
DAY
Day
DAY

o0~ R W

NA
1368%
1078x%
1254%

1377 -

1553

16eex
1tol*
45154

WA
1539
11204
l2ug*
3709%
18U3x

TO2%
157 7%
HQ72x

IS5 HMICRONS)

Al
quxk
320n
S01%
405%
S448x%
d70%
543
1324x%

AL
318«
PoUx
261%
ouYx
335
dobk
292%
T Ux

ST
2836
2a1t
S5ud
472
62od
7726

1876G9
25087

PARTICLES (LESS TraN 2.5 MICRONG)}

51
2911
1054
IR Y
d4dy
1983
2979
1650
4824

<]

297
207 x
232+
2ol

. 224x%

5074
220
B52x

P
182«
158«
1535%
20 %
175
1949%
155%
S 39%

S
440
2te
561
193
16bx
227k
163
6%k

5
10ud
508
hi]
H63
bi2
ib3s
97
20b2

* DEWUTES UPPER LIMET OF ELEMENT

cL
186
ag
135
188«
1596
436
a9y
384

cL
127
11 4%
152
1B9%
119
1a9x
105
372%

K
2%
e
382
vl
483
593

laa?
1590

K

163
77

123
a5

eh8 -

ils
5
529

NNT FDUND

Ca
100
161
395
281
459
419

1163
1653

CaA
SUx
4Lk
91

L7z
33
23

1440

Tl
594
42
55x
b0 *
S1x
T0x%
163
196

1

0y *
574
354
EF-2
S6%
2b

2%
1ia*

N
4
9%
b=
50%
gk
58 %
25
1624

1y
35%
304
2Hx
40*
2hx
a4 %
2hx
93

FE
165
216
495
376
654
71%

1719
2008

5T %
Y& x
51%
5H
49
6%
Ly
189%

v
3G
Jox
Tux
34
14
D44
30
97

CR
S1x

46
S1%
0 x
60*
44
168~

Ckr
34
12
16
4o
23
4Tk
21
T *

Rk
0%
bbx
60x
7%
[ Y%
93x
Tax
287«

BR
594
Ye%
4ok
Tix
U9x
Tex
Hok
Tad*

PB
173
§27x
13¢2%
1aATA
130

177«

65
QYT

PB
114

QB

HHAx

G2x
tu2
B8x
3084



UCD=ARE INVESTIGATION UF AR

QUALLITY TN FHE MOMO LAKE AREa

MUNG LAKE DATLY~LEE VIWING #% OUCTOHER 22 7U.UCTUHEH Ad 1940 &

PARTICULATE CUNCENTRAIIUNS‘IN NANUGRAMS/CUBIC METER »

COARSE PARTICLES (2.5 10 15 MICRONS)

DAY
DAY
DAY
DAY
DAY
DAY

TN g -

FINE

DAY
DAY
LAY
DAY
DAY
DAY

[+ ARV SRV B R S

A
1a7gx
42us

Ib8er

139G
1789
1773%%

PARTLICLES (LESS THAN 2.5 MLICKONS)

HA
S96x%
bigx

29545
S1Bux
Qb x
1164%

* DENOTES UPPER LIMII

AL

2860
550%
432%
4124
LHaYx
S52H5%

AL,
4yn
2544
LY VR
Hid i
05

1449

31
5223
B3y
7138
Bul
402
dgipiy

ST
1204
2723
4041
5690
2919

8d4

rA- 3 &
394 %
8494
2659
341k
ios

]

170%
187«
el
27U
291 %

Iy

5
208 x
26 5%
713
197
2934
257

5
BhH
Hi9
1557
K315}
1099

520

UF ELEMENT

cL
217
526
128
524
219
S47

cL
129
253
192«
178x%
192
195«

NOT FOUMD

362
529
i
569
9112
a77

115
1711
202
290
145
117

Ca
333
546
459
574
4.
373

Ca
2B
i6
7e
83
Y
T9%

TI
52
G1x
73

794
T9x

T
15
52«
HOx
S1*

bh*

MM

Sax
6%
B%x
51x
6%
65x

MM

d0x
dix
48
G0
Htix
Syx

FE
512
LS
619
716
356
558

FE
57
5
129
160
68
31

bi%
78x
70x%
549«
Tox
Thx

46
44
EYEY
HR*
-1 3
b3%

Ck
b x
Tox

95
bbw
bR %

CR

41%
i
H04
HEA
alx
Sh*

KR

9T *
109
101 %
Bhx
151 %
130%*

HR
JOx
TTx
83x
TOx
106%
10b*

PR
185
20b%
194
168
2ul*
247#

]
132«

157

P37%

200x
67



OWENS VALLEY STUDY

~ : MONO LAKE MONITORING

April 19, 1979 - June 11, 1979

* k k k k k kK k % % k %k %




U.C.D. - ARB INVESTIGATION OF AIR QUALTTY IN THE OWENS VALLEY
| WEEKLY MONITORING STUDY
Gravimetric Mass - Micrograms Per Cubic Meter
Mono Lake Arvea Samples

'STAGE 1 . STAGE 2 TOTAL

4/19 - 4/23 | 137 8.4 o 2201
423 - 4/30 2.2 3.4 5.6
) 4/30 - 5/7 13.0 8.5 21.5
5/7 - 5/14 10.8 | 5.0 15.8
. 5/1% - 5/21 | 11.5 5.6 17.1
521 - 5/28 | 15.1 - 6.0 21.1
5/28 ~ 6/4 3.4 | 4.0 384

/4 - 6/11 46.8 4.4 ' 51.2




UCD=ARH IHveSTIGATIUN UF ATR wUALLFY

MUNG LAKE moniTurRlne STUDY

PARTICULATE CUNCENIﬂAf[UNS

CUARSE PARTICLES (2.5 T8 1S MICHONS)

: 5 Pe 1
APRIL 24 = ApHlL 30 93 2un Sie
APRIL Sv = 4ay 7} 12 1ix 284
MAY 7 o« vay 14 24 11~ 17t
4AY T4 = 4AY £} a1 P 497
MAY 21 = Ay 24 10 1o6n . 8
YAY 26 = JUdE 4 tl 17« 11
JUusE 4 = JunE 114 e2* 1bn Gn
Jutit 11 = Jusk 18 94 2T 13~

Finvk PARTLICLES (LESS THAN 2.5 MICRONS)

S Py BR
APRLL 24 = APRIL 30 184 24w 13
APRLIL 35u = May 7 1ag - 2l 11
4AY } = MAY s 210 12 oy
MAY 14 = Ay 2] ari 10 bn
“AY 21 =~ 9av 28 o 399 17 4
MAY 20 - JUNE o 4s7 19 5
JUnE 4 = JUHE 11 195 12% 7

AL

. 3as

245
420

39a

47n

45w
176

AL
als«
116
alx
107
222
2la

cun.

Al MUty LARE

I4

IN NANUGRAMS/CUBLC METER

51
BYLY:
343
1362
eaele
1902
274}
S420
10068

S
1366
439
a1
449
S04
463
[1.11]

K
200

195

C20R

200
273
555
992

65

Ca
400

22y
351
365
395

T 42

1150

Ca

328"

iLs
182
100
124

%

* DENOTES UPPER LIMIT OF ELEMENT NOT FOUND

Tl

ed
U
1%
24
el
33
70
83

Tl
18
1%
13
[ Y]

MmN

27

L]
B
1]

S
thx
Ga
Yy

FE

LY

205
3ta
315
394
82s
1278

~N

OV E A~

™~ N

NS Z

1ix

S«
Ux

I
s
T
Tx
11%

10
b

C G

.3}

4w

an
5%

NA
321w
497
457
2bin
172»
Jo0s
470
3294

NA
163w

101w

150
g
Tow
T3a

117

cL
13
18»

30w
20
U
22
37w

CcL

Y
1dx
12+~
1ow
13~
12»
14w

SE
10«

-k

yn
ga
b
T
Th

10w

SE

L=
o
'Y

qw
[T
Sx



| OWENS VALLEY STUDY
) ‘ WIND DATA
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WIND ROSE DIAGRAMS
SURFACE WINDS AT BISHOP AIRPORT
Monitoring Period -
- February 20 - June 18,1979

- . ’ N

s

DUST STORM PERIODS
i . April 5,6,7,15,16,17,22,23
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The Effect of Owens Dry Lake on Air Quality in
the Owens Valley with Implications for the Mono
Lake Area
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The suspension of aerosols during dust storms from
the Owens Dry Lake in California has been a subject
of great concern to residents in the Owens Valley.
In order to assess the magnitude and extent of aero-
sols from the lake bed, we measured ambient aerosol
concentrations by size, mass, and elemental concen—
trations at seven sites Iin the Owens Valley from
February 20 to June 18, 1979. Resuspended samples
of material from Owens l.ake bed were used to deter-
mine the lake bed source signature. The most impor-
tant effect we measured was a significant increase
in sulfate aerosols as far as twenty-five miles
downwind of the lake bed. A substantial increase in
gravimetric mass was measured during dust storms for
particles in the 2.5-15um size range. No signifi-
cant increase in mass was measured for particles in
. the 0.1-2.5pm size range. Similar measurements on.a
more limited scale at Mono Lake showed that the sul-
fur to diron ratio at Mono Lake is a factor of 6-8
greater than the ratio at Owens Lake. These results
are consistent with the known mechanism of sulfate
formation {(efflorescence) in alkaline lake beds.
The data indicate that Mono Lake has the potential
to become -a significant source of sulfate aerosols
if the lake bed areas are exposed.

The Owens Valley lies in east central California between the
Sierra Nevadas to the west .and the Inyo-White Mountains to the
east. The valley 1is 120 miles long, but only seventeen miles
across at its widest point. While the valley floor lies at an
elevation of approximately 4,000 feet, the mountains on either
side tower to 12-14,000 feet., This topography is important for
two reasons. First, the Sierra Nevadas create a rain shadow
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commonly associated with the development of saline lakes (1). 1In
fact, several saline lakes and playas exist in the vicinity, in-
cluding Owens Dry Lake, Mono Lake, Saline Valley, Deep Springs
Lake, Death Valley, and Searles Lake. Second, the high mountains
on either gide constrain the transport of airborne contaminants
within the valley, effectively trapping them until they exit at
the north or south end. Furthermore, the mountains may serve to
increase wind speeds at the valley surface due to local chinocks
and venturi flow effects between the valley walls (2). This ef-
fect could enhance development of dust storms in the valley (3.
In recent years, the importance of the Owens Lake bed on
air quality in the Owens Valley has been a subject of much con-
cern and debate. The extent to which the lake bed aerosols are
transported, as well as whether or not toxic substances are pres-

‘ent in the lake bed soils, has been questioned by residents and

regulatory agencies. Although air quality in the basin is gener-
ally quite good, at some times during the year, particulate aero-
sol concentrations are high. In particular, dust storms occur
during windy pericds, which cause poor visibility and may lead to
health problems (2).

In order to obtain quantitative data on particulate air
quality in the Owens Valley, a study sponsored by the California
Alr Resources Board was conducted by the Alr Quality Group at
UCD. The primary objective was to determine the impact of the
dry lake bed on the average particulate concentraticn and on the
dust storm particulate concentrations in the valley. In order to
accomplish this, it was necessary to determine the elemental com-
position of the dry lake bed and to determine the average weekly
and dust storm concentration of aerosols,

- The objectives were met by a study plan designed to acquire
data for seventeen weeks at seven sites throughout the valley.
This included both weekly monitoring and daily intensive sampling
of aerosols. The samples were weighed and then analyzed for ele-
mental composition on the UC Davis cyclotron.

It should be noted that the sampler used in the study, (a
stacked filter unit), collected only particles less than I5um
aerodynamic diameter, i.e. particles of respirable size. State
standards for TSP are based on High 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 vioclated, since a significant portion of the total suspended
particulate mass is not measured by the stacked filter unit (SFU).

" Particle Sampling and Analysis

The particle sampler chosen for this study was the Stacked
Filter Unit (SFU) described by Cahill et al (4,5). Particle col-
lection in two size fractions was achieved by placing two Nucle-
pore membrane filters in series. The first filter, with 8um
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diameter pores, has a 50% collection efficiency for 2.5um diam—
eter particles. The filters were coated with a thin layer of
Apiezon type L grease to minimize particle bounce-off and loss in
transport., The SFU was fitted with an 1inlet which excluded par-
ticles larger than 15pm. The gecond filter was a O0.4um pore di-
ameter Nuclepore (filter, which collected all particles less than
2,5um, A diagram of the 5FU 1s shown in Figure 1, and the col-
lection efficiency of each stage is shown in Figure 2. Also
shown is the bimodal "Pasadena" particle size distribution (6),
and the collection efficiency of the human upper resplratory-
tract (7). The SFU thus collects particles in two size fractions
closely resembling the fractions deposited in the upper and lower
respiratory tracts, and also separates the coarse, naturally gen-
erated particles from the finer anthropogenic particles.

The aerosol samples collected by the SFU were analyzed both
gravimetrically for total suspended particulate mass less than
15uym, and by particle induced x-ray emission (PIXE) for elemental
content. The filters were weighed before and after sampling
using a Cahn 25 electrobalance sensitive to lug. Typical preci-
sion of TSP determined by this analytical method is #0.5ug/m® for
samples collected under conditions of low aerosol concentrations
(5). After Weighing, the filters were analyzed for elemental
content (elements heavier than Na) using the UC Davis PIXE sys-
tem. This analysis technique is described in Cahill et al (8).

Study Design

Weekly monitoring of particulate aerosols began on February-
20, 1979, and ended on June 18, 1979, A total of seventeen weeks
of monitoring were conducted during this period. Samplers were
run for seven consecutive days each week at a flow rate of ten
liters per minute, except during dust storm episodes. During
dust storms, samples were collected daily at a flow rate of ten
liters per minute. Samples during dust storms were collected on
April 6,7,16,17,23,24, 1979,

In addition, data on wind flow collected at Bighop was exam-
ined. This station measured wind speed and direction between
7 AM. and 7 PM. However, these data may not be representative of .
the flow regime at the Lake since they do not include a complete
24~hour record and are a significant distance from the dry take.

The sampling sites were chosen in order to investigate the
spatial distribution of particulate pollutants in the valley. As
an additional consideration, sites were selected to coincide with
the major population centers in the valley in order to determine
the concentration of respirable aeroscls to which valley resi-
dents are exposed on a dally basis. Seven of the sampling sites
were in the Owens Valley itself, and one site was in the Mono
Lake area. Site 1 was located near the Bishop Airport at the
National Weather Service Meteorological station. This site is
about fFive miles east of downtown Ricshop in the center of the
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Figure 1. Schematic of the stacked filter
unit stiowing the inlet and the 2-stage fil-
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valley. Site 2 was located in Big Pine near the western edge of
the valley. The Independence courthouse was the location of Site
3. This site was in the center of Independence near Highway 395,
Site 4 was located at the Lone Pine High School on the southeast
side of town. This site {s about ten miles north of Owens Dry
Lake. The Keeler Post Office was chosen for Site 5. This site
was on the eastern edge of Owens Dry Lake. Site 6 was located at
Cartago on the western side of Owens Dry Lake. Site 7 was lo-
cated approximately twenty-five miles south of Owens Dry Lake at
Little Lake. TFigure 3 is a map of the study area depicting the
seven sampling sites in the valley. Site 8 wdas located at Lee
Vining in the Mono Lake area on the northwestern edge of Mono
Lake.

All eight sampling sites were operated by local residents.
Preweighed filters were placed in filter holders at U.C. Davis
and shipped via U.P.5. to each site. The local operator would
measure the flow before and after sampling with a spirometer cal-
ibrated orifice meter, and then return this information with the
exposed filters. Upon arrival at U.C.D., filters were post-
welghed and prepared for x-ray analysis.

" Results

Average Weekly Concentration of Aerosols. The weekly moni-
toring data colleted in this study provided an excellent means by
which the profile of pollutants in the valley could be determined.
Figure 4 1s a profile of the average total and fine gravimetric
mass measured at each site in the basin. The error bars repre-
sent the standard error of the mean. A map of the study area is
included at the bottom of the figure to provide a better under-
standing of the relationship between topography and the measured
pollutant concentrations, The dominant characteristic of this
profile is the marked peak in total mags at the Keeler sampling
site. This peak, coupled with the decreasing total mass values
measured farther north from the dry lake bed, suggests that the
dry lake bed is a significant source of coarse aerosols. The
fine aeroscl mass does not follow the same pattern as the total
mass, suggesting that the lake bed may not be a significant
source of fine aerosols. A similar profile depicting selected
trace elements is shown in Figure 5. The error bars here are
agaln the standard error of the mean. Silicon and iron are usu-
ally soil-derived aerosols, while sulfur is generally produced by
gas to particle conversion of sulfur dioxide to sulfate aerosols
or by direct production of sulfates through the burning of fossil
fuels. The source of iron and silicon in the. Owens Valley ap~
pears to be local soill material with only slight enhancement due
to the dry lake bed. There is no anthropogenic source of coarse
sulfur aeroscls near the dry lake. Thus, these aerosols are be-
ing suspended-from the dry lake bed.
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Effect of Dust Storm Episodes on the Average Weekly Aerosol
Concentrations. The total and fine gravimetric mass averaged
over all sites for each week, is depicted in Figure 6. The error
bars for the Owens Valley curves represent the standard deviation
of the mean. The errors on the Mono Lake curve represent the
sampling system error of *#15%. The mean weekly values do not in-
clude the three dust storm episodes sampled separately, but do
include several additional dust storms. Table I lists all the
dust storms reported by the sampler operators.

The Fine Gravimetric Mass is virtually unchanged over the
monitoring period. The Total Gravimetric Mass (TGM) measurements,
however, illustrate several important points. First, a general
upward trend from winter to summer is observed. This trend has
been observed in data from other sites in Utah and can be attrib-
uted to higher levels of so0il aerosols suspended in the atmo-
sphere as the soll surface dries out. Superimposed on the gener-—
al trend, however, are peaks of TGM which are a factor of 1.3 to
2.3 times the non-peak levels. Each of the peaks corresponds to
a dust storm or high winds period as shown in Table I. Further-
more, the dust storm episodes which were sampled separately in
the first, third, and fourth weeks of April, would raise the TGM
in those periods by a factor of 1.7. It should be noted that the
third week of April already includes one dust storm period which
was not sampled separately. Finaily, although it is difficult to
draw inferences from these data about the persistence of suspend-
ed dust after the storm, the frequency of occurrence of elevated
TGM levels is well documented. During the seventeen week moni-
toring period, nine weeks exhibit elevated TGM levels 1f the sep-
arate dust storm samples are included in the weekly average val-
ues. Hence, these data indicate that dust storm episodes have a
significant impact om the average aeroscl concentration in the
Owens Valley.

Magnitude and Spatilal Extent of Lake Bed Aerosols. The mag-
nitude and sparial extent of the contribution of lake bed aero-
sols to the measured atmospheric aerosol concentration in the
valley can be identified using data from the intensive dust
storm sampling program, the weekly monitoring study, and the lake
bed soil sample analysis. Gravimetric mass and four elements,
sulfur, chlorine, silicon, and iron, were selected for analysis.
Based upon data obtalned by resuspending lake bed and sampling .
site goil samples, two elements {sulfur and chlorine) were iden-
tified as being primarily generated in the valley from resuspend-
ed lake bed materials. The coarse aerosol fraction (15mm to
2.5um) of these elements is a good tracer of lake bed materials
for three reasons. First, since these elements were only found
in lake bed soil samples, no other "natural" source of these aer-
osols is likely to exist in the valley. Second, since the only
anthropogenic source of sulfur aerosols in the valley (automotive
exhaust) would produce fine particle sulfur, (<2.5um), and since
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TABLE I. WEATHER OBSERVATIONS FROM OPERATORS

DATE
2/26 - 2/21
3/01 - 3/02
3/15

- 3/18, 3/19
407 - 4/08
4/16
417 - 4/18
4121 - 4722
4124
5/05
5/26
6/15 - 6/18

MONITORING PERIQD
AFFECTED (Month,Week)

February, 1

March, 1
March, 3
March, 3

*

April, 2

April, 3

May, 1
May, 4

June, 3

OBSERVATIONS NOTED

335

BY SAMPLER OPERATOR

Rain, snow at Big
Pine

Dust, Nérth wind
Dust, South wind
VHeavy rain
Dust storm

High wind at Lone
Pine

Dust storm

Big dust storm
Dust storm

Dust, high winds
Dust at Lone Pine

High winds at BRig
Pine

* These dust storm aerosol measurements are not included in the
weekly average concentration in Figure 7.
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there is no anthropogenlc source of chlorine in the valley, man-

made emissions of coarse particle sulfur or chlorine is negligi-

ble. TFinally, since long-range transport of coarse particles is

unlikely due to the short residence time of these larpe particles
in the atmosphere, long-range transport from outside the basin is
not an important source of coarse particle sulfur of chlorine.

Silicon and iron are generally ceonsidered to be tracers of
resuspended soils. For this reason, they were included in the
analysis to determine the importance of local soils on the mea-
sured aerosol concentration.

Figures 4 and 7 indicate the spatial profile of total and
fine aerosol mass for the weekly monitoring and the dust storm
episode studies, respectively. The total mass concentration
peaks at Keeler and declines sharply north of the lake bed,

These figures indicate that lake bed aerosols are transported in
sipnificant concentrations to Independence. A similar trend is
shown in Figure 8 for total sulfur and coarse silicon and iron
concentrations during a dust storm. The error bars on Figure 7
and 8 represent the sampling system error of #15%. Weekly moni-
toring profiles of total silicon and iron concentrations do not
exhibit the same strong peak at Keeler (see Figure 5). These da-
ta indicate that coarse sulfur is a good tracer of the aerosols
suspended from the lake bed. TFine sulfur aerosols do not follow
the same trend as coarse aerosols and are probably due to gas-to-
particle conversion processes in the valley and long range aero-
sol transport into the valley. The weekly monitoring profile of
fine aerosol mass also indicates that fine particles are not gen-
erally produced by suspension of lake bed aerosols. The dust
storm profiles, however, do indicate that an increase in fine
aerosol mass occurs near the lake bed, suggesting that during
dust storms, the dry lake is a significant contributor to the
fine atmospheric aerosol concentrations. This may be due to the
high winds which occur during dust storms. During these high
wind periods, saltation and creep of intermediate particles may
be increased significantly (9). This action would aid in the
suspension of fine particles from the surface of the dry lake.
Hence, increased fine particle concentrations near the lake bed
would be measured. :

As an indication of the effect of dust storm episodes on the
aerosol concentration in the valley, the per cent increase in the
weekly total mass, coarse sulfur, chlorine, silicon, and irom
concentration during a dust storm was computed. In addition, the
absolute increase in these quantities was also computed. The re-
sults of this analysis are shown in Table II. These data also
indicate that a significant increase in aercsol concentration due
to suspended lake bed materlals occurs as far downwind as Inde-~
pendence. 1In order to quantify this effect, the sulfur to iron
(S/Fe) and chlorine to iron (Cl/Fe) ratio at each site was exam-
ined, At Keeler, all the coarse sulfur and iron measured at the
sampling site are suspended from the lake bed. At any site
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downwind from Keeler, all the coarse sulfur and iron measured at
the sampling site are suspended from the lake bed. At any site
downwind from Keeler, all the coarse sulfur and chlorine is from
the lake, but the measured coarse iron and other soil~derived ma-
terials are only partly due to lake bed suspended materials.
Hence, if we knew the ratio of the coarse iron from the lake to
the total iron measured at the site, then we could determine the
fraction of the measured aerosol contributed from the lake bed.
The following relationship allows us to calculate the ratio of
Jake bed iron (FeL) to total iron measured at a site (FeT).

ie.l'.'f = Filisl‘_ ‘but. FeL = fe where re
Fe, FeTst 5. 8y S

is the ratioc of iron to sulfur at Keeler, Furthermore, if all
the sulfur at the site 1f from the lake bed, then

at the site and:
FeL FeK/SK ] ST/FeT
Fe, Feq /Sy SK/FEK

The same argument can be made for the chlorine to iron ratio.
Hence, by calculating the $/Fe and €1/Fe ratioc at each site and
normalizing it to the S§/Fe and Cl/Fe ratio at Keeler, it is pos-
sible to determine the fractional contribution of elemental lake
bed materials to the measured aerosol concentration at the site
under study. Furthermore, since the ratio of iron to total grav-
imetric mass (Fe/Mass) 1s nearly constant across all seven study
sites, it is possible to use the normalized S/Fe ratios as a mea-
sure of the total mass contributed by the lake bed at each site.
Table III shows the S/Fe and C1/Fe ratios normalized to Keeler.
4Also included is the Fe/Mass ratio. The two normalized ratios
(5/Fe and C1/Fe) provide a range of values over which the frac-
tion of aerosols produced from the dry lake bed at each site can
be determined. Table IV shows the range of contributions from
the dry lake bed to the total suspended particulate (TSP} load at
each site. The average weekly aerosol TSP valve and the normal-
ized S/Fe and Cl/Fe ratio was used to calculate the values in Ta-
ble IV. These data also indicate that a significant increase in
aerosol mass due to materials contributed by the dry lake occurs
as far north as Independence.

The use of Cl and § as lake bed tracers, and Fe as a tracer
of non-lake bed soils, 1s given support by analysis of Owens Lake
brine (lg). This analysis, as well as analyses of several other
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lakes compiled by Eugster (1) are presented in Table V. The to-
tal dissolved solids level is given in ppm, while the individual
constituents of the brine are normalized to the total. The sul-
fate and chloride ions comprise 60% of the anions present, sug-

gesting that they are appropriate lake bed tracers. Tron is ab-
sent as a brine constituent, Indicating that it 1s present only

in the surrounding soils and in the bottom muds of the lake.

TABLE 4, MASS CONTRIBUTION OF THE DRY LAKE BED TO THE
AVERAGE WEEKLY T.S5.P. VALUE AT EACH SITE
(Particles Less Than 15um

SITE BRANGE

Bishop 2.8 ~ 5.2
Big Pine 3.4 - 6.9
Independence 10.5 - 18.7
Lone Pine 11.3 - 15.1
Keeler - - -
Cartago 5.2 - 6.2
Little Lake 8.2 - 9.1

Hazardous Materials

A detalled analysis of two possible hazardous materials,
sulfur and lead, was made in this study. Figure 6 shows the av-
erage weekly spatial profile of sulfur, and Figure 8 shows the
sulfur profile during a dust storm. The error bars on Figure 8
represent the standard error of the mean. Both of these figures
indicate that a significant enhancement of the coarse (15um-2.5um)
sulfur mode occurs near the lake bed. The chemical states of the
airborne sulfur can be inferred from information on the geochem-
istry of the alkaline lake bed. The exposed lake bed consists of
a saline crust overlying alkaline muds. A powdery deposit often
forms on the top of the saline crust when moisture is near the
surface through the mechanism of capillary efflorescence. These
efflorescent crusts have a composition quite different from the
underlying saline crust and mud. They are rich in thenardite
(Nay80y), burkeite (Nag(S0,)C03), trona (NaiH(CO3)» . 2H,0),
pirssonite (Na,Ca{CO3), . ZH,0), thermonatrite (Na,CO3 . H,0),

" halite (NaCl), and sylvite (KCl). The proportion of sulfur in
these minerals is much higher than in the other components of the
lake bed, and the chemical form of the sulfur is sulfate. The
data on ambient aerosols Indicate that these efflorescent crusts
are important In the generation of airborne particles. The sodi-
um to sulfur (Na/S) ratic in bulk samples (mud and saline crust
and efflorescent crust) of the Owens lake hed, resuspended by air
streams in the laboratory, is approximately 33, while the Na/S
ratio in ambient aerosols measured at Keeler is 4 f 1.

ANALYSIS OF BRINES FROM SELECTED SALINE LAKES

TABLE V.

Total in ppm, constituents normalized to total

SALINE

DEEP SPRINGS SEARLES

MONO

OWENS

LAKE

VALLEY

LAKE

LAKE

LAKE

1.3 x 107%

2.5 x 1074

1.4 x 1073

SiO2

1.0 ¥ 10

4.7 X 107°

9.2 x 10°°

7.9 X 107

2.0 x 1074

Ca

2.0 X 1073

6.0 X 10~ 3.6 X 1070

9.8 ¥ 1070

Mg

.36

.33

.33

.38

.38

Na

.017

077

.058

.021

.016

-3

2.2 X 10

.028

.096

.24

HCO3

ATMOSPHERIC

.081

. 066

.18

CO3

.081

14

.17

.13

.10

SO4

.53
282,360

.36
336,000

.36
335,000

.24

.25
213,700

CL

AEROSOL

56,600

TOTAL
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The Owens Lake brine analysis of Table V indicates that the
Na/S ratio should be approximately 3.8 for lake bed materials,
which agrees quite well with the ambient ratio measured at Keeler.
The above data suggests that airborne sulfur aerosols measured in
the Owens Valley are in the form of sulfates which are suspended
from the efflorescent crust on the Owens Lake bed. Therefore, if
we assume that all the sulfur measured at each site is in the
form of sulfate, then during a dust storm, the sulfate standard
for the state of California (25ug/m’) is violated near the Owens
Lake. Tt should be noted that the sulfate standard was developed
for very fine acidic aerosols. The sulfates measured here are
larger and basic particles, so their toxicity may be different
from particles for which the standard was written. The calcu-
lated sulfate levels at each site during a dust storm are listed
in Table VI,

TABLE VI. TOTAL SULFATE CONCENTRATIONS DURING A DUST STORM
Micrograms Per Cubic Meter
Bishop 1.0 £ 0.4
Big Pine 1.3 £ 0.7
Independence 4.7 £1.3
Lone Pine 10.7 ¢ 2.8
Keeler 51.3 £ 5.2
Cartago 2.1 £ 0.6
Little Lake 0.8 £ 0.1

. ‘The weekly average and dust storm profiles of lead are shown
in Figure 9. The error bars represent the standard error of the
mean. Although most lead in the wvalley is in the fine mode
(<2.5um), some coarse lead is present at a few sites in the val-
ley. The relatively flat lead profile suggests that this materi-
al is produced from automobiles driven in the basin. The in-
creased total lead concentratfon near Keeler during a dust storm
suggests that the dry lake bed may-be a sourée of these aerosols.
However, the magnitude and spatial extent of the total lead in-
crease during a storm are very small and suggest that lead aero-
sol suspension from the dry lake bed 1s not a significant problem.

Mono Lake Monitoring

During the last seven weeks of the Owens Valley study, (April
19 to June 11, 1979}, weekly aerosol monitoring was conducted at
one site in the Mono Lake area near lLee Vining. Although more
study 1s needed in this area, some preliminary remarks regarding
this data can be made. Figure 6 shows the total gravimetric mass
concentrations measured during this study pericd. The most

344

ATMOSPHERIC AEROSOL

200
WEEKLY AVERAGE PROFILE
160t )
TOTAL LEAD
120} 4
80
—3
40i__"__d,_§, e FINE LEAD
"l
E O 1 L N 1
-
e OUST STORM PROFILE
zo0| TOTAL LEAD
F
150]
100
56 FINE LEAD A
0 L L - L i A
KEELER
S Eh
TiINEMAHA
- nes UITLE
= A LAK
o e
BISHOR INDEPE NDENGE CARTAGO -
Figure 9. Average weekly concentration ar each sampling site of total (particles

less than 2.5 uym) Pb.

Error bars are standard error of the mean, Also inchided are profiles of total and fine
Pb for the dust storm of April 13-14, 1979. Error bars are *15% measurement sysiem

error.




18. BARONE ET AL, FEffect of Owens Dry Lake on Air Quality 345

obvious trend shown by these data is the increase in TGM from the
beginning of the study period to the end. This is probably due
to decreased precipitation and the subsequent drying of the soil
near the sampling site. We believe that if monitoring had con-
tinued, even higher TSP concentrations would have been ovserved
during the summer. The peaks of late April and early May corre-
spond to dust storm periods observed in the record for Owens Val-
ley.

The measured sulfur levels during this study period were ap-
proximately .3ug/m3 or about .9ug/m3 of sulfate. Soil samples
collected in the Mono Lake area indicated a sulfur to iron ratio
of 1.5 - 2.0. At Owens Lake, the sulfur to iron ratio is about
0.24, The data of Table IV indicate that the Mono Lake brine
contains a higher proportion of sulfate anien that did Owens Lake.
These data all suggest that Monoe Lake has a greater potential
than the Owens Lake for a sulfur aeroscl problem if the Mono Lake
bed is allowed to dry out. This hypothesis is supported by stud-
ies of alkaline lake bed chemistry which indicate that sulfates.
are found in the efflorescent crusts in lakes in Invo County (e.g.
Deep Springs Lake), and hence, can be suspended in the atmosphere.
In fact, B.F. Jones of the U.S. Ceological Survey asserts that at
Deep Springs Lake: "although the wind frequently stirs up clouds
of salt laden dust from efflorescent crusts on the west side of
the playa, the well indurated crusts of the Central Lake area do
not contribute much to aeolian transport,” (11). . Jones also in-
dicated that Deep Springs Lake is the best chemical analog to
Monce Lake,

Further study during the summer months is needed to determine
if these preliminary data are representative of the typiral condi-
tion in the area.

Conclusions

The data collected in the Owens Valley during this study
suggest the following conclusions. First, dust storms occcur fre-
quently, and their effect on air quality in the valley is signif-
icant. This was shown by the elevated TSP values measured during
the study and the frequent reports by station operators of blow-
ing dust. The dry lake bed was found to be an importaut contrib-
utor to the TSP concentrations measured downwind. The contribu-
tion of lake bed aercsols to the TSP concentration at sites as
far downwind as Independence was significant. Purthermore, aero-—
sols suspended from the lake bed included significant concentra-
tions of sulfur. Violations of sulfate standards near the lake
bed often occur during dust storms. Preliminary data collected
in the Mono Lake area indicate that the dry lake bed areas near
Lee Vining may contribute substantial aerosol mass to the meas-
ured TSP levels. Furthermore, the potential for sulfate stand-
ards violations due to lake bed suspended aerosols at Mono Lake
may be greater than the observed vielations in the Owens Valley,
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since the sulfur to iron ratio is an order of magnitude greater
for Mono Lake bed soil samples than for Owens Lake bed soils.

TFurther study is needed in the Mono Lake area in order to deter-

mine the magnitude and extent of the acrosols suspended from the
lake bed.
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