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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 located 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 spisodes, confirmed recently by A.P.C.D. Total 
suspended particulate monitoring results show infrequent but extremely elevated 
dust levels, (to l800)Jg/m3 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 1ocal 
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 
sites 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. All air samplers used in this study 
were stacked filter units (SFU's), delivering two size fractions between 15).lm to 
2.5).lm, and less than 2.5).lm 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.. 5).lm is done by partial 

filtration, giving a gentle cut similar to the human lung but much softer than 
impactors. 
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Samples were also collected of local soils and playa sediments. These 
samples were suspended in an air stream, and size-selected for particles below 
l5µm to coincide with the aerosol techniques. 

Analysis was done for total mass (all particles less than 15 microns) and 
for elemental content, (sodium through lead), using particle induced x-ray 
emission (PIXE) at Davis. These analytical systems are subject to strict 
third party quality assurance protocols, partly because they were the major 
analytical methods used for the 40 station EPA/National Park Services Western 
Fine Particle Network. Sensitivity is nominally l0µg/cm 2 , 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 Cl/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 soil-like materials. 
No analog to Mono's calcium 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 
relatively elevated sulfur levels seen at both Owens Lake (Keeler) 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 lake bed materials and not wind blown soils, through upwind-downwind 
sampling and by chemical similarities to the lake pl ayas. 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 

10 

~ 9 ~ 

l 8 

! 7 

.., 
,...,, ,Al ,.,.._.., \ 

I\ I 
I' \ I 

" 

-0-

... 
1979 Mean 

1980 Mean 

@ 6 
~ 

.j.J .j.Jt § 4 
g I al' 8

I':) CIJ 

50 50 

40 40 

i30 ~ 30 

20 20J:1 J 
"" 10 "" 10 

U"l O 0 0 0 
NM M MM

.!i ..b I A
A 

NN "' N 

Speed (knots) 

May-OCtober 1979 

U"l 0"' .-I .-I No..!i 0 

I I I 
"' .-I "'.-I 

May-october 1980 

Ui O ll) 0 Ui 
0 I r--1 r--lN N 

.--1111_1,
1..0 r--1 1..0 ,....., 

.-I .-I N 

Speed (knots) 

• 



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 Cl/Fe ratios. 
This is in accord with decreased aeolian soil transport associated with high 
soil moisture content. 

Monitoring studies at sites near Mono Lake (Lee Vining, Hansens's ranch) 
and several miles from the lake (Bridgeport Bodie and Benton) yielded information 
on frequency and occurance of events, size and chemical signatures of dust 
episodes, and transport away from the lake. Mean particulate levels were good, 
averaging about 35µg/m in the less than l5µm inhaleable size fraction. Fine 
particulate matter was a small fraction of the mass. Only sulfur particles 
were routinely present, but these showed no enhancement at the sites near the lake. 

Sites near Mono Lake Fine Sulfur Period 
Lee Vinina 505 :i:_ 268na/m3 5/13 - 10/28/80 

~~ansen's ranch 443 :i:_ 308ng/m3 5/13 - 10/28/80 

Sites Away Mono Lake Fine Sulfur Period 

Brjdgepor,t-Bodie 501 :i:_ 202ng/m 3 5/13 10/28/80 

Benton 482 :i:_ 267ng/m3 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 mass. 
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 material 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 
playa sources by their particle size and chemistry, as local soils are almost 
totally devoid of soluble alkaline salts. The levels, while increasing as fall 
approached, reached only 1600ng/m 3 (chlorine) and 800ng/m 3 (coarse sulfur) 
over this period. By associating these materials with total particulate mass 
from playa samples, one can estimate that only about 5 :i:_ 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. 
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Detailed studies of periods characterized by blowing dust were carri.ed 
out with solar-assisted battery powered SFU's. This technical innovation 
of the Davis Air Quality Group allowed measurements to be made for periods of 
up to 7 days at sites where electrical power is absent. The playa origins 
of such episodes was confirmed both visually and chemically. A lake wide episode, 
August 19 and 20, generated levels of 300µg/m 3 ,, while levels of up to 500ug/m 3 

were observed up to the Nevada State line (Cedar Hill)on November 29-30. 
During the summer episodes Cl/S ratios were very similar to lake bed values, 
not showing the sulfur enhancement seen at Owens Lake, By late fall, however, 
Cl/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 
alkaline, and occasionally achieve 24 hour levels that must be considered 
high on any health 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 con1plicated 
local winds to blowing dust. 

https://carri.ed


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 leav~ it. Several small streams have been depositing minerals in the 
Mono basin for thousands of years. The water has become so strongly alkaline 
that fish are unable to live 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 
monitoring and daily intensive sampling of particulate aerosols during a 
24 week period, from May 13 to October 28, 1980. Measurement of ambient 
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. 

-1-



2. PARTICULATE SAMPLER DESCRIPTION 

2.1 STACKED FILTER UNIT 

The stacked filter unit (SFU) is a two-stage sampler in which 
size segregation is provided by the collection efficiency of 8µm pore 
size Nuclepore membrane. The first filter (coarse stage) collects 
particles between about 3µm and l5µm. The second filter (fine stage) 
collects the particles which pass through the first filter, that is, 
particles below about 3µm. The particle collection properties of the 
SFU are similar to those of the human respiratory tracts, as shown in 
Figure l . 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 
lungs and bronchial tubes. 

Early tests on SFU'·s, both in the laboratory and infield intercomparisons, 
showed two problems; l)s-0me coarse, dry particles appeared on the fine stage 
due to a "bounce" or similar phenomenon, and 2)loss of dry particles from the 
coarse stage during transport. Both effects were largely ("-'90%) e 1 imi'nated by 
making the coarse stage sticky wi_th an Apiezon-L grease applied at the factory 
under Air Quality Group supervision. 

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

• 
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Figure 1 Stacked Filter Unit 
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1. Intake 

2. 

3. 

4. 

Filter Holder 

Flow Adjustment 

Pump 

• 5. Flow Measuring 
Device 

6. Support Stand 

A stack and cap designed to permit 
ambient particles <l5µm to be pulled 
through the filters. A wire screen 
is provided on the cap to prevent 
insects from entering the sampling 
system. 

A commercially available plastic 
multiple 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 hold the 
filter holders and stack intake 
at a desired height - usually 
5' (l.5m.) above ground. 
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FIGURE 2 
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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. All samples 
were collected at a flow rate of 10 liters per 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 UN IT 

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 electrfcal 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 l 

sru-MODIFIID MULTIDAY COMPARISON 

(Concentrations in ng/m3) 

SAMPLING Fine Si Total Si Fine Fe Total Fe Fine S 

PERIOD sru MD SIU MD SFU MD SFU MD SFU MD 

1 666 619 1563 1712 58 34 168 142 342 241 

2 714 399 3408 993 49 15 311 69 534 170 

3 630 704 2079 1952 56 34 228 175 265 516 

4 832 782 5763 3957 66 68 543 418 501 374 

5 1429 825 8222 5931 111 72 850 630 465 261 

6 1755 2248 6520 7150 lll.l 120 735 693 573 439 

7 868 947 5522 5554 56 55 587 569 411 352 

8 760 822 5666 4444 44 50 543 483 447 480 

9 1713 747 7433 5646 65 50 605 494 676 793 

10 654 785 4719 4982 46 51 513 538 585 501 

11 484 833 6545 6844 72 63 744 787 618 632 

12 376 295 4197 2517 50 25 452 286 868 255 

13 259 525 3015 6539 46 43 673 700 234 293 

14 331 609 6608 5795 56 57 782 654 513 510 

15 175 347 2677 4256 27 27 306 481 323 190 

16 212 882 5953 7701 36 74 645 875 234 223 

r=.60 r=.67 r=.81 r=.84 r=.35 

Comparison of SIU and weekly averages of the rrodified multiday for selected elerrents. 
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3. GRAVIMETRIC ANALYSIS OF AEROSOL SAMPLES 

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 lµg 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 low hygroscopicity of the membrane filters compared 
to Whatman 41 or fiberglass, greatly reduces humidity effects. Of all 
filters tested, the Nuclepore membranes have the lowest 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 stages, the 
precision in the gravimetric analysis of the collected mass averages:':_ 4%, 
for units with coated coarse filters, flow control on the pumps, and mass 
determination by a Cahn Model 25 electrobalance. This results in a precision 
in the particulate mass value of:':_ 0.5µg/m 3 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 seal es 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. 
Filters were weighed, placed in petri dishes, and retained for twenty-four 
hours. Filters were then reweighed. A precision of:':_ 9µg/m 3 was recorded 
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TABLE 2. COMPARISON OF GRAVIMETRIC ANALYSES 

III-VOL SFU SFU 

Fiberglass Coarse or Fine stage 
or fine stage Gl\-1 or 

W41 Nuclepore Fluoropore 

Areal Density 
2 

8 mg/cm l 
2 

mg/cm 3 
2 

mg/cm 

Filter Area 
2 

500 cm 17 
2 

cm 17 
2 

cm 

Filter Mass 4000 mg 17 mg 51 mg 

FZol,) Rate 1400 1/m 10 1/m 10 1/m 
3 3 3 

Volume of Air 2000 m 14 m 14 m 
(24 hrs.) 

' Mass of Depos1,t (l)200 mg 0.48 mg 0.48 mg 

Ratio of Deposit 
to Blank Filter 5% 3% 1% 

( 1) Assumes a total p-;1rticulate density of 100µg/cm3 of which 1/3 is 

larger than lSµm, 1/3 between 3 and lSµm, and 1/3 is smaller than 3µm. 
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by the mechanical balance for both stages, while the electrobalance achieved 
a precision of _:l:_0.3µg/m 3 for the coarse stage filter and O.lµg/m 3 for fine 
stage filters (Nuclepore 0.4µ11). 

4. 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 lists the minimum sensitivity in micrograms/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-1, 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 ~epos it.. The quoted sensitivity for the U. C. Davis system is for 
120 second irradiation, the standard time used for low sensitivity (and low 
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 fonner increases cost, and the latter deletes 
the light elements Na through Cl. 

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 
sample. Three types of effects may be present with SFU filters: (l) 
particle size effects, produced by the absorption of x-rays before they 
leave the particle; (2) loading effects which involve absorption of x-rays by 
the deposit which lies 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 
include only particle size effects for an 8µm filter operating between two 
and twenty liters per minute. Nuclepore size corrections include particle 
size effects only, while for the other substrates, penetration effects must 
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TABLE 3 MINIMUM SENSITIVITIES FOR VARI{)T/8 8TIR8TRATES FOR TYPICAL 
* 

TWO-MINUTE 

Al 

Si 

s 

Cl 

K 

Ca 

Ti, V 

Cr 

Mn 

Fe 

Ni 

Cu 

Zn 

Br 

Ib 

ANALYSIS RUN. CONCENTRATIONS IN 

Nuclepore Fluoropore GA-1 
-- 22(lµg/cm2 ) (3 µg/cm ) (3µg/cm ) 

.14 .20 • 30 

.13 .20 

.10 .18 .27 

.09 .18 .28 

.06 .13 .18 

.04 .09 .13 

.03 .09 .12 

.03 .08 .11 

• 0 3 .07 .10 

.03 .07 . 10 

.02 .06 .08 

.02 .05 .07 

.02 .06 .09 

.04 . 10 .13 

.08 .20 .25 

'' PIXE system, U. C. Davis 

~ 
MICROGRAMS/CM~ 

W-'11 ,, 
(8pg/cm") 

.53 

.53 

.52 

.55 

•112 

.31 

.29 

.25 

. 23 

.22 

.17 

.14 

.16 

• 37 

. 70 

~ 14-



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 abnormal 
particles in large numbers. 

5. 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 

NZ= AZ {pt)Z 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. In all cases, the errors are 
routinely less than ten percent. 

Tests have determined that there is very little 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 s~mple was irradiated for 
sixty-four times the normal charge. 

All elemental concentnations 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 sulfur is 
approximately thirty percent. 

6. QUALITY ASSURANCE PROGRAMS 

The accuracy and precision of all data included in the Mono Lake 
study are subject to quality assurance procedures. These procedures are 
used in all aspects of this program, 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 lengthy, but 
key elements as they bear on the Mono Lake project are identified below. 

6.1 SAMPLE COLLECTION 

Most samples were collected via stacked filter units, and quality assurance 
procedures were used on particulate sizing and on the elemental analysis of 
ambient aerosol samples. The size segregation is based on filter pore size, 
flow rate, and filter coating. Hence, filter characteristics are critical. 
All 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 den.sities 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 Spiraneter which is accurate to+ 1%. 
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By integrating the flow rate over the time of collection the volume of air 
was detennined. In no case did a significant (>20%) change of flow occur 
during the program on the nonnal 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 2:_ lOµg, which is 
equivalent to 2:_ O.lµg/m 3 in the 7 day samples. 

The PIXE analyses system is subject to an extensive and continuing 
quality 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 ion beam and detector efficiency. 

c) The system is validated through use of comparisons against the 
UCO 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, Zn, Se, Br, and Pb. 
The PIXE system at Davis had a ratio of 0.98 2:_ 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 2:_ 0.07 (actual/measured). Therefore 
the quoted 2:_ 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. 

7.1 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 T/2 mi 1 es from the southwest shoreline. It was moved to the nearby Ca 1-
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 liter per minute. Equip­
ment problems led to reliable data for only 6 weeks at the Simis site and 
4 weeks at the South Tufa site. 
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All 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 to,'Mr. 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. 

7.2 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 lists 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 l, 1980 Significant sustained winds 

The sites used for these studies included the 6 sites used for weekly sampling 
described above as well as additional 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 lake. 

Continuous daily sampling was conducted using the modified multiday 
impactor at one si. te. The sampler was 1 ocated 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 liters 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. 



RESULTS AND DISCUSSION 

8.1 OWENS VALLEY-MONO 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 l5µm 
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: 0.28, 
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 of 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 lake bed influence. No other periods at Mono Lake had 
such a signature. Nevertheless, even in these periods, soil particulates 
dominated the total mass, with only about a 5: 3 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 1 ate 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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FIGURE l 0 

Bishop Wind Speed Data - 1979 vs 1980 
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TABLE 5 

BISHOP WIND SPEED 

1979 

S12eed Ma,)' June Jul.)' Aug. Se~t. Oct. Total % 

0 5 3 8 4 5 3 28 3.4 

1-05 30 36 44 46 55 46 257 30.9 

6-10 63 56 49 30 35 45 278 33.4 

11-15 30 34 22 29 14 28 157 18.8 

16-20 19 10 18 16 13 18 94 11.3 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 

1980 

S12eed Ma,)' 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 o. 1 

30 0 0 0 0 0 0 0 0 

Mean 9.33 7. 81 7.38 6.56 7.23 6.83 837 100 
Speed 
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8.2.l 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 30µg/m 3 until the fall when sharply elevated values, up to 70µg/m 3 , 

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 
Bridgeport 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 40µg/m 3 • 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 (l5µm to 
2. 5µm diameter), including total gravimetric mass and soi 1-1 i ke 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 Lake, 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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Weekly M:mitoring of Gravimetric Mass Fine (particles less than 2.5 microns) 

(Average of all sites) Total (particles less than 15 microns) 
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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 Vining 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. All 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 Al, 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-·soil type particles of interest include elements known to be common 
in the playas and tufa formations of Mono Lake. Sulfur and chlorine in the 
coarse particle (2.5 to 15 microns) are generally produced from the exposed 
lake bed materials. These elements were commonly found in the lake bed soil 
samples, but were rarely 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 (less than 2.5 microns), and since no anthropogen~t 
source of chlorine exists in the area, man made emission of coarse particle 
sulfur or chlorine is negligible. Long range transport of these large 
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FIGURE 12a 

Fine (particles less than 2. 5 rnicrornvleekly Monitoring of Gravirretric Mass 
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FIGURE 12b 
Fine (particles less than 2.5 microns)

Weekly Monitoring of Gravimetric Mass 
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FIGURE l 3a 

Weekly Monitoring of Silioon Fine (particles less than 2. 5 mi=ons) 
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Weekly M:mitoring of Silicon FIGURE 13b 
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FIGURE 14 a 

Weekly Monitoring of Iron Fine (particles less than 2. 5 rni=ons) 
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FIGURE 14b 

Weekly Monitoring of Iron Fine (particles less than 2.5 microns) 

- - - -Total (particles less than 15 microns) 

Hansen Ranch 
200 2000 

180 1800\ 

160 
I 
I 1600 
\ 

,;,-

t
5 

140 

120 

I 1400
I 
\ l 

1200I 

§
H 

100 
I §
I 1000 H 
I .-I 

(I)

.f:i 
"' 

80 

60 

",
I ' 

I ' I ' 
I 

I 800I ~ 
• I 

I 600 

I I 
40 I 

I 
I 400 
I 

I'- I 
', I 

"- I 
20 I 

I• 
,J 200 

220 

200 

180 

160 

I") 

-€:_ 140 
t:,\ 

5 
120 

H
§ 

100 

.§ 
r,. 80 

60 

40 

20 

Lee Vining 

I 
II 
I I 
/ I 
I I 
I I 
I I 
I 
I 
I 
I 
I I 
I 
I 

I 
I 

I 
I 

I 
I 
I 

I 
I 

I 
I 

A 
/ I 
I \ 
/ I 
I \ 
I \ 

. I \ 

~ 

2200 

2000 

1800 

1600 

1400 

1200 

1000 

800 

400 

200 

O'\ \.0 M r-1 
NOr-lN 
I I I I 

O'\ 0 0 0 -35-............... 



--

I\ 
I \ 

FIGURE 15 
--- Fine (particles less than 2.5 microns)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 chlorine. 
were measured downwind of the dry Owens Lake b.ed during strong valley~1ide 
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/m 3 (5/19 - 7/15/80) 
Bodie 388 ± 255 ng/m 3 (7/21 - 10/25/80) 
Lee Vining 505 ± 268 ng/m 3 (5/13 - 10/28/80) 
Hansen Ranch 443 ± 308 ng/m 3 (5/13 - 10/28/80) 
Benton 482 ± 257 ng/m 3 (5/13 - 10/28/80) 

These values are similar to those found at Lake Tahoe and suggest long range 
transport may be responsible for the fine sulfur aerosol 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 levels 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 ~article 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. 
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TABLE 6 

1979-1980 Comparison of Selected Elements 

S/Fe
1979 1980 

May 13 6.7 80.0 

May 21 22.2 52.6 

May 26 10.4 47. 1 

June 2 <l.3 12.6 

June 9 7.4 3.2 

8.3 SPECIAL STUDIES 

Cl/Fe
1979 1980 

9.0 234.5 

<6.5 16.9 

<6.1 114.5 

<2.7 12.8 

<2.9 3.6 

Si/Fe Ti /Fe
1979 1980 1979 1980 

708 816 7.6 <10.0 

604 1028 8.6 6.9 

696 842 8.4 4.7 

657 1034 . 8.5 7.3 

788 919 6.5 7.6 

Several studies were incorporated into this program to gain more infor­
mation on the ambient aerosols found in the Mono Lake area. First, soil 

samples 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 
lower 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. 
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8.3.l 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 greater 

. 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 Si Si Si 

NBS Value 46% 4.3% 2.8% 2.5% 

Tri al l 51% 6.7% 3.4% 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 ~able 8). The soils away from the lake bed are of two 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 lake 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 soils. 
Tufa deposits, as expected, were almost totally calcium (calcium carbonate). 

The efflorescent crust proved to be rather variable in composition, 
containing mixtures of soil and alkaline materials. However, except for some 
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FIGURE 16 
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lbOIO 
t bll I 

L>':>S 
1095 
1\3 ,s 
169½ 

i.!2 
22•9 
,, l?. i.l 
2fll O 

ITS 
12,r.s 
HI 

1 :)<J 7 
1 D 1 7 
l -j 18 
"'S20tJ 
49.B 

229* 
92'iA-

50*-
.rn * 

1 21~ ' 
t,S8b 

?219 
~ 71.11 
999 

H70q 
~651':1 
9 I I 

1629 

II 
40 

225 
51• 
5S* 
22 

107 
13 

395 
25 

252* 
250 
184 
104 
137 

39 
332 

27 
7 I 

•37 
96 

191 * 
7h1*-
52• 
228 

38 
1oo 

97 
39 

125 
2.>', 

92 
2b6 

3b I 

Mt\/ 
54 

1 '51 * 
254 

45* 
36• 
b~• 
? 3• 

409* 
20• 

206* 
23 
36 
oO• 
t u 
15 
32 
38• 
29 
33 
16 

15 7 * 
b3.$A 

35• 
26-k 

36• 
109:A" 
164A 
81• 

164*-
36.S• 
1U2* 
1 h'l* 
202/t 

FE 
92£1 

1390 
/6 

144 
40 

931 
243 
510* 

27• 
215* 

2982 
1762 
1160 
1595 

327 
3161 

269 
lt 41 
4053 
1296 

104 * 
bbO* 
355 
108 
655 
843 
,, 1 ., 

598 
1 7 1 * 

1 ()9P., 

599 
120.o 
!Sill 

V 
I8• 

l HO* 
ll9* 
s,, 
4 3• 
77• 
28* 

51:15* 
31• 

2/.J 7A 
08• 
51 
71• 
Ob 
29• 

191 
27 
45* 
88• 
29• 

l ~B* 
,ao 

4 I• 
31• 
,~ 3* 
61) 

197* 
97' 

196A 
178 
122* 
I 9 1*-
7, t 2* 

CR 
16• 

lbll* 
34 
48• 
313* 
23 
25Jt 

I!/.! 7 
27* 

220* 
I 8 
83• 
o4 • 
36• 
26* 
27• 
13 
qo* 
HH 
29 

103 
6 73* 

57• 
27* 
50• 

1 16 * 
1 7~,. 

30 
59 

3136*5,, 
1 16 * 
196 

i;k 
?3• 

t:!2b* 
64• 
71• 
s:i• 

1 O l * 
34• 

7 lit!* 
3q* 

367 
83• 

114* 
88• 
St• 
38• 
36• 
SH-* 
56* 

112* 
36• 
9c' 

9':l9* 
52• 
40• 
54* 

162A: 
251A 
124k 
~53• 
5lloA 
1';9;t 
2S4-* 
398• 

""26 
491h 

37 
65 

122• 
21211: 

72• 
1610* 

b5< 
68-5• 
182* 
2S4• 
19?.'A 

43 
/8-,. 
26 

U.S• 
43 

239* 
76* 

i; 15* 
?09b* 

11 3 *-
l:-b*-

116* 
.5~0* 
e; 36* 
I I I 
412 

1200* 
342*-
5':,2* 
859/t 

• :JbillT[S UPP~R LP1J r :'Jf ELEMtNl 'ld 1 F!J:l~Ji.l 



TABLE 8 

SURFACE MATERIALS NEAR MONO LAKE 

(ratios to Calcium) 

Na Si s Ct K Ca Fe 
Soils (surface) 

Lee Vining <40 1500 <5 <5 185 =100 205 
Bodie <35 176 <6 <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 <l <l 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 

1200 45 86 245 35 =100 9 

beaches 5400 <50 270 1070 456 =100 <10['"'""beaches 1700 25 l 01 360 52 =100 17 

OWENS 209 116 6 22 22 =100 25 

Note: CR./s ratio, surface, except Pahoa Is. 
3.3±0.5, when both present. 
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samples from Pahoa Island, the Cl/S ratios were quite constant, (3,3 + 0.5) 

when both elements were simultaneously present. Pahoa Island samples were 

soil rich and chlorine poor. (Cl/S ratio of 0.49) • 

Samples of the crystalline crust were collected by C. Si.mis 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, wi.th structure 

as small as one micron (lo-4 cm). Elemental analysis shows great si.milarities 

between the three samp1es. Su 1fur is the domi. nant e 1 ement in a11 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 Cl/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 sampler, 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 resi.dents 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 wi.nd speeds measured at Bishop decli.ned from May to August. 

Large single day episodes of coarse s i 1 icon and iron were well corre1ated, 

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 

• 

• 

I I 
Si S Ca Fe 

SEM Photograph and ED X-Ray Analysis of Lake Crust l, USGS 
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Figure 18 

Si S Ca Fe 

SEM Photograph and ED X-Ray Analysis of Lake Crust 2, USGS 
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Figure 19 

• 

• 

I I I I 
Si S Ca Fe 

SEM Photograph and ED X-Ray Analysis of Lake Crust 3, USGS 
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FIGURE 16 

Daily Monitoring of Silicon 

Coarse Particles ( 2.5 to 15 microns 
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FIGURE 17 

Daily Monitoring of Iron (2726) 
Coarse Particles ( 2.5 to 15 microns 
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FIGURE 18 

Daily Monitoring of Sulfur 

Coarse Particles ( 2.5 to 15 microns 
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FIGURE 19 
Daily Monitoring of Chlorine 

Coarse Particles ( 2.5 to 15 microns (1596) 
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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 dat,a is consistent with the SFU 
measured val.ues. The large chlorine episode at Simis on the week of 
September l 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 l 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 chlorin~ peak at Simison 
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 

UCO-AR8 INVESTlGArIUN Of AIR lJ!JALlT'f' I ,, P-1E. MO~U L.AKE Akf.A 

HATTEHY PUWEHtO UNJT-~f~KLY MUNIJURJNG 

PART!CULAlf CUNClNTRAIJO~S IN ~ANUG~AMS/CUHIC M~TEH 

COARSE P.SI ICLES (2.5 TU 1s r~1c1·HJf'.1SJ 

I 
01 

I "' 

CEDAR 
S!MJS 
SIMI$ 
SIMIS 
S!MIS 
SIM IS 
SIMIS 
SOUTH 
SOUTH 
SOUTH 

HILL 

TUF A 
TUFA 
!UFA 

I0/12 
8/20 
6/25 
9/1 
9/tt 
9/15 
10121 
ti/20 
M/25 
10/6 

NA 
274', 

798 
H6 

11195 
1020 
i::600 

0 /9 
1351 
llHO 

.,34 

AL 
:5U9• 
233• 
130• 
221u 
lbb.1t 
21 /~ * 
173• 
329* 
189* 
82* 

SJ 
ljc~o 
1298 
1788 
1794 
17\7 
1850 
906 

1858 
2901 
12(3 

p 
l31* 
1 l•u 
97* 

160* 
123• 
159* 
l 2B* 
2~5* 
l 40" 
bl• 

s 
221 
13 l 1 

55 i 
202 
\ 6 1 
256 
D4 

b9 
I !Jblll 

43 

CL 
238 

93 
b9• 

1108 
.50 l 
309 

85 
467 
225 

7b 

K 
201 

26 
JOo 
239 
156 
133 
126 
2,0 
232 

88 

CA 
· 1.142 
!Oo 
101 
3ll9 
413 
243 
173 
299 
:, 11 
161 

1 I 
50• 
37• 
21* 
36• 
27• 
34>1: 
28• 
53• 
30* 
n, 

MN 
I 7 
26 
I .I 
29* 
21• 
27• 
21 
ll2A-
1 9 
11 • 

FE 
317 

80 
184 
178 
lb7 
124. 
152 
150 
287 
110 

V 
48• 
3(>* 
20• 
31ht 
26• 
33* 
27• 
51• 
29* 
I 3• 

CR 
43• 
3?• 
18• 
.I 1. 
23• 
29• 
211* 
•5• 
26• 
11 • 

Rk 
63• 
49• 
27• 
'15* 
33* 
IJ31' 

37* 
· 67* 

38• 
17* 

P8 
121" 
93* 
52* 
86* 
62• 
62* 
70• 

127• 
73• 
28 

FINE ?ARllCLES \LESS fHAN 2.5 MICRONS) 

CEDAR 
ISIMIS 
SIMIS 
SIMIS 
SIMIS 
SIMIS 
SIM!S 
SOUTH 
SOUTH 
SOUTH 

HILL 

!UFA 
TUFA 
TUF• 

10/12 
8/Co 
!l/25 
9/1 
9/8 
9/15 
I0/21 
8/20 
B/25 
l tl /6 

NA 
471• 
3~'H 
201* 
~.l 1 
1':l.J * 
303* 
2~0* 
S72* 
26 )* 

1 l H* 

AL 
19V* 

/4 
Bl• 

111 * 
78• 

1?.3• 
109• 
21th 
106• 

2u 

SI 
512 
109 
125 

" I 
1!!4 
11 5 
193 
lf\1* 
392 
I 10 

p 

12 1H 

78 
53• 
76• 
51' 
81• 
72* 

1 4 1 * 
70• 
31• 

s 
574 
189 
240 
580 
220 
21.15 
I 12 

14 36 
3 3 I 
153 

CL 
83 
33 

265 
835 

57 
f:>O• 
53• 

6037 
39 

18/ 

K 
47
•o• 
98 

0.lb 
2,, 
37• 
3V-· 

2032 
sn 

I o ', 

CA 
78 
28* 
22 

376 
61 
25• 
23* 

• 78 
I ', 
62 

TI 
18 

-2r,* 
15* 
21• 
lo• 
C2* 
I 0 
39• 

7 
8• 

MN 
18 
I 4 
12* 
I 0 

9 
10 
I 7• 
2b 
lb• 

3 

FE 
35 
21* 
19 
18• 
12• 
13 
17• 
27 
21 
28 

V 
34• 
11 
15• 
21* 
1O* 
22* 
20• 
38• 
19• 

B• 

CR 
30* 
21* 

8 
I~• 
1~* 
20• 
1 0 
30• 
17• 

7• 

PR 
52* 
37• 
?2• 
31• 
21 * 
20 
31• 
57• 
29• 
13* 

P8 
97• 
'IO•.,.
44 
•o• 
03, 
58• 

106 * 
511* 

107 

* OtNUTES UPPER LIM[f OF EL~MENI '1./Ul FOdt'-10 



TABLE 10 

uco•ARH 

ijATTE•Y 

H<Vt::SllGATliJN OF AIR lJUALITY 

PUwtRtD UNJT•lNlENS!Vt I ** 
PARlICULAIE CONCENIRAllONS 

IN TtlE MUM!J LAKE AHEA 

JULY 15 Ill JULY 17,19~0 •• 
}N NANOGRA~S/CUBIC MCTER 

I 
01 
w 
I 

COARSE PARTICLES 

LEE VIN!No 7/15 
SOUTH TUF A 1115 
BENDEi.WP 7/JS 
KRAKATOA ISL, 7 It '..1 
LEE VISING 7/16 
SOUTH TUFA 7/lb 
BENDERUP 7/lb 

C2 ,5 TO 

NA 
97t1 

228"ll * 
3..S )8:11 
2851* 
.542''* 
..Slbb* 
5013 

15 MICRONS) 

AL SI 
72t::J'I<. 2602 
589* 3669 
t:S5'1* 3750 
733• 12423 
1-18 1 :,1,; 5453 
815* 4754 
l TIJ• 5088 

p 
542• 
439• 
6 ll 1 * 
~'n* 
61:>8* 
608• 
"178 

s 
2 O" 
!,3?* 
195 
ll l 31r 
193 
265 
302 

CL 
Sl:H:S* 
3 1-1~ * 
l.f'jf:\* 
315 
4 71" 
4.$5* 
ll 1 ~* 

K 
154 
193 
224 

1502 
2'::10* 
170 
123 

CA 
270 
362 
228 

11.184 
282 
359 
327 

1 I 
117* 
95• 

138* 
11 t\ * 
lq2* 
131* 
125* 

MN 
qo, 
76• 
h6 
44 
76 

I 1 5 
101* 

,E 
190 
346 
144 

1502 
4IQ 
194 
237 

V 
113* 

34 
1 '3 >• 
11 IJ * 
137* 
129 
121* 

CR 
60 
112* 

llq* 
l O I* 
122* 
113• 
108* 

BR 
179• 
142* 
229• 
}69k 
202* 
1g I* 
178* 

PS 
3li2• 
iUl* 
107• 
322• 
31:'.1'1• 
366* 
3l.lO* 

FINE PARTICLES 

LEE VISING 711> 
SOUTH !UFA 111, 
BENDERUP 7/15 
KRAKATOA ISL. 7115 
LEE VINING 7/lo 
SOUTH TUFA 7/16 
BENDERUP 7/16 

lLCSS THAN 

I~ A 
1151.l * 

77' 7 * 
1132 * 
1 0 Ob"' 
1117* 
1041.1 * 

9'-ll * 

2.5 MICRONS) 

AL SI 
466* 966 
191' 259* 
,!23 3tH\* 
409• 503 
4S~• 809 
421.J* 424 
l,10~* 5.$0 

p 

i'6 7 
I <)3 
11n 
269* 
298* 
331 
Cb~* 

s 
36b 
326 
230 
512 
060 
44b 
432 

CL 
11m 
11.19* 
1,4 

75 
80 

200* 
1ll2 

K 
1'I 1* 

9 -~* 
139* 
124* 
1 37* 
128* 
122* 

CA 
<;3 
88 
48 
1,6 
S4• 
AB,.,_ 

56 

l I 
85* 
':, 1* 
33 
75• 
u3• 
78• 
74• 

MN 
71• 
47• 
6" 
51 
7iJ* 
3 1 
bC* 

FE 
72• 
29 
72* 
25 
71• 
6b• 
63* 

V 
84• 
56• 
A4• 
74 • 
82• 
40 
73• 

CR 
28 
49• 
74• 
65• 
48 
08 • 
b4• 

RH 
130• 
89• 

13 l i11 

11 5 • 
1?ti* 
11':'* 
11 I * 

PR 
2ll'i* 
lbB* 
130 
2 it,• 
2£1 t * 
222• 
21 O* 

* UENUTtS UPP~R LIMIT OF El.tM~NT NO f FOUND 



TABl:E 11 

uco--ARB JNVEST!GArIUN Of Alk ~LJALlTY IN fHE r-1UNO LAKE. A1{f A 

BAlTtkY PO~ERtJ) UNI·l-~HAKATOA f;jlANL) ** JULY 15 TU JULY 25,lQbO •• 
PARl!CtJLAIE CUNCENTHATIONS IN NANUGMAMS/CUBJC METER 

COARSE PART!CLf.S (2.5 lU IS MICRONS) 

I 
0, 
.j:> 
I 

KRAKATOA 
KRAKATOA 
KRAKATOA 
KR AKA TOA 

ISLAND 
ISLAND 
ISLAND 
ISLAND 

7 I 15 
7122 
71<3 
7124 

NA 
21:\'lt• 
8037 
5143 
35i:i3• 

AL 
733• 

31!'j8 
7721<. 
921* 

SJ 
12423 

1~806 
5(111 
302S 

p 

!) q 7* 
581* 
576• 
68ti1t 

s 
4 l 3,,, 
373 
no 
167 

CL 
31'> 
295 
398 
492* 

K 
15(12 

I~ 5 1 
:Sil 
l 88 

CA 
) IH\ 4 

171 B 
1rnn 
?43 

TI 
118* 
125"' 
124* 
11.19* 

MN 
44 

100* 
100* 
120* 

FE 
1502 

443 
282 
217 

V 
114• 
120* 
119* 
143* 

CR 
101* 

51 
1'> 0 

72 

Bt< 
t6<h 
17~* 
17 711-
259* 

P8 
322• 
3331'1 
339• 
494• 

FINE PARTICLES (LESS THAN 2,5 MICRO•Sl 

KRAKATOA 
l(.R4KATOA 
KR AKA 1OA 
KRAKAlOA 

ISLAND 
lSLAi'W 
ISLAND 
ISLAND 

7I 15 
7122 
7 /,:3 
71?4 

NA 
1 00tnt 

070 
134911 
10'::19* 

AL 
409* 
~U:i• 
319 
4?71t. 

SI 
', u J 
&90 
437 
60? 

p 

269• 
27':,lt 
185 
237 

s 
5121,. 
7':,7 
598 

CL 
73 

20LI* 
141 
258 

K 
1211 * 
127* 
165• 

lb 

CA 
4& 
8.1 

I 13• 
89• 

fl 
75• 
77• 

)00* 
92 

MN 
51
&•• 
AiH 
66• 

FE 
25 
40 
02 
&6* 

V 
1!.I* 
7&• 
qq, 
rn• 

CR 
65• 
I~ 'j 

8 7 • 
68• 

HR 
115,., 

81 
15tl* 
12Cl* 

PB 
210• 
237• 
290* 
?tl3* 

* DENUltS U~PfR LIMIT OF t.Lt.Mt.Nl \1U T FOUf>1D 
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TABLE 12 

UCl)-AKH 

BATTEKY 

lNVESTIGATJUN lJF AlR (.iUALITY 

PUwERtO UNlT•lNlE~SJV~ 3 " 
PARl!CLILATE CUNCENTHAlJUNS 

JN THE MONO LAKE AREA 

AUGUST \ B ro AUGUST c?v, 1980 

IN NANUGRAMS/,U~JC METEH 

•• 

I 
(.,7 
<,7 
I 

COARSE 

SIMI$ 
SOUTH TUFA 
SOUTH TUFA 
SIMI$ 

PARTICLES 

8/10 
8/18 
8/19 
8/19 

(2.5 TU 

NA 
2Si>.b* 

754 
2711.1 * 
b5>5 

15 MJCRUNS) 

AL SI 
bllb* 32141 
50tl• 13 I U 
69tH 30.13 
757* b/2 

p 
I~ 8 ?.* 
3150 * 
S2U• 
S61• 

s 
313 
267• 
215 

3JU3 

CL 
430 
271• 
152 

17158 

K 
\ 46 
14£1 * 
197 

4fJ3 7 

CA 
205 
191 
217 

H64 

TI 
1 Oli* 
02, 

112• 
lc!O* 

FE 
lOll 
112 
310 
1'13 

MN 
7U 
ob• 

104 
55 

V 
100* 
79• 

10811" 
11 5• 

CR 
H9• 
70• 
96• 

102• 

BR 
1 4S* 
11 "/ -Ji 

152• 
151• 

PH 
?77• 
22ll-A: 
?.9 0 * 
288• 

FINE PARTJCLES 

SIMIS 8/lH
1sourH TUFA 8118 
SOUTH !UFA 8/19 
SIMIS 8/19 

(LESS THAN 

'" lOlc?• 
747, 
909* 
9b8* 

2.5 MICMUNS) 

AL s j 
I.IOt't* 12U8 
301* ',95 
777 32 7• 
l 5'> 322 

p 
t!t.>B.1r 
192 
256:ff 
170 

s 
7b2 
bbl 
1,1 
449 

CL 
I 9 l 
1 ti7 
3~(1 

/', 

K 
uo 
91• 
39 
44 

CA 
85• 
62* 
Bl• 
RJ• 

TI 
75• 
55"' 
7 2 * 
42 

Ft 
td• 
23 
60A 
hU* 

MN 
62• 
29 
'>9• 
oo• 

V 
74• 
24 
54 
71• 

CR 
bS• 
""* 
b2• 
02 11 

HR 
117• 

BB* 
l t 3 * 
11C* 

PB 
221• 
166* 
213• 
211 * 

* otr~OTES IJPPER LIMIT OF E.LH1ENT NOT FOUNIJ 



TABLE 13 

UCO-A~l1 fNVtSTJGAITON Uf AH< lHJAL IT Y J N fHf MJNU LAKE ARfA 

tlA11ENY PU•ERtO UNJI-JNft•sivt 4 .. UC TOHER 26 lU OCTUUER 2H,1qao ** 
PARIJCULAlt CONCENlRAl!ONS IN NANOGRAM$/CUHIC METtH 

COARSE PARTICLES (2.5 TU IS MICRONS) 

I 
01 

"'I 

S!M!S 
SOUTH 
SIMIS 
SOUTH 

TUF' 

!UFA 

1U/2b 
!0/2b 
10/27 
10/27 

NA 
1511 
7341 
1907 
14 32 

AL 
11 4 7 

98ti-J,. 
51-H.''II' 
91()* 

SJ 
2259 
3993 
2108 
3330 

p 
515 
7 3tlJ\ 
14 39 * 
b7'h 

s 
411 
579 
375 
403 

CL 
tl42 
833 
:S 1 ll• 
!J"/4 

K 
79 

279* 
166* 
25711 

CA 
) ','; 

l 1 l 
I! I 

330 

TI 
107• 
11;,8• 

911* 
14 7• 

H 
84• 

124• 
74• 
bl 

MN 
b4 

12 7'11: 

28 
7? 

V 
10311 
136 
91• 

121 

CR 
92• 

135• 
81 * 

126* 

HR 
142• 
217• 
131 * 
19'1* 

P8 
272• 
414* 
2~0* 
370A 

FINE PAilTICLtS ILtSS lHAN 2.5 MICRONS) 

SIMIS 
I SOUTH 

SIMIS 
SOUTH 

TUFA 

TUFA 

10/26 
10/26 
10/27 
10/27 

NA 
975• 

132Lt* 
/:156• 

121.$• 

AL 
379 

103.5 
3bl 
49..S• 

SI 
333• 
450* 
294* 
415• 

p 

301 
462 
120 
305 

s 
164 
402 
t 82 
410 

CL 
72 

201* 
170• 
129 

K 
12011 
162* 
1 06• 
1'.,0* 

CA 
82• 

111 * 
'13* 

103* 

Ti 
73• 
98• 
64• 
91• 

FE 
bl• 
3, 
51u 
5 I 

MN 
34 
82• 
54• 
31 

V 
72• 
97• 
63• 
90* 

CR , 
b3• 
85• 
_I 7 
7911 

BN 
110• 
153• 
9~• 

11.JV * 

PH 
208* 
2fH• 
185• 
26I~ * 

* OENUllS UPPEk LIMIT OF Elf:MENT tHlT f (HJND 



TABLE 14 

UCO-ARB lNVtSTIGAlllJN UF AlH UUALJTY IN fHt MONU LAKE AREA 

dATlEMY P0~ERtD UNIT~lNlf~SlVt-5 ** NUVEMBt~ 2~ TU OECt•luEH 1,1980 ** 
PARTJCLILATt CUNCENTRAIIUNS JN rJAhUGRAMS/CUUIL METER 

COARSE PA"T ICLEo (2.5 TO 1S MICRONS) 

I 
U1...., 
I CEDAR 

SIMIS 
HILL 11129 

11/30 

NA 
690H3 
':lu308 

AL 
2lh9• 
1873~ 

SI 
52685 
18926 

p 

1607* 
1.390A: 

s 
6791 
5200 

CL 
7•3', 
2179 

K 
',617 

·1•11 

CA 
70ll 1 
2.llb 

I I 
343* 
J 3tl 

~!N 
175 
238* 

FE 
6367 
13&9 

V 
330• 
2A6• 

CR 
29th 
254* 

BR 
423* 
3RIH l! 

PB 
807• 
742• 

FINE PARTICLES \LESS fHAN 2.S MlCHONS) 

NA AL SJ p s CL K CA I I MN FE V CR Bk PB 
CEDAR 
S!MIS 

I 

HILL ll/29 
11130 

ll007 
2821• 

600 
1139* 

161 tJ 

1823 
72211. 
7t~(h 

lAB3 
2077 

b75 
9;9 

229 
3£1'1* 

tl02 
2:Sb• 

201• 
?.08* 

t 613* 
130 

150 
176• 

19R* 
206• 

174* 
t 81 J\' 

30S* 
312• 

57£Ht 
51:!H• 

* DtNtlTtS UPPEH LJMJ1 OF ~Lf.ME:.Nl ~01 FOJMD 



CONCLUSION 

The data collected in the Mono Lake area during this study suggest the 
following conclusions. During the sUTT111er and fall of 1980, ambient aerosol 
concentrations were usually quite low, with air quality being very good. 
Weekly averages of particulate concentrations showed an increase in late spring 
and. then remained fairly constant (around 35µg/m 3 ) 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, yielding 
on one occasion size-corrected 24 hour total suspended particulate (TSP) 
values in excess of 500µg/m 3 (Simis ranch). Two-thirds of the mass was 
measured to be inhalable. The beach or playa areas of Mono 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 lower (40-105%) than the average levels in the Owens Valley, but it 
was noted that the spring dust stonns in 1979 showed increases in mass at 
both Owens Valley and Mono Lake sampling sites. Furthennore, mean wind 
speeds during the 1980 sampling period were lower than during the 1979 sampling 
period, resulting in a decrease of ambient aerosol concentrations in 1980 
(Figure 9). This indicates that synoptic scale meteorolog.ical 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. Speci fi ca lly, the 
relationship between local meteorology and dust events needs 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 is 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 INVESTIGATION OF AIR QUALITY IN THE MONO IAKE AREA 

Weekly Monitoring Study 

Gravimetric Mass - Micrograms per Cubic Meter 
FINE - Particles less than 2 . 5 Microns 

Bridgeport Lee• 
Bodie Hansen Vining Benton 

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;5 7;1 4.7 

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

5. 6/09 - 6/16/80 4.4 3.7 3.6 4.4 

6. 6/19 - 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 4.4 4.2 4.7 8.1 

9. 7/07 - 7/15/80 3.9 6.1 3.7 4.7 

10. 7/15 - 7/21/80 4.4 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 - 8/19/80 4.3* 13.9* 7.7 4.8* 

15. 8/19 - 8/25/80 4. 3* 13.9* 7.3 4. 8'' 

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

17. 9/02 - 9/08/80 9.0 9.2+ 7.1 

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

19. 9/15 - 9/22/80 4.2 9.2+ 3.4 1.5 

20. 9/22 - 9/29.,,60 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. 10/21 - 10/28/80 6.6 4.8 8.3 4.2 

* 2 week sample 
+ 5 week sample 



UCD-ARB INVESTIGATION OF AIR QUALITY IN THE MONO IAKE AREA 

Weekly Monitoring Study 

G:rav:i.rretric Mass - Microgrnms 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 3.0 16.2 

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

4. 6/02 - 6/09/80 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. 6/23 - 6/30/80 23.1 22.3 22.8 46.5 

8. 6/30 - 7/07/80 17.6 14.9 18.9 28 .o 

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

10. 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 46.7 14.9 19.2 17.9 

13. 8/05 - 8/11/80 54.6 14.1 24.6 28.4 

14. 8/11 - 8/19/80 47_4,; 25.3* 27.5 31. li' 

15. 8/19 - 8/25/80 47. 4i, 25.3* 26.6 31.1'~ 

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

17. 9/02 - 9/08/80 47.8 18.8+ 65.4 

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

19. 9/15 - 9/22/80 20.5 18.8+ 12. 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 

,; 2 week sample 

+ 5 week sample 
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UCD-ARB INVESTIGATION OF AIR QUALITY IN THE MONO lAKE AREA 

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 - 7/15/80 22.2 36 .6 23.2 67.2 

10. 7/15 - 7/21/80 23 .6 24.2 55.3 

11. 7/21 - 7/28/80 46.8 25.2 41.4 47.4 

12. 7/28 - 8/04/80 53.6 22.3 25.9 24.2 

13. 8/05 - 8/11/80 58.8 19.2 29.6 32.3 

14. 8/11 - 8/19/80 51.6'' 39. 2'' 35.2 35.9* 

15. 8/19 - 8/2S/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+ 24.1 

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.l 26.6 

21. 9/30 - 10/06/80 70.8 43.4 22.2 

22. 10/07 - 10/13/80 67.9 51. 7 36.2 28.1 

23. 10/13 - 10/21/80 11.1 8.4 15.•7 15.2 

24. 10/21 - 10/28/80 30 .1 15.2 22.7 31.1 
• 

* 2 week sample 

+ 5 week sample 



UCIJ•ARti ll>1Vb.SllLJAlIOf'I OF ,\11-< ,JlJALrTY 

MllNU LAKf. l"ILlNl TORPJG .Sfl!ll'f' M4Y I 3 ** 

(q 

1 U 

T ► 1f. 

~• A Y 

MUNO LAKE Al-<EA 

l 9, 19!-IO .. 
PAK f I CUL Alt: CUNCUdhA I IONS IN NANllG~A~S/CllBlC MUt.R 

COARSE PA!<TICLES 

BENTON 
LEE V!NJ,G 
HANSEN IH,">ICH 

(?..':> TU .. 
1260 

206* 
28?* 

1:1 MlCRl)NSl 

AL SI 
57-,,, ~470 
5 7-,,, 1384 
7I• 1'07 

p 
3 7 tr. 
37., 
SU* 

s 
7q 

IL\ 
88 

CL 
27• 
16 

258 

K 
IJ<48 

91 
} 7 IJ 

CA 
387 
1S2 
!RS 

T I 
37 

B• 
I 1 • 

'1N 
b 

I• 

"* 

FE 
411 
14h 
11 O 

V 
8• 
8• 

1 1 • 

CR 
1• 
1• 

10, 

RR 
1c:'tr. 
11 * 
2~-.: 

PR 
23tr. 
1" 
42• 

F!NE PARTICLES !LESS lHAN 2.~ MICHO~S) 

BEN10N 
LEE v PHNG 
HANSEN RA\jCrl 

NA 
8 I• 
lJ2• 

2'i 4" 

AL 
31• 
2!\,1,

•7• 

SI 
4'.JO 

517 
6M, 

p 
.?3• 
21• 
32* 

s 
3>.l 
cm 1 
343 

CL 
l 7 * 
lt)tr. 

?.S* 

K 
4q 
51 
40 

CA 
62 
59 
64 

Tl 
6• ,,. 
9 

MN 
5• 
5• 
.I 

H 
5 I 
71 
51' 

V 
6• 
5• 
7• 

CR 
5• 
5• 

"* 

RR 
1 () * 
8• 

12* 

PB 
8 

14 
22• 

• l)tr<uH::S IIPPER L[1'1lT Of ELt_Mf_r-.JT \JOT FUtJNI) 



• 

tlC0"'AR13 INV~SlltiAT10N 0~ A{I-? fJLIALlT'I' 

M0~ll LAKl MCJ1~lJUAINI; STUUY .. MAY !'I 

PARl'TClJLAlf C0NCENTWATI0NS 

I s 

10 

l~ 

lHf MONO LAKE A~tA 

MAY 20, 191:W ** 
NANUGRA~S/CIJtllC METER 

COARSE PARTICLES 

BENTON 
LEt VINING 
8RlDGEPURl 
HANSEN RA'>ICH 

(2.5 TO 

NA 
I 9', I 
1828 

2C2* 
2:s 7• 

15 MICRONS) 

AL Sl 
57* 141 l 6 
62• ,.. 750 
h2* 3760 
6 'j * 26Qt4 

p 

3 I* 
40• 
llO* 

'-'2* 

s 
1 8 1 
19 7 

9'1 
I 38 

CL 
?t\* 
29• 
29* 
111, 

K 
031 
31; 
~15 
243 

CA 
452 
36:, 
371 
28n 

T l 
;4 

''" 31:\ 
18 

M/1,/ 

', 

7 
', 

"* 

FE 
313 
498 
486 
262 

V 
81t 
9• 
9• 
9• 

Cf( 

7• 
8• 
8• 
4 

PR 
1 C: * 
1>• 
13• 
14• 

PB 
22• 
24• 
~5,1; 
n. 

FINE PAf<! JCLES 

BENTON 
LEE VINP~G 
6RlDGt:PORI 
HA!4SEN RA"'ICH 

(LESS fHAl~ 

r; A 
too• 

20b9 
836 
2b3k 

2.S MlCRO~SJ 

AL SI 
3<'h 610 
Sb• 1 1 1 9 
l,'7t. 715 
53* 714 

p 

?5:1t 
29* 
2/1,1; 

I 1 * 

s 
(40 2 
029 
'>13 
')Lill 

CL 
Io, 
~u* 
c?o • 
U• 

K 
74 
91 
7" 
65 

CA 
77 
lb 
58 
54 

1 I 
7* 
5 
7• 
7• 

"'b•,,. 
s,
••• 

FE 
bO 
98 
65 
49 

V 
7* 
b* 
h• 
7• 

CR 
b• 
',, 

6• 
b< 

[<R 
12• 
bk 

1 (1 A; 

11 * 

PR 
<5 
16• 
20• 
2111: 

* OENOTtS UPPER LlMIT Or El.E11fN1 tJn T FUUt~l1 



• • 

llCD .. ARB !NVE:.81 IGAfllHl ur AfR LJlJALIJY 

MONO LAKE MUNll □ RJNG SIUOY MAY 2b'* 
PAHfICULA[E CU~CENTKATIUNS 

JN 

TO 

lN 

TH[ MONU LAKE AREA 

JUNE 2, 19~0 ** 
~ANUG~A~S/CUHlC MElER 

CUARS£ 1-'Al-<llCLCS 

BENTON 
LEE VINING 
aRJDGEPORT 
MANSEM RA'~Cr~ 

(2.5 ro 

NA 
387 
282* 
210* 

1050 

11;, MlCRUNS.I 

AL SI 
l.pu 2 Q':,t, 

79• 11 S8 1l 
60* i!7!.2 
49:t 1449 

p 
29• 
51• 
39• 
31• 

s 
84 
S9 

157 
81 

CL 
21• 
3/k 
28* 

197 

K 
34 I 
94' 
\ 8ll 
15.1 

CA 
16., 
I .11 
26.I 
.175 

T I 
,!_ 7 
92 
18 

8 

MN 
l 

I 8 
7• 
b• 

FE 
314 

1207 
299 
1 7?. 

V 
6* 

11 * 
B• 
7• 

CR 
b* 

10, 
B• 
b• 

BR 
9• 

17• 
13* 
l (I* 

PB 
1 7 * 
32• 
25* 
19• 

FINE PARJJCLES 

Bl:N10~J 
LEE VISING 
RRIOGEPQRT 
HANSEN RA ~Cr1 

(LESS THAN 

t, A 

1414• 
1602 
I I 32 

1e5* 

2.5 MlCHONS) 

AL SI 
75.., 16q2 
bO• 1539 
41• 810 
;o, 630 

p 

1~2 * 
3'>• 
29• 
2':i• 

s 
1265 

890 
017 
2b6 

CL 
21.l * 
25• 
2vw 
18• 

< 
120 

11 
bO 
39 

CA 
112 

lb 
SI 

135 

T l 
9• 
b• 
b• 
b* 

M,< 
1• 
3 
5• 
"* 

FE 
97 
q7 
1,4 

'>b 

V 

"· "*6•,. 

CR 
1• 
5• 
5• 
5• 

BR 
1 ,, * ,,. 
IO• 
9• 

PA 
27• 
I b* 
18• 
18• 

* llENUTES UPPER LIMIT OF ELLMENT ~OT FOU~Jl) 



U(:f)•AkH {NVt.SflGAl!(IN Of ,\lR1J1JilLllt 

MONO LA~E M(lNllUHlNG Srl1UY .. JUN( 2 

PA~TIClJLAIE CUNCf:.NlHAl IONS 

IN 

10 

1~ 

THI: MUllll LAKE Af.<'f A 

,JUNE 9,l9b0 .. 
hANOGRAMS/CllB{C MElER 

COARSE PARTICLES 

BENTON 
LlE VINING 
BRIDGEPD,<f 
HANSEN RA\JCrl 

(2.5 TO 

NA 
l .39c'.I 
296£.! 

1551 
1508 

15 MICRuNS) 

AL SI 
':,iH. 1rns3 
89• 16947 
'jlh 29 7 A 
'jl,j * 4931 

p 

3 7 • 
57• 
35• 
3'-.,• 

s 
I 87 

h2 
AS 
60 

CL 
27• 
4 I• 
25* 
bl 

K 
5.10 

1548 
24?. 
437 

CA 
579 

1138 
;.~137 
426 

TI 
37 

14b 
;o 
35 

M,S 
7 

31 
7• 
7• 

FE 
463 

2(i9b 
343 
477 

V 
8• 

t 3* 
8• 
B• 

CR 
7• 

l l * 
7• 
7• 

AR 
ll* 
20• 
12,.. 
li* 

PB 
1 7 
37• 
23• 
lb 

FINE PARTICLES 

BENTON 
LEE VINING 
BRIDGEPDRI 
HANSEN RA.'-1Cr1 

(LESS Tt1AN 

NA 
lb• 

3-Jo• 
641 
211 .. 

2.5 MlCMONS) 

AL SI 
2o• 5.34 
o•I* 12?. I 

5 ~9-'~* w,* S S? 

p 
19• 
3 I* 
22* 
27• 

s 
1100 
253 
tJbl) 

', 0 1 

CL 
I''* 
21• 
1b* 
19• 

K 

b3 
57 
bO 
b', 

CA 
h8 
33 
4q 
08 

11 
5• 
b• 
5* 
b• 

MN 

•• 
',;

••
5• 

rE 
bl 
7 I 
5q 
bb 

V,. 
5• 
5• 
b• 

CR 
5• 
5• 
,, * 

5• 

Ak 
b• 

"* 
b• 

10• 

PIJ 
29 
15• 
1o• 
I 9• 

* DEN0TES UPPEN LIMIT UF El. f:ME.Nl 1Jo r f'UJND 



UCO•ARH INVtSiIGAr]ON uf AIR •.HIAL[TY 

MllNO LAKE M0M!TDHING sruov JUNt. 9" 
PARTJCULAIE CONCE~THATlUNS 

JN 

rll 

TN 

1tiE M:JNtl LAKE AHfA 

JU~t.: lb, 19dl) ** 
NA~OG~AMS/CUHIC METER 

COARSE PAHIICLES 

BENlON 
LEE VINING 
BRIDGEPORT 
HANSEN R"CH 

(2.5 10 

i, A 
2llll'A. 

22C* 
20()* 
209* 

15 r-110101~$) 

AL SI 
57• 13'>< 
oc• 5978 
'>o• 3514 
St\" 67Q3 

I' 
36 * 
40• 
36:,1, 
..38* 

s 
118 

68 
1 I 0 

24 

CL 
8 

29• 
2o• 
27* 

K 
106 
5.1.l 
285 
605 

CA 
t 6 0 
021 
1:16 
581 

1 I 
8• 

55 
3h 
56 

t,j,',J 

7• 
1 0 

I• 
12 

FE 
121 
71 1 
4 36 
739 

V 
8• 
9• 

"'8• 

CR 
I• 
(\. 

7• 
7• 

HH 
12• 
17• 
10 
13• 

PB 
23• 
32• 
<2• 
21111 

FINE PARTICLES 

BENTON 
LEE VINING 
BRIDGEPORT 

'HANSEN RA'iCri 

(LESS ltiAN 

NA 

253* 
70'-H. 
26b* 
32iJ~ 

2.5 M!CRO~SJ 

AL SI 
4811: 1 O ..St, 

1 U O• ~/~92 
53• I 022 
S'--J• lll29 

p 

27• 
41• 
31• 
33• 

'399 
673 
459 
!J 06 

CL 
IB• 
3u• 
22• 
23• 

K 

99 
125 

91) 
le I 

CA 
120 
l I l~ 

Hll 
1 I 0 

1 I 
6* 
8• 
7• 
I• 

MS 

5• 
b• 
6• 
b• 

FE 
77 

!lo 
86 

1 11 

V 
5• 
7• 
7•,. 

CR 
5• 

"' 4 
:1 

HR 
8• 

1''* 
11 • 
I I• 

PH 
15* 
18• 
21• 
20• 

UfN0T~S* LIPPER LlMiT OF ~LEMENl NUT FOUND 



UCD-AR8 ll~VE.STtGAflON Uf' Alh llUALirY 1N THE MiJl'.ll LAKE A~fA 

MlJNO LAKE MUNlllJRING ** ~TUN( lb TU ,]LIN[ ?..$, l9t~U *' 
PARllCULAlt CONCENTt{All!lNj l~ ~ANUG~AMS/CUij(C M~lER 

COARSE PARTlCLES (2.5 r,, 15 MICRONS) 

BENTON 
LEE VINING 
BR!DGEPORI 
HANSEN RA'lCH 

NA 
Cl~* 
2:58•,,u 
190" 

AL 
bO• 
72* 
'i8• 
ss I( 

SI 
03.59 
814() 
'-!D 12 
4760 

p 

38• 
l.j 6 * 
)l* 
3',• 

s 
272 
120 

51 
125 

CL 
28• 
H• 

439 
2'i. 

K 
791 
I '>8 
379 
473 

CA 
BBi 
154 
IL 70 
61.o 

I l 
b2 
84 
48 
43 

"" 1> 
15 

b 
1 O 

FE 
679 

1005 
5/9 
59/J 

V 
8• 

10• 
8• 
8• 

CR 
8• 
9• 
7• -,, 

HR 
12• 
17' 
12* 
LH 

PR 
i' I.I* 
3?• 
24• 
2'i• 

FINE PhRTICLt'S (LESS fHAN 2.5 M[C~DNS) 

BENTON 
LEE VINING 
BRIDGE POR 1 
HANSEN RA\ICH 

iH 
1 ',l) 3 
1006• 
5312 

,5t;O• 

AL 
413"' 

11.l 7 11; 

Ob• 
b2• 

SI 
1032 
32\9 
1 I 53 
1755 

p 

3 1 • 
o?."' 
!,{k 

4U• 

s 
506 

I 0110 
564 
573 

CL 
21* 
31{" 

015 
2 I" 

K 
100 
192 
1 ~ t 
164 

CA 
127 
171 
127 
1 flt, 

Tl 
h• 
9• 
8• 
8• 

MN 
5• 
7• 
b* 
5 

FE 
11 

13$ 
Ill 
140 

V 
6• 
8• 
7• 
/J * 

CR 
5• 
7• 
7• 
1* 

i:ih 

"*I 1 • 
12• 
I j* 

PR 
I 6• 
21• 
3o 
25• 

* o~r~UlfS UPPER LlMJf OF ELEME~T ~JOT f LlLlNl) 



UCD•ARt3 lNVESIJGAfJLJN UF ·Alf'\ i)lJALJIY !N 

MUNL) LAl\t: MUlil flJKl1~G ** JtJI.H:. 2·.s fll JlJNt 

PARl !CULA If CONCt:N TSA T!UNS J~ 

ThE" M•JNO LAKt ARl:A 

50, 19~0 

NANJGRAM8/CUhlC Mtl~H 

COARSE PARTICLES 

BENTON 
LEt: VINING 
BRIDGEPo,r 
HANSEN RA,"lCrl 

(C.5 TU 

NA 
1H~6 

3'-J'j ,ii 

3) I* 
3011 II" 

15 MICRONS) 

AL s J 
90• 68 7l 

11 u * 7 0 9,~ 
93• 3654 
05k 46'j4 

p 

58• 
7 1 • 
t,1) * 
5511-

s 
86 
3', 
30 
lb 

CL 
02, 
', 1 * 
43• 
l 6 

" 732 
';77 
292 
I.ii.I 7 

c, 
bC6 
Ool 
352 
il20 

l l 
o2 
45 
38 
33 

MN 
7 
7 
b 

12 

FE 
614 
739 
46', 
531 

V 
1 _, * 
16• 
1 l * 
12• 

Ck 
12* 
14• 
lr'"II 
1 1 • 

8R 
19• 
271<. 
2?• 
?O• 

PH 
3 '711; 
,1, 
42• 
37• 

FINE PARTICLES 

BENTON 
LEE VINING 
BRIDGEPORT 

'HANSEN RA'ICH 

(LESS lt!AN 

- NA 
1626 

452* 
9Ql6 
I 714 

2.5 MICHO~SJ 

•L SI 
7 /A- 11 13 
89:11; 10',5 

lbi.1* 16':\? 
14q* Rn8 

p 

""' 51• 
7"• 
BO:i. 

s 
460 
b% 
8:SO 
iJl l 

CL 
B• 
36• 
t•9k 
SIi* 

K 

105 
85 

13 7 
7r, 

[A 
9(, 

46 
71 
"c 

TI 
10• 
1 1 • 
1 ,, al: 

1 7 • 

MN 
B• 
q, 

11 * 
1 .) k 

,E 
bb 
BO 
85,o 

V 
9• 

11 • 

1 '* 16* 

CR 
8* 

10• 
11 * 
14• 

BR 
15• 
16• 
19• 
"1 * 

PH 
2B• 
29• 
ln• 
7H* 

• O~NLITES UP~tR LJMlf Uf E.LfMtNI 001 F llUNt) 



UCD .. AR8 !NVl:STiGAlJO~J OF AlR 

1'-IIJJ\IO LAKf ~1UN 11 UR I t'IG .. JIJNl 

LlUALil"Y l N 

.Sil ru JUL~ 

THF :•1UNIJ LAKE 

7, 1980 ,. 
""t'. ,\ 

P.c.RflCllLAfE CLHiCENT!H.·1 [(H~S lN J\IA~OGijAMS/CUijl[ M~TER 

COARSE PARTICLES «., fl\ 15 M!CRllNS) 

BENTON 
LEE VINING 
BRIOGEPOR I 
HANSEN RA\ICH 

NA 
l 2 71 

3'.:>0* 
377• 

31 /.4 

AL 
9ll* 
91)* 

105• 
10th 

SJ 
5tU 7 
3510 
4 362 
i1906 

p 
5fq-
o.S • 
68• 
67• 

s 
46 
08 
ti{J 
8,' 

CL 
192 
45• 
23',., 

K 
7i9 
303 
361 
42h 

LA 
Ho 1 
229 
145 
413 

r I 
4', 
43 
25 
22 

w, 
Ii 
1,, 
13• 
1 3 • 

FE 
',04 
370 
518 
500 

V 
U• 
1 ''* 15• 
1 'j* 

CR 
1 1 • 
13* 
13• 
13• 

BR 
,u, 
27• 
2b* 
23• 

PB 
39• 
52• 
',O • 
41~ '* 

FINE PARTICLES (USS THAN 2.~ ~llCkONSJ 

BENTON 
LEE VINIJ\tl> 
~RIDGEPORT 

• HANSEN RA'ICH 

lJA 
61~9 
1 £1 b5 

1, 3 ll '* 
490* 

AL 
138* 
99, 

102* 
9 H '* 

SI 
2159 
1175 
1 l IJ 7 
fol 

p 

77• 
& j * 
58• 
'>6• 

s 
955 
829 
b 17 
44/ 

CL 
Su• 
43• 
32 
39* 

K 
201 

>h 
1 7 /J 

/', 

CA 
1 I b 

46 
t.5 
4() 

Tl 
13• 
13• 
13 It.1-,. 

M1\I 

1(1* 

5 
1 i) * 
1 O* 

FE 
87 
6 l 
s, 
44 

V 
12• 
12• 
12• 
12:-', 

CR 
1 l • 
1 l * 
11' 
l I• 

Bk 
19• 
17* 
1 7 * 
?7• 

PB 
37• 
31• 
33• 
~ 1* 

• llfN(!lt:S l.lf-ll-'FJ-1 Ll11IT Of tL,MENI NOT F'OUND 



LICU-ARB INVl:SI IGATION llf Alt< lWALITY lN THt MJhJ(J LAKf. At-ff.A 

Ml)Ntl LAKf: ~1U1>Jl TllRlNG •• JLIL y 7 l l) J Ul. Y lll,1980 " 
PAHllCULAfE CU~CENTkAfTIJNS JN NANUGRAMS/CUHIC Mf:.H:.R 

COARSE PAtH lCLfS (?.5 TO 15 MICKONSJ 

BENTON 
LEE VINING 
BRJnGEPORT 
HANSE.N ~A'-ICH 

MA 
1.jQJA 

1586 
3 7 11'1 

1891 

AL 
125* 
1 0 t * 
105* 
80• 

SI 
11392 

4904 
376 7 
5720 

p 

80• 
65• 
66• 
55• 

s 
l 24 
47• 
88 
78 

CL 
58• 
1-'7* 
4h 

306 

K 
128 I 

395 
303 
bll5 

CA 
920 
280 
358 
427 

TI 
99 
21 
21l 
38 

MN 
I b 
12• 
1;, 

1 

FE 
104 4 

472 
467 
540 

V 
18• 
14• 
tlH 
12• 

CR 
16• 
1 3 • 
l'"S* 
11 • 

BR 
27 '4 

20• 
25• 
19• 

P8 
52• 
38•
•a• 
12 

FINE PARTICLES lLESS r~AN 2.s MICRONS) 

BENTON 
LEE VINING 
BR IDGEPOR I 

. HANSEN RA'+C'"+ 

:-.JA 
b78* 
159• 
57'7* 

',Bol 

AL 
111 * 

5b * 
98• 

13 7" 

SI 
1075 

750 
~33 

1 7 I 3 

p 

5o* 
41• 
51• 
bB• 

5 
t, 4 5 
b04 
605 
676 

CL 
31• 
31• 
35* 
45• 

K 
87 
69 
7<1 

IO.\ 

CA 
53 
<10 
,,2 
h4 

11 
l I • 
I 1 • 
10* 
13• 

M,< 
b• 
9• 
ti• 

l0.1t 

ff 
44 
60 
48 
65 

V 
10• 
11 • 

,1 O* 
12* 

CR 
9• 

1(l .It 

9• 
10• 

8R 
IS• 
lb• 
14• 
18• 

PB 
28• 
30• 
27•,,. 

* UE~UTES UPPtR LIMIT OF f:.L~MtNl NUf fOU~il) 



uCU-AkH lNVESllGArlUN OF AIR 

MUHO LAi<I:. MU~llDHfN~ ** JULY 

iJUALll~ J N I HE MON(J 

I 4 TU JULY 2 t. I 91;1) 

LAi<;E. l'iRE:.A 

PARTICULAl~ CUNC[NTHAIIUNS IN NA~UGRAMS/(U~IC MEll:t{ 

COAMSE PA~IJCLES (2.5 Tu 15 MJCRO'<Sl 

BENTON 
LEE VINING 
HANSEN RA~Ct1 

NA 
12,1 
1513 
l 38t> 

AL 
lO~• 
81• 
94 • 

SJ 
b5'>3 
llb 14 
'1005 

p 
o9• 
5t>A 

bl• 

s 
150 

b9,2 

CL 
t">O"' 
4() * 

""' 

K 
7.50 
j'/9 
395 

CA 
691 
2"/3 
-~ 58 

TI 
,3 
25 
.;5 

IIN 
t.l• 
11 * 

b 

Ff. 
59! 
49<} 
4b7 

V 
t '.>• 
12• 
1.5 * 

CR 
14• 
1 1 • 
I?• 

~f< 
2.;, 
19• 
20• 

PA 
45• 
36• 
39• 

FINE PARTJCLES 

BENTON 
LEE VINJNG 
HANSEN RA.'-lCH 

( LESS !HAN 

"A 
ll89:1t 
1 3 I * 
347• 

2.5 MlCHLl~SJ 

AL SJ 
91-i',"°* 

4o• tiob 
]iH 654 

p 
5'j* 
3'H 

""* 

s 
594 
443 
584 

CL 
38• 
2o• 
31 • 

K 
104I,, 

98 

c; 
5f' 
33 
40 

1 I 
1?• 
10• 
10* 

~1N 
10, 

"* 
8• 

FE 
40 
1.12 
4b 

V 
12• 

"' 10• 

CR 
10•~· 9• 

Rf< 
17* 
lb* 
I 7• 

Pfl 
32* 
25 
22 

• OENUTES UPPER LIMIT OF EU::i•H: NT NL)l F Od~-!U 



UCO•ARH lNVESflGAflO~ OF A[H QUALllW IN fHE MONO LAKE AR~A 

MOi>JO LAl\t:. MONlfORJNG STUDY ** .JULY 21 lO JULY 2b, 19t10 ** 

PA1~flCULATf CU~ClNTHAT!UNS IN NANOG~AMS/CU~IC ~Elt:.R 

COARSE PARTICLES 

BENTON 
LEE VINING 
HANSEN RA\ICl1 

(2.5 TO 

NA 
25,iq 
1998 
!i'::,96 

15 MICRONS) 

AL SJ 
l 0911 80"/2 
9t* bOb 1 

1 30 * 0581 

p 
7 0 ,,_ 
5911 
~n,\ 

s 
105 
230 
321 

CL 
'jt,\ 

120 
150 

K 
8 1m 
':,80 
4th 

CA 
roe 
'::,70 
4li0 

T I 
67 
.$9 
26 

MN 
10 

9 
5 

FE 
7'>8 
683 
429 

V 
15*
t,• 
18• 

CR 
to• 
\?• 
lb* 

HR 
2'::,11 
?OJ\-

2f>it 

PB 
49• 
22 
49• 

FINE PARTICLES 

BENTON 
.LEE VINING 

f-!ANSEN RA~CH 

(USS TH4N 

!<A 
112• 
122/1' 

1?. 

15 MICRONS) 

AL SI 
U9• .$09 
'::,2* (~ 97 
lll 3c-,5 

p 

30* 
31 • 
.$ u* 

s 
b 1 li 
019 
6()0 

CL 
22* 
23* 
22* 

K 
91 

11 4 
1 0 I~ 

CA 
54 
BI 
bh 

Tl 
8• 
4 
9• 

/>1N 

7• 
7• 
7• 

ff 
09 
69 
57 

V 
8• 
9• 
8• 

CR 
4 

10 
9 

HR 
LS1i: 
13* 
\3• 

PB 
24• 
2411. 
29 

' OENOTfS UPPER l.!Mll or l:L UIEN1 :-.10 T FOUND 



UCD•Akll !NVESrIGAllUN UF AIR (JUALifl' IN lHE MUNO LAKE AREA 

MUNO LA~E MONITORING STUDY .. JULY 28 TD AUGUST 4,1960 ** 
PARfIClJLATt CONCENlRAfTONS IN N.A-N::JGRAHS/ClJBIC Ml:Ttf.l 

COARS~ PARTICLES (2.5 TU 15 MlCKONS) 

BENTON 
LEE VINING 
BODIE 
HANSEN RA,CH 

NA 
305* 
3t.i'·111, 
509 
32b* 

AL 
8S"' 
91• 
86• 
9U• 

SI 
32b0 
3821 
o7.B 
2439 

p 

5S• 
62• 
56• 
581;; 

s 
71 
89 
87 
75 

CL 
32 
49 
lb 

193 

K 
335 
5> 1 
796 
261 

CA 
287 
2tl5 
6R1 
284 

T I 
29 
3b 
52 
14 

., "" 
12• 
I 3 
11 * 

FE 
300 
417 
66b 
298 

V 
12• 
14• 
l 2• 
1 3 • 

CR 
I I* 
1?• 
11 • 
12• 

Bk 
19• 
23• 
19• 
21• 

PB 
37• 
44• 
35• 
40• 

FINE PARTICLES tLESS THAN 1 :I 1•11 Cf.IONS) 

BENTON 
LEE VINING 
BODIE 
HANSEN RANCH 

NA 

130* 
129* 
l 02 ;11. 

L~U* 

AL 
5b* 
S'J A 

44* 
'>c• 

ST 
299 
3 / .I 
51.l3 
2o7 

p 

34• 
33,1-
27• 
34• 

s 
rnR 
887 
S29 
888 

CL 
25* 
24* 
20• 
21:>• 

K 
ob 
BS 

106 
79 

CA 
'>1 
45 
59 
',4 

Tl 
10, 
9• 

'10• 

MN 
ii* 

"' b* 

B• 

FE 
Q3 
51 
68 
4Q 

V 
9• 
9• 
7* 
4 

CR 
5 
6 
6• 
B• 

RR 
14• 
131' 
11 • 
14• 

PB 
27• 
?5:l 
20• 
26• 

• UtNOTfS UPP~H LlMif OF Elf.Mtr-i'l ~~u I rnu,,o 



UCO-ARH INVC:Sf[GAr1u1..; Of AIK IJUtilllY 

MUNU LAKE MUNITURING 8llJOY ** li.l/GUS 1 

PARl!CllLAIE CONctJH;lAIIONS 

I' T Hf. M(lNt1 LAKE AkEA 

J{l AUGUST 11, 19Htl .." 
IN NaNOGRAMS/CURlC MLTER 

COARSE PA>ll!CL!cS 

BENTON 
LEE VINING 
BODIE 
HANSEN RA,CH 

(2.> ro 

,a 
35cl9 

120 
lW'-1* 

338• 

15 MIC>lONS) 

AL SI 
123k o6U 
10 I) k 27S6 
135* 136 /7 
94• 2454 

p 

79• 
64• 
87• 
61• 

s 
94 
47• 

233 
:, 7 

CL 
21~ 
4o• 
30 
43 

K 
t,?9 
460 

1415 
225 

CA 
IJ 33 
329 

1034 
?.OH 

I I 
'58 
116 
86 
23 

MN 
I>* 

8 
24 
12• 

ff 
',8 7 
bl8 

1166 
254 

V 
1 7 • 
l 4• 
19• 
t 3• 

CR 
16• 
13• 
17• 
12A" 

HR 
28* 
22• 
lb* 
?..5* 

Po 
s,.,. 
16 
:, 0. 
43• 

0 

FINE PARTICLES 

BENTON 
LEE VINING 
BODIE 
rlANSEIII RA'4Cti 

cuss THAN 

IIA 
t 39* 

'19• 
122* 
1 jQ * 

1 ', MJCRLlMSJ 

AL SI 
61 • 331 
43• 26) 
52• 877 
":i7"' us 

p 

37• 
26* 
32• 
.S'S* 

s 
349 
225 
lb8 
352 

CL 
28• 
CO* 
2:S• 
20, 

K 
'i lj 
Sb 

1 3 I 
52 

CA 
40 
38 
81 
4 ', 

1 l 
1 l • 

H• 
5 

l O • 

MN 
9• 
6•,. 
8• 

FE 
45 
46 

l O t 
36 

V 
10• 

·1 

9• ,, 

CR 
9• 
6• 

" 8• 

BR 
16• 
I 1 • 
14• 
14• 

p~ 

30"' 
30 
tti,1; 
43 

* UE~OTC:S lJPPlR LlMlT OF El.ENENr :,,iQT F (1LlNI) 



UCO•ARB P•Vt.Slll>AflUN UF AJI-( 1,JlJALJTY 

MUNU LAKt' M(JNITURl~~ Jfuuv .. Al!G\JSI 

IN 

1 1 

)Ht ~h.Hll.l LAKE td~E A. 

llJ AIJGUST 19,1980 ** 

PARIICULATE CLlNCENlRAllUNS IN NANUGRAM8/Cl181C METER 

co•RSE PARTlCLfS (2.5 Ill 15 P11CRUNS) 

Bf,'-HONt 
LEE VINING 
800 IE t 
HANSEN RA'ICH t 

NA 
300* 
?9 7• 

2010 
2bl1* 

AL 
t\3* 
H3• 
91 * 
7 1 • 

SI 
7810 
6277 

11 bll'1 
6401 

p 

53* 
53• 
5S• 
45• 

s 
.121 
12 I 
290 
103 

CL 
·stH 
18 • 
ll;:?1t 

'.;;63 

K 
81 ll 
S20 

1.158 
6':,'j 

CA 
623 
020 

1 IJ3b 
95S 

Tf 
17 
61 

105 
08 

11N 
12 

8 
2s 

7 

FE 

""" 126 
1379 

77b 

V 
12* 
12• 
I;, 
1O• 

CR 
1 1 * 
11 * 
1 ?.* 
9• 

AR 
lb• 
17* 
21• 
15• 

PB 
35 
33• 
oo, 
29• 

FINE PARTICLES (L£SS rfiMJ l'.J MlL:RDNS) 

BENTONt 
LEE VlN!r>I/G 
BODI Et 

'HANSE~l RAJ-'iCHt 

N4 
1!,• 

l u8i1: 
69• 

l O.So 

AL . 
)2* 

"'' 3\l* 
I◄ 7* 

SJ 
2so 
5.18 
320 
292 

p 

19• 
28• 
18* 
27• 

s 
431.l 
S29 
321) 
.I"', 

CL 
8 

2 l * 
15• 

1 7 I 5 

K 

Sb 
II 
10 

:n 2. 

CA 

'"oo 
.12 

1 .5'.:d 

T I 
2 
B• 
5• 
1• 

HH 
O• 
7• 
o, 
b• 

FE 
38 
55 
05 
50 

V 
5• 

" 5• 
I• 

CR 
o• 
l• 
3
•• 

RR 
b* 

13 
B• 

1C* 

PR 
lb• 
00 
1 ', 
22• 

• DENOTES UPPER LIMIT OF C:LEMENT MOI fUUMD 

t TWO WEEK SAMPLE 



llCll•ARH INVtSf!GATIUN Uf All-< tHJALlTV IN lhE MUNO LAKE 4fH.A 

MilNIJ LAK~ MONll'UHlNG ~lUOY " ALIGlJS 1 19 lU AUi;1JST ?~,1980 ** 

PA~llCULAlE CLlNCflif~AlIUNS IN NANLIGRAM5/CUHIC MEfEij 

COARotE PAiH ICLES (2,5 Ill 15 MICRONS) 

BENTONt 
LEE· \llNihlG 
BOOJEt 
HANSEN RA;~CH t 

NA 
30011-

340.1 
2014 

2b(J-ti-

AL SJ 
83• 1e10 

11 9* 7v 75 
91• 1 l 609 
71• b4dl 

p 

53• 
1bA 
58"' 
45• 

s 
321 
162 
29b 
l u3 

CL 
.So• 
51 
42* 

5b3 

K 
810 
511 

1358 
b55 

CA 
b23 
518 

1036 
958 

I I 
71 
57 

105 
48 

MN 
I< 

B 
2', 

1 

FE 
A4b 
709 

1319 
776 

V 
12• 
I 1• 
13,1; 
10• 

CR 
11 • 
15• 
IC* 

"* 

AS 
lb• 
2,u 
21• 
15• 

PA 
35 
41, 
40• 
29• 

FINE. PARTICLES (LESS THAI~ 15 MICRONS) 

BENTOst 
LH:. VINING 
B0D!Et 

'HANSEN Rl'ISCH t 

NA 
-,31,. 

t 31 • 
o9• 

1o~o 

AL 
32A 
7,7,. 
3U* 
07• 

Sl 
i'JO 
4)6 
320 
292 

p 
19• 
34• 
1t) k 
2.]k 

s 
434 
700 
320 
3"5 

CL 
0 

2~/t" 
l l• 

l 1 l 5 

K 

56 
9,! 
10 

372 

CA 
30 
53 
32 

1,53 

TI 
2 

l O • 
S• 
7• 

MN ,,. 
8• 
o• 
b< 

f'E 
38 
66 
45 
SI~ 

V 
5• 
b 
5• 
); 

CR ,, . 
9 
l 
b• 

""8• 
15• 
6• 

12• 

PA 
16• 
28• 
IS 
22A 

* !)ENUTtS UPPER LIMIT IJF EL~MENT·NOT FUUNO 

t TWO WEEK SAMPLE 



UCl)-ARB Jfl.iVf.::ilJl;ArtuN llF AIR l,l(IALt rv 

~,urH.l LAKE ~UNllUHt'Jl, STUl)l' ** AUGUSI 

IN lrtf MUIW LAl\t. ,-\Rt A 

?.STU SE.Plt.MtH:r( 2,1q5u ** 

PARl!CULAf~ CUNCENlijAfJLlNS I~ NAtlUGRAMS/(llHlC ~ETER 

COAHSE PAiHICLES {2.5 TO 15 Mlt.;RW~S) 

BENTON 
5ODIE 
rlANSEN RA\NCd t 

NA 
1525 

4 11 * 
1 l 1 * 

AL 
9',• 

114._. 
31• 

SI 
581)8 
/525 
ll4 lb 

p 

61• 
74* 
20• 

s 
25 
oO 
22 

CL 
lti1 A 

21 
·10 

K 
574 
766 
il!HI 

CA 
450 
57V 
£1117 

TI 
60 
<>2 
<10 

MS 
6 

I I., 
f E. 

657 
735 
6.12 

V 
!"I• 
16A 

''* 

CR 
l?. k 

15* 
4• 

HR 
~}* 
31, 

7• 

PH 
43• 
59• 
13• 

FINE. PA~TlCLES 

BENTON 
BODIE 
HANSEN RA,NC•1 t 

lltSS ftlAN 

NA 
1 39• 
10 !j * 

54 

lj MICRONS) 

AL S I 
60• 461 
94 q9q 

l 6 * 193 

p 

36• 
2~* 
\ v' 

s 
022 
2B2 
\ 2, 

CL 
,!7, 

21 * 
.l4>l 

K 
9 I 
HH 
91 

CA 
014., 

'dP. 

TI 
10• 

4 
3• 

MN ,,. 
b• 

"* 

FE 
n 
67 
.lH 

V 

1O* 
8< 
.l• 

CR 
5 
7• 
<* 

BP 
1 7 
1<' 

"' 

PH 
33• 
jij)\ 

I I• 

• OENUTES UPPER 

t FIVE WEEK SAMPLE 

LIMIT OF f.LtMt:·N I l,1l1T f (lt.lNlJ 



UCl) ... A!ii, lNVt-.Slll;I\TlUN Uf, Afis( lJllA.LtT) IN 

~UNO LAKE MONlT~RlNG STUDY ** SfPlt~BtH 

PAHTiCULATE CUNCEhl~AllONS IN 

ldf H[Jt10 LAI\[ Al-If.A 

2 TO SEPTEMtiER H,1<1Hc, 

NANOGHAM~/CUUJC ~El~R 

** 

CDAR$E PARTICLES 

BENTON 
BODIE 
HANSEN RASCHt 

(2,~ TD 

NA 
qb1i3 

497• 
11 1 * 

15 MJCMDNSI 

AL SI 
171H 1~(130 
LIi• 11829 
31* 44lb 

p 

1 1 S * 
dB• 
2Vit-

s 
47 

2<;9 
22 

CL 
lb9 

92 
36 

K 
1;47 
1241 

444 

CA 
lV':>5 
1004 

447 

I I 
108 
111 

40 

'"2ll 
22 

7 

FE 
1345 
1318 
632 

V 
2?• 
t•h 
4• 

CR 
23* 
17• 

4• 

BR 
ftr;!:ilt 

31• 
7• 

PH 
Bl• 
(;,<)* 

13" 

FINE PA~TJCLES 

BENION 
BODIE 
HANSEN RA'ICHt 

(LESS THAN 

NA 
I Hti* 
1 5ti;lt-

54 

15 MIC~ONSJ 

AL SI 
Bl• 6 ltl 
b I• 51)6 
10• 143 

e 
49• 
41• 
lO* 

s 
665 
673 
!,', 

CL ,.. 
30*-

l48 

K 
99 

11 ~ 
91 

CA 
66 
61 

4 IH 

1 I 
14• 
12• 

!,• 

MN 

11 • 

"* 2• 

FE 
HO 
77 
38 

V 
1 U 

4 
;, 

CR 
l l • 
10 • 
2• 

HR 
20 
I 3 
o• 

SH 
39• 
33• 
11 • 

• [lEt10TE~ U~PER 

t FIVE WEEK SAMPLE 
LIMIT OF ELE~~NI .'JUT F 1JlJ1>.J(,\ 



l!Cf_\-At-(lj liil/fSllVAflUM UF A[H lJU~LilY j~J !r1 l t,<Q·;u LA\\E AH:.A 

~ONU LAK.t i"\Oi~llllRlt-;L; SfU(lY ** ~~1-,PfEMlif..~ H TU Sf:PTf.nlJER 1'.J,1980 ,r..,\ 

PM·<llCIJLAlE CLl!~CEillh'/\litJNS I='< M/d',iOGh:i\~\S/CUl.31C Mt.TER 

COAR$[ PA~TlCLES 

81;:NTON 
BODIE 
HANSEN RA'ICH t 

l2.5 10 

'•A 
2 l ti 7 
'i 1e; 

1 l l * 

15 MICRU1~S) 

AL SI 
!:F~* '::,lj()b 

18 l • 1 'il S7 
31* 4-J 1 b 

p 

57* 
11 b * 

?. 1). 

s 
l4 

lol 
22 

CL 
.l l 

1 1 o 
.16 

K 
~ti\) 

1'> 1 O 
4 41i 

CA 
414 

1 2911 
q47 

Tl 
S.I 

lH ,,o 

MN 
16 
1 7 

7 

FE 
540 

l '3IJ 1 
h32 

V 
1 l• 
2':)* 

,, * 

CR 
11 • 
23* 

4* 

11 I( 

24i't 

""* 7• 

PS 

""*76 
13, 

FINE PARTICLES 

BENTON 
6001[ 
HANSEf'.I RANCf-1 t 

(L~SS THAN 

,., 
o9• 

l 79tr 

'" 

tS HilR!JNS) 

AL SI 
.)\)* 2i!h 

2 6ts 1CH'I 
1 Ii* 1 9 .I 

p 

15• 
CHil. 

I u • 

s 
2!.!Q 

l O lJ 7 
1 2 ', 

CL 
1 ". 
32• 

l4K 

K 

lO 
21R 

01 

CA 
.19 

1 ':iO 
431.1 

T 1 
4 

12* 
l• 

!·11'1 

•• 
\ 0. 
2• 

FE 
l 'l 

1 78 
li< 

V 
s, 
7 
l• 

CR 

1 ''* 0' 
2• 

BH 
9• 

1e, 
b• 

P(l 

c.7 
-"3* 
l 1 • 

• i)tNUlfS lJPPFR 

t FIVE WEEK SAMPLE 
LlMll OF ELEr•1E.;'1l 1WT fUV~JU 



UCD .. AI-H3 11-IV(STlliA I \tJN OF All< t~llAL11Y lN 1ht M0~10 l.AKE ol.R~ A 

MONO LAKI:: MLlNllOf<ll\jl, STUDY *"" tiLPrE~t.\l:.h' 15 ltJ St.PrtHiH:.R ~2, JQ/30 •• 
PAl<l ICUL.Arf. CUNCfrs.iTRAll(ll\lS IN NANOGRA~S/CUdlC HElEij 

COARSE P•RTICLES (2.5 ro 15 ,iJCRONSJ 

BENTON 
LfE VINING 
BODIE 
HANSEN RA'.ICrl t 

NA 
1,65• 
1% 
LloS"' 
1 11 * 

AL 
102* 

g7* 
2bb9 

31• 

$1 
2U4S 
2502 
0524 
4416 

p 

bb• 
62• 
82• 
20,.. 

s 
28 
45• 

,14 t 
22 

CL 
4B• 
I 9 
2 -~ 
36 

K 
221 
233 
b94 
441~ 

CA 
lb9 
223 
309 
4(17 

f I 
2 I 
14• 
60 
110 

MN 
b 
5 

I 2 
7 

FE 
1 9 l 
?.8 2 
b4 7 
632 

V 
IS* 
14• 
t 8)11;,,. 

CR 
n, 
12• 
lb• 
4• 

AR 
25• 
20-
y,. 
7• 

PB 
4h 
25 
bb• 
13• 

FINE PAi< f ICLES (LESS THAN tS MICkONS) 

BENTON 
LEE VINING 
BODIE 

'HANSEN RA-.,CI-\ t 

r<A 
I t32* 
140* 
l 3-1 * 
54 

AL 
Bl• 
b2;1: 

1 tl 2 
1H• 

SI 
11 b 
I 7 4 
628 
l'U 

p 

49• 
38• 
35* 
1 0 • 

s 
l 7 2 
5vd 
33S 
12, 

CL 
3 ',,_ 
.?.H-A 
26• 

.SIH3 

K 

"''So 
92 
'11 

CA 
?3 
32 
45 

030 

1 I 

1"' 11 • 
1 0 it: 

3• 

MN 
11 • 
9• 

"'2• 

FE 
11 • 
28 
79 
38 

V 
b 
'l 

10*,, 

CR 
12• 

9 
8* 
2• 

AR 
22* 
lb• 
15* 
o• 

PB 
42• 
53 
29• 
1 I • 

* OENUTfS lJPPER 

t FIVE WEEK SAMPLE 

L!Mlf Of Elf·•H·.Nl ,01 F OUNt) 



UCU•Ah:li JNVt.SIIL~ArIUN LJF Alli l,tlJALlfY iN rHt MOrnl LAKt. A l~t A 

MONO LAKE ~01~lfllRING tif0DY *-' ::H:.PTE"lH[K 22 It) Sf~llMHlK ~9,1qeo ** 

PART!ClJi..AT[ CONCEl'tlHATlONS IN NANOGRAMS/CUUIC ME l f.h 

COAl<SE PARTICLES (2.5 Tl) l$ f"l!CkUNS} 

BENTON 
LEE VIN!% 
BODIE 
HANSEN RASCH t 

i~A 
\ 4 5 * 
30 14* 
8',! 
111 * 

AL 
9"• 

101* 
901t 

31• 

SI 
i.l2Bt> 
',741 
5107 
4416 

p 

62A-
65• 
Sd• 
20• 

s 
1 1 3 
l £19 
54 
2i 

CL 
20 
?O 
42A-
H, 

K 
4.l4 
476 
5.$() 
444 

CA 
.17S 
449 
369 
447 

Tl 
3' 
4,l 
48 
40 

r,\i~ 

12• 
I 2• 
1 I 

7 

FE 
431 
611 
528 
632 

V 
1.l• 
14• 
1.l• 

4• 

CR 
12• 
1 0 
12• 
4• 

HR 
2? * 
t'. 1. 
21• 

7• 

PB 
02, 
3o 
4 I• 
LI• 

FINE PARflCLES (lt:SS I ~I AN t':> ~1TCRONS) 

BENTON 
LEE VINING 
BODIE 

'HANSEN RASCH t 

N -~ 
fH• 

t Olj * 
10 7 A-

', 4 

AL 
lH• 
4,,. 
4 7 • 
16• 

SI 
162 
2 11 
14110 
193 

p 

2.3• 
2tH 
213* 
lo* 

s 
241 
224 
I H:'.I 
12, 

CL 
17• 
21* 
21• 

341' 

K 
~) .5 
b I 

1':, lj 
91 

l.A 
110 
.l8 
6.l 

14.HI 

TI 
.l 
8• 
3 
3• 

Mr, 

5• 
6• 
l• 
2• 

F[ 
.l2 
35 
04 
36 

V 

I• 
I 
8• 
.l• 

LR 
q 

1 O 
7• 
2• 

flH 
I I • 
12• 
13* 

"* 

PH 
22 
i:?. 
21;,• 
1 I • 

* DENUTES UPPER 

t FIVE WEEK SAMPLE 

LIMIT Of ELlMENT ~01 FOUl~D 



UCi)•ARij JNVt.Sf!GAlllll~ OF AIH ,)lJALll'f )N 

MUNU LAKE MUNJTURlNG SlUDY .. StPJE.Sll[R 

PARI JCIJLAfE CONt:E-.NfHAflUNS lN 

l~E MJNO LAKE A f1f A 

29 To OClnHER b,1980 ** 

NANOGRAMS/CUHlC 11l: H:.R 

COARSE PASTICLES 

BENION 
LEE v!N!NG 
BODIE 
HANSEN RANCHt 

(2.5 10 

NA 
382* 
493* 
2be* 
5q8* 

15 ~1lC1JUr~sJ 

AL SI 
9/o c:!1.1';2 

?284 91 ljQ 

8!5* 1 7 .l 
4030 I .3b l l 

p 
6d• 

""'in-,. 
98* 

s 
48• 
b?• 
·,B.._. 
69• 

CL 
33 
62A 
44 
4 1 

K 
.l31 
894 

55 
1637 

CA 
26fj 

n2 
40 

l 7 91~ 

TI 
3.l 
72 
1 1 • 

109 

MN 
12 
17• 

"*36 

FE 
336 

112s 
31 

179h 

V 
16• 
20* 
1 l • 
22• 

CR 
1.3* 
17• 
q, 

19• 

flk 
?.ta 
31• 
17• 
31; 

PA 
~d* 
59• 
.B* 
b I• 

FINE PAR11CLES 

BENTON 
LEE v!NJNG 
BODIE 
HANSEN RANCH 

(LESS TrlAN 

NA 
157* 
1oO* 
lo-~* 
1 1 b * 

2.~ MlCHU~SJ 

AL SI 
17 I 3<.19 
70, 467 
4o• :S5 
'.>1• 4.13 

p 

42• 
42• 
?/.!.It: 

31* 

s 
262 
2ijo 

19 
U2 

CL 
.l I* 
311< 
22 
2!i* 

K 
qq 

91 
1 3• 
96 

CA 
63 
611 
q, 

84 

T I 
I?• 
12* 
8• 
9• 

M,< 
liH 
1 U • ,. 

7• 

FE 
47 
6\ 

6• 
64 

V 
12• 

6 
8 
5 

cs 
111 

I 0 
7• 
8 

AR 
19• 
19* 
12• 
u• 

PB 
35• 
35* 
2.3:t 
CS* 

* DLNUTlS UPPE-.R LlMII OF fLEME-.f>.J \ tJOT HHJNL) 



UCO•ANR lN~ESTIGAflUN OF AH~ rWALlP 1 (~ !Hf. MONLl LAKF.: Al~EA 

MONLl LAKE MONITUR(NG STUOY " UClUHER 6 TU 0CTU8~~ 13,198U ** 

PARllCULA1l CONCENTHATll!~S I~ NANJGMAHS/CUijJC MElEM 

CUARSE PARTICLES (2.5 TO 1":J M!CfW~~S) 

i3EN10N 
LEE VINING 
80D!E 
rlANSC,\J RA"lCH 

"'Cql* 
328• 
q4~,r,, 

39.S* 

AL 
681 
88S 

4115 
132A 

81 
3094 
3707 

12!65 
!;i~b4 

p 
'52* 
5tl* 
60• 
70* 

s 
U 1 

115 
\ 214 

27 

CL 
.lb• 
41 • 
SCP\ 
911 

'yrn 
394 

14~2 
8 O<; 

CA 
300 
.\62 
444 
9/Jq 

r l 
21 
.l4 

l 14 
66 

MN 
l LH 

11 • 
2, 
lo 

Ff 
362 
50/J 

1472 
902 

't l * 
l .l • 
18• 
16• 

CR 
1 0 • 
1 1 • 
l ~* 
1 4 • 

BR 
!9• 
22 
27 
2.l 

p ij 
37• 
02* 
58• 
5 5* 

FINE ?ARTICLES (L~SS TrlAN 2.S MICH[l~IS) 

BE ~no~, 
LH Vi~!NG 
BODIE 
rlANSEN RA-'ICH 

l<A 

128* 
86* 

123* 
1->2* 

AL 
56* 
38• 
53• 

721-4 

SJ 
271.l 
157 
827 

1001:i 

p 

31-4 * 
231{ 
32,r,, 
->2* 

s 
3 52 
l OU 
284 
290 

CL 
Cl:;,,r,, 

l 7* 
24• 
23* 

'65 
43 

138 
286 

c, 
39 
29 
68 

289 

fl 
11) * 

7• 
9• 

11 

"' 8• 
s, 
7• 
.l 

FE 
42 
26 

\ 0 I~ 
272 

V 
5 
3 ,, 
9• 

CR 
8• 
5• 
8• 
7• 

bR 
lo• 
1 1 • 
13• 
!.l• 

PA 
30 
32 
24* 
45 

* DENOTES tJPPER LIMIT OF EL[MENl" ~JOI f(Jtjr,)I) 



' 

UCl)•ARH lNVl::.SfJ(;Arru:,J l)F Alk lJUALl l'f IN !Ht MONU LAKE A~E~ 

MUNU LAKE MOt./lTOM!MG SlUDY ** OCTUIH:.R I.! lU OCTuHEM 21,19$~ ** 
PAMllCULAlE CONCENTRATIIJNS IN NA~UGHAMM/CUHIC METER 

COARSE PARTICLES (2.5 TU 15 t-1JCI-Wi~S) 

BENTON 
LEE VINING 
BODIE 
HANSEN RA'IICH 

NA 
25<'* 
-~ 7 41< 

221* 
357* 

AL 
84• 

127 1t 

76• 
l13* 

ST 
2 I bl 
1:>94 
1232 

9',8 

p 
45• 
bB• 
40• 
oO• 

s 
32A 
4~• 
2'H 
2i:, 

CL 
18 
29 

176 
28 

K 
249 
15(l 
}68 
I 1 1 

CA 
I 77 
185 
2.>2 
12'> 

T I 
21 
10 

9 
14• 

MN 
a, 

1 0 
u, 

11 • 

FE 
218 
20, 
131 
100 

V 
I 0 * 
1 '.,Jr 

9• 
IU• 

CR 
I I 
L'i* 

B• 
12• 

RR 
13 
2 7 * 
lb• 
24,1; 

PB 
33• 
n 
31 * 
'-l5-A 

F!NE PARTICLES 

BENTON 
LEE VINING 
BODIE 
HANSEN RA~CH 

(LESS f~lN 

'• A
8 I• 

123 * 
'-I(:\ \It 

~S"" 

2.5 MlCRIJNSJ 

AL s [ 
37• I 72 
54• I 02 
43,., 162 
o2• 91 

p 

22• 
33• 
2o• 
2o• 

s 
2lltl 
202 
197 
1,2 

CL 
l6~ 
,?~;tr 

20• 
19• 

K 
02 
':i3 
<'M 
,!_9 

CA 
35 
21 
31 
20 

T I 
> 

10• 
H• 
7• 

MS 
'j' 
8• 

"' b * 

FE 
30 
25 
10 
1 • 

V 

"'5 
I 
1 

CK 
H 
8• 
b • 
9 

Hk 
9• 

1•• 
1 1 * 

8 

PB 
1 7 • 
2bA 
20• 
?. 2 * 

* OtNOlES UPPtM Ll~ll Or Ell.MEN I :'IUl FOlhW 



• 

UCl)•Al-?li INVE~TIGATIUN llf Al~ •~Ull.Lll 1 IN 1 t1f. MDNO LAkf A/if:,\ 

MllNU LAKE MUNiltJR[r~l; SIUliY .. LlCl!lP.t.H 21 lU JCfllHtR 2ti,l9HO " 
PARllCULl\lt CnNCENTtUl [UNS 1~ NA~UG~AMS/ClJHlC MUtR 

COARSE PARTICLES 

BENTON 
LEE VINING 
8DOIE 
HANSEN RA'tCH 

(2.5 1(1 

NA 
3 l 'S * 
2'-10* 
~60* 
563'-

tS M1CRONS) 

AL SI 
121.1 45 ·17 

91• 2311 
1 t\8,J 6321 

1801' 25S3 

p 
5o1' 
i_;; * 

l O ll * 
1QI)• 

s 
tj(/k 

37• 
11 * 
H 

CL 
39* 
30 
70* 

102 

K 
'5 l i) 

229 
bb'T 

270 

Ch 
124 
237 
.S9R 
324 

l I 
3>1 
23 
li5 
26 

f-lN 
11 • 
1U* 
11 
191' 

FE 
452 
30(} 
5 I l 
323 

V 
1 3* 
12* 
2:S• 
2 I• 

CR 
1 1 * 

"'* 19• 
19• 

11" 
lb 
21 
37• 
35* 

PB 
4 I• 
2o 
4B 
67• 

FINE PAtH ICLl:S 

BENTON 
LEE VINING 
BODIE 

'rlANSEN RA'.'ICH 

(LE.SS IHAN 

NA 
123• 
I?. 3"" 
206* 
2L4b If 

2.5 ~l!CRONS) 

AL SI 
Sl.l:11 4b7 
51u 227 
9\1* b.:, l 

109* -~O ll 

p 
33• 
.B• 
5i..;,1: 

oo• 

s 
222 
?72 
255 
32 I 

CL 
21~ * 
25• 
ti I * 
""* 

K 
86 
89 

13 l 
7 2 

CA 
59 
50 
bh 
61 

TI 
9• 
9• 

lb* 
10• 

MN 
8• 
tl• 

t :s * 
15• 

fE 
51 
'>5 
82 
33 

V 
4 

0 

I 
9 

CR 
fl• 
H• 

13• 
?.O 

HR 
13• 
13• 
!5 
1 3 

PH 
2~A 
25• 
4?.• 
Si 11 

* IJ~~OTtS UPPER Ll~IT OF t:L01trvT Nll l FOi.Jl'-10 



MONO LAKE STUDY 

Daily Monitoring 

May 13, 1980 to October 28, 1980 

* * * * * * * * * * * * * 



• { 

UCD-ARB I~VESTlGAllUN UF Al~ 1HJALllY I < l HE MON(! LAKE:. ARC A 

MONU LAKt OAlLY•HANSfN HAl~CH ** MhY 1 l TO MAY 19,1980 .. 
PAl,('l lClJLAlF: c1Ir~(.t:NrKA1 l(JN$ IN NANiJG~AMS/CUHlC "1ElER 

COARSf. PARTICLES (2,5 IU 15 MlCRUNS) 

.~ ,-\ AL SI p s CL K CA T I "" FF V CR 131<1 PR 
DAY 
DAY 
[)A.Y 
DAY 
o,v 
DAY 

1 
2 
3 
4 
5 
& 

2390* 
7'58* 

11.hH 
83c:?* 
975 

1U52* 

/9/j 
208:lt 
4tl0 
22H* 
759 
28fh 

3560 
170 
872 
494 

1020 
425 

) 7 r, * 
11 l/ * 
l H fl,* 

130* 
180A 
l1> 1H 

i!b-f* 
8"i* 

1 3 1 , * 
93:11 

l C~* 
62 

2.7() k 

Bb* 
13',*
q". 

1 ,o* 
lHh 

l70 
SB 

102 
59 

l l '~ 
73 

1160 
82 

10\l 
130 
193 

79 

90* 
29A 
45• 
31• 
lL5111 

.!9• 

7i'. * 
11 
31 
2'j* 
3'>• 
32• 

350 
23 
.IB 
72 

145 
3 I• 

81:\* 
2P.* 
44• 
:, t * 
42• 
38• 

78* 
27 
39• 
27' 
H• 
34• 

111 
30 
57• 
40• 
4'> ,,., 

210* 
3R 

10H* 
72 

1 O 2 * 
95• 

FINE PART[CLf.i> ( Lt.SS THAN 2,5 MICRONS) 

NA AL SI p s CL K CA T I "" rt V CR 8R PR 
llAY 1 2843 .$3011: 820 216• 510 16 .1i• 84 l\H:, 61h, 51• 53 6 ;, 5'» 93·.t 17'",1t 
DAY 2 3b2iti: 152A '> 2 7 R7• '>b 66• 50 19 26• 21• 21* 26• 14 36• bR• 
IJ Ay 
D.V 
f) A'( 

3

•
5 

2544 
• '> Q 

711 

BK) 

271 
51)1 

285 
121b 

0•1 

ss 
9?• 

11 3 * 

2'>b 
221 
256 

b6b 
72• 
RS• 

202 
.lB 
40 

1 l r! 
5o 
5 1 

38• 
21:\* 
33• 

31* 
23* 
27* 

23 
37 
37 

38• 
28• 
33• 

33• 
24• 
29• 

53• 
44• 
55• 

100 • 
4fi 

104• 
DAY b 1495* 5ij5k 1J':>1• .)58• 2!j9• C. 73* 17R* 122"* 1 0 7..- 87• 87• 107* 92• 1-132• ll 14 i1r 

• OtNUTES UPP[~ LlMJT Of E.LFMENT N11 l FnLH~ D 



• 

UCD•ARt:; JNVtST((;ArJUN 0~ A{K t)UALITY J N l Ht M0tll) L.I\KE Alff A 

MONU LAKE DAILY•tiANSlN RANCH ** 1-iAY 19 10 MA)' 2b,1 1HHJ .. 
PAHTJClJLAlE CUtiCENlRAll(INti 11~ NANOG~A~S/CUHIC METEH 

COARSE PAKTlCLES (2.5 Tu I':> MlCRUNSl 

NA AL SI e s CL K CA Tl ;>iN FE. V CR Bil Pl\ 
OAY 
OAY 

l 
2 

l Oti 0 
\9 7 

6u3 
Clld* 

~0tt2 
232 

lS9• 
57 

BO 
32 

Ill 
102 It' 

2U5 
~ti:• 

2~':, 
l 9 

513 * 
34* 

I.I 
21 

239 
27* 

31• 
33* 

)3* 
21l 

?9 
n 

9ll * 
1)4, 

DAY 
DAY 
OAY 
DAY 
OAY 

3 

" 5 
6 
7 

1?..t. I< 

lj O 9 

429 
1)49 
939* 

CVO* 
,!29 
2d9-,,, 
275,c 
4C.S 

11 o 
362 
boll 
481 
3 12 

1 llH 
JlllH 

lb~,* 
I 5 7 * 
11 S 

b 1 * 
42 
49 

112"" 
104• 

4 I 
10j• 
ll 9'/1 
l LS"' 
1 IJ b fl" 

60 
45 
bl 
61fll; 

.l8 

',4 
60 
87 
54 
44 

19 
.l5• 
40• 
.rn•,.,. 

19 
21:'>* 
32, 
1 l 
26 

32 
41) 
.!5 
30• 
2~:11 

27* 
·st.1 * 
39• 
37• 
34• 

24• 
·so• 
-~I.I* 
.S2* 
.!O • 

37• 
42 
49• 
31 
4o• 

70• 
89• 
94, 
91• 
3.1 

DAY 8 ~'::,91' I 31 f-1 l~O l 3 1;, 1t 96• 97• 90 62 37. * 20 29 32* 281o: /~lh 85• 

FINE PARIICLrS (LESS IHAii 2.~ MlC~U•i8) 

I)~ y l 
1>!-4. 

7b4 
AL 

l 'S8* 
S l 

67H 
p 

l O 3* 
s 

394 
CL 
7H* 

K 

35 
CA 
33 

1 I 
.! l • 

M< 
2~* 

fE 
39 

V 
"II* 

CR 
?.h* "" 6•• 

p l'i 
l? 1 * 

(Hy 
OAY 

2 
3 

602 
3""~0"' 

.101 
l 20* 

,!.lo 
';o2 

OJ• 
79• 

84 
I 23 

h9• 
60• 

l15f< 

.19• 
3 l • 
27• 

27 * 
2 .,,. 

r?'2* 
1 -, * 

22• 
19* 

21* 
23• 

2.1• 
20* 

31l• 
Yl• 

12, 
66• 

[)A'( 

OAY 
DAY 

4 
5 
6 

'-l42* 
.5bc!* 
IUD* 

l '59-A: 
1.Sih 
lSo• 

093 
478 
129• 

100A 

""* 
102• 

133 
14 7 
11 2 

/9• 
b:,• 
7"• 

20 
25 
:, 1. 

IS• 
29• 
2.1 

31* 
2S * 
lO• 

?.'.H 
20,.. 
2•• 

2', l 
2•)* 
c4• 

31 • 
2';• 
30• 

12 
22* 
26• 

4 S • 
.18. 
44• 

bSA 
72• 
b4• 

DAY 7 527* ldd• 3o9 124• 23:J 94• 61• 11211- 36• 29• 29* 3h• .I l • 52• 97,,. 
(JAY 8 36M* ,,.l4h 110* 87• 1i.19 60• t'3,,.. 29* ,!.6• lo 21• ?.o" 1 7 40• 75, 

' IH.NUTFS UPPE.i~ l_lMl T !JF E-.L l ,1E 1,11 !~ ll T f(J,Jf~l) 



lJCf) ... ARH INVlSTIGAlIUN OF AIR !JUALllY 1, THE MO~O LA~E. AHEA 

MUNO LAKE llAlLY•HA~SfN R6NCH ** 1--tAY cb Tu JUNE ~,19d0 ** 
PARTJClJLAfE CtlNCENTRAflUNS lN NANOGRAMS/CIJ~IC MC.Ti:Y 

COARSE PARTICLES (2.S TU IS MICRUNSJ 

DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

I 
2 
3 
4 
5 
6 
7 

,,. 
1 OU 3* 

4/.ib 
611 * 
1393lr 
71.5* 

1008* 

""" 

AL 
275• 
299 
l 91 
354 
l S 1 
3b6 
4/9 

SJ 
9 77 
9]8 

l l l 9 
1106 

721 
1U'-l7 
28'>0 

p 

15 7 * 
146• 
12 7 .rt 
1 i.JO• 
1 t? 1 1t 
1613 * 
l2b* 

s 
112,l 

l 03* 
9() .. 

I 00,1 
8b* 

1 1 9 * 
58 

CL 
113• 
105• 
91• 

1 0 l "" 
B 7• 

120 * 
53 

K 
/4 
91 
92 
95 
75 
82 

?80 

CA 
120 
103 
I oo 
lSS 
139 
lbc 
3;.>tJ 

TI 
.l8• 
35• 
19 
3£1• 
29* 
l 7 
1 7 

MN 
301\ 
2,i. 
12 
27* 

9 
32• 
24• 

FE 
Th 

125 
lM 
102 

91 
129 
30! 

V 
3 ,. 

3•• 
30• 
3l• 
28• 
39• 
29* 

CR 
32• 
30A 
26.rt 
16 
25• 
35.rt 
?6'* 

BR 
51• 
27 
2o 
19 
3o 
28 
3ti 

PB 
98• 
90• 
78• 
68.rt 
77• 

1 () 1* 
o, 

F!Nf PARTICLES (LESS THAN 2.5 MICRONS) 

DAY 
DAY 
DAY 
DAY 
OAY 
DAY 
DAY 

I 
2 
3 
4 
5 
6 
7 

,,. 
,~o 1* 
591:S 
!oH 
3 7b'II 

3\J 2 * 
393'11 
512* 

AL 
l•d* 
152• 
l l 9 11: 
iJ9 '1 

'°1 l 4 

3 l I 

SI 
753 

2150 
208 
q34 
.31 I) 

2t,LI 
82S 

p 
94; 
99• 
78• 
88A 
721t 
30 

t l n• 

s 
289 
44A 
40', 
Sb/ 
S/3I~., 4 

"" 

CL 
71• 
75 * 
5:.,k 
67•,,. 
7 1 • 
89• 

K 
25 
/J'::, 
4 5 
3q·~ 51 
ol 

CA 
28 
37 
15 
45 
44 
36 

10() 

TI 
2/1,l 
29• 
23• 
261t 
i'l* 
28• 
lo 

MN 
22* 
23• 

I 
?.1 * 
1 / * 
2211: 
2~• 

FE 
1,, 
l 9 
d 
27 
49 
30 
rn 

V 
C7• 
29* 
2;, 
?011: 
21 • 
27• 
3'-l* 

CR 
2ll* 
2':i* 
20* 
22• 
11 
11 
c'91'1 

HR 
41• 
42• 
36• 
36• 
30• 
42• 
49• 

PA 
7' 
Ho 
bl• 
6 
56 
70 
92• 

* liENUTlS UPPER LIMIT or ELtMEr~ 1 ,,01 fllU11JD 



UCO-ARB !1.JVESfll-14.llUN OF All-< i}lJALJ.lY I' THi: M'.J;-ilJ l.AKI:. Al'l'.t"A 

MUNU LAKE OAILY-HA~~EN RANCH ,.,. ,JUhJ) 10 JUNE lO,lljfHl .. 
PAHllCULAI~ CUNC~NTRA1l0NS 1~ NANOG~AHS/CtJBlC MtTER 

COAKSE PARTICLES (2.5 ru 15 "1lC1-<lJNS) 

DAI 1 
DAY? 
DAY 3 
DAY 4 
DAY, 
DAY b 
DAY 7 

il A 
,'i1

13, 7 
8 l 7,. 
813'>,. 
"/061<, 

lOOlU 
122.)* 

AL 
<;;2 
51 'i 
C24* 
7'i5 
c:!l(H, 
~85 

1171 

SI 
3''32 
1483 
1090 
2'347 
lOH9 
:s !.I 1 1 
'17b9 

p 
1151< 
11,111< 
128* 
1 3g,. 
12 O11: 
lt;i7• 
192• 

s 
S?• 
b I 
49 
qq, 
8'i• 

11 1-11, 

1 St>* 

CL 
104 
181 

92* 
100* 

Obi< 
t/()1< 
13B* 

K 
40h 
1 ;<, 
tn5 
263 
260 
243 
728 

CA 
301 
143 
l l/b 

278 
;21
,,H 
791 

Ti 
26 
34• 
2o 
3"\1< 
29• 
21 
4 1 

MN 
d2k 
11 
I 8 
2 r,. 
Cj:11: 

1 d 
37• 

FE 
268 
116 
129 
319 
371 
334 
915 

V 
2711. 
B• 
30• 
33• 
28• 
39• 
l.lS-,,, 

CR2,,,. 
29• 
18 
29• 
27 
.S5* 
40• 

bR 
39• 
31 
44• 
4b• 
19 
49• 
56• 

P8 
74• 
93• 
83• 
SA, 
7()1< 
5, 

107"11: 

FINE PARTICLES (LESS lHAN 2.~ MIC~O~S) 

,,. AL S l p s CL K CA Tr Mi>! FE V CR HR PH 
DAY 
()A.Y 
DAY 
OAY 

l 
2 
3 
ll 

'jQ2 

342* 
IH'\l):11: 

515*. 

l t 7,. 
12':.H 
6\6 
11:11.ll< 

441 

311 '"' 
7!, lj 

715 

7 7, 
HZ< 

llbt 
121• 

310 
.SJ6 
', l 0 
:'Jb2 

581< 
o2• 
85• 
'111< 

"'' 21 
3.1 
76 

B 
2S 
48 
64 

22* 
2111< 

31• 
.)'jit 

18• 
9 

2b1< 
20• 

'j !.I 
20, 
28 
bO 

22:11: 
;>4• 
3;, 
35• 

14• 
I 0 
2e-,,, 
30• 

31• 
3~:11: 

', I • 
qt,:11: 

5H:11: 
bo• 
46• 
9 I• 

OAY 
DAY 

5 
6 

3t<J6il 
240 

I~ 1 4 
25b 

8119 
667 

Oo• 

""' 
3a9 
?llS ""* 64• 

92 
7 .I 

I lo 
9o 

26• 
2'i* 

21• 
2(Ht 

oo 
76 

?b• 
2'i. 

23• 
21 • '"'3611: 

71• 
72• 

DAY 7 12<7 11)113 11 h 3 1 l 71,. 2S7 85 1?7 221 .311* 2 I* 1 65 3~• c!9* 4 i * 09• 

* Ut1~0llS UVPtR LIMJT OF t.LE.'1Hd 'lO r FOUl~IJ 



LICU-Af<U P1VI-.SllliA.IILl~l UF AIR lJUALlTY l~ Tt1~ MU~U LA~t 1'Rf A 

MllNU LAi\t DAtLY-HANStN kANCH ** JUNE 10 TO JUN!: lb, 1900 ** 
PARIICtJLAlE CUNCE~lHAIIUNS JN NANUG~A~S/CURJC MtlEH 

COARSE PARl!CltS 12.~ ru 15 M/CROSS) 

DAY 
DAY 
DAY 
DhY 
DAY 
DAY 

1 
2 
3 
IJ 
5 
6 

NA 
650* 

1029 
667 
852* 

1074* 
t\1)9 ir 

Al 
704 
8/b 
58d 

IO I B 
qq) 

2170 

SI 
.~042 
4358 
2271 
4599 
41J~I. 

10012 

p 
102• 
139* 
l 3 IJ 1. 

l .SIJ* 
l bt3'* 

12 '* 

s 
73• 
44 
95• 
9S* 

12()• 
9(1* 

CL 
74, 

100* 
%• 
96• 

121 * 
91* 

K 
3 7'3 
385 
192 
1A2 
:,r! () 
917 

CA 
429 
416 
196 
403 
502 
807 

Tl 
,s 
33, 
16 
32* 
40• 
51 

MN 
to 
27• 
?.b* 
I 1 
I 5 
23 

fE 
407 
•66 
231 
4b7 
412 

1179 

V 
24• 
33• 
31• 
31 • 
39• 
30• 

CR 
j6 
29• 
28* 
28• 
j,'j* 

26• 

SR 
31 • 
41• 
33 
40• 
l7 
25 

Po 
58* 
78• 
Vi 
7 7• 
%• 
72, 

FINE. PAf?TICLES (Ll'SS THAN 2.5 ~!CRONSJ 

DAY 
OAY 
DAY 
l)AY 
DAY 
DAY 

I 
2 
:I 
lJ 
5 
6 

NA 

~33* 
11 d 
525 
q <'> 
443 
341* 

Al 
324 
l 1 I• 
':l49 
1 5 .5 * 
lU 

'"" 

SI 
HIS 
437 
272 

lb20 
6t) 1 
97 l 

p 

79• 
27 
69• 

1no• 
fiq4 

80• 

5 
!92 
247 
259 
254 
29'; 
2<16 

CL 
60* 
58• 
67• 
lo• 
67• 
61 * 

' 70 
83 
'>2 
7 l 
46 

1II 7 

CA 
93 
62 
40 
48 
59 

I 14 

Tl 
23* 
1 1 
?.61t 
29• 
2b* 
21.l• 

'"19• 
I 8, 

8 
?4• 

8 
9 

FE 
!US 

60 
3l 
I? 
35 

120 

V 
23• 
2.1• 
26* 
29• 
?6• 
?ll* 

CR 
20* 
20 11: 
?2* 
<'5• 
22* 
13 

BR 
33• 
33• 
36• 
iJ2* 
38• 
34 • 

PB 
b2* 
62• 
68• 
7911: 
7 l • 
<,',• 

* UENUTES UP~~R LIM[l OF ELf':'1ENT •'+ll I FUIJiJO 



IJCD--ARB J1·1VF..SIJL,Al lUf\i (IF AlK I_JUALl TY I r, lHE MUNO LAKE AkEA 

MD~U LA.Kt l)AlLY--H.ANSEM RAliCH ** JUNt. 16 TO JUNE 24, 19~0 ** 

PA~lfCULAlE CllNCENlRATJ0NS I~ ~ANUGRAMS/CUBlC MEIER 

CDA<SE PARTICLES l?. • i:; TU 15 MICRONS) 

DAY 
OAY 
[J Ay 
DAY 

I 
2 
3 
4 

N'
l ':>o9 

9 7l" 
564 

1029* 

Al 
2~10 
192\J 
JQJ2 
2749 

51 
b44"l 

5812 
t,51n 
7321 

p 
1 7 7,.. 
152• 
lSO* 
160* 

s 
lc'':l• 
1 0 ti* 
1 06" 
l 14 * 

Cl 
12 7* 
109>t 
lOtHt 
11 S * 

K 
571 
5.14 
70>1 
695 

CA 
b24 
7i!7 
912 
t\(!l) 

T I 
47 
30 
91! 
49 

""3<h 

II 
3t> 
19 

FE 
682 
688 
760 
B32 

V 
q 1 * 
36* 
3',. 
3B• 

CR 
.16• 
l I* 
31• 
3311 

~k 
18 
4(; 

57• 
24 

PB 
111 * ,.. 
109* 
lO!i* 

DAV 
DAY 
DAY 
DAY 

5 
6 
7 
A 

81:'17 * 
1 t 2A* 

92H* 
85! 

t 2 1 l.l 
1828 

084 
1062 

3601 
5242 
2846 
2051 

lYh 
I 75* 
1IJ5A 
204* 

99•
9,, 

1 U ..S * 
145-'" 

1 0 O * 
126* 
104,1.-
136 

343 
453 
217 
?.79 

'> 0 1 
645 
1,4 
3 I I 

.13• 
·42* 
35• 
49• 

IS 
19 
I 2 
39• 

500 
6.13 
?98 
298 

H• 
41* 
34* 
IH3A: 

29JII 
36• 
j,()Jil 

42• 

3v 
58• 
47' 
29 

94, 
1 I 0;1; 

90* 
130* 

F!Nc tlAKTlCLE"S CltSS IH~N 2.S MiC~OIJSI 

NA Al SI p s CL K CA I l "" FE V CR AR P1< 
DAY 
DAY 
DAY 
DAY 
llAY 

1 
2 
3

• 
':, 

4 lo• 
i~'j'* 
769 

1 I.IS6 
ljt)Sk 

l "Iv* 
690 
619 
(\I:\ 1 
,n1 

I 017 
1 2/l O 

9 76 
I 9ul.l 
12 7 4 

1 1 l • 
106Jt 
l 0 0 A 
11l B* 
94• 

334 
413 
1no 
'-196 
697 

HS• 
60• 
7b• 
81• 
7 1 • 

'>I 
12b 
166 
1 9 \ 
I 6 I 

9,, 
!S9 
1911 
25-O 
172 

3 ·5,1. 
31• 
29• 
51• 
28• 

I 1 
2')it 
2t.J* 
2so1: 
22* 

lb 
131i 
148 
217 
1•2 

)3A 
_qJt 

29* 
31* 
2<J• 

2A.rt,,_,, 
2S* 
18 
~ll* 

hi• 
46• 
46• 
4'>• 
3'fk 

115" 
8 I it 
87 Jill 

39 
74• 

DAY 
DAV 
OAY 

O 
7 
b 

35 I 
VH~* 
4'-lt!• 

426 
139• 
Hlb 

AbM 

l U9'5 
:S4b 

7 9• 
9 I• 

11 b * 

Sb4 
277 
20 I 

b\JA 
69• 
BM• 

128 
39 
>l 

1.15 
tu 
53 

2_$,1; 
27* 
3'--\*" 

19, 
'c,i' A 
2~A: 

lc:'6 
52 
2 I 

23* 
21* 
3•1• 

20* 
,:13,1; 
29• 

31.1• 
:Sl1* 

4M• 

bl• 
7 1 • 
91 ·A 

• IJ!:'.rWTt::S lJt.:IPt~ LIM[ r 1..JF EL1:.'-1EN I ~~ () I HJll-\/1> 



UCO•hkB lNVtSflt.:iAl"lf.ll\i OF Alf~ (~IJAL1TY IN THE ~u~o LAKt ~l~t'.A 

MllNIJ LAKE UAJLY•HANSfi~ RA~CH •• JlJN~ 24 10 JlJLf 1,1980 ,.,,,_ 

PARl [CULATE CIJNCt"NTRA.TIONS IN NAN0GMAMS/(IJ01C METER 

COARSE PARIICLfS (2.5 Tu 15 l"l]CRONS) 

,<A AL St p s CL K CA T l MN FE V CR BR PB 
DAY 
DAY 
llAY 
DAY 

I 
2 
3 
4 

B19* 
1626 
~2:B6• 

91)!,* 

l 1 ti6 
1,iqo 

041 
1741 

.\61:H, 
;~39 
1.101.10 
OJS9 

l 2h• 
1 '(j * 
3',8 * 
11.1 l * 

91.i. 
12£1* 
2:i5* 
I u1 • 

92• 
80 

t', 0 * 
102* 

317 
H• 
564 
635 

395 
375 
541 
516 

4? 
42* 
86• 
bO 

2b 
3"* 
45 
23 

479 
384 
521 
672 

30• 
4 I• 
8,.... 
B• 

27• 
.Sb* 
7 4 • 
29* 

4i, * 
3b 
59 
u 

40 
II 3• 
?57.i. 

qi, ill 
DAY 5 1 l)i", A 1 ~i.; l 1rn111,1 ll::>9* 44 1 1 4 * 41H IH:,9 46 21 487 3 7• 33• '5411! 102* 
DAY 
DAY 

b 
7 

I 2 33• 
q 'J ,., 

1984 
1 2o':l 

5649 
t.! 760 

192* 
l!;b* 

13 7 • 
58 

l 3f'. • 
l,~IH 

513 
IJ':)ll 

!194 
IH~5 "°'2b 

37• 
14 

585t, 75 
I~':>*

••• 
40• 
SB• 

34 
3v 

l I 7• 
117* 

FINE PARTICLES I LES::i THA~ 2.S M!CR(JNSJ 

iH AL Sl p s CL K CA T l aN FE V CR 8R PB 
DAY I 4S7• 16.S• 591 So 299 SI• 02 65 31* 25• 40 :Sl* 41 41• 77' 
DAY 2 l.l 71:H 802 420 t 12 * 2BI M5* 49 71 .B* 27• 40 ·n* n 47• 88• 
DAY 3 968 ·1 Lil 4/5 ?.59• 2H 19n• 4\ ',4 :16 h2* _1q 7t>• ',I, l 1b• 218• 
DAY 4 bb_\ 477 686 9o• 174 7?. * bb 65 28* ~ \U2 2B'- 21 4 I• 7R• 
DAY 
DAY 
DAY 

5 
b 
7 

402" 
'.J2.)1'1 

516• 

1 ti.l * 
1 '52* 
18 7* 

27',0 
815 
8'-10 

1 O <,,. 
-J'9* 

1 2 ·s• 

556 
521 
387 

8U• 
75-,,. 
2q 

'lb 
90 
b2 

q7 
71 
lb 

.) l.* 
29• 
36* 

25• 
iii"' 
29• 

81 
44 
3v 

3(1'1: 

2?• 
3o• 

26 
13 
12 

l.liU 
41• 
SO• 

so, 
77• 
95* 

* OE~UTES U~PfR LIMIT OF ELEMEIIT NOT F OiJNl) 



UCO•Af~8 rr-;ve:s1 IGAlllJN OF Alr-l !JlJALllY IN I He MONO LAKE Arl[A 

MUNO LA~E OAlLY-11A~SEN WANCH •• JuLY l I U J'JL Y P., 1gtto .. 
PARTlCULATf CUNCENl~AllONS l~ ~ANOGRA~S/CUBJC ~tlER 

CDAHSE SAR TICLES <2,5 r o 15 MlCRU1~S) 

DAY 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

I 
2 
J 
4 
5 
b 
7 

NA 
520 
13'::d* 
81.+0* 
G136• 
9b31l" 

154q 
l 1 '5 / 

AL 
/5 .l 
0U4,,4 
l86 

lb25 
t 7?o 
1uc l 

SI 
2770 
2230 
!7o5 
J5d9 
641Q 
5592 
54/jb 

µ 

1n* 
134.11: 
l ~2.11: 
14 7 .11: 

1 )O • 
1 7 0,. 

11.45• 

s 
97• 
95• 
90• 
38 

107 * 
1 2 I* 

4 I 

CL 
n, 
?,9 

95* 
10 b* 

611 
15< 
290 

K 
?.91) 
c:'41-f 

209 
I 5 7 
629 
51.J4 
';95 

CA 
l96 
lU 3 
216 
192 
bbb 
514 
-; I b 

TI 
l 7 
.12• 
.12• 
'SS* 
67 
'>2 
37 

M;~ 
26• 
lV 
.25• 
I> 
29• 
20 
28• 

FE 
302 
288· 
217 
I 17 
769 
b37 
634 

V 
l2• 
31• 
JI• 
34• 
3<jw 
4')* 
34• 

CH 
213i'< 
<8• 
27• 
30• 
31• 
35* 
30• 

HR 
01, 
20 
Ol• 
oo• 
4ll* 
54* 
sow 

PB 
89• 
86• 
02• 
91• 
921, 
40 
95• 

FINE PART ICL[S (LESS THAN 2.5 MlCMONSJ 

DAY 
DAY 
OAY 
DAY 
DAY 
DAY 
DAY 

I 
2 
3 
LI 
5 
6 
7 

'"474* 
7 i!.lf 
LI'> 15 * 
526* 

. .3 tt .5 * 
260 
ti 1 l /I" 

AL 
t 69* 
2HPi 
b\)U 

181.L~ 
'.)ut.l 

132>1 
2: l~• 

SJ 
630 
327 
538 

1056 
11 l 4 

lli•q 

16~9 

p 

l 11 * 
90• 

107 * 
l 2..S• 

H9* 
"7• 

143* 

s 
604 
IJQS 
'i I I 
51)7 
l21 
2S5 
617 

Cl 
84• 
7 1 • 

"l •9:s * 
68* 
66* 

} 0 /I* 

K 
56 

""05 
lb 

to~ 
64 

!Oh 

CA 
61 
55 
_;3 
55 
,, 7 
49 

132 

f I 
32• 
28• 
31• 
.\b• 
26 1r 

2o• 
£12* 

MN 
y 

22:11: 

i? "*29* 
21 • 

I 
I,, 

FE 
29 
29 
21 
37 
80 
lill 

104 

V 
32* 
2!-ik 
31• 
16• 
2611: 
26• 
o I* 

CR 
18 
31 
27* 
I 0 
2 3 1t 

12 
36• 

""oo• 
00• 
q1'* 
09• 
3o• 
30* 
Sdw 

PB 
b3• 
58 
b2• 
b6 
62 
hR• 

1 I O 11. 

1r Dfl\lOfES IJPPF_R LlMIT OF ELEMENT, ri()T FOUND 



UCO-ARU lNl/(:;jfl(;f.\Tlil/\J (Jf A[H 1:JUAt.lll' J N I 1-lE MOt-.U LAKE AREA 

MONO LAKt: !lAlLY-HANSEN ~ANCti .. JULY " ro JLILY lS,1980 *"' 
PAHTICLlLArt CUNCt:.~T~ATIONS JN NANUGHAMS/CU~JC ,~EIER 

COARSE PARTICLES (2.5 IQ 15 MJCliONS) 

NA AL Sl p s CL I\ CA Ti MN fE V rn AS PH 
OH 1 93211 236() 10800 1 41~ ,\ 146 467 1 1 tl9 717 45 20 b64 34• 12 19 92:A: 
DAY 2 .\ 1 b.\ l .12b 6395 1 b 3• 95 138 602 469 39• 31• 500 38:A:- 3 3 * '>1• 98• 
l)A y 3 B 71 :1,: 1<'25 52.\4 l.\ I• 97• 90• 592 4 1 1 4 .\ 1 4 509 32• 29 4'>• 85* 
DAY 4 70 7,1; .115 21~59 1 11 "' 19• 42 303 214 27• 22• 2~9 26• 24 25 73• 
DAY 5 7b4* •W9 2373 1£:'U* BS* Bb• 235 2~4 17 1 1 295 28• 2':, II 19 b9• 
UA '( 
DAY 

b 
7 

887* 
11 us 11 

561_, 
85.S 

3023 
l,1\)78 

1 )9 k 

t 7"!,• 
99• 
60 

143 
3 78 

355 
510 

203 
571 

:\ /J * 
25 

16 
_3,a 

l13 
4.S2 

3 :~• 
41• 

20 
.lb• 

4b• 
42 

8 7 • 
50 

DAY 8 /"95 1534 4850 1 62"' 115• t 16"' 427 325 45 31• 5.l4 3tl• 33• 55• 1 0511 

FINE PARllCLi:S ( Li:SS IHAN 2.5 MlCij01~S) 

,~A AL SJ p 5 CL K CA T I MN Ft V CR BR PA 
DAY I 1 lo 7 03d 11 l)9 9s, ?.t59 74• 141 66 2Q* 2.1• 79 29• 2'i• 45• b4• 
OA' 2 672 2t>o 4b2 91• 160 13 58 38 29• 2 .S• 35 ?9• 2'::i* 44• 78 
OAY 
DAY 

3 
4 

12" 
lj.)OA 

1 I 9* 
11:.i 7 11 

578 
63l 

78• 
1 iJ .s * 

1 4 7 
·599 

~!.lb 
7tH 

134 
60 

68 
41 

i3* 
30• 

13 
24• 

',8 
40 

23' 
30• 

20* 
26• 

3C:• 
41. 

(>t11 
17• 

DAY 5 
DAY b 
D4Y 7 
DAY 8 

30211 
1421 
89\ 

U40 

l ll9* 
169• 
t) (J 7 
1 3 / * 

11 l 4 
9c\4 
26Q 
B.SO 

7 2 • 
110* 
119* 
89, 

362 
528 
344 
512 

~Qk 

BO• 
90• 
bh< 

7 l 
90 
80 
611 

15 
,,o 
1 7 
49 

2 l * 
32• 
~5* 
2-611 

1 7 '* 
1 l 
28• 
21• 

52 
511 

. 21 
62 

21• 
32A 
35* 
26• 

18• 
?.R* 
30• 
22A 

l'1* 
4'>• 
51• 
38• 

3l 
b4• 
9b• 
72• 

* Ot~UTES lJµPtR LIMIT l)f ELl:.MENl tlO f Ff.llJNlJ 



LJCD•,Hl't3 INVt.SlJ11AI llJN OF /Ilk llUALllY JN I tit '10h10 LAKE Al-lt:A 

M0NU LAKf OAILY-LEf VINING ** J i.JL y I 6 10 JULY 21, lgHO ** 

PARl ICULA rE Cl.lNCf.NTHArJUNS IN NANOGRA~S/CUBlC MtllR 

COARSE 

DAY l 
DAY 2 
DAY 3 
DAY 
OAY " 5 

PARTICLES (2.5 ru .. 
11 b4 k 

1072• 
1230• 

930 
8 7 1 * 

15 ,"'lICRllNS) 

AL SI 
1580 ~83b 
16 .10 4662 
1 144 5375 
1204 3198 

7 ~ 7 2912 

p 

18 l * 
1b8* 
192* 
lbl• 
l 3 7• 

s 
128• 
119,, 
I.Sb* 
1 1 4"' 
97• 

CL 
l 30• 
l ?O * 
138• 
1 l h• 
98, 

K 
424 
/,ibll 

4 b~ 
254 
26S 

CA 
B3 
307 
401 
22d 
2 117 

l I 
.'.13* 
40• 
46• 
39• 
3 -~JI; 

MN 
n 
1 I 
37• 
31• 
I 6 

FE 
551 
598 
562 
359 
366 

V 
42• 
S9* 
45• 
38• 
3.?.* 

CR 
37• 
35•
•o• 
33• 
28 11< 

BK 
12.k 
6->* 
63• 
21 
28 

PB 
138• 
120 • 
95 

1 OAA: 
96• 

FINE PARTICLES (USS THAN 2.S HlLRONS) 

OAY 
DAY 
DAY 
DAY 
DAY 

1 
2 
3 
4 
5 

1-i.A 

1266 
11 ',2 
1263 
12-1,1 

7,!2 

AL 
151• 
I~ ,$4 

6 7 ·~ 
675 
740 

Sl 
601 
5o.5 
949 

I I I I 
b53 

p 

98• 
l IJ 2* 
l O f • 
11 7* 
l U 9* 

s 
471 
607 
4 I ', 
468 
SQ?. 

CL 
75* 
77• 
BI* 
/-19• 
/-\CA 

K 
h4 

I 1 'i 
8.\ 
85 
91 

CA 
3', 
50 
56 
38 
"5 

Tl 
29• 
30• 
3 I• 
34• 
52" 

M,N 

23' 
2 1h 
2S• 
28• 
26* 

FF 
45 
62 
42 
65 
39 

V 
29* 
30• 
31• 
34• 
'32* 

CR 
19 
26"1< 
27• 
27 
16 

8R 
41• 
£12• 
4S• 
r;2..,. 

PB 
37 
79• 

176 
49• 
t!lilt 

• OEN □ TtS UP~ER L1M11 OF ElcMtNT '"'OT FOUN!) 



UCO .. Al-01 JiiVE.31 IGATIIJN UF AJK t~UALITY IN THF. MONO LAKf:. AHC:A 

MU~U L.AK[ DAILY-LE~ VlNlNG ** JULY 21 lU JdLY 29,t9HO .. 
PARTILULAlE CONCENl~Af!ONS IN NANJG~AMS/CUUlC METER 

COARSE PASTICLES (2.5 TO 15 MlCfHJNSJ 

DAY 
DAY 
DAY 
DAY 
OAY 
DAY 
DAY 
DAY 

1 
2 
3 
4 
',, 
b 
7 
8 

NA 
103'-I >\ 
'i926 
>174 
1016 >1: 

~:, l * 
11 3 1 

91 ':'l* 
795• 

Al 
12iJ8 
1100 
2to3 
1096 
1 15'> 
J9S7 

555 
1135 

SI 
116':15 
7810 
8172 
0691 
,097 
8310 
2198 
5155 

p 

1bb: 
194* 
239k 
159 ,1; 

131H 
H2* 
11.llh 

12s11: 

s 
115• 
410 
128 
1 }:\,\ 

9Sk 
138 
1()2* 

~9* 

CL 
I t ·1 * 
·~ 0 1 
172* 
1 1 4 * 
96• 

267* 
ll l) 

90• 

K 
5611 
845 
13 / 
6811 
1192 
835 
208 
532 

CA 
462 

1003 
808 
593 
IH 7 
80\ 
2<i!l 
490 

1 I 
39• 
62 
51 
38* 
69 
93 
,'.7 

57 

MN 
20 
22 
1.n* 
13 
21 
117 
26* 
2u 

FE 
589 
906 
888 
897 
676 
9S6 
279 
1,02 

V 
30• 
46• 
5 7• 
33* 
32• 
88* 
311• 
3(1* 

CR 
3'1* 
40• 
so, 
33• 
28• 
-, 1* 
30• 
26• 

BR 
1.42 
69A: 

14~* 
64• 
114• 
8:1 
19 
38• 

PB 
1 !,19>\ 
170it 
278>\ 
122• 
6,H 

217* 
% 
72• 

FINE PART lCLES (LESS fH~N 2.~ MlC~ONS) 

DAY 
DAY 
OAY 
DAY 
DAY 
DAY 
DAY 

I 
2 

" 5 
t, 
7 
8 

NA 
1.4 ':)Q * 

2901 
127 ! 
1232 

/J,27 
':12911 
3':l9* 

AL 
165,1; 
1_~4 I 
6.12 
5 78 
C. 7 2 11: 
l.l"?t> 

12/J* 

SI 
874 

1230 
~99 

1 O 7 l 
?12 

1/H\l 
539 

p 

1 0 ~* 
l O 9 ,1; 
94, 

10~11: 
l 7 9 * 
123• 
84• 

s 
1110 
919 
671.J 

11 37 
392 
693 
'-'5':l 

CL 
82• 
8211: 
7 1 * 
th\.1r 

136* 
93• 
6"* 

K 
3& 

261 
2':,L! 

127 
I 09 

95 
',Q. 

CA 
32 

2o5 
9 I 
67 
Ou 
114 
H 

I T 
3211 
32k 
28• 
31• 
5 !I* 
.Sb• 
25* 

"" 26• 
2t,',\; 

?.2.* 
2'.:I• 
18 
2'1• 
l I 

FE 
22 

178 
96 

136 
22 
26 
3', 

V 
32• 
,2. 
28• 
3- 1 :,II; 

53.-. 
36• 
25• 

CR 
27 
15 
24A 
13 
oh 
19 
21• 

8H 
11 I* 

""*112 • 
45• 
81• 
'>O• 
3<>• 

PB 
78, 
35 

135 
6£! ,1; 

1~3* 
104 
1 0 l 

* DENUT£5 UPPER LlMlT OF ELf.MH,1 •iOl FrhlND 



• • 

UCD•ARtl fHVt:Sl!GAT!UN Of Al~ tnJALilY IN THt MDNlJ LAKE ARFA 

!H)NO l AKt: DAtLY'"'L[t" VINlMl~ ** JULY 29 ID /lllGUSf ~,19~0 •• 
PARIICULAIE CONC~NTRATJO~S lN NANUGRAMS/CUHlC MEl~R 

CIJAf.'SE PMH lCLES (2.'; Tl) llj MICRO•·~S) 

DA·Y I 
NA 

1-H:~5-' 
AL 

5Ll2 
SI 

I:'.' 61 ,, 
p 

lV/:,1, 
s 
:>2 

CL 
38 

K 
Ji;9 

CA 
159 

f I 
I 7 

t-1N 
1 I) 

,E 
258 

V 
3 3• 

CR 
29* 

BR 
20 

PB 
7fH, 

DAY 2 725• 515 I 768 l 1Ll * 38 82* }98 192 27• liJ 231 27• ?.4 1t 2v bS• 
DAY 
DAY 
DAY 
DAY 

3

•5 
6 

8SIJ 
740* 
9_501t' 

l () UlJ ~ 

2110,1; 

1% 
,--12q 

1 l 1 9 

533 
/-lb() 

15 IS 
940 

141 * 
l 1 O * 
l l.16* 
15 7:11 

lUU* 
IH• 
bl 

112 * 

1u l * 
83* 

105* 
3 lb 

:,8• 
9', 

14 /~ 
t lll 

" I 
1 Oil 
lb7 
b4 

34* 
28* 
"35* 
38• 

2.l "-
2c1r 
lb 
I b 

?.O 
85 

285 
12g 

."d* 
28• 
35111: 
37• 

"29• 
c1,* 
15 
321t 

31 
28 
32 
•7• 

et• 
b6• 
tn* 
90• 

FINE PARTICLES ( Li:SS TliAN 2.~ MlCRO~iSJ 

i~A AL SI p s CL K CA f I MN FE V CR RR P8 
~AY 1 .3?,2• 25.1 290 ,q4 ,I; 113 63:1< 41 • I 8 25·,1; 20 * 19 25• I l 35• th• 
DAY 
D~Y 

2 
3 

4 0 7 * 
507 

l'lO* 
134 

225 
)03• 

',9 

n2 
I 39 
bl 

73• 
o? • 

35 
•o• 

20 
28* 

28• 
21.u 

?3• 
19• 

12 
19• 

26* 
2•• 

2tH 

21 ~ 
•1• 
V:>* 

77• 
bb• 

DAY " 04¥ S 
DAY 6 

511.1 
5,7 
37l 

i.)'J 
12 -~. 
e7 

5t) 1 
337 

S9 

7l11< 
e1 , 
AU 11; 

hl rj 
29d 

"'' 

59* 
b 1 • 
bl• 

b3 
40• 
40* 

,7 
13 
14 

2 )*

2•• 
?.4* 

I 9• 
14• 
l 9• 

15 
19• 
19• 

2}* 
24* 
21.1* 

co* 
21),1, 

20..i. 

)Ck 

33• 
41• 

oO• 
o2• 
7b' 

* UtNLJT[S UPµtR LIMIT OF l:Lt,~1t.~~l :'lUl FULJN() 



' 

llCf.J•ARd U1VfSl It;A I !ON UI- AIR l~UALllY I' THE MdNl) LAKf_ AkE. ,\ 

MONU LAKt DAILY•LtE VlNlhb ** AUGUSI ~l lO AUGUSI 12, 19MU ** 
PARIICUL·ATE CUNCE~T~AflUNS IN NANOGRA~S/CUAIC MEftR 

COARSE PAR r lCLES (2.5 TU 15 MIC,<ONS) 

DAY 
DAY 
l>A Y 
DAY 
UA'( 
DH 
DAY 

1 
2 
3 
4 
lj 

b 
7 

NA 
1179• 
12.Fi* 
901* 

2o55 
8.H* 

1095* 
12Ul-4 

AL 
1Q24 

049 
1<'65 
2561~ 

7tH3 
oS~ 

<'I 5 l 

:; I 
749 1 
.1917 
hh<'2 
eotJ9 
3401 
C.703 

l 05.!0 

p 

18';)"" 
t 9ll• 
14 l * 
145• 
1 3 1 * 
I 7 2-Ji. 
l eq 11: 

s 
LH• 
138• 
lot* 
t 03,.. 

9.! • 
122* 
134* 

CL 
13 3• 
11-' 0 * 
l L)2* 
1U4* 

"15il: 
?.Ob 
1 36* 

K 
OU2 
352 
651 
758 
414 
379 
eo ·s 

CA 
5 35 
.S26 
ll7.) 

5(17 
.115 
.!<'0 
/b5 

l I 
55 
47• 
12 
55 
50 
41• 
66 

MN 
20 
ltl 
2.l 
1 '> 
23 
33• 
26 

FE 
189 
379 
788 
910 
£12il 
154 

102\ 

V 
44• 
46• 
34• 
34• 
31"' 
4 I• 
lJ5• 

CR 
36• 
40• 
29• 
30• 
27* 
3h• 
39• 

8H 
55• 
59• 
2<' 
32 
30 
34 
so, 

f'8 
eo 

112* 
hO• 
F:,IH: 
oo, 

1 04"' 
106• 

FINE PARTICLES (LcSS lH,'i.N 2e':> 11ICRO:JSJ 

DAY 
DAY 
DAY 
DAY 
DAY 
OAY 
DAY 

l 
2 
3 
4 
5 
b 
7 

11JA 
800 
,,q O* 
3~l* 
.B7* 
444 
;J'.:,h* 

7'J7 

AL 
142• 
214 
11.42* 
121 * 
l Llb• 
28 7 
'.>23 

SI 
087 

lOIO 
34 3 
h15 
LJ/\8 
IJ\)1 

290 

p 
q3, 
9); 
93* 
8U* 
9b; 

l 09* 
60 

s 
.500 
231 
228 
283 
)"liJ 

328 
317 

CL 
71• 
73• 
7 1* 
3.1 
7 2• 
o3• 
82-A: 

~ 
94 
46 
42 
13 
52 
37 
':-,() 

CA 
00 
6<' 
3<'• 
42 
25 
18 
qs 

fl 
27 * 
Cl-.i• 
2~• 
23* 
281'< 
32• 
.52* 

"' 22• 
tl 

I l 
19• 
2 .5 .. 
i-? b * 
20, 

FE 
,;9 
41 
.!3 
17 
y; 
30 
110 

V 
27* 
?6* 
28• 
2 311 
2d• 
3?.• 
3?. '-

CR 
24• 
24• 
i::'Q * 
2()11" 

24• 
?8• 
.1 7 

BR 
4',. 
40• 
45• 
3lh 
39,t 
43• 
47' 

P8 
so 
86* 
84* 
65• 
73• 
t ?* 
f..~* 

* OtNUfES UPPER LIMIT OF Elf.!vlt_Nl 's!Ul FLJlJr,HJ 



• • 

UCD-Al\8 !lfVtSflGATIUN OF AIR \.,llJALllY P.J THE MUi.JL1 LAl\r_ AIi t-: A 

MUNU LAK~ OAlLY•LEE VINING ** i'dJGllSl ld lU 111.Jl)UST 20, 19UO " 
PARl ICULAll:. COr-.iCEMTKA f 1UNS JN NANOGR~MS/CUAIC .~tl~R 

COARSE PA><TICLES (2.5 TU 15 S!CR0NS) 

NA AL SI p s CL K CA Tl M~J FE V CR BR P8 
DAV 
UAY 
DAV 
DAY 
DAV 
DAV 
DAV 
DAY 

1 
2 
3 

" 5 
b 
1 
8 

12'-lii* 
bib 
Otl'J• 
';52 

l0-i7• 
12~'::i* 

~US* 
91 2* 

21 (l\,) 
1472 
1505 
1254 
l Lf 5', 
1 £141 
1 ,10 i.l 
1vo2 

dhi.10 
5945 
5".'tt2 
~159 
iJ81 7 
4 ,! 19 
.l25h 
•tl'i.19 

196• 
l 9 7,_ 
l 39 A 

11.12:-1; 
1 7 2 A 

201) * 
1421'1 
1l13* 

139• 
14\IA 

"9• 
t O 1 * 
1221t 
1 l.12* 
101 * 
1 02" 

ll.10* 
141* 
100'A 
l OC* 
194 
619 
102• 
l O }* 

b25 
521 
1,98 
3117 
408 
401 
12R 
1.1q 7 

6/JS 
481 
420 
310 
4 39 
lb9 
282 
.19 7 

59 
47• 
39 
51.,. 
b6 
311 * 
4 l 

29 
19 
19 
1" 
17 
1 9 
21 
l u 

901 
631 
64~ 
51R 
580 
417 
425 
588 

47•,n. 
3.1• 
3~• 
41* 
41• 
',, * 
'4* 

40* 
41 • 
(!<h 

19 
3S• 
4 1 • 
29• 
30• 

58• 
34 
32 
3b 
33 
5'> 
47• 
42 

11 O* 

"1
50 
BS* 

l O 1 * 
1 19 * 

90• 
87• 

FINE PARTICLfcS [Lf.SS fHA~ 2.5 ~!ICRtlNS) 

NA AL Sl p s CL K CA 1 I MN Ff. V CR e• PB 
DAV l 3LJ7• 12h 302 A3• 2b5 63:11 51 29 254 12 bl 25• I 0 3'J* 64• 
DAY 2 I.I~ I:) A 1bl* 159 1 (J ':, II" ?Bil BU• 6; 3d 31* 2~11 2·1 .11• I(, 42• 95 
DAY 3 lrn8A \46A 775 96A 273 7 -~* bo .15 28* 25• 72 28• 21J4 39• 13• 
DAY " 859 ll8 7 {)':, 7 92• 015 70• 91 44 C.7* 72* 11 27* 2·., * 3611: b5 
UAY 5 3o2 305 blll 11 o* 801 1\ .\* 97 h2 32* 20, IJ2 ."\2• 2'H 04• t' 3 * 
DAY b 416* 151 * .S8S 99• 517 l'i* 56 5b 2911: 24> 43 2>• 25* 41• /71<. 
DAV 7 5f:\2 292 51a 9S* 91 l U.• b9 Sl 28* ?.3• 48 ?~• 1 0 38"' 72* 
DAY 8 3d5* l 3tl * 816 '-'th ;oo 08• Oh 3.1 26• 21• 54 26• 2 l• 31• 7tl 

• UEN!Jlt:S UPP[R L[MlT OF ELf. f'-l[i" l ~JOT FOdJ>.:l) 



• • ,· , • 

UCO--AKH lNVESTJ~AflU~ UF AIR WlJALJfY 

11UNU LAKf DAILY-LEI: V lN 1 NL, ** AUGUST 

PAWTICULAIE CONCENf~AllONS 

l \I 

,o 
I l>J 

1 HE ."1llt~O LAKf. Af\f A 

Tn AUGUST ?'j, l~blJ *' 
,,iANOGKAt!S/('lJIH C MfTER 

CUARSE 

DAY I 
OAY 2 
DAY 3 
DAY 4 
DAY 6 

PAR [ ICLfS l 2 • 5 TO 

"q14 4 * 
943* 
3 'i<I 
qqo 

l06S• 

l':l MlCkONSJ 

AL Si 
1,01 Ll 7133 

259• l O l M 
10'>7 4/51 

'ibb 2411 
1030 .H,Ol.l 

p 

11.l 8 A 

l'-11:-1* 
l 38• 
141 * 
171.1• 

s 
105• 

"" 98it 
100• 
l C: 1 :1t 

CL 
HH* 
lVti• 

6', 
44 

1 CC;1i 

K 
429 
11> 
1432 
239 
261 

CA 
4ll4 

9if 

461 
276 
.s" .3 

T I 
61 
.16• 
33• 
17 
111 * 

MN 
22 
2'H 
10 
?..l• 
2'< 

FE 
63 I 
1 l lJ 

560 
290 
409 

V 
3s,1; 
35* 
:Bi\ 
33• 
40• 

CR 
31 • 
lb 
29* 
29• 
3'>• 

BR 
24 
.B 
ll2• 
43• 
36 

p~ 
89• 
68• 
81• 

!Ob 
97• 

FINE 

DAY I 
DAY 2 
()AY 3 
DAI 4 
DAY t, 

?ASf!CLtS (LFSS Tt1A~ 

NA 
58b 
3 7 4• 

1411 
l 1445 

3t1'5* 

2.5 MICROi~S) 

AL SI 
202 'i2 l 
13'j * 11211; 
136• 13>.I 
j:>Li 2''3 
b5l 251 

p 

82• 
197 

""' 67' 
91• 

s 
740 

71 • 
l l 2'> 

'i93 
3b2 

CL 
02* 
6 7 • 
6 71< 

. t,t,* 

69• 

K 
I 14 
3, 

l l I 
'>2 
32 

CA 
61 
30• 
76 
B 
66 

r1 
24""' 
26* 
lb• 
2h• 
2111: 

"'1 '1 ,Ir 

1b 

21• 
21• 
c>~• 

FF. 
74 
21• 
69 
3/l 
.l6 

V 
2''* 
26• 
26• 
25• 
C7 f< 

CR 
21• 
,!.7 

l 3 
22• 
1, 

(iR 

3.1• 
31• 
3/• 
3'>• 
37• 

p" 
62• 
69• 
69• 
1$ 
IO• 

"" Dtr-n!TE::i \IPPtk LJMJ r flf-' l:L[MEhl NOl FOlH110 



' 

UCD•ARH U~VtSI IGAflUN UF AIK 1J\JAL!lY IN 1Ht MiJHLl LAKt AR[A 

MUN0 LAKE UAILY•L~E VlNINb ** SFl-1ft."'Hl-:.R 2 fO SFPTEM8F_l-i 9,191:)ll ** 

PAf-<llLULAlF ClJ'ICfNTRt..1 lrJNS lN NANUGRAMS/CUijJC M~TER 

COARSE P•RTICLf.S (2,5 lu l', MLCRtlNS) 

nAY 
DAY 

I 
2 

NA 
ti 3ij I.I 

Q\3* 

AL 
3421 
1519 

SI 
1 \) 1 38 
5db 

p 

479* 
liU* 

s 
t t 8 
I u2 * 

CL 
89\ 
l O 3* 

K 
Qb2 

489 

CA 
7?0 
l.jq4 

TI 
115* 

48 
'"92• 
2tt• 

FE 
I I 2 t 

690 

V 

11 lJ * 
34• 

CR 
Sb 
30 Ill' 

RR 
84 
27 

p~ 
?.9":i• 

9?* 
DAY 3 b39* !,27 2tb3 1 .32 • 91H 9'>. 245 209 3r.?* 2b• 258 51• 27• 4tl• 9?• 
OAY 
DAY 

4 
I;, 

I I di* 
~ ~ b A: 

4408 
979 

l 9 I~ 1-H3 
H 13 

1 AO* 
l B* 

1,2,., 
42 

l 3 3 "-
9'j• 

!,52 
309 

1450 
C92 

211 
II 

I;/ 

21 
2110 

4 t 4 
44• 
32* 

3/i• 
27• 

24 
20 

11 q. 
89• 

OAY b qb2_!i 1225 32bq 1 "> 0 * 1 \.!1* 72 3!,b 2 72 36• 1 7 3 70 3b* 31 • 51• 45 
DAY 7 304 490 19513 11:> t * "3 ~51~ 223 !B5 3b• I 5 2:,3 '\b• \ H 34 100• 

FINE PAi<T !CLES lLESS THAN 2.5 MIC~ONS) 

NA AL SI p s CL " CA fl MN FE V CR BR PR 
DAY 1 1U2ti* HIH o,o C«t:>"' "60 !Ab• 1 1 0 57 71• 5 ➔• 81 7 I• 6?.* 113• 212• 
DAY 2 413* l4ti• 630 ''7 193 74• bb 62 24• 23• 69 29* 25* 40• 76.* 
DAY 3 3'->9* t30:11. 112 13> 60 o',• 42·"' c_.:,-. 25* 20• COt- 25* 22* 3>• h7• 
DAY 4 1508 14<-j* 7o5 97* 53 I 74• 89 •s 2_f',1' 2l• 67 28• 12 39• 73* 
DAY 
0,-.V 

5 
() 

_Hl* 
112 

,u. 
b" 

380 
254 

8 7 • 
76A 

522 
366 

/:th* 
57* 

_rn 
64 

48 ,,. 26• 
22* 

2H 
10, 

47 
lo 

?h* 
22* 

18 
19• 

3'>• 
31• 

hb> 
?9* 

DAY 7 6 l 4 * 220 * o'iS 14•H li2 7 1 0911 'i2 ?10 ~2"- 34• lb 112* 19 60• 1 ll!A 

~ OtN0TES Ul1 P~ij LlMll tlf t.Lf.MEr~T ~H1T Hh_ltJI) 



• ' 

UCD'"'Arl't! lfllVt.SllGAl!UN lH.- Alh' (HJALlTi IN Tli[ MJ~U LAKl Ak~. A 

MUNU LA~f nAll~•ltE ~lNING ** SlPTt~UE~ 9 1J S~PJE~l~ER 1~,19tlU *"' 
PARllClJLAlf. C1JNCfl'll1HllUN:5 lN NANUG4AMS/CUHJC MtTE~ 

COARSE PARTICLES (2.5 Tu 15 MlCRd1'JS) 

NA AL SI p s CL K CA T I HN FE V CR RR PB 
l)AY 
OAY 
DAY 

1 
2 
.l 

le>Ql* 
87~* 

!Olli* 

4o4• 
:sqq 
2•3 

121~5 
7 111 

1 \33 

?.6'.>* 
130* 
159• 

lu8 
97• 

113• 

l 91 * 
73 

1 14 * 

1 b 1 
75 
b9 

160 

5 7 
l ll '> 

ht'* 
3.)11 

38• 

21 
! 0 
31• 

133 
70 
bl 

6 1H 
3l* 
38* 

Bb 
24 
.B* 

°"'20 
21 

I ~I?* 
t'-':i* 
%• 

DAY " 2>l0 8 77 :rnn l 34,r,; 95• 96• 315 287 02 11 3 77 32• 17 43• 82• 
DAY b 15 78 obi 1 C'j2 1 r;;: ii; lllH* 15M 93 Bil .H,11 2911. 87 3b• 31• 25 92• 
DAY 7 ,ij '8* 77 l 3128 130 98• 77 262 2~5 3,? 27 * 338 3.~• 28• 31 85• 

FINE PARTICLES \LESS IHAN 2.~ MICRO~S) 

NA AL SJ p s CL K CA T l " Ff V CR "" PB 
DAY 
DAY 

I 
2 

7941. 
1162 

853 
"',9 

2.~9* 
3?5 

75 
9', 

2B', 
1',9 

lQ4* 
14• 

94• 
ll6* 

bliit 

15 
56• 
29• 

45• 
2 3• 

ll5* 
23* 

56• 
2ih 

1JH11 

24• 
82• 
40• 

1'i5 • 
7511 

DAY 
DAY 
DAY 

.l 
4 
b 

486 
l l d 
328• 

3V'; 
71 

120* 

tub* 
.17 
99• 

7" 
I':,• 
39 

110 

1?9 
3? 

""' 
5 '* 
b(J* 

42• 
311 

24 

29• 
?. 'j * 
21* 

2':)A 

a, 
2·s* 

8 
!8• 
l V 

20* 
1fl* 
19• 

?5.k 
22• 
2.$• 

15 
I 5 
?1JI: 

'lb• 
33• 
3•• 

hB• 
62• 
bS* 

DAV 7 406* 49/ 2'> 7 "°' cb3 7 '3• cb 16 iR* 23* 12 28• 24 • ""' "lb• 

' UtNUltS LIPPER LIMIT OF ELf,-tFNT NOT FOUNf) 



UCD--ARtj IHVtSl 1&4.TIUtJ UF AIR tJUALllY Is 

i'1UM) lhKf DAIL't'•LC:E VlNlNt. ** Sl:.PIEMHt~ 

lt'1E-. MONO LAKE AKf.A 

15 JO StPlfMHtij 22,l9HQ .. 
Pl1RTICULA rf CONC.:f:NTRAllONS I·~ NANUGRAMS/CIJlllC METtR 

co•RSE PA~TICLES (2.', TO 15 MlCRUl>JSJ 

OAY 
DAY 
DAY 
DAY 
DAY 
OAY 
DAY 

I 
2 
3 
Q 

5 
6 
7 

NA 
t,96* 
900 
-8 1 d * 
79b* 
7 l ll* 
Br..12* 
718* 

AL 
410 

276tJ 
o3o 
21(h 
207 
231 * 
,no 

SI 
2776 

1 l Oti8 
2401 
261H 
2308 
I 8 l I 
.\457 

p 

l 1)9* 
l ll 'I• 
121'H· 
125" 
112• 
13C;,1; 
l 1 3" 

s 
lo• 

l ll6* 
91• 
09• 
BO• 
94,. 
80• 

CL 
79* 

107• 
'12 * 
90• 
01• 
qi,,,. 

122 

I< 
326 
9 Bf\ 
267 
2bO 
270 
230 
311 

CA 
296 
OB 
2bb 
24'> 
19 2 
198 
297 

fl 
'>8 

11 2 
31• 
39 
46 
32• 
Si 

""17 
3 I 
I 8 
10 
2~* 
I 7 
22• 

FE 
42) 

1221~ 
292 
3S6 
320 
244 
307 

V 
27* 
V:i• 
31• 
3()" 
21* 
31• 
271< 

CR 
28 
11 • 
27• 
26• 
32 
2"1• 
20 

Hk 
29 
28 
39 
3.$ 

21 
20 
30• 

~K 
70• 
90* 
641< 
79• 
73• 
~4* 
-, 3* 

FINE PARTICLES CLE.SS THA~ 2.S MICRONS) 

DAY 
DAY 
DAY 
DAY 
(>AY 
DAY 
DAY 

1 
2 
3 
4 
5 
O 
7 

NA 
338* 
)48• 

2~?* 
;4q1i: 
501..1:1< 
a77• 

1229 

AL 
122'11 
270 
I Oll* 
244 
5S9 
ti15 
l 311* 

SI 
23H 

1545 
J '.)9 

198 
,q 

I 5 1 
1 l ti* 

p 

80• 
81• 
69• 
cl 
lB 
Ill 
47 

s 
31 7 
506 
1.H 
lliO 
2'i 

152 
',6 

CL 
ol• 
hl• 
'jc!:1< 

o.l• 
66:* 
85• 
69• 

I< 
:19 
80 
21 
19 
16 
':>511· 
.II 

CA 
22 
:sg 
50 
26 
10 
)tH 

I.I 

r I 
21.l* 
24• 
2D• 
25* 
26• 
.BK 
27• 

MN 
19• 
19• 
10• 
2u• 
1 0 
1 " 
22* 

FE 
27.,,, 
41 
?.O• 
21• 
I. 7. 
22• 

V 
2th 

24* 
?01t 
2ll* 
?.h* 
.B'II 
27 ,,_ 

CR 
15 
20* 
17* 
21• 
22* 
lS 
23* 

Bk 
34• 
31H 

30* 
37• 
38• 
44• 
39• 

f.l l' 
h5* 

3~9 
', 7. 
69• 
72• 
84• 
42 

* Dt.NOTES \JPPt"R LIM[T OF ELE~ll:NT ,,,ur FOlltJ[) 



tJCD•ARH INVLSllt.iAllUI\/ l)f i\lt'I t~UALITY 1, 

H!JNO LAKE OAJLY-L~t Yl"'llNG .. ~'llP It ~Ill[~ 

THt M'ltW LAKf. AHf:A 

22 IU StPIE~H[H i4,1QHO " 
PARIICIJLATE CllNCF~THAIIUNS IN ~A~UGkAMS/CLIMlC ~I:. I Ek 

CUAt(St. PA1-<T[CLE.S U.5 lu 15 M1CRllr,jSJ 

DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

I 
2 
3 
4 
b 
7 

NA 
lu79 

721* 
1138• 
957* 

2021.1* 
133C1t 

AL 
1 9 U ti 
3td 

1 ', 7 I 
1299 
1.46.)q 

'..II~ 

SJ 
I.IH.B 
2U5t\ 
43'>b 
3724 

236:,9 
2279 

p 
305* 
11 3 * 
l 7 1 • 
150* 
.SP\* 
t , I " 

s 
b I 
32 

120* 
t 07-A 
22b * 

93• 

CL 
ClU 

2b 
127* 
tOh 
13', 
94• 

'l.l50 
2 ', 7 
1, 30 
3 7 O 

<?180 
22', 

CA 
1174 
222 
382 
322 

2\qf) 
2 j., 

TI 
71• 
27• 
'42* 
3b• 

?IB 
17 

t,1;,1 

2:, 
22 
21 
IS 
',7 
?.~• 

Fe 
592 
2', 0 
430 
I.I 51..i 

<726 
3:,0 

V 
7 5-,,, 
27• 
4?• 
36• 
76• 
31 • 

CR 
q5 
,?ih 

_Sb* 
:H * 
21 
15 

BR 
1 Otu, 

24 
3b 
50• 

11 p, 
l!fj-,., 

PB 
19 I• 

75-,., 
112• 
95* 

212* 
87• 

FINE PAl<f!CLtS lU.SS IHAN ?..~ MlC~U,~S) 

DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

I 
i 
3 
4 
6 
7 

t, A 

9td* 
I 2 I 
2g'J* 
~.B11 
973* 
594 

AL 
~ 4 7* 
l t n"" 
1oa-,., 
',Io 
Yi.I• 
2tl9 

SJ 
109 I 
1 0 '11 

249 
7 SI 
6lB 
309 

p 

r! i 7 * 
7 O * 
71• 

1U2* 
92 
99• 

s 
/~4 
22,; 
1.14 
Cll2 
2oq 
14 :5 

CL 
172• 

511* 
~IU 

1o 2 
176* 

7':, * 

K 
A 1 
',() 
7 1 

1 ~/~ 
t.)9 

2l 

CA.,,, 
43 
41 
84 
7B• 
22 

TI 
67• 
22• 
21 • 
jl) I< 

btl• 
29• 

MN 
',4. 

8 
I 7 • 
2<1* 
~S* 
2 .I• 

FE 
33 
46 
.IQ 
5A 
~~* 
22 

V 
67• 
22* 
21* 
30, 
bR• 
2Q• 

CR 
43 

9 
I A 
12 
')(h 

IS 

Rk 
91• 
31. 
29• 
4C-* 

10 3• 
41~ * 

PB 
207 

rl8 I( 

56 * 
HO• 
Au 
82• 

* l)i:.l'-IUH.S IJPPf:R L lMl f 1)F l:.Lt~!t:IJ f N(H f-Ollt>.il) 



' 

l1Cll--4f.:'d P••Vt::STIGATlOH IJF AlH lilUALlTY 1, THf 1'1Ui,HJ L Af\f. ARE A. 

M(HJO LAt<..I:. OAlLY•Lf.t. VlN{NI) .. 5~Ph:.:"11:1ER 29 lil llCTOt:ltR 7,19!:H) ,q 

PAt<T !CUL Alt CLIN(.1:.Nlk1' 1 lLiN:5 I~ NANOGf<AMS/CllAIC ME.TEk 

COARSE PAi<T ICLES (2,5 TO lS ~-ilCRONS) 

DAV 
DAY 
DAY 
DAY 
DAY 
DAY 
DAY 

1 
2 
5 
4 
S 
b 
7 

HA 
1071* 
480 
91?* 
92~* 
C>dSiil 

.332ts 
1041 * 

AL 
.st 7• 
9uo 
27 l:,lr 

2 .Tt., * 
2ts9• 
S5UA 
)2 .3 A 

SJ 
15027 
5500 
2201 
895l 
K'-1~5 

1 1 7 ,~q 
1,201 

p 
201H-
17'.l• 
I l':,11 

70 
393 
231• 
2Ub* 

s 
1 '.:i 1* 
169 
12'H 

::ib 
313 
17 l itr 

l S4 * 

CL 
14 1* 
1~':I 

1'>6 
1291t 
IH] 

1011 
7', 

K 
1 1 44 

1~60 
1~9· 
813 
680 
Q2b 

13'i7 

CA 
054 
q53 
11 1 
831 
572 
lo9 
9t,Q 

Tl 
71, 
l(t) * 
I~ 0* 
bl 
61 
7,, 

122 

MN 
1 B 
3:S• 
33• 
jlH 

.IS• 
/~I.Hr 

I 4 

FE 
l 2'i3 
513 
183 
9',5 
8.16 

1083 
1519 

V 
4&• 
39• 
39• 
40• 
41• 
51 • 
46* 

CR 
4 \ • 
V)A 

.S511: 
j5A-

17 
lH,k 

41 • 

Ak 
66• 
5.5• 
59• 
63• 
62* 
7•• 
74• 

PB 
t c'S• 
1 U 1 * 
112* 
120* 
118A 
142* 
1 41 >Ir 

Fl"E PARTICLES (LESS TtiA~ 2.5 ~IJC~ONS) 

DAY 
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UCO--ARt1 11~VES'l lt;A.l LUN Of AJ~ ,)l!.:.LITY !1-J I rl~ MdlJll LAI\[ Ar(f_A 

MONU LAKE DAILY-LlE VlNlN~ ** UCTl)tJ(R 7 1 U UC T011E:."' 14,1480** 

PAHllCULAlE CllNCE1ilkAlll1NS J'J ,~ANDGRA~S/CIJUIC: MtltR 

COARSE PAKl ICLES (?.5 TU 15 MlCHlWS) 

NA AL SI p s CL K CA 1 I Mi>l F~ V CR HR PR 
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OWENS VALLEY STUDY 

MONO LAKE MONITORING 

April 19, 1979 - June 11 , 1979 

* * * * * * * * * * * * * 
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u. C. D. - ARB INVESTIGATION or AIR QUALITI IN THE OWENS VAf...lEY 

WEEKLY MONITORING STUDY 

Gre.virretric Mass - Micrograms Per Cubic Meter 

Mono Lake Al'ea Samples 

STAGE 1 STAGE 2 TOTAL 

4/19 - 4/23 13.7 8.4 22.1 

4/23 - 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 

5/14 - 5/21 11.5 5.6 17.1 

5/21 - 5/28 15 .1 6.0 21.l 

38 _lj5/28 - 6/4 34.4 lj. 0 

6/1.j - 6/11 lj6.8 lj •lj 51.2 
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9b 
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4* 
5• 

• UEN~IES u~~~R LIMII or fLEMENT NOi FOUND 



OWENS VALLEY STUDY 

WIND DATA 

* * * * * * * * * * 



WIND ROSE DIAGRAMS 

SURFACE WINDS AT BISHOP AIRPORT 

Monitoring Period 

February 20 - June 18 , 1979 

N 

w E 

s 

DUST STORM PERIODS 

April 5,6,7,15,16,17,22,23 

w E 

s 
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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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University of California-Davis, Davis, CA 95616 

The suspens-ion 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 
conce_nti::ations by size, mass, and elemental concen­
trations at seven sites in the OWens Valley from 
February 20 to June 18, 1979. Resuspended samples 
of material from Owens Lake bed were u~ed 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 2.5-15µm size range. No signifi­
cant increase in mass was measured for particles in 
the 0.1-2.5µm size range. Similar measurements on.a 
more limited scale at Mono Lake showed that the sul­
fur to iron ratio at Mono Lake is a factor of 6-8 
greater than the r·atio at Owens Lake. These results· 
are consistent wit;h 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 is 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). In 
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 side 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 chinooks 
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
aii 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 periods, which cause poor visibility and may lead to 
health problems (I). 

In order to obtain quantitative data on particulate air 
quality in the Owens Valley, a study sponsored by.the California 
Air Resources Board was conducted by the Air Quality Group at 
UCD. The primary objective was to determine the impact of· the 
dry lake bed on the average particulate concentration 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 15\.im 
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 violated, since a significant portion of the total suspended 
particulate tnass is not measured by the stacked filter unit (SFU). 

P&rticle Sam~a1~Analysis 

The particle sampler chosen for this study was the Stacked 
Filter Unit (SFll) described by Cahill et al (4,5). Particle col­
lection in two size fractions was achieved----hy-placing two Nucle­
pore membrane filters in series, The first filter, with 8µm 
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diameter pores, has a 50% collection efficiency for 2.Siiffi 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 inlet which excluded par­
ticles larger than lSµm. The second filter was a 0.4pm pore di­
ameter Nuclepore· .jilter, which collected all particles less than 
2. 5µm. A diagram of the SFU is 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 (~), 
and the collection efficiency of the human upper respiratory 
tract (']_). rre SFU thus collects particles in two size fractions 
closely resembling the fractions deposited in the upper and lower 
respiratory tracts, and alsO separates the criarse, 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 
15µm, and by.particle induced x-ray emisston (PIXE) for elemental 
content. The filters were weighed before and after sampling 
using a Cahn 25 electrobalance sensitive to lµg. Typical preci­
sion of TSP determined by ~his analytical method is t0.5µg/m 3 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 PUCE sys-­
tern. This analysis technique is described in Cahill~ ;a.!_ (f). 

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 ~ere collected on 
April 6,7,16,17,23,24, 1979. 

In addition, data on wind flow collected at Bishop 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 lake. 

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 aerosols to which valley resi­
dents are exposed on a daily 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 five miles east of downtown Bishop in the center of the 
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valley. Site 2 was located in Big Pine near the western edge of 
the valley. The Independence courthouse wa·s 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 is about ten miles north of Owens Dry 
Lake. The Keeler Post Office was chosen for Site 5. This site 
was on the easteTn edge of Owens Dry Lake. Site 6 was located at 
Cartage 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. Figure 3 is a map of the study area depicting the 
seven sampling sites in the valley. Site 8 was 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.S. 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
weighed 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 is 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 
pollutarit concentrations. The dominant characteristic of this 
profile is the marked peak in total mass 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 aerosol 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 
again the standard error of the mean. Silicon and iron are usu­
ally soil-dertved aerosols, while sulfur is generally produced by 
g~s 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 soil material with only slight enh~ncement due 
to the dry lake bed. There is no anthropogenic source of coarse 
sulfur aerosols near the dry lake. Thus, these aerosols are b~­
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 tl5%. The mean weekly values do not in­
clude the three dust storm episodes sa~pled separately, but do 
include sever-al additional dust storms. Table I lists all the 
dust storms reported by the sampler operator,s. 

The Fine Gravimetric Mass is virtually unchanged over the 
monitoring period. The Total Gravimetric Mass (TGM) measurement~ 
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 soil aerosols suspended in the atmo­
sphere as the soil 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. Finally, although it is difficult to 
draw inferences from these data about the persistence of suspend­
ed dust 8fter 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 if 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 on the average aerosol concentrat_ion in the 
Owens Valley. 

Magnitude and Spatial Extent of Lake Bed Aerosols. The mag­
nitude and spatial 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 obtained by resuspending lake bed and sampling 
site soil 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 (15~m to 
2.Sµm) 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 11natural" 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.S~m), and since 
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TABLE I. WEATHER OBSERVATIONS FROM OPERATORS 

DATE MONITORING PERIOD OBSERVATIONS NOTED 
AFFECTED (Month,Week) BY SAMPLER OPERATOR 

2/26 - 2/21 February, 1 Rain, snow at Big 
Pine 

3/01 - 3/02 March, 1 Dust, North wind 

3/15 March, 3 Dust, South wind 

3/18, 3/19 March, 3 Heavy rain 

4/07 - 4/08 Dust storm* 
4/16 April, 2 High wind at Lorie 

Pine 

4/17 - 4/18 Dust storm* 
4/21 - 4/22 April, 3 Big dust storm 

4/24 Dust storm* 
5/05 May, l Dust, high winds 

5/26 May, 4 Dust at Lone Pine 

6/15 - 6/18 June, 3 High winds at Big 
Pine 

* These dust storm aerosol measurements are not included in the 
weekly average concentration in Figure 7. 
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there is no anthropogenic source of chlorine in the valley, man­
made emissions of coarse particle sulfur or chlorine is negligi­
ble. Finally, since long-range transport of coarse particles is 
unlikely due to the short residence time of these large particles 
in the atmosphere, long-range transport from outside the basin is 
not an important source of coarse particle sulfur or chlorine. 

Silicon and iron are generally considered 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 
significant 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. Fine 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 iron 
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 aerosol concentration due 
to suspended lake bed materials occurs as far downwind as Inde­
pendence. In 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 
sampllng site are suspended from the lake bed. At any site 
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wTABLE II. PER CENT AND MASS INCREASE OF AEROSOLS DURING DUST STORMS w 
00 

BISHOP BIG INDEPENDENCE LONE KEELER CARTAGO LITTLE 
PINE PINE LAKE 

Per Cent Increase---
Total Mass 80 45 56 356 1121 -14 -88 

t 86 t 59 t 22 t 66 t 384 t 47 t 29 

Sulfur 3 11 138 631 1598 137 -38 
± 41 ± 57 t 92 t 212 ± 342 t 75 ± 23 

Chlorine 87 150 172 1024 933 367 -3 
± 48 ± 135 t 67 ± 442 ± 442 t 272 t 42 

Silicon 58 27 40 213 556 -15 -86 
t 54 t 31 t 29 t 47 ± 101 ± 34 t 34 

Iron 
t 

61 
70 ± 

40 
48 

+-
27 
30 t 

186 
32 t 

477 
72 t 

-23 
31 

-86 
t 26 

Mass Increase 

Total Mass 22 13 19 137 644 -5 -25 
"g/ml t 23 t 17 ± 7 t 22 t 186 t 16 t 6 

Sulfur 
ng/m 3 

Chlorine 
ng/m 3 

11 
± 135 

61 
± 29 

42 
± 216 

141 
t 120 

t 

t 

908 
561 

549 
125 

3087 
±9115 

2641 
± 973 

16111 
t1746 

11414 
±4396 

t 

t 

404 
209 

639 
430 

160 
± 91 

-7 
tl07 

>.. 
::: 
£.. 
= "' Silicon 

ng/m 3 
2977 

t2759 
1354 

±1564 
2023 

±1455 
12806 
±2470 

33919 
±2906 

-775 
±1704 

-3091 
±946 

"' <'i 

Iron 
ng/m3 t 

495 
562 

343 
± 412 

243 
± 271 

1810 
± 230 

4501 
t 306 

-197 
t 262 

-652 
tl52 

>
"' "'0 
~ .. 
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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
ter-ials 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 
lake bed iron (FeL) to total iron measured at a site (FeT). 

FeL FeL/SL FeL FeK FeK 
but where

FeT FeT/SL SL SK SK 

is the ratio of iron to sulfur at Keeler. Furthermore, if all 
the sulfur at the site if from the lake bed, then 

SL = ST 

at the site and: 

FeL FeK/SK ST/FeT 

FeT FeTt8T sK/FeK 

The same argument can be made for the chlorine to iron ratio. 
Hence, by calculating the S/Fe and Cl/Fe ratio 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) is 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 Cl/Fe ratios normalized to Keeler. 
Also included is the Fe/Mass ratio. The two normalized ratios 
(S/Fe and Cl/Fe) provide a range of values over which the frac­
tion of aerosols produced from the dry lake bed at each site can 
be detennined. 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 value 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 Sas lake bed tracers, and Fe as a tracer 
of non-lake bed soils, is given support by analysis of Owens Lake 
brine (10). 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. Iron is ab­
sent as a brine constituent, indicating that it is present only 
in the surrounding soils and in the bottom muds of the lake. 

TABLE 4. MASS CONTRIBUTION OF THE DRY LAKE BED T0_1'HE 
AVERAGE WEEKLY T.S.P. VALUE AT EACH SITE 

(Particles Less Than 15prn 

SITE RANGE 

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 detailed 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 (15µm-2.5µm) 
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 
(Na2S04), burkeite (Nas(S04)C03), trona (Na3H(C03) 2 . 2H20), 
pirssonite (Na 2Ca(C03) 2 . 2H20), thermonatrite (Na 2C03 • H20), 
hali.te (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) ratio in bulk samples (mud and saline crust 
and efflorescent crust) of the Owens lake bed, resuspended by air 
streams in the laboratory, is approximately 33, while the Na/S 
ratio l.n ambient aerosols measured at Keeler is 4 i 1. 
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The Owens Lake brine analysis of Table Vindicates 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 (2Siig/m 3) is violated near the Owens 
Lake. It 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 t 0.4 
Big Pine l.3t0.7 
Independence 4.7 t 1.3 
Lone Pine 10. 7 t 2. 8 
Keeler 51.3 t 5.2 
Cartage 2.1 t 0.6 
Little Lake 0.8 t 0.1 

The weekly average and dust storm ptofiles of lead are shown 
in Figure 9. The error bars represent the standard error of the 
mean. Although most lead in the valley is in the fine mode 
( <2. Sl.lm), 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 concentration near Keeler during a dust storm 
suggests that the dry lake bed may·be a source 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 is not a significant problem. 

Mono Lake Monitorin& 

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 Lee Vining. .Although more 
study is needed in this area~ some preliminary remarks regarding 
this data can be made. Figure 6 shows the total gravimetric mass 
concentrations measured during th~s study period. The most 
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obvious trend shown by these data is the increase in TGM from the 
beginning of the study period to the end. This is probnhl y due 
to decreased precipitation and the subsequent drying of the soil 
near the sampling site. We heJjeve that if monitori.ng had con­
tinued, even higher TSP concentrntions 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 • 3µg/m 3 or about . 9iig/m 3 of sulfate. Soil samples 
collected in the Mono Lake area i.ndicated 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 0f sulfate anion that did Owens Lake. 
These data all suggest that Mono Lake has a greater potential 
than the Owens Lake for a sulfur aerosol 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 efflorescerit crusts in lakes in Inyo County (e.g. 
Deep Springs Lake), and hence, can be suspended in the atmosphere, 
In fact, B.F. Jones of the U.S. Geological 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 
Mono Lake, 

Further study during the summer months is needed to determine 
if these preliminary data are representat:fve of the typical condi­
tion in the area, 

Conclusions 

The data collected in the Owens Valley during this study 
suggest the following conclusions. First, dust storms occur 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 important contrib­
utor to the TSP concentrations measured downwind. The contribu­
tion of lake bed aerosols to the TSP concentration at sites as 
far downwind as Independence was significant. Furthermore, 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 su] fate stand­
ards violations due to lake bed suspended aerosols at Mono LakC' 
may be greater than the observed violntions 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 samp]es than for Owens Lake bed soils. 
Further study is needed in the Mono Lake area in order to deter­
mine the magnitude and extent of the aerosols suspended froni the 
lake bed. 
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