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ABSTRACT

Number concentrations of large and giant atmospheric particles and
particles containing sul fate and water-soluble constituents during 10
days in March, 1969, were determined. Particies were collected by
means of an Andersen multistage impactor and examined by means of an
optical microscope. The number of particies collected and concentra-
tion of su!fate and water-soluble particles at the isolated New Mexico
sampling site were comparable to literature-cited values of average
continental concentrations over mountains or unpolluted areas. The
number concentrations of giant and large particies did not appear to
be influenced in the same way by meteorological parameters. Increases
in the number of large particles were mirrored by corresponding in-
creases in sulfate content.

- Data for relating Andersen sampler aerosol number concentrations to
concentrations reflected by the Royco 202 |ight scattering aerosol
. counter are giveir,
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INTRODUCT ION

High concentrations of ammonium sulfate and sulfuric acid in various
states of neutraiization have been detected in major cities of the
United States. Although it has been concluded that these chemical
species are likely to be found near cities where sulfur dioxide effluent
from industrial and residential heating abounds [ 1], ammonium sul fate
particles and sulfate compounds have also been found off the coast of

a nonindustrial portion of California [2]. Similarly, the infrared
detection of ammonlium sulfate [3] in the relatively clean atmosphere
near White Sands Missile Range has suggested that even in an unpolluted
area, sulfates may be a dominant species in the large particle size
aerosol fraction (0.1 to |.0 u radius).

Since ammonium sulfate and sul furic acid neutralization products are
hygroscopic, they condense water from the air at moderately high rela-
tive humidities. The associated fog or haze and subsequent deterio-
ration In visibility are of interest here from the standpoint of warm
fog and haze dispersal or creation.

The determination of the size and number of sulfate and other water-
soluble particles which couid be a prime cause of the develiopment and
persistence of continental fog and haze in an unpolluted area has
fostered this examination of individual particles present in the natural
serosol.

EXPERIMENTAL METHODS

To obtain a slize-fractionated dust sample which could be analyzed chem-
ically for sulfates, an Andersen sampler* was employed. The sampler

Is a multistage impactor [4] which was fitted with 8.26 cm diameter
glass slides. Simultaneous to this study a Royco Particle Counter**
was used to monitor continuously the number of giant particles at the
same location [5].

Prlor to sampling, the Andersen slldes were coated with a transparent

lastic which contained barium chioride as a sulfate-detecting reagent
EGJ After exposure of the collected particies to water-saturated air,
the sulfate particles reacted to form Lliesegang rings of berium sulfate
- ‘particles which were aasily discernible microscopically. Since water-
_ soluble components which serve as fog nuclesnts dissolve into the moist-
- enad plastic, further informstion on the number of po*on*!al fog or -
',awcloud droplof—formlng nuc!ol was obfalnod. :

- '*.‘Mpde_l_‘ 705‘,’--n-a.:+om Res. and o.'v;. s.a”n Lake City, Utah 84115,
_ #4Model 202, Royco Instruments, Inc., Menlo Park, Calif. 94025
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: Tho gtanf parﬂcl. eoneonfraﬂom aro pluﬂcd ln Figure L

 vous Royco data were averaged over the period of Ande SRR

~ation to obtaln one vaiue per dey; these compared nll th Andonen T PRI
data. cxc.pt for Tho conelnfr-*lont of fht 22nd. o T

The size ranges which can be fractionated by the Andersen sampler are
indicated in Table |. Size limits for each stage and for a unit den-
sity particle have been published [7]. The 95% liwits (size limits
which include 95% of the particles on a stage) for particles having a
density of 1.77 gm cm~3 (ammonfum sulfate density) and 2.4 gm cm=3
(estimated density of total particles captured) have been calculated
using a conversion formuta [7].

The sampling was carried out at Mule Peak [3] on a mountain range 1250
m above an adjoining desert floor in south-central New Mexico. The
site was chosen because of its remoteness from anthropogenic particle
sources and could yield aerosol data comparabie to the number and chem-
ical constituency of particles at other unpol luted locations. The
Andersen sampler monitored air 9 m above ground, and the Royco sampled
air from approximately the same height but was displaced 7 m ESE of the
Andersen unit,

The particles were sampled with the Andersen Instrument between 0200
and 0500 hours MST because the dust sampled at this time usually typi-
fied that of the boundary leyer over the mountain on which the sampier
was located better than the dust of any other of these dally periods
[8]. The sampier was operated for i0 days in March, 1969, during the
above-indicated 3-hour perlods.

The meteorological condi?tons durlng the 10~day sampling period have
been documented and analyzed [5]., The following parameters were
measured or estimated: percent cloud cover, visibility, wind speed,
wind direction, and relative humtdlfy over the sampltng sl%o and adja-
cent basin,

The number of parficles cm“3. number of gm sulfafo. and porcan* part-

icles contalning sulfste from each of the six Andersen sampler s!ides

~are given In Table I, A desh In plece on an entry. !ndicates number
ot particles or percent sulfate below the detection level (0.00! cm 3
‘and 0.1%). Each siide wes examined before snd after treating with
- 'uafcr-safurafed alr ?o d.fncf fho 6lsappoaraneo of uaftr-solublo comr '
9000"*3-“ Lo LR el

3.@ ler oper-

Th. conﬂn- i
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% Suifate Particles

(208-315)
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Date { March, 1969)
FIGURE 2, Number concentrations and percent gulfate in serosol samples

. at Mule Peak, March, 1969.
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A rather small number of samples have been examined; however, it
appears that within the experimental period, the data aliow certain
inferences to be made with respect to particle number and constituency
in the sampling region,

Giant Particles

Examination of percent c¢loud cover, visibility, wind speed, wind dir-
ection, and relative humidity over the site and adjacent basin revealed
a primary dependency of giant particle number on wind speed in the ad-
joining basin floor, wind direction, frontal passage, history of air
mass, and snow scavenging [5].

Except on the 22nd, the percent of giant particles containing sulfate
(Figure 2) was below 5%. The air sample containing the high percentage
(23.5%) of giant sulfate particles deserves comment because usually the
continental large particle fraction contains-the bulk of sulfate part-
icles [9]. For this reason it appears that the sulfate particles sampled.
on the 22nd were picked up as giant particies rather than "growing. up"
from agglomerations of smaller sulfate particles which can result from
the conversion of suifur dioxide to sulfate [10]. ‘

Particie number concentrations and aeroso! sul fate concentrations at
locations comparable to Mule Peak ars presented in Figures 3 and 4.
Some of the values were calcuiated for ammonium sulfate from sul fur
content. The points have been connected to make reading easier and,
possibly they indicate the extent of anthropogenit influence.

The Mule Peak concentration of less than 0.05 ugm m=3 sulfate In the
giant size is less than most other continental cbservations, however,
at times concentrations at Mule Peak were considerably higher (Table
11). The low relative humidity usually present in the Mule Peak area
may be influential in preventing the growth of large-sized hygroscopic
sulfates into the giant range, a phenomenon which has been observed at
other locations [11]. At Mule Peak, Budapest Observatory, off the
California coast, in U, S. nonurban areas, etc., (Figure 4), where one
might expect to find clean air, the values for sulfate concentrations
are approximately |0 to 60 times the |zata [12] value (during an Influx
of air from the Sahara). The high values at the other sites in Flgure
4 when compared to the extremely low value at |zafa may indicate the
extent of anthropogenic influence.

Percent sulfate mass in the glant size was 0.3% at Mule Peak which is
consistent with the values of 1.4% and | to 28 near Budapest, Hungary,
[20] for particles greater than 0.3 u radius.
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Large Particles

it Is apparent from Figure 2 that factors influencing the increase or
decrease of giant particle number and sulfate concentration did not
affect the same quantities in large particles in the period of obser-
vation, For instance, on the 2ist, 25th, 28th, and 29th the number
and percent sulfate for large particies rose; but giant particle num-
bers did not experience increases. Conversely, on the 20th the number
concentration and percent sulfate rose for giant particles; but both
these quantities decreased in the large particle size.

The change in number concentration of large particles was examined
with respect to the previously mentioned meteorological parameters.
Large particle sulfate and number concentration increased when the
wind flow was over the mountain range on which the sampler was located
and did not appear to be related to any other measured parameter. The
difficulty in relating particle number and sulfate concentration to
meteorological patterns has been experienced by others [21, 22].

Although Mule Peak large particle sulfate concentiations were at times
high (Tabie 11), the average value was approximately i.4 ugm m=3, which
is similar to concentrations in Florida, Hawaii, and Budapest (Figure 3),

Solublie Particles i

Except for the 22nd of March, the number of particies containing sol- i
uble nonsulfate was always less than 3.5% of the total particulate
number. Percent nonsulfate soiubles aaded io percent soliublie sulfates
gave a mode value of less than |0%, which falls short of Junge's esti-
mate of soluble aerosol particlies of 20 to 30% [9], and values of 15%
in Los Angeles [23]. Data on the percent of water-soluble constituents
In 2erosol samples at comparable locations are scarce; however, the
valves of 7.5% and 108 near Budapest and in the country [24], given

for the sum of soluble sul fate and ammonium chloride, can be examined.
I+ should be noted that the Mule Peak value of 108 Indicates percentage
of particles containing soiubles, and is not equivalent to the Bonis
[24] percentage figures which compare the mass of chloride and sulfate
to the total mass of collected particles. ,

Moda! number concentrations of soluble giant parflcles at Mule Peak
were comparable to those of Delhi, India [25]: Mule Peak mode 0.0015

~om=3, meximum 0.09 cm=3, Delhi 0.001 and 0.007.

As observed by others [20, 9], the soluble particles detected in the
present study in the microscopic range were mixed in character. Both
the data from Mule Peak and that from the Budapest Observatory [26] are
in agreement in that the water-soluble fraction accounts for only a
smal | part of the total asrosol meass.




CALCULATIONS

Data are presented here for determining correction factors to reiate
the particle counts on stages 5 and 6 of the Andersen sampler to the
atmospheric aerosol number concentration as determined by a Royco
model 202 particle counter,

Among other things, both the Andersen and Royco size classifications
are based on the assumption that the particles are spherical. The
size of a particle as Judged by the Royco Is mainly related to its
size and refractive index [27]. In the Andersen, however, a particie
Is size-fractionated depending on its density. Thus a particle of
size | y and density 2.4 gm cm=3 behaves as an aerodynamically equi-
valent particle of 1.45 u and unit density in the Andersen sampler.

Teble 111 allows one to parallel channels In the Royco to the stages
of the Andersen according to particle size employing densities between
1.7 and 2.4 gm cm=3,

In an experiment designed to match Royco counts and Andersen sample
counts the Andersen and Royco instruments were run simultaneously.
Royco channels | and 2 were plotted against Andersen stage 6; Royco
channels 3 through 8 were plotted against Andersen channel 5, result-
ing In the data presented in Figure 5. Royco channels above 8 (part-
icles > | u radius) showed fairly good correspondence to stage 4
(Figure 1); therefore, Andersen stage 4 counts were not changed.

Although Royco channels 6-8 are iisted in Table || as being within
stage 4 limits rather than stage 5 |imits, the capture efficiency

for these sizes on stage 4 is poor [7]. Simlilarly some of the part-
icles which are in the 958 limits of stage 5 are captured on siage 4.
This "trade off" of Royco channel counts between stages 4 and 5 of

the Andersen seems to be useful In that stage 4 counts need no cor-
rection and stage 5 and 6 corrections can be ocbtained from the relation-

"ship given in Figure 5. This type of correction is not as applicable
.~ o chemical determination becsuse chmlsfry of s?ago 4 ond 5 parﬂ- ,
s clos m bo dlffonn?. A

-Andomn suaplor number conmfraﬂons and poreuw wlfm valuos

presented in Table || were corrected by m of the qraph of Figure S.

‘Uncorucfod Andersen sampler number conoonfraﬂon values gnafcr fhan

2.5 o3 were cbtained from four siides on which thers was an aggre-
gete reaction [6]. From the graph of Figure 5 the largest uncorrected

_Andersen number concentrations required a correction of approximately.

tour times the Andersen determination to metch an equivaient Royco

| count. Becsuse of the lack of points from which to meke lnhmiaﬂdni

with oonfldoneo nusber conoonfrnﬂons grester ﬁmn 2.5 a-s were
I2 '
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Table 111, Relationship Between Andarsen Sampler and Royco

Counter Size Ranges

Royco Radius Equivalent Radius (u) Andersen
Royco Ch. No, Measured (u) for Andersen Sampler Stage
| 0.15-0.2 0.25- .38 5,5}
2 0.2 -0.25 0.32- .41 5,6 °
3 0.25-0.3 0.39- .41 5 )
4 0.3 -0.4 0.46- .69 4,5
5 0.4 -0.5 0.60- .82 4,5 >
6 . 0.5 -0.6 0.82- .90 4 ?
7 0.6 -0.75 0.90-1.10 4
8 0.75-1.0 I.1 -1.50 4 )
3




*SUOFILIIUIOUOD 19qunu WIOFIAed 98I - sjusEnAISUT g&!l —xl 35 .l!.n!— iuﬂndl n g .

~ _ W) NOILVYINIONOD H3SWNN zumzuaz< _

[
[ ]
o




TR A AT T

simply myltiplied by four to obtain an estimate of number concentra-
tions of aerosol particles.

In general, Andersen values were lower than Royco values of aerosol
number conoenfraﬂon by a factor of from 4 to 6. This difference Is
to be expected due to the rather poor efficiencies [7] on the Andersen
sampler stages near the lower end of each stage size interval. The
particle loss is augmented because as particle size decreases in the
natural asrosol the number concentration of aerosol particies Iincreases
thereby causing the greatest number of particles at the lower fimit

of each silde.

Sul fate mass concentrations as ammonium sulfate were calculated by
employing the corrected number concentrations along with percent part-
icles containing sulfate values (Table {). The suifate mass thus com-
puted will represent an upper |imit because most of the particles
containing sulfate also contained a nonsulfate fraction.

CONCLUDING REMARKS

Peitinent to period and area of study, the following remarks concern-
ing the data arc made:

(1) Metecrological parameters impose a different effect on the
fluctuations in glant and large particle sulfate content and number
concentration (i.e., during the same period number of large particles
increased while number of gliant particles decreased).

(2) Ymén there Is a rise in number of large particles there is
usualiy an Increase in the percent of large particles containing sulfate.

N (3) The glanf parﬂchs are almost oxcluslvely "mixed" in nature,
that is. fhoy are not entirely soluble, buf contain an insoluble frac-

© " t4) individual large-sized particies contain a higher percentsge
. sultfste por particle then glanf parﬂclos and in many cases appoar to
. be onﬂroly sulfm. ;

. (5) Tho solubh eonhnf of fho serosol samples (In 'rha slzc
»nngo ¢ol icchd) ls usual ly less then 108 of the total mess.

- (6) Tho nwbor of parﬂclu. soluble parﬁclo content, and sulfate
; eonanfnﬂom ot Mule Peak 2eroscl were comparablu to results obtained
ot oﬂ\or wountain locations or rural locaﬂons
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