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Abeam-A~osphe~c aerosols were measured in August 1983 on Allegheny Mountain and Laurel Hill in 
southwestern Pennsyivania. Ambient humidity was observed to influence the coarse to fine particle ratios as 
determined by dichotomous samplers. This influence is evident in the particle mass and in its component 
chemical species. The sampling run with the most pronounced mass shift resulted in an apparent loss of 
50 % of the fine mass and 66 % of the fine particle sulfur to the coarse fraction. The magnitude of the mass 
shift appears to be related to the length of time that the aerosol was in a saturated environment and also to 
the original dry particle size. These observations have serious implications for receptor modeling with 
dichotomous sampler data whenever only the fine particles are considered. 
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INTRODUCTION 

The purpose of this note is to show that ambient 
humidity can exercise a great intluence on the coarse 
to fine particle ratio as determined by dichotomous 
samplers. This influence is seen in the particle mass 
and in its component chemical species, and has pro- 
found implications for receptor modeling with dichot- 
omous sampler data, especially when only the fine 
particles are considered. Recent trends in analyzing 
only the fine fraction of the measured aerosol may not 
be appropriate under conditions of elevated relative 
humidities (r.h.). The implications of these findings 
may also be important in the selection and use of size 
segregated sampling methods. 

The evidence was obtained, quite by chance, in a l- 
month field experiment on Allegheny Mountain and 
Laurel Hill in southwest Pennsylvania in August 1983. 
Details of the experimental arrangement are discussed 
in other publications (Japar et al., 1986; Pierson et al., 
1986, 1987) and will not be recapitulated here. The 
dichotomous samplers were Sierra Model 245, with 
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coarse/fine cutpoint diameter 2.5 pm when operated 
at the 1 m3 h-t flow rate for which the units are 
designed. Each unit had an inlet designed to exclude 
particles larger than 15 pm (first half of the experi- 
ment) or 10 nm (second half of the experiment) dia- 
meter. The particles were collected on Teflon mem- 
brane filters and analyzed gravimetrically and by X- 
ray fluorescence and neutron activation analysis. 

Products of gas-to-particle conversion are expected 
to be primarily in the fme fraction. These products, 
such as SO:-, are generally found to have average 
coarse to fine mass concentration ratios less than 0.1 
(i.e. less than 10% coarse). On the other hand, el- 
ements derived from soil, such as Al or Si, tend to be 
found in the coarse particle fraction, with coarse to 
fine ratios greater than 3.0 (i.e. greater than 75% 
coarse). The effect of atmospheric humidity on aerosol 
particle size is well documented (Junge, 1963; 
Charlson et al., 1974a,b). Aerosol particles are known 
to deliquesce to form droplets at high rb., thus 
in~uencing the size dist~bution. 

Figure 1 shows the coarse to fine concentration 
ratio for selected elements and aerosol mass measured 
at Allegheny Mountain. The ratios are plotted on a log 
scale with the elements shown in order of increasing 
mean particle size, starting with S, which is greater 
than 90% fine on average, and ending with sama~um, 
which has 15% of its mass in the tine fraction on 
average. The time-weighted average coarse to fine 
ratio for each element and for mass is indicated 
as a horizontal line. It is apparent that large swings 
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Fig. 1. Coarse to fine concentration ratios at Allegheny Mountain. Ratios are plotted on a log scale with 
the elements shown in order of increasing mean particle size, starting with S and ending with Sm. The time- 
weighted average coarse to fine ratio for each element and for mass is indicated as a horizontal line. The 

shaded vertical lines indicate runs in which the r.h. was 100% for at least half the sampling time. 

in the coarse to fine ratio can occur for many elements 
and that the maxima in the ratio tend to occur at the 
same time for several elements. Those sampling runs 
which displayed peaks in their ratio for multiple 
elements can be explained by examining the concur- 
rent meteorological information, specifically the rela- 
tive humidity and wind speed. 

In Fig. 1, those runs at Allegheny in which the 
relative humidity was equal to 100% for at least 50% 
of the run are designated by shaded vertical lines. In 
fact, all but one of the runs so designated correspond 
to runs in which visual observations of cloud or fog at 

the Allegheny Mountain site were reported. Coarse 
filters from the dichotomous samplers were also noted 
as being wet for each of the designated runs, except the 
last one in the month. The filters being wet can cause 
complications of inhomogeneous loadings on the fil- 
ter, making XRF analysis more difficult and the results 
more uncertain. At the runs designated by shading, 
peaks are seen in the coarse/fine ratio, signifying 
transfer of fine particulate mass into the coarse par- 
ticle mode; this transfer is especially evident in the case 
of S and Se. The runs marked by shaded lines, 
however, were not the only ones in which fine particu- 
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late mass appears to have been transferred into the 
coarse mode. Sampling runs which did not show as 
pronounced an effect on as many elements or dis- 
play as large a percentage shift in the individual el- 
ement’s fine mass were not at saturation (i.e. not at 
r.h. = 100%) for as large a fraction of the sample dur- 
ation as the shaded runs. A relationship between the 
percentage of sampling time at saturation and the 
magnitude of the mass shift into the coarse mode is 
apparent. Lindberg et al. (1979) reported a similar 
relationship involving fine particle mode ( < 0.45 pm) 
species Zn, Mn, Cd, Pb and SOi- vs the water vapor 
content in the atmosphere. They found that the dur- 
ation of radiation fog was negatively correlated with 
the fine particle mode concentrations. A similar re- 
lationship was reported by Meszaros (1968) between 
the r.h. and the relative contribution of water soluble 
SOi- particles in the Aitken size range to the total 
aerosol SOi- concentration. It was suggested that the 
inverse relationship revealed the submicrometer par- 
ticles to be hygroscopic, thus increasing in size as the 
r.h. increased. Samson and Keeler (1986) also saw 
evidence for an inverse relationship between atmos- 
pheric r.h. and the measured fine particle mass concen- 
trations of S, Zn, As, Se and Pb, at a site in the 
Shenandoah Valley of Virginia. 

Lindberg and Harriss (1983) noted that the pH of 
the atmospheric aerosol can influence the solubility of 
the aerosol-associated metals. At low pH, insoluble 
metal compounds can be converted by acid attack into 
relatively soluble SOi- and NO; salts. Probably 
more important at Allegheny, where the metals were a 
very minor part of the aerosol chemical composition 
generally, is the fact that H,S04 and its NHfsalts are 
all hygroscopic, and in particular H,SO, forms a well- 
known series of stable hydrates, H,S04.xH,0 
(x =0,1,2,4), which renders H,SO, a strong absorber 
of water. Thus, the pH enhancement may have had an 
influence at both Allegheny and Laurel since the 
aerosols measured were very acidic, with a mean 
H’/SO:- mole ratio of 1.0. 

The same coarse-to-fine ratio plot constructed 
using data from the Laurel Hill site is shown in 
Fig. 2. The frequency of saturation was lower at 
Laurel Hill than at Allegheny Mountain. Thus, only 
four sampling periods are marked by shaded vertical 
lines, which again indicate saturation conditions for 
more than 50% of the sampling run. Three of the four 
sampling periods at Laurel indicated as being at 100% 
r.h. for >50% of the time correspond to concurrent 
runs at Allegheny Mountain which were also at 100% 
r.h. for > 50% of the time. All four of these sampling 
periods at Laurel resulted in wetness being observed 
on the dichotomous sampler coarse filters. 

In general, the shifting of mass from one mode to 
another is less pronounced at Laurel than at 
Allegheny; but why is this? There is no significant 
altitude difference between the two sampling sites 
(Laurel is approximately 12 m higher), and the sites 
are separated by only 35.5 km. It may be instructive to 

look more closely at the meteorological conditions 
during a sampling run in which the apparent mass 
shift was observed at both sites. 

The sampling run which commenced on the night of 
18 August was chosen for closer investigation, as it 
was found to have the most pronounced mass shift at 
both sites. A surface high pressure area dropped down 
out of Canada into northern Ohio prior to the 
sampling period being discussed. At the start of the 
sampling run, the center of the high was located 
approximately over the Cleveland area. Large areas of 
haze and fog were reported at NWS surface stations to 
the east of the high. Winds were out of the northwest 
making the Allegheny site directly downwind of the 
Laurel site. As the high migrated towards the south- 
east the region of fog and haze also moved in that 
general direction. The chemical compositions of the 
aerosol measured at the sites were not significantly 
different for this period and yet the mass shift was 
more pronounced at Allegheny. One explanation for 
this would be that the aerosol reaching Allegheny was 
in a saturated environment for a longer period of time 
than the aerosol collected at Laurel. The meteoro- 
logical conditions and the observed chemical compo- 
sitions at the two sites would certainly support this 
hypothesis. The r.h. was 100% at the Allegheny site for 
the entire sampling period while the Laurel site was at 
saturation for roughly half of the time. The percentage 
of mass shifted into the coarse fraction for each 
element and for particulate mass is given in Table 1 for 
both sites. The percentage change given is defined as 
the percentage of mass which apparently shifted using 
the time-weighted mean coarse to fine ratio as the 
reference. The percentage change in each species at 
Allegheny Mountain was greater than or equal to the 
percentage change at Laurel Hill for this sample. The 
difference between sites was also more pronounced for 
the typically fine fraction elements, S, Se, Pb, etc. This 
pattern was similar for the other runs when the sites 
were both at saturation. 

The mass shift from the fine to the coarse mode on 
the night of the 18th can also be seen in a comparison 
of the SOi- concentrations from the other measure- 
ment techniques employed at Allegheny Mountain. 
The SOi- concentration determined from the denu- 
der-difference apparatus, which had a 1.5 pm cutoff 
inlet, was 426 neq rne3. The SOi- concentration as 
determined from analysis of the 142 mm Teflon filter, 
which had a 10 pm cutoff, was 820 neq rnw3. There- 
fore, approximately half of the SOi- was unable to 
pass the 1.5 pm cutoff inlet. The two measurement 
techniques did not see such a large difference in SO:- 
concentration for any other sampling run. 

As was stated earlier, meteorology is not the only 
factor affecting the coarse to fine concentration ratio 
measured at a site. The sources of the measured 
aerosol can also be an important factor. Anthropogen- 
ically derived particles in the atmosphere tend to be 
mainly in the fine particle size range, whereas natural 
sources, such as soil, tend to contribute larger par- 
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Fig. 2. Coarse to fine concentration ratios at Laurel Hill. Ratios are plotted on a log scale with the elements 
shown in order of increasing mean particle size, starting with S and ending with Sm. The time-weighted 
average coarse to tine ratio for each element and for mass is indicated as a horizontal line. The shaded vertical 

lines indicate runs in which the r.h. was 100% for at least half the sampling time. 

titles. In those samplidg periods at both sites that were 
found to have coarse to fine ratios that exceeded the 
time-weighted average ratio, not all of the high ratios 
could have been due to humidity effects. The period 
12-15 August was found to have several runs with a 
higher than average coarse to fine ratio. This period 
was an exceptionally clean period for the eastern U.S. 
as the winds were consistently from the northeast in 
response to flow around the back side of a low 
pressure system that had moved off the coast. The 
winds at the surface and throughout the mixed layer 

were also relatively strong during this 2-3 day period, 
enhancing the coarse particle element ~n~ntrations 
relative to the fine-particle elements. This can be seen 
by looking at those elements which are typically 
coarse fraction elements such as La and Sm. 

AEROSOL GROWTH OR SAMPLING ARTIFACT? 

In the foregoing discussion, alteration of the 
coarse/fine concentration ratios was attributed to 
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Table 1. Percentage of fine mode shifted due to 
humidity 

Measurement site 
Species Allegheny Mountain Laurel Hill 

Mass 50% 27% 
S 66% 46% 
Se 63% 51% 
Pb 45% 26% 
Br 39% 11% 
Sb 21% 9% 
V 7% 6% 
Zn 36% 36% 
La 63% 36% 
Sm 45% 36% 

Elements are listed in order of increasing observed 
mean particle diameter. 

particle growth rather than sampling artifacts for 
three reasons. First, coarse and total flow rates were 
recorded several times during each sampling period 
and there was no significant deviation from the proper 
1:lO coarse to total flow ratio during the runs in 
question. Thus, a reduction in flow due to plugging of 
the fine filter under prolonged saturated conditions 
was not evident. Furthermore, wetness was only ob- 
served on the coarse fraction filters. Plugging or 
restriction in flow to the coarse filters would have 
decreased the coarse/fine ratio and would have caused 
an effect opposite to that observed. Second, as men- 
tioned above, SOi- analyses from filter samplers with 
significantly different aerosol cut points show much 
higher loadings on filters behind 10 pm-cutpoint inlets 
than on those behind 1.5 pm-cutpoint inlets. Finally, 
total mass concentrations (fine plus coarse mass) 
observed concurrently at Deep Creek Lake (C. Lewis, 
U.S. EPA, Personal Communication, 1987), located 
approximately 60 km SSW of the Allegheny site, were 
almost identical to those measured at Allegheny 
Mountain and Laurel Hill, while a significant fine 
mass shift was not observed, apparently the result of 
lower r.h. encountered at Deep Creek Lake; 6-h 
average r.h. never exceeded 80%. 

CONSEQUENCES OF THE MASS SHIFT 

It is apparent from the previous discussion that 
large shifts in elemental mass from the fine mode into 
the coarse can take place in the atmosphere under 
saturated conditions. The consequences of this 
meteorological forcing could be dramatic in terms of 
receptor modeling results. If a receptor model, such as 
a Chemical Mass Balance model, did not explicitly 
take into account the influence of atmospheric mois- 
ture effects, it would certainly be unable to account for 
the observed mass of individual elements in each size 
fraction. It also becomes clear that simply taking the 
coefficient of fractionation, a, to be unity will prevent 

the receptor model from apportioning the elemental 
concentrations correctly. Changes in the size distribu- 
tions of aerosol particles would also mean changes in 
the deposition velocities of these particles (HInel, 
1982), ultimately leading to a being anything but 
unity. 

The implications of these findings may also be 
important in the selection and use of size segregated 
sampling methods. In particular, recent trends in 
analyzing only the fine fraction of the measured 
aerosol may not be appropriate, In more mountainous 
areas, where the frequency of saturated conditions is 
higher, care must be exercised in sampling aerosols. 
Using only the fine fraction data, it would be unlikely 
that a receptor model would account correctly for the 
measured mass of individual elemental species. 
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