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FIGURE 7. Rs(t)vs D,4for an ammonium nitrate aerosol with a GSD
=16andz=48s.

1.0

09

N
~ 05
&
0.4 1
| = =—Monodisperse
0.3 — - GSD=1.2
0.2 — = GSD=14
= = = GSD=1.6
0.1 ——GSD=2.0
0.0 + + +
300 305 310 315 320

Temperature (K)

FIGURE 8. Ry(r)vs T for an ammonium nitrate aerosol with D,y =
0.4 um, T =4.8s, and GSD’s ranging from 1.0 (monodisperse) to 2.0.

Figure 7 shows the effect of particle size and temperature
on the decrease in the aerosol scattering coefficient. In the
figure, Rr(7) is plotted vs geometric number median diameter,
Dy, for ageometric standard deviation of 1.6, for temperatures
ranging from 300 to 320 K. As seen in the figure, for a given
temperature, Rr(r) decreases as D,y decreases. This is due
to the inverse dependence on diameter of the rate of diameter
change due to evaporation, asshown ineq4. Figure 7 suggests
that the maximum decrease in the scattering due to evapora-
tion of ammonium nitrate aerosol during field sampling is
40% (for Dpg = 0.2 um and T = 320 K), although as noted
above it is difficult to verify that this is a realistic value for
D, for the conditions at the aerosol monitoring stations.
Figure 8 shows the effect of GSD on Ry(z) for a mean residence
time of 4.8 s and an assumed ammonium nitrate particle
number mean diameter of 0.4 um. The effect of GSD is clearly
seen at a temperature of 320 K for which R+(z) increases from
0.58 for a monodisperse aerosol of 0.4 um to 0.90 for a GSD
= 2.0. This increase is due to the increase in the number of
particles having diameters greater than Dpgy as the GSD
increases. As shown in eq 2, the scattering coefficient is a
function of Dp?aswell asKs. Asthe GSD increases, the relative
number of particles greater than D, 4 increases as does K for
these particles, which results in an increase in the scattering
coefficient as well as R+(7).

In summary, the model estimations of Rr(z) suggest that
for a worst-case scenario at NOAA field sampling locations
(i.e.,, T =320 K, Dyg = 0.2 um) the decrease in the aerosol
scattering coefficient due to the evaporation of ammonium
nitrate aerosol is roughly 40%. However, based on the few

aerosol size distribution measurements available, the decrease
in the aerosol scattering coefficient is generally expected to
be less than 20%.

Acknowledgments

We thank J. Wendell at NOAA for his technical expertise in
fabricating the control systems used in the experiments, and
A. Wexler at the University of Delaware for advice on the
modeling. This research was supported in part by an
appointment to the Global Change Distinguished Postdoctoral
Fellowships sponsored by the U.S. Department of Energy,
Office of Health and Environmental Research, and admin-
istered by the Oak Ridge Institute for Science and Education.
Work at BNL was supplied by the Environmental Sciences
Division of the U.S. Department of Energy (DOE) as part of
the Atmospheric Radiation Measurement Program and was
performed under the auspices of DOE Contract DE-AC02-
76CH00016.

Literature Cited

(1) Beuttell, R. G.; Brewer, A. W. J. Sci. Instrum. Phys. Ind. 1949, 26,
357—359.

(2) Anderson, T. L.; Covert, D. S.; Marshall, S. F.; Laucks, M. L.;
Charlson, R. J.; Waggoner, R. J.; Ogren, J. A.; Caldow, R.; Holm,
R. L.; Quant, F. R.; Sem, G. J.; Wiedensohler, A.; Ahlquist, N. A.;
Bates, T. S. J. Atmos. Ocean. Technol. 1996 13, 967—986.

(3) Charlson, R.J.; Schwartz, S. E.; Hales, J. M.; Cess, R. D.; Coakley,
J. A., Jr.; Hansen, J. E.; Hoffmann, D. J. Science 1992, 225, 423—

430.

(4) Tang, I. N.; Munkelwitz, H. R. Atmos. Environ. 1993, 27A, 467—
473.

(5) Wall,S.M.;John, W.;Ondo, J. L. Atmos. Environ. 1988, 22, 1649—
1656.

(6) John, W.;Wall, S. M.; Ondo, J. L.; Winklmayr, W. Atmos. Environ.
1990, 24A, 2349—2359.

(7) Groblicki, P.J.; Wolff, G. T.; Countess, R. J. Atmos. Environ. 1981,
15, 2473—2484.

(8) Ten Brink, H. M.; Veefkind, J. P.; Waijers-ljpelaan, A.; van der
Hage, J. C. H. Atmos. Environ. 1996, 30, 4251—4261.

(9) Zhang, X.; McMurry, P. H. Atmos. Environ. 1992, 26A, 3305—
3312.

(10) Appel,B.R.; Tokiwa, Y.; Haik, M. Atmos. Environ. 1981, 15, 283—

289.

(11) Ogren, J. A.; Anthony, S.; Barnes, J.; Bergin, M. H.; Huang, W.;
Mclinnes, L. M.; Myers, C.; Sheridan, P.; Thaxton, S.; Wendell,
J. NOAA/Climate Monitoring and Diagnostics Laboratory Sum-
mary Report 1994—1995 1996, 50—60.

(12) Larson, T.V.;Taylor, S. G. Atmos. Environ. 1983, 17, 2489—2495.

(13) Harrison, R. M.; Sturges, W. T.; Kitto, A.-M. N.; Li, Y. Atmos.
Environ. 1990, 24A, —1888.

(14) Richardson, C. B.; Hightower, R. L. Atmos. Environ. 1987, 21,
971-975.

(15) Bai, H.; Lu, C,; Ling, Y. M. Atmos. Environ. 1995, 29, 313—321.

(16) Bohren, C. F.; Huffman, D. R. Absorption and scattering of light
by small particles; Wiley and Sons: New York, 1983.

(17) Fuchs, N. A.; Sutugin, A. G. International Reviews of Aerosol
Physics and Chemistry; Hidy, M., Brock, J. R., Eds.; Pergamon:
New York, 1971; pp 1-60.

(18) Wexler, A. S.; Seinfeld, J. H. Atmos. Environ. 1990, 24A, 1231—
1246.

(19) Pandis, S. M.; Pilinis, C. In The Handbook of Environmental
Chemistry; Huntzinger, C., Ed.; Springer Verlag: Heidelberg, 1995;
pp 35—68.

(20) Mozurkevich, M. Atmos. Environ. 1993, 27A, 261—270.

(21) Clegg, S. L.; Brimblecombe, P. J. Aerosol Sci. 1995, 26, 19—38.

(22) Veefkind, J. P.; van der Hage, J. C. H.; Ten Brink, H. M. Atmos.
Res. 1996, 41, 217—228.

Received for review February 3, 1997. Revised manuscript
received May 29, 1997. Accepted June 9, 1997.®

ES970089H

® Abstract published in Advance ACS Abstracts, August 1, 1997.

VOL. 31, NO. 10, 1997 / ENVIRONMENTAL SCIENCE & TECHNOLOGY = 2883





