Air Pollution: Photochemical Aspects

The type of atmospheric pollution
originally associated with the Los An-
geles Basin area came under scientific
-investigation about 15 years ago. Early
studies by A. J. Haagen-Smit and
others demonstrated that the adverse
effects observed could be reproduced in
the laboratory by irradiating mixtures
of certain organic substances and nitric
oxide or nitrogen dioxide with energy
in the 3000- to 4000-A region. Sulfur
dioxide also is important in some re-
actions in producing aerosols. These
processes occur in the atmosphere when
the reactants are present at concentra-
tions well below 1 part per million.
The complexity of the primary steps,
and particularly of the secondary re-
actions, has made it difficult to under-
stand the underlying mechanisms. The
physical-chemical complexities are ag-
gravated by the analytical problems as-
sociated with measurement in the part-
per-million range. "

A symposium on the photochemical
aspects of air pollution was held at the
Robert A. Taft Sanitary Engineering
Center, Cincinnati, Ohio, 20-22 April
1965, to discuss the status of research
in this field. Topics ranged from the
measurement of solar radiation in the
ultraviolet region and investigations of

chemical, physical, and biological as-

pects of irradiation of mode] systems
in the laboratory to the relation be-
tween meteorological parameters and
chemical effects in polluted atmo-
spheres.

Introductory remarks by J. H. Lud-
wig (Public Health Service) empha-
sized (i) the desirability of relating
laboratory investigations to aerometric
studies, (ii) the meteorological aspects
of the atmospheric pollution problem,
and (iii) the availability of improved
techniques for the measurement of ul-
traviolet intensities. He pointed out im-
portant relationships between photo-
chemical studies in -air pollution and
the technical aspects of control of hy-
drocarbons and other pollutants.

4 MARCH 1966

Meeting

The problems involved in accurately
measuring the ultraviolet portion of
solar radiation were discussed by
R. Stair (Bureau of Standards). Im-
proved standards of spectral irradiance
have been developed to resolve some
of the variations reported. Surface char-
acteristics of the detector have recently
been shown to be critical in applica-
tions with spectroradiometers. Lack
of concern about these difficulties can
account for much of the lack of corre-
lation in data obtained by different ob-
servers. Improvements in sources of
spectral irradiance, in use of detectors,
and in general instrument design have
yielded improved spectroradiometers.
Among these, filter spectroradiometers
should prove very useful in field mea-
surements. An experimental program is
being designed to measure ultraviolet
radiation at several urban and non-
urban locations.

D. F. Dever (Bureau of Mines) dis-
cussed recent experimental work car-
ried out at the Bartlesville Petroleum
Research Center on the photooxida-
tion of aldehydes in the presence of
nitrogen oxides. Particular attention
was given to product identification by
three methods—infrared, gas-liquid par-
tition chromatography, and mass spec-
trometry. Products of such reactions
included aldehydes of lower molecular
weight, alcohols, alkyl nitrates, peroxy-
acyl nitrates, and paraffinic and olefinic
hydrocarbons and oxidants of lower
molecular weights. The relative rates of
reaction were determined and com-
pared. The dark reactions of aldehyde-
ozone also were investigated; these re-
actions account for the major oxygen-
ated products (excluding nitrogen-
containing compounds).

The role of reactions between oxygen
atoms and ozone in air pollution was
considered by E. R. Stephens (Univer-
sity of California). He discussed the
factors controlling such reactions and
reviewed the reactions of these species
with nitrogen oxides. Available data
on rates of reaction of ozone with
olefins indicate serious disagreement on

the stoichiometry of these reactions.
The observed rates of reaction of
atomic oxygen and ozone with hydro-
carbons are appreciably less than the
observed rate of hydrocarbon consump-
tion in photooxidation in the presence
of nitrogen oxides. Although free-
radical attack has been postulated
regarding the discrepancies in rate,
this approach presents difficulties. The
presentation elicited considerable dis-
cussion on the validity of free-radical
concept and of the chain-lengths in
such reactions.

C. S. Tuesday (General Motors) re-
viewed the chemical results obtained
through photooxidation of various pure
organic substances with nitrogen oxides.
The available data on reactant con-
centration, reactant ratio, light intensity,
temperature, pressure, and oxygen con-
centration were considered. Consider-
able differences are found in the rates
of reaction reported by various investi-
gators. Tuesday proposed reaction
mechanisms to explain the experimen-
tal results of olefin-nitrogen oxide pho-
tooxidations.

The attempts to duplicate smog ef-
fects in the laboratory by ultraviolet
irradiation of automobile exhaust were
discussed by M. W. Korth (Public
Health Service). He reviewed various
earlier studies and compared these with
studies performed in the Public Health
Service laboratory in Cincinnati. He
considered in detail the influence of
reactant ratio on chemical measure-
ments, plant damage, and responses by
an eye-irritation panel.

A. Goetz (California Institute of
Technology and National Center for
Atmospheric Research) discussed re-
cent experimental work on photochemi-
cal formation of aerosols. He reported
on a study of aerosol formation in the
system l-octene—nitrogen dioxide in air
as a function of sulfur dioxide con-
centration, humidity, presence or ab-
sence of nucleating material, and the
order of addition of reactant. Goetz
emphasized the great importance of
nucleating material, both before ir-
radiation as a site for concentration -of
reactants and during irradiation as cen-
ters for aerosol formation. In the ab-
sence of sulfur dioxide, contact be-
tween nitrogen dioxide and the nucleat-
ing surfaces before irradiation in-
creased the stability of the aerosol sys-
tem formed with irradiation. Also in
the absence of sulfur dioxide, increas-
ing humidity resulted in decreasing light
scattering. In the presence of sulfur
dioxide, initial contact of the sulfur
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dioxide with nucleating material result-
ed in more light scattering upon ir-
radiation than is caused by adding
nitrogen dioxide first. In the absence
of nucleating material, whether or not
sulfur dioxide is present, initial addi-
tion of nitrogen dioxide is most ef-
fective in promoting autonucleation.
The autonucleates appear to be more
thermally stable in the presence of sul-
fur dioxide. Discussion concerned the
relative role of sulfur dioxide in aero-
sol formation and the importance of
various photochemically produced aero-
sols in wvisibility reduction.

R. H. Daines (Rutgers University)
considered plants as indicators of air
pollution, reviewing the responses of
many plant varieties to various pollut-
ants. Among the substances associated
with photochemical air pollution, ethyl-
ene, ozone, peroxyacyl nitrates, and
possibly aldehydes have been observed
to cause injury to ornamentals and
field crops. Although plant variety is
important, leaf age, nutritional status,
water relationships, and light intensity
can markedly alter the sensitivity of
plants to pollutants. Daines suggested
that the patterns of plant injury ob-
served during a pollution episode also
may serve as indicators of meteorologi-
cal conditions during the episode.

L. G. Wayne (University of South-
ern California) reviewed the function
of eye-irritation panels as biological in-
dicators of photochemical reactions.
The uses and limitations of the inten-
sity, threshold, and response-delay
methods were discussed. Wayne point-
ed out the need to minimize the sug-
gestibility of subjects while maximizing
consistency in their responses. Results
of several investigations have suggested
the presence of lachrymators other
than formaldehyde, acrolein, and per-
oxyacetyl nitrate. Conflicting interpre-
tations of eye-irritation data from stud-
ies of irradiated automobile exhaust
were reviewed. Wayne suggested that
the evidence does not favor basing pre-
diction of eye irritation on rates of re-
action of the hydrocarbons, since such
a measurement does not properly re-
flect the intensity of eye irritation de-
veloped.

A. P. Altshuller (Public Health Ser-
vice) discussed “‘reactivity” or ‘“photo-
chemical reactivity,” defined as the
tendency of various types of organic
substances to participate in the reac-
tions leading to the adverse effects as-
sociated with the photochemical type
of air pollution. He showed that the
same relative order of reactivities of
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organic substances could be obtained
from various studies of rates of hydro-
carbon consumption and nitrogen diox-
ide formation. The contributions of
various organic substances to the reac-
tions producing oxidant, aldehydes, and
peroxyacyl nitrates were reviewed.
Chemical and biological effects may not
be simply related, and care is needed
in any attempts to relate them quanti-
tatively. The available measurements of
aerosol formation, plant damage, and
eye irritation were related to the type
of organic substances involved in the
experiments. Atmospheric levels were
estimated for various types of organic
substances studied in laboratory investi-
gations. The magnitudes of effects ob-
served in the atmosphere and the lab-
oratory were compared. Altshuller em-
phasized the need for removal of all
types of reactive substances including
olefins, most aromatic hydrocarbons,
and aldehydes from emissions. He also
suggested several simplified approaches
for analysis of emissions and polluted
atmosphere for reactive substances.

E. A. Schuck (University of Cali-

fornia) discussed a study of the rela-
tionships between meteorological fac-
tors and photochemical air pollution in
the Los Angeles Basin. In this study
the atmospheric levels of hydrocarbons
were shown to correlate satisfactorily
with the atmospheric levels of nitrogen
oxide and carbon monoxide. The effect
of day of the week on levels of oxidant
and eye irritation at various monitoring
stations was analyzed for several pe-
riods in 1962 to 1964. Weekend oxi-
dant levels and temperatures associated
closely with the patterns of human ac-
tivity and time of the year. Oxidant
levels can be quantitatively related to
inversion height, wind speed, and light
intensity. Smog incidence increases as
average daily temperature increases up
to 70°F (20°C). The study indicates
that certain smog symptoms and emis-
sions are proportional over large areas
of the Los Angeles Basin. The labora-
tory and atmospheric levels of oxidant
and eye irritation were compared as
functions of hydrocarbon and nitrogen
oxides. Calculations based on the at-
mospheric data indicate that smog in-
cidence is reduced as reactive hydro-
carbons are reduced. Similar calcula-
tions indicate that if a significant de-
crease in smog incidence is to be
achieved by nitrogen oxide reduction
alone, a high degree of control of nitro-
gen oxide emissions will be necessary.

An informal discussion of research
problems comprised the final session.

Difficulties in obtaining properly puri-
fied air for some of the large irradia-
tion chambers were discussed. Various
methods for removal of pollutants in
dilution air were considered. Surface
effects from adsorbed pollutants also
cause difficulties, and procedures were
discussed for reducing surface con-
tamination. These problems make it
difficult to do satisfactory experiments
at very low concentrations of reactants
or with systems of low reactivity.

The symposium was jointly spon-
sored by the Laboratory of Engineer-
ing and Physical Sciences, Division of
Air Pollution, U.S. Public Health Ser-

vice, and the Bartlesville Petroleum
Research Center, U.S. Bureau of
Mines.

A. P. ALTSHULLER
Robert A. Taft Sanitary Engineering
Center, Cincinnati, Ohio 45226

Forthcoming Events

March

10-11. Heat Transfer to Non-Newtonian
Fluids, 12th annual heat transfer conf.,
Oklahoma State Univ., Stillwater. (J. D.
Parker, Dept. of Mechanical Engineering,
Oklahoma State Univ., Stillwater 74075)

11-13. National Council of Teachers of
Mathematics, San Diego, Calif. (J. D.
Gates, 1201 16th St.,, NW, Washington,
D.C. 20036)

11-13. National Wildlife Federation, an-
nual mtg., Pittsburgh, Pa. (T. L. Kimball,
1412 16th St.,, NW, Washington, D.C.
20036)

12-13. Linguistics, 11th natl. conf., Lin-
guistic Circle of New York, N.Y. (L. Pap,
State Univ. College, New Paltz, N.Y.
12561)

14-16. Society of Toxicology, annual
scientific mtg., Williamsburg, Va. (C. S.
Weil, Mellon Inst., 4400 Fifth Ave., Pitts-
burgh, Pa. 15213)

14-16. Wildlife and Natural Resources,
31st North American conf., Pittsburgh,
Pa. (C. R. Gutermuth, Wildlife Manage-
ment Inst., Wire Bldg., Washington, D.C.)

14--20. Obstetrics and Gynecology, 8th
Australian congr., Hobart. (J. F. Correy,
173 Macquaire St., Hobart)

14-6 May. Extraordinary Administrative
Aeronautical Radio Conf., 2nd session,

Geneva, Switzerland. (Intern. Telecom-
munication Union, Place des Nations,
Geneva)

15-16. Flame Resistant Polymers, conf.,
London, England. (Secretary, Plastics Inst.,
6 Mandeville Pl., London, W.1)

15-18. Optical Soc. of America, spring
mtg., Washington, D.C. (M. E. Warga,
1155 16th St., NW, Washington, D.C.
20006)

17-19. Isobaric Spin in Nuclear Physics,
intern. conf., Florida State Univ., Talla-
hassee. (D. Robson, Dept. of Physics,
Florida State Univ., Tallahassee)
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