Reports

Ozone Concentrations in New Jersey and New York:
Statistical Association with Related Variables

Abstract. The concentrations of ozone at nine measurement sites in New
Jersey and New York during the period 1 May through 30 September 1973 have
been examined. Daily fluctuations in the ozone concentrations at any two sites are
highly correlated. The concentrations are lower with low levels of solar radiation
and also with high wind speed. The average ozone concentration shows only
minor differences between weekdays and weekends, despite markedly different

traffic patterns.

Ozone is an important product of
photochemistry in urban atmospheres.
Much of what we know about its ambi-
ent concentrations is derived = from
measurements in the Los Angeles Basin
(). Since the emission ratios of many
pollutants in the New Jersey—New York
metropolitan region differ substantially
from those in Los Angeles (2), and
since the federal O; standard of 80
parts per billion (ppb) for the hourly
mean is often exceeded in the New
Jersey-New York area, it is important
that the nature of Oj; production in
this northeastern region be studied in
detail. The results presented here repre-
sent a portion of the information which
has been derived from a broadly based
statistical and chemical study of the
New Jersey-New York atmosphere.
These results focus on the initial ques-
tion of the general characteristics of
ambient Oy concentrations within this
region.

The distributions of the daily maxi-
ma of hourly mean O3 concentrations

Scoreboard for Reports: In the past few weeks
the editors have received an average of 63 Reports
per week and have accepted 11 (17 percent). We
plan to accept about 10 Reports per week for the
next several weeks. In the selection of papers to
be published we must deal with several factors:
the number of good papers submitted, the number
of accepted papers that have not yet been pub-
lished, the balance of subjects, and length of in-
dividual papers.

Authors of Reports published in Science find
that their results receive good attention from an
interdisciplinary audience. Most contributors send
us excellent papers that meet high scientific stan-
dards. We seek to publish papers on a wide range
of subjects, but financial limitations restrict the
number of Reports published to about 12 per
week. Certain fields are overrepresented. In order
to achieve better balance of content, the accept-
ance rate of items dealing with physical science
will be greater than average.
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from 11 a.m. to 6 p.m. from nine sites
in New Jersey and New York in 1973
are summarized in Table 1. [We have
also examined data for 1972 (the only
other year during which extensive mea-
surements have thus far been made);
the characteristics of the 1972 data are
similar to those presented here.] Data
for the period 1 May through 30 Sep-
tember were used since there is rela-
tively little Oz produced during the
months October through April (3). The
data were measured by the New Jersey
Department of Environmental Protec-
tion in Ancora, Bayonne, Camden, and
Newark; by the New York State De-
partment of Environmental Conserva-
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Fig. 1. Correlations between sites of the
square roots of the daily maxima in the Os
concentrations from 11 a.m. to 6 p.m.
plotted against the distances between the
sites. The two sites involved at a plotted
point are coded by two letters: B, Bay-
onne; E, Eisenhower Park; L, Linden; M,
Mamaroneck; N, Newark; W, Welfare
Island; and Y, Yonkers.

tion in Eisenhower Park, Mamaroneck,
and Welfare Island (located in the East
River, directly east of the Borough of
Manhattan, New York City); by Esso
Research and Engineering Company in
Linden, New Jersey; and by Boyce
Thompson Institute in Yonkers, New
York (4).

The site with the highest percentage
of days exceeding the standard was
Ancora, a rural site located 32 km
southeast of Philadelphia in a nonin-
dustrial, low-traffic-density area (5). The
O, concentrations at Ancora are quite
similar to those at the Bayonne site,
which is located in a small park in
the midst of a highly industrial-
ized, high-traffic-density area 18 km
southwest of midtown Manhattan. The
site with the lowest O, concentra-
tions is Eisenhower Park, located on
Long Island 30 km east of midtown
Manhattan. These low values may be
due to the incursion of strong sea
breezes from the south. The intersite
differences in the daily maximum O,
distributions are considerably less than
the intersite differences in the primary
pollutant distributions. (Primary pollut-
ants are those emitted directly from
sources; secondary pollutants are those
formed chemically in the atmosphere.)
Proximity to strong sources of primary
pollutants does not seem to be an
overriding factor in determining O
concentrations as it would be, for ex-
ample, with CO, hydrocarbons, and
NO. In Fig. 1 correlation c¢oefficients
between sites (6) of the square roots
(7) of the daily maxima are plotted
against the corresponding distances be-
tween the sites for the seven sites in
the New York City metropolitan re-
gion. The high correlations are best
explained in terms of the regional char-
acter of meteorological and solar
conditions, which greatly affect the O,
concentrations. In addition, there is a
tendency for the correlation to increase
as the distance decreases. This is an
indication that local conditions play a
role, if not a dominant one, in O,
production.

We have also studied the relation-
ships between the nature of the diurnal
O; patterns and wind speed, solar radi-
ation, and day of the week. The results
for the Bayonne site from 1 May
through 30 September 1973, which are
representative of the general results, are
presented in Fig. 2. Each “average”
diurnal curve in Fig. 2 is the result of
calculating the mid-mean (8) of the
square roots (7) of the O; measurements
for each hour of the day over a subset
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Table 1. Quantiles of the daily maximum O; concentration (1 May through 30 September 1973).

Upper Upper Percent-
Measurement Median ppe) pp age of days
. quartile decile .
site (ppb) (ppb) (ppb) exceeding
pp standard
New Jersey sites
Ancora 74 100 125 44
Bayonne 64 96 121 38
Camden 66 88 106 31
Linden 54 78 104 22
Newark 46 75 108 21
New York sites
Eisenhower Park 33 60 85 13
Mamaroneck 45 68 101 20
Welfare Island 42 78 116 22
Yonkers 70 106 135 39

of days and then squaring the result to
give the original parts-per-billion scale.

In Fig. 2A each curve corresponds
to one of three groups of days stratified
according to the total solar radiation
between 4000 and 7700 A from 7 a.m.
to 1 p.m. in Central Park, New York
City, as measured by the National
Weather Service. (This period of the
day was chosen since it constitutes the
interval of major O3 production. Cen-
tral Park is the site nearest to Bayonne
for which continuous solar radiation
measurements are made.) The defini-
tions of low, middle, and high solar
radiation groups were chosen such that
the groups contain approximately 25,
50, and 25 percent of the days, respec-
tively. The results clearly demonstrate
an association between Oy production
and solar radiation. This is consistent
with the generally accepted view (9)
that O, production is dominated by the
reaction sequence

hy
NO.— NO + O
O+ 0:— 03

ey
(2)

For the low-radiation days the after-
noon peak in the Oy concentration is
greatly reduced. For middle- and high-
radiation days the O; begins to rise at
7 to 8 a.m., peaks during the middle
to late afternoon, and then decreases
through the night. The peak value for
the high-radiation days is not apprecia-
bly higher than for the middle-radiation
days, whereas the area under the curve
is clearly larger.

In Fig. 2B sunny days (days for
which the sum of the Central Park
total radiation from 7 a.m. to 1 p.m. is
greater than 200 langleys) have been
divided into three groups according to
the mean wind speed (not the resultant
wind speed) at Bayonne from 3 a.m.
to 12 a.m. (This period includes the
interval of primary pollutant buildup
and major Oy production.) The defini-
tions of the low-, middle-, and high-
wind groups were chosen such that the
groups contain approximately 25, 50,
and 25 percent of the sunny days, re-
spectively. The afternoon peak in the
O, concentration is higher with low
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Fig. 2. Diurnal curves of
Bayonne O; concentrations.
N (A) Days stratified accord-
. ing to the total solar radia-
tion in Central Park, New
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wind speed, due presumably to the
reduced dispersion of the pollutants in-
volved in photochemistry. The Oy curve
for the days of low wind speed rises
more rapidly from 7 a.m. to 1 p.m.
and peaks earlier (1 p.m.) than the
other two curves. Another interesting
effect is the slightly higher O; concen-
tration from 1 am. to 6 a.m. on the
days with high wind speed. On nights
with high wind speed the NO concen-
tration is lower with the result that
the Oy is destroyed at a lesser rate by
the fast reaction

Each week an “experiment” occurs
in which the sources of the primary
pollutants vary as a result of the
changes in the pattern of motor vehicle
traffic on different days of the week. It
is important for a better understanding
of photochemistry in urban atmo-
spheres to thoroughly explore the effect
of these experiments on the ambient
concentrations of measured pollutants
(10). In Fig. 2C “average” diurnal
curves are shown for three groups of
days: Mondays through Fridays, Satur-
days, and Sundays. The most important
fact is that the O5 curves for these three
groups of days differ only in relatively
minor ways. For example, the after-
noon peaks are nearly the same. One
small, but noticeable, difference is that
the 6 a.m. to 10 a.m. Oy concentration
increases from weekdays to Saturdays
to Sundays. One possible explanation
is that there is less destruction of Og
due to the fast reaction (Eq. 3), since
the ratio of NO to (NO + NO,) de-
creases from weekdays to Saturdays to
Sundays during the period from 6 a.m.
to 10 a.m.

In summary, the federal O, standard
is often exceeded at all the sites we
investigated; the site that exceeds the
standard most frequently is Ancora,
the least urban. The regional character
of the Oy patterns is evident in the high
correlations between pairs of sites;
these correlations tend to decrease with
increasing intersite distance. Low Og
concentrations are associated with low
levels of solar radiation and with high
wind speed. Finally, average Oz diur-
nal patterns on weekends differ from
those on weekdays only in minor ways
despite the markedly different traffic
patterns.

S. M. BrunTZ, W. S. CLEVELAND
T. E. GRAEDEL, B. KLEINER
J. L. WARNER
Bell Laboratories,
Murray Hill, New Jersey 07974
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Catalytic Formation on Carbon (Soot) Particles

Abstract. Experimental evidence (obtained by electron spectroscopy for chemi-
cal analysis) is presented which shows that finely divided carbon (soot) particles
may play a major role in the catalytic oxidation of sulfur dioxide to sulfate in
polluted atmospheres. The results obtained with sulfates produced in the labora-
tory by the oxidation of sulfur dioxide on graphite particles and combustion-pro-
duced soot particles are compared with the properties and behavior of ambient
sulfates. The proposed sulfur dioxide oxidation mechanism is qualitatively con-

sistent with field observations.

Because of the adverse effects of sul-
fate particles as atmospheric pollutants,
the study of the oxidation of SO, to
sulfate is of prime importance in air
pollution research. In the past most
attention has been devoted to the study
of the photochemical and solution
chemical mechanisms for the oxidation
of SO,. There is, however, increasing
evidence that these two kinds of pro-
cesses alone cannot adequately account
for the observations, and it is now
thought that perhaps some catalytic re-
action on suspended particulates is in-
volved. The possible role of suspended
metal oxides, for example, has been
examined by some workers (I). How-
ever the concentrations of such oxides
in the atmosphere are small. This re-
port concerns the role that finely di-
vided carbon (soot) particles, a com-
mon pollutant and a catalyst abundantly
present in the atmosphere, play in the

18 OCTOBER 1974

oxidation of SO,. Even though the sur-
face chemical and catalytic properties
of carbon are known (2, 3), the rele-
vance of soot-catalyzed reactions to air
pollution chemistry has not been ap-
preciated. We show here that the soot-
catalyzed oxidation of SO, to sulfate
is an important process and that the
proposed oxidation mechanism is in
qualitative agreement with the field ob-
servations. The experiments reported
here were obtained by the technique of
electron spectroscopy for chemical
analysis (ESCA).

Carbon is the most abundant ele-
ment associated with pollution particu-
lates; actually, carbon constitutes about
50 percent of the total particulate
emissions in urban atmospheres such
as those in California (4). From our
ESCA studies of ambient particulates,
we find that perhaps as much as 80
percent of the particulate carbon is in

the form of soot. Soot is basically car-
bon with a graphite-like structure, with
some small soot particles consisting of
only a few unit cells (5) and thus pos-
sessing extremely high surface area.

We studied the interaction of SO,
with graphite particles with the experi-
mental setup shown in Fig. 1a, which
produces small graphite particles with
a fresh (reactive) surface (diameter ~
20 pm). The ESCA' spectrum of
graphite particles exposed to SO, re-
veals two sulfur (2p) peaks correspond-
ing to sulfate and to sulfide (6). Blank
filters without graphite particles, under
identical SO, exposure conditions, do
not collect measurable amounts of sul-
fate (or sulfide). These experiments
show that even fresh graphite particles
in air may bring about the oxidation of
SO, to sulfate.

The similarity of soot particles to
graphite with respect to the oxidation
of SO, is demonstrated by the follow-
ing experiments. Soot specimens from
a premixed C3H3-O, flame collected on
(silver membrane) filters were used for
experiments with different SO, expo-
sure conditions, in the apparatus shown
in Fig. 1b. Dry air or prehumidified
particle-free air or N, was used  with
an SO, concentration of about 300
parts per million (ppm) and an expo-
sure time of 5 minutes. The ESCA
spectra of soot exposed to SO, are
shown in Fig. 1b. The sulfate peaks
were always more intense in the case
of prehumidified air than in the case of
dry air. However, both dry and pre-
humidified N,, when used instead of
air, produced only very low, back-
ground level sulfate peaks. This result
indicates that, in addition to soot par-
ticles, the O, in air is important for
SO, oxidation. Although water mole-
cules enhance the observed sulfate con-
centration in the air-SO,-soot system,
the contribution of sulfate produced by
SO, oxidation via dissolved molecular
oxygen in water droplets is not signifi-
cant; that is, blank filters exposed to
SO, and prehumidified air showed at
most only low, background level sul-
fate peaks.

It is of interest to assess the role of
soot-catalyzed oxidation in or near
combustion devices where both SO,
and soot concentrations are highest.
Here, however, the SO, oxidation may
be, at least in principle, caused by
reactions with reactive combustion-
produced radical species (7). The ex-
perimental arrangement is shown in Fig.
Tc. Soot samples were collected while a
constant SO, flow (300 ppm, 4 minutes)
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