revealed no systematic or significant
growth as a function of trial position at
any electrode site. When the averages were
computed on the basis of reaction time
(Fig. 2, right), however, the late CNV wave
showed a significant inverse relationship to
reaction time (/4), while the early wave
was not related to reaction time.

We believe these data delineate and con-
firm the functional separation of two com-
ponent processes in the CNV, one a nega-
tive afterwave associated with the warning
stimulus and the second identified with the
readiness potential. We have been able to
distinguish these elements by minimizing
the temporal overlap between the two at an
interstimulus interval of 4 seconds. Addi-
tional processes may well become involved
at shorter interstimulus intervals or under
different conditions. However, the two
waves described here would be sufficient,
when temporally overlapped and coa-
lesced, to form CNV’s resembling those
often obtained at short interstimulus inter-
vals. Any such mixture of the two negative
waves would mutually dilute individual
relationships between the respective waves
and the experimental variables associated
with each, for instance, the relationship we
observed between reaction time and ampli-
tude of the late CNV wave.

Our results suggest that the more impor-
tant effects of the pairing of stimuli lie in
the temporal conjunction of these two
waves. A connection or contingency be-
tween the stimuli may not be directly or
uniquely responsible for the production of
the individual negative variations we have
studied. Frontal waves having similar fea-
tures were elicited by the tone whether or
not it was paired with a subsequent imper-
ative stimulus. These observations indicate
that pairing a given stimulus with another
may be but one manipulation that causes a

stimulus to elicit a negative afterwave.

Other manipulations might include requir-
ing close attention to the stimulus (as in
the unpaired tone condition of the present
study), raising stimulus intensity (4), or as-
signing to it some experimental impor-
tance by requiring a discrimination or by
making it rare or novel (15, 16). Others (4,
5, 10) have speculated that the effect com-
mon to these manipulations is an orienting
response—an interpretation we cannot
easily reconcile with our finding that the
negative afterwave grows in amplitude
over repeated trials.

Likewise, the late CNV wave appears
not to be strictly contingent on the pairing
of stimuli, in that it reflects a process of re-
sponse preparation rather than stimulus
anticipation. If, as we believe, the late
CNYV wave is primarily a readiness poten-
tial, then the study of the readiness poten-
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tial can be extended beyond the scope of
repetitive stereotyped movements. In addi-
tion to the present variable of response
speed, it may be possible to examine the
readiness potential within the context of
heretofore inaccessible variables, such as
the degree to which the eventual response
is specified and its susceptibility to dis-
traction by competing timed mental or
motor processes.
JOHN W. ROHRBAUGH
Department of Psychology, University of
California, Los Angeles 90024
KARL SYNDULKO
Gateways Hospital, Los Angeles 90026,
and Department of Psychology, University
of California, Los Angeles
DoNALD B. LINDSLEY
Departments of Psychology, Physiology,
and Psychiatry, and Brain Research
Institute, University of California,
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Photochemical Smog Systems: Heterogeneous Decay of Ozone

Fox et al. (1) describe the results of two
experiments from which they conclude that
“dilution as opposed to static experimental
conditions may prove to be more impor-
tant if smog chamber data are to be used
as guides in developing certain future con-
trol strategies.”” Although the above sug-
gestion may be correct, the evidence
presented by Fox et al. (1) is incomplete in
at least one serious aspect. At the low dilu-
tion rates associated with their reported
smog chamber experiments, the hetero-
geneous decay of O, (2, 3) could well be the
dominant mechanism by which O, is lost

from the gas phase. Since Fox e al. neither
mention the material from which the
chamber is made nor state the results of
pertinent auxiliary experiments, the reader
has no way of assessing the influence of
the mechanism of heterogeneous decompo-
sition upon the concentration of O,.

The following approximate calculation,
involving the model of a well-mixed chem-
ical reaction with flow, demonstrates my
main concern. In this case the mass bal-
ance for O, can be expressed as

Vdc

= = qc;, — gc + X sources — X sinks
dt i J
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where V'is the chamber volume, c is the O,
concentration in the chamber taken to be
uniform throughout, ¢ is time, q is the dilu-
tion flow rate, and ¢;, is the O; concentra-
tion in the incoming stream. The value of
cin was probably near zero in each of the
two experiments reported by Fox et al.
Some of the sources and sinks involve ho-
mogeneous mechanisms, the rates of which
no doubt vary with time. One sink for O,,
involving its heterogeneous decomposition
on the chamber surface, can be represented
by kAc, where k is the rate constant and 4
is the chamber surface area. The dimen-
sionless quantity k4/q indicates the rela-
tive importance of heterogeneous decom-
position to dilution in reducing the concen-
tration of O, in the chamber. The value of
A is estimated to be at least 6 x (156)*° or
174 m2. The value of k depends upon the
wall material and its history, and may vary
with temperature and relative humidity.
Typical values of k range from 102 to
about 1 m/hour (2). Indicated values of g
were 8.9 and 14.8 m?®/hour (/). Con-
sequently, values of kA4/q are estimated to
lie between about 0.2 and 20. Since the O,
concentrations in the dilution and static
chambers in the experiments of Fox et al.
differed at most by about 30 percent, the
values of kA4/q should certainly be less
than 0.1 before qualitative conclusions can
be correctly inferred.

As shown in figure 1 of Fox et al., when
significant differences in O, concentrations
existed between the two chambers, the blue
chamber always exhibited lower values of
O, concentrations. Changes in the concen-
tration of such species as water vapor
might easily have reduced the value of k in
the blue dilution chamber during the 26
August 1974 test, thus accounting for the
slightly higher concentrations of O, in the
blue dilution chamber from 9:30 a.m. to
11:30 a.m.

It may be that the values of k for each
chamber are either always equal or negli-
gible; however, unless the heterogeneous
mechanism associated with the decay of O,
in each chamber is carefully considered,
the conclusion of Fox et al. cannot be tak-
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en seriously. It is my hope that Fox et al.
will take this opportunity to possibly
strengthen the basis upon which their con-
clusion now rests.

FRrEDRICK H. SHAIR
California Institute of Technology,
Pasadena 91125
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Shair suggests that heterogeneous decay
of O; could be the dominant mechanism in
studies that we recently described (1), thus
invalidating our conclusions.

The reaction chamber surfaces are 5-mil
fluorinated ethylene-propylene (FEP) Tef-
lon (< 1 percent of the surface is alumi-
num). For this Teflon surface, the highest
heterogeneous decomposition rate con-
stant (k) for O, ever observed in the cham-
bers was 7 x 10~ min~' (or 3 x 107 m/
hour in Shair’s notation), a 16.5-hour half-
life. Shair suggests that the values of k may
have been significant in magnitude and suf-
ficiently different for the dilution (Red, 7
October) and the static (Blue, 7 October)
sides to account for the observed effect. Al-
though the mass balance as stated by Shair
is correct, his analysis of the effect of the
heterogeneous term overlooks the fact that
O, is in photostationary equilibrium (PSS)
with NO and NO,, as well as with the het-
erogeneous loss. If a complete mass bal-
ance for O, is carried out and the PSS as-
sumptions are applied, the following re-
sults are obtained:

_ k,[NO,]
k,[NOJ + k,[NO,] + k,[HC] + &

[Note: NO measurements below 0.025
parts per million (ppm) were subject to a
positive 50 percent interference (2).] The
terms in the denominator express the
relative importance of the O, sinks. Typi-
cal pseudo first-order values for this series
of terms near the end of the 7 October ex-

[0,]

3

periment are as follows (in units of recipro-
cal minutes): 0.292, assuming NO = 0.012
ppm; 9.2 x 1074 assuming NO, = 0.2
ppm; 7.2 x 1073, assuming HC = 0.28
ppm; and the heterogeneous loss k =
7 x 107% The relative importance of these
O, sinks is 99.4, 0.31, 0.02, and 0.24 per-
cent, respectively.

Surprisingly, if one proceeds as Shair
suggests, the analysis given in (1) is still
valid. The worst case assumptions would
be: (i) dilution eliminated any hetero-
geneous loss in the diluted side, and (ii) the
highest heterogencous loss rate ever ob-
served was in effect in the static side. These
conditions imply that no correction for
heterogeneous loss to the observed O, is
necessary in the diluted side, and, if PSS
is ignored, the highest positive correction
to O, may be applied in the static side.

An iterative equation

Ch = CLi+(CP-CO 1)+ C?/;A(A,)

where A is the chamber surface area and V
is the chamber volume, was used to correct
the observed O, (CO) for heterogeneous
loss for the 7 October experiment. A con-
stant time interval At was used to obtain
the predicted O, (CP). At 1700 hours, CP in
the static side was 0.080 ppm (C© = 0.072
ppm) compared with 0.096 ppm in the di-
luted side. Thus, even under worst case as-
sumptions, the conclusion in (/) still holds.
A detailed report of chamber performance
including O, decay studies is presented
elsewhere (2).
DonaLDp L. Fox
RICHARD KAMENS
HARVEY E. JEFFRIES
Department of Environmental Sciences
and Engineering, School of Public Health,
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