VI. MEASUREMENT OF GASEOUS POLLUTANTS BY LONGPATH DIFFERENTIAL
OPTICAL ABSORPTION SPECTROSCOPY:
IMPLICATIONS FOR NIGHTTIME ATMOSPHERIC CHEMISTRY

Al Introduction

Measurements, using long pathlength differential optical absorption
spectroscopy, of the nitrate (N03) radical and of nitrous acid (HONO) in
ambient nighttime atmospheres have now been made at a variety of locations
in the United States, Europe and the mid-Pacific (Pernmer and Platt 1979,
Platt and Permer 1980, Noxon et al. 1980, Platt et al. 1980a,b, 1981,
1982, 1984, Harris-et al, 1982, Noxon 1983). The resulting data have
focussed attention on the importance of these species in the chemistry of
nighttime atmospheres (Platt et al. 1982, Pitts 1983, Stockwell and
Calvert 1983, Noxon 1983, Richards 1983, Jones and Seinfeld 1983, Heikes
and Thompson 1983, Winer et al. 1984, Atkinson et al. 1984¢c). Thus recent
measurements of the NO, radical reaction rate constants for a wide range
of organics of anthropogenic and biogenic origin have shown that N03
radical reactions at night can in many cases compete with the reactions of
04 and OH radicals (the latter during sunlight hours only) as major loss
processes for these compounds (Atkinson et al. 1984b,c, Winer et al.
1984). |

However, when the present CARB/SAPRC investigation began, the avail~

able data did not include simultaneous measurements at a given site of

HONO and the NO4 radical, nor associated measurements of NO, NO,, O3, HCHO
and other species. This precluded the development of reliable reaction
mechanisms and the testing of computer models of the nighttime chemistry
of these species. To address this need, we carried out simultaneous
measurement of NO4 radical and HONO concentrations in ambient air, as well
as the concentrations of related species, as an integral part of the field
study described in Section II. Specifically, we utilized our unique in
situ long pathlength differential optical absorption spectroscopic (DOAS)
technique to monitor key trace pollutant species such as HONO, the N03
radical, N0,, HCHO, S0, and 0g. The data obtained, in conjunction with
those from the continuous monitoring instruments used in the September
1983 field study, proﬁided an extensive record of the gaseous pollutant

concentrations and their time-dependent behavior.
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The fact that this study yielded, for the first time, simultaneous
time-concentration profiles of HONO, NO,, the NOq radical and HCHO,
allowed us to investigate the proposal of Stockwell and Calvert {(1983)
that the nighttime chemistries of HONO, NO,, HCHO and NO4 radicals are

linked via the reactions

N0, + HCHO > HNO, + HCO (1)

HCO + 0, > HO, + co (2)
HO, + NOz.: HO,NO,, , (3,-3)
HO, + NO, > HONO + O, (4)

In particular, the suggestion by Stockwell and Calvert (1983), that
this homogeneous gas phase mechanism accounts for our observation of HONO
in the South Coast Air Basin, was in contradiction to our conclusions that
ambient concentrations of HONO arise primarily from direct emissions from
light duty motor vehicles (Pitts et al. 1984h) and from heterogeneous
reactions of NO, with H,0 (Sakamaki et al. 1983, Pitts et al, 1984g).

B. Experimental

During the field measurements in September 1983 the DOAS system
(Figure VI-1) was set up on the campus of the University of Califbrnia,
Riverside. The light source was placed on a flat roof of a one-story
house located on a slight hill 640 m away from the detector site. The
relatively short distance was chosen so that the equipment and the light
path could be kept on the campus for safety reasons. As discussed below,
one consequence of the short optical path was that absorption features of
some compounds were near to,.or below, the detection level. The rapid
scanning spectrometer was placed in a small shed on top of a one-story
building at the location where SAPRC’s air monitoring and sampling
equipment was set up.

Spectra were taken at four different wavelength regions: at approxi-
mately 300 nam (S0,), 340 nm (HCHO and NO,), 360 nm (HONO, NO, and HCHO),

and 660 nm (ng); At each wavéiéﬁgth regibn specﬁfa were aVéraged for ~10
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min to maintain the same time resolution as the other continuous monitor-
~ing equipment provided. The differential absorption cross-sections (cm2
molecule™! units) and the specific wavelengths used for the species moni-
tored by DOAS were as follows (Platt and Permer 1983): S0p, 5.7 x 10717
(300 om); HCHO, 7.8 x 10720 (340 nm); HONO, 4.2 x 10712 (354 nm); NO,,
1.0 x 10719 (363 nm); and NO3, 1.8 x 10717 (662 nm). At the optical path-
length of 640 m used, the detection limits for S0,, HCHO, HONO, NO, and
the NOq radical were ~1, ~20, ~l, ~4 and ~0.008 ppb, respectively. These
detection limits reflect not only the different absorption coefficients,
but also take into account the actual noise levels encountered in the
different wavelength regions.

The central part. of the rapid scanning device 1is a thin metal disk
with a series of narrow slits etched into it radially. The disk spins in
the exit focal plane of the spectrograph and at any given time omne
particular slit is used as the exit slit. The width of the scanned
spectrum depends on the length of the arc that a slit covers and on the
dispersion of the grating. For a 600 groove o™ L grating the scan width
is about 30 nm. The light passing through the exit slit is measured by a
photomultiplier tube; the output signal is digitized by a high speed
analog-to-digital converter and read by a minicomputer (pDP 11/23).
During one scan, about 350 digitized data samples are taken. Consecutive
scans, at a rate of approximately 100 scans per second, are signal
averaged by the computer software. Appropriate software is also used for
spectral deconvolution and for the calculation of optical densities.

During the scan of a spectrum the central wavelength of the scan is
selected by the spectrograph setting and the width of the scan region is
determined by a mask located very close to the slotted disk (Figure VI-
2). The distance between the slits along the rim of the disk is slightly
larger than the aperture of the mask, so that at any given time no more
than one slit is irradiated. As a slit becomes visible at the left edge
of the mask (see Figure VI-2), it is detected by an infrared light switch
and a trigger signal is sent to the coamputer., While the slit sweeps ¢ver
the spectrum, the computer continuously takes digitized samples of the
light intensity. During each scan, the digitized samples are added to the
corresponding channels in the computer, thereby superimposing and signal
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Figure VI-2. The "slotted disk" rapid scanning device located in the
focal plane of .the differemntial optical absorption spec-—
trometer (from Platt and Perner 1983).

averaging all scans in memory. After finishing oﬁe scan, the computer
waits for another trigger pulse to indicate the next slit approaching the
left edge of the mask. In order to preserve the spectral resolution while
superimposing a large number of scans (10,000-100,000), the rotational
speed of the slotted disk must be maintained constant to within 0.1%.

Due to the limited wavelength scanning range, the use of signal aver-
aging and single beam operation, the DOAS system cannot detect compounds
with absorption features that are broad compared to the 30 nm scan
width. However, a molecule with a pronounced banded structure can be
measured quantitatively from the difference between a suitable absorption
band minimum and 1its adjacent maxima, ignoring any superimposed
continuum. The procedure for identifying and measuring gaseous pollutants
first 1involves determination of the differeantial absorption coefficients
of the pure species in air, using known vapor pressures of the gases in 10
cm pathlength cells. These reference spectra are then used to deconvolute
the complex ambient air spectra. Details of this procedure have been

deseribed elsewhere (Platt and Perner 1983).
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C. Results

During the period of September 12, 13 and 14, 1983, the DOAS system
acquired simultaneous spectra for nitrogen dioxide (NOZ)’ nitrous acid
(HONO) and formaldehyde (H,CO). On September 15; 16 and 17, 1983, in
addition to these compounds, absorption bands of sulfur dioxide (SOZ) and
the nitrate radical (N03) were monitored. The observed optical densities
and the corresponding concentrations for the main absorption bands of the
measured compounds are given in Tables VI-1 through VI-3. No'data for
formaldehyde are given because its concentration, at the pathlenéth
employed, was always below the detection limit of 20 ppb.

The time period of this study was characterized by moderate photo-
chemical air pollution episodes, with afternoon ozone levels reaching
approximately 250 ppb. For the nights of September 15 to 16 and September
16 to 17, time-concentration profiles of NOZ’ HONO, NO, Oq and NO4 are
shown in Figures VI;3 and VI-4 and the corresponding data are given in
Tables VI-2 and VI~-3, respectively. The NO and 03 profiles are taken from
the data described in Section II. For both nights, at the time of the
maximum N03 radical concentration the temperature and relative humidity
were ~302 K and 60-65%, respectively. As seen from comparisom of Figures
VI-3 and VI-4 with Figure V-1, this time-behavior of the NO3 radical
concentration was consistent with our previous observations in polluted
air masses at Riverside and Claremont, CA (Platt et al, 1980a), but quite
different from the time-concentration profiles recently observed in clean
alir masses at a variety of semi-arid/desert sites in California (Platt et
al. 1984). At these semi-arid/desert sites, the maximum concentrations of
NO3 radicals were generally observed to persist until sunrise.

The HONO profiles observed in this study were also qualitatively
similar to our previous observations at Riverside (Platt et al. 1980b),
rising from below the detection limit (1 ppb) near sunset to a peak of ~4
ppb at ~0700 hr. This was followed by a rapid decrease in the HONO
concentrations to below the detection 1limit at sunrise due to

photodissociation.
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Table VI-1l. Observed Concentrations of NO, and HONO on September

12-14, 1983
Date and NO, HONO
Time (hr) 0.D. pPb 0.D. ppb
September 12
15:19 - 15:29 0.0006 9 a
" 15:37 15:46 0.0007 10 a
15:46 - 15:56 0.0007 10 a
15:56 16:06 0.0006 9 a
16:06.~ 16:16 0.0007 10 a
16:16 16:26 0.0007 10 a
16:26 - 16:36 0.0007 10 a
16:36 16:46 0.0008 12 a
16:46 - 16:56 0.0008 12 a
16:56 17:08 0.0009 13 a
17:06 = 17:16 0.0010 15 a
17:16 17:26 0.0011 16 a
17:26 = 17:36 0.0010 15 a
17:36 17:46 0.0010 15 a
17:46 17:56 0.0013 19 a
17:56 18:06 0.0012 18 a
18:06 - 18:16 0.0011 16 . a
18:16 18:25 0.0012 18 a
18:25 - 18:35 0.0015 22 a
18:35 18:45 0.0017 25 a
18:45 - 18:55 0.0024 36 a
18:55 19:05 0.0027 40 a
19:05 - 19:15 0.0021 31 a
19:15 19:25 0.0018 27 a
19:25 - 19:35 0.0021 31 a
19:35 19:45 0.0023 34 a
19:45 19:54 0.0022 33 a
19:54 - 20:14 . 0.0021 31 a
20:04 = 20:14 0.0021 31 a
20:14 - 20324 0.0019 28 a
20:24 - 20:34 0.0019 28 0.0003 l.1
20:34 - 20:44 0.0018 27 a
20:44 - 20:54 0.0019 28 0.0003 1.1
20:54 ~ 21:04 0.0016 24 0.0003 l.1
21:04 - 21:13 0.0016 24 0.0003 1.1
21:13 - 21:33 0.0021 31 0.0003 1.1
21:23 - 21:33 0.0021 31 0.0003 1.1
21:33 - 21:43 0.0018 27 0.0003 1.1
21:43 - 21:53 0.0016 24 0.0003 1.1
21:53 - 22:03 0.0014 21 ‘ a
22:03 - 22:13 0.0014 21 a
22:13 - 22:23 0.0010 15 a
22:23 = 22:32 0.0016 24 0.0003 1.1
22:32 - 22:42 0.0028 41 a
22:42 ~ 22:52 0.0021 31 a
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Table VI-1 (continued) - 2

NO, HONO
Time (hr) 0.D. ppb 0.D. ppb
22:52 = 23:02 0.0019 23 a
23:02 - 23:12 0.0019 28 a
23:12 - 23:22 0.0024 36 a
23:22 - 23:32 0.0022 33 a
23:32 - 23:42 0.0021 31 a
23:42 - 23:52 0.0014 21 a
23:52 - Q:02 0.0014 21 a
September 13
0:02 - Q.12 0.0018 27 a
Q:12 - 0:21 0.0015 22 a
0.21 - 0.31 0.0015 22 a
0:31 - 0.41 0.0018 27 a
0:41 - 0:51 0.0014 21 a
0:51 - 1:01 0.0010 15 a
1:01 - 1:11 0.0008 12 a
1:11 - 1:21 0.0007 10 0.0003 1.1
1:21 - 1:31 0.0008 12 0.0003 1.1
1:31 - 1:41 0.0008 12 0.0003 1.1
1:41 - 1:51 0.0009 13 0.0003 1.1
1:51 = 2:00 0.0011 16 0.0003 1.1
2:00 - 2:10 0.0016 24 0.0003 1.1
2:10 = 2:20 0.0018 27 0.0003 1.1
2:;20 - 2:30 0.0016 24 0.0003 1.1
2:30 - 2:40 0.0022 33 0.0003 1.1
2:40 - 2:50 0.0021 31 0.0C03 1.1
2:50 - 3:00 0.0016 24 0.0004 1.4
3:00 - 3:10 0.0014 21 0.0003 1.1
3:10 = 3:20 0.0012 18 a
3:20 - 3:30 0.0014 21 a
3:30 - 3:39 0.0014 21 a
3:39 -  3:49 0.0014 21 a
3:49 - 3:59 0.0014 21 a
3:59 - 4:09 0.0014 21 a
4:09 = 4:19 0.0015 22 a
4:19 - 4:29 0.0018 27 a
4:29 - 4:39 0.0018 27 a
4:55 - 5:05 0.0023 34 0.0003 1.1
5:05 - 5:15 0.0022 33 0.0004 1.4
5:15 = 5:25 0.0032 47 0.0003 1.1
5:25 - 5:35 0.0035 52 0.0003 1.1
5:36 ~ 5:46 0.0032 47 0.0004 1.4
5:46 = 5:56 0.0031 46 0.0004 1.4
5:56 - 6:06 0.0025 37 0.0004 1.4
6:06 - 6:16 0.0029 43 0.0004 1.4
6:16 - 6:26 0.0028 41 0.0003 1.1
6:26 - 6:35 0.0027 40 0.0004 1.4
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Table VI—l'(continued) -3

NO, HONO

Time (hr) 0.D. ppb 0.D. ppb
6:35 6:45 0.0028 41 0.0005 1.8
6:45 6:55 0.0029 43 0.0005 1.8
6:55 7:05 0.0028 41 0.0005 1.8
7:05 7:15 0.0030 44 0.0004 l.4
7:15 7:25 -0.0024 36 0.0004 1.4
7:25 7:35 0.0023 34 0.0003 1.1
7:35 7:45 0.0027 40 0.0003 1.1
7:45 7:55 0.0034 50 0.0004 1.4
7:55 8:05 0.,0034 50 0.0004 1.4
8:05 8:15 0.0034 50 0.0003 1.1
8:15 8:25 0,0034 50 a

8:30 8:40 0.0032 47 a

8:40 8:50 0.0036 53 a

8:50 9:00 0.0041 61 a

9:00 9:10 0.0046 68 a

9:10 9:20 0.0047 70 a

9:20 9:29 0.0044 65 a

9:29 9:39 0.0035 52 a

9:39 9:49 0.0032 47 a

9:49 9:59 0.0032 47 a

9:59 10:09 0.0029 43 a
10:09 10:19 0.0030 44 a
10:19 10:29 0.0026 38 a
10:29 10:39 0.0024 36 a
10:39 10:49 0.0023 34 a
10:49 10:58 0.0033 49 a
10:58 11:08 0.0046 68 a
11:08 11:18 0.0042 62 a
11:18 11:28 0.0034 50 a
11:28 11:38 0.0025 37 a
11:38 11:48 0.0017 25 a
11:48 11:58 0.0012 18 a
11:58 12:08 0.0011 16 a
12:08 12:18 0.0008 12 a
12:18 12:28 0.0006 9 a
12:28 12:38 0.0006 9 a
12:38 12:48 0.0007 10 a
12:48 12:58 0.0006 9 a
12:58 13:08 0.0005 7 a
13:08 13:18 0.0004 6 a
13:18 13:28 0.0004 6 a
13:28 13:38 0.0004 6 a
13:38 13:48 0.0004 6 a
13:49 13:59 0.0003 4 a
13:59 14:09 0.0003 4 a
14:09 14:19 0.0004 6 a
14:19 14:29 0.0004 6 a
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Table VI-1 (continued) - 4

NO, HONO

Time (hr) 0.D. PPb 0.D. ppb

14:29 - 14:39 0.0004 6 a

14:39 - 14:49 0.0005 7 a

14:49 — 14:59 0.0006 9 a

14:59 = 15:09 0.0006 9 a

15:09 - 15:19 0.0006 9 a

15:19 - 15:29 0.0005 7 a

15:29 -~ 15:39 0.0006 9 a

15:39 - 15:49 0.0006 9 a

15:49 - 16:00 0.0007 10 a

17:30 = 17340 0.0017 25 a

17:40 - 17:50 0.0018 27 a

17:50 - 18:00 0.0017 25 a

20:37 -~ 20:46 0.0023 34 a

21:10 - 21:19 0.0021 31 a

21:40 - 21:48 0.0024 36 a

22:09 - 22:18 0.0025 37 a

22:39 = 22:47 0.0021 31 a

23:08 ~ 23:17 0.0021 31 a

23:59 - 0:05 0.0020 30 0.003 1.1

September 14

0:11 - 0:17 0.0020 30 0.0004 l.4
0:18 - 0:24 0.0020 30 0.0003 1.1
0.42 - 0.47 0.0019 28 0.0003 1.1
0:56 - 1:01 0.0021 31 0.0003 1.1
1:03 - 1:08 0.0018 27 0.0003 1.1
1:27 - 1:32 0.0023 34 0.0003 l.1
1:33 - 1:39 0.0025 37 0.0004 1.4
1:57 - 2:02 0.0024 36 0.0004 1.4
2:046 - 2:09 0.0024 36 0.0004 1.4
2:27 - 2:33 0.0024 36 0.0005 1.8
2:34 - 2:40 0.0024 36 0.0004 l.4
2:58 - 3:03 0.0023 34 0.0005 1.8
3:05 - 3:10 0.0023 34 0.0005 1.8
3:29 - 3:35 0.0024 36 0.0006 2.1
3:36 - 3:42 0.0023 34 0.0006 2.1
4.00 - 4:06 0.0029 43 0.0004 l.4
4:07 - 4:13 0.0027 40 0.0006 2.1
4:30 - 4:36 0.0023 34 0.0006 2.1
4:37 -~ 4343 0.0024 36 0.0005 1.8
5:01 - 5:06 0.0024 36 0.0004 1.4
5:08 - 5:13 0.0024 36 0.0005 1.8
5:32 - 5:37 0.0026 38 0.0006 2.1
5:39 - 5:44 0.0027 40 0.0007 2.5
6:02 - 6:07 0.0026 38 0.0008 2.8
6:09 - 6:14 0.0025 37 0.0007 2.5
6:34 - 6:39 0.0030 44 0.0008 2.8
6:41 — 6:46 0.0030 44 0.0008 2.8

3Not detected.
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Table VI-2, Observed Concentrations of NOz, HONO, NO4 Radicals and 50,
on September 15, 1983

Y

[

Pt

NO., HONO NO . 80,
Time (hr) 0.De ppb 0.D. ppb 0.D. ppt 0O.D. -ppb
4:13 4:19 0.0035 52 0,0005 1.8 ‘
4:38 4:44 0.0020 5.2
4:47 4:53 0.,0032 47 0.0005 1.8
5:19 5:25 0.0032 47 0.0004 1.4
5:43 5:49 0.0017 4.4
5:51 5:57 0.0031 46 0.0005 1.8
6:23 6:29 0.0030 44 0.0004 1.4
6:47 6:53 ' 0.0018 4.7
6:55 7:01 0.,0028 41 0.0004 1.4
7:27 7:33  0.0033 49 0.0004 1.4
7:51 7:57 0.0017 4.4
8:00 8:06 0.0032 47 0.0003 1.1
8:31 8:37 0.0059 87 a
8:56 9:02 0.0053 13.8
9:04 9:10 0.0049 73 a
9:36 9:42 0.0056 83 a
10:00 10:06 0.0027 7.0
10:08 10:14 0.0045 67 a
10:40 10:46 0.0046 68 a
11:04 11:10 0.0020 5.2
11:13 11:18 0.0026 38 a
11:44 11:50 0.0011 16 a
12:09 12:15 0.0017 4.4
12:17 12:23 0.0009 13 a
12:49 12:55 0.0005 7 a
13:13 13:19 0.0017 4.4
13:22 13:28 0.0004 6 a
13:54 13:59 0.0006 9 a
14:18 14:24
14:26 14:32 0.0005 7 a
14:58 15:04 0.0005 7 a
15:22 15:28
15:31 15:37 0.0004 6 a
16:03 16:09 0.0006 9 a
16:27 16:33 0.0006 1.6
16:35 16:41 0.0006 9 a
17:07 17:13 0.0010 15 a
17:19 17:25 0.0002 16
17:32 - 17:38 0.0005 1.3
17:40 17:46 0.0010 15 a
17:52 17:58 0.0002 16
18:12 18:21 0.0013 19 a
18:37 18:43 0.0017 25 a
18:48 18:54 0.0003 25
19:01 19:07 0.0025 6.5
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Table VI-2 (continued) - 2

NO, HONO NO- S0,
Time (hr) 0.D. ppb 0.D. ppb 0.D. ppt  0.D. ppb
19:09 - 19:16 0.0015 22 a
19:22 - 19:29 ‘ 0.0008 66
19:45 - 19:52 0,0012 18 a
19:58 - 20:04 0.0009 74
20:11 - 20:17 0.0008 2.1
20:19 - 20:25 0.0013 19 a
20:31 -~ 20:37 0.0009 74
20:51 - 20:57 0.0016 24 a
21:02 - 21:08 0.0007 58
21:15 - 21:21 0.0013 3.4
21:23 - 21:29 0.0018 27 0.0003 1.1
21:35 = 21:41 0.0003 25
21:55 - 22:01 0.0018 27 0.0005 1l.8
22:07 - 22:13 0.0003. 25
22:20 - 22:25 0.0005 1.3
22:28 - 22:34 0.0021 31 0.0006 2.1
22:40 - 22:46 0.0002 16
23:00 - 23:06 0.0020 30 0.0007 2.5
23:24 - 23:30 0.0006 1.5

23:32 - 23:39  0.0029 43 0.0008 2.8

4Not detected.

Table VI-3. Observed Councentrations of NO,, HONO, NO, Radicals
on September 16, 1983

and 50,

NO., HONO NO~ S0,

Time (hr) 0.D. ppb 0.D. ppb 0.D. PPEL 0.D.

ppb

0:08 - 0.14 0.,0031 46  0.0010 3.5

0:35 - 0:43 0.0011
1:22 - 1:29 0.0032 47 0.0012 4.2
1:49 - 1:56 0.0007

1:58 - 2:04 0.0030 44 0.0012 4.2
2:31 = 2:37 0.0031 46 0.0009 3.2
2:56 - 3:02 0.0013
3:05 - 3:11 0.0030 44 0.0009 3.2

3:37 - 3:43 0.0032 47 0.0008 2.8
4:05 - 4:12 0.0011
4:15 - 4:22 0.0029 43 0.0010 3.5

4:52 - 4:59 0.0030 44 0.0009 3.2
5:20 - 5:29 0.0007
5:32 = 5:39 0.0028 41 0.0012 4.2

2.9

1.8

3.4

2.9

1.8
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Table VI-3 (continued) - 2

NO, HONO NO4 S0,
Time (hr) 0.D. ppb 0.D. ppb 0.,D. ppt 0.D. ppb
6:06 6:12 0.0029 43 0.,0011 3.9
6:30 6:36 0.0008 2.1
6:38 6:44 0.0028 41 0.0012 4.2
7:10 7:16 0.0031 46 0.0013 4.6
7:35 7:41 0.0011 2.9
7:43 7:49 0.0035 52 0.0008 2.8
8:15 8:21 0.0055 81 0.0005 1.8
8:34 8:40 0.0056 83 0.,0003 1.l
8:58 9:04 ‘ 0.0073 19.0
9:06 9:12 0.0060 89 a
9:38 9:44 0.,0046 68 a
10:03 10:09 0.0026 6.8
10:11 10:17 0.0049 73 a
10:43 10:49 0.0035 52 a
11:07 11:13 0.0015 3.9
11:16 11:22 0.0029 43 a
11:48 11:54 0.0022 33 a
12:12 - 12:18 0.0008 2.1
12:21 12:27 0.0018 27 a
12:53 - 12:59 0.0010 15 a
13:18 13:24 0.0011 2.9
13:26 - 13:32 0.,0007 10 a :
13:59 - 14:05 0.0006 9 a
14:24 14:32 . 0.0010 2.6
14:35 14:43 0.0008 12 a
19:00 19:06 0.0007 58
19:14 19:21 0.0011 2.9
19:37 - 19:43 0.0011 91
19:23 19:31 0.0018 27 a
19:58 20:04 0.0017 25 a
20:10 20:16 0.,0010 82
20:23 20:29 0.0024 6.2
20:32 20:38 0.0019 28 a
20:44 20:49 0.0008 66
21:04 21:10 0.0018 27 a
21:15 21:21 0.0007 58
21:28 21:34 ‘ 0.0013 3.4
21:37 21:43 0.0015 22 0.0003 1.1
21:48 21:54 . 0.,0003 25
22:09 22:15 0.0018 27 0.0005 1.8
22:20 22:26 0.0003 25
22:33 22:39 0.0008 2.1
22:41 22:47 0.0020 30 0.0007 2.5
22:53 22:59 0.0002 16
23:13 23:19 0.0024 36 0.0008 2.8
23:38 23:44 0.0005 1.3
23.46 23:52 0.0019 28 0.0009 3.2
2Not detected.
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Experimental time-concentration profiles

for 0,, NO, NO,, the NO, radical and HONO
for l%OO hr, September 15, 1983 through

1200 hr, September 16, 1983. -—- Calculated
HONO concentrations based upon reactions
(1-4) of text, using the NO, + NO3 pa NZO
equilibrium constant of Malio and " Troe (5982)
to derive our experimental rate comstant for
reaction (1).
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D. Discussion

The time-concentration profiles of NO,, HONO, 05, NO and the NO,
radical presented shown in Figures VI-3 and VI-4 yield a more complete
data set than any as yet reported with respect to the simultaneous
observations of those species in ambient atmosphefes. This data set can
then be used to assess the importance or likelihood of various reaction
pathways.

The behavior of the observed NOg radical time-concentration profiles
can be interpreted in terms of the 03 and NO profiles in Figures VI-3 and
VI-4. Thus, the 04 concentrations decrease rapidly from ~240 ppb at 1600
h to below the detection limit of ~3 ppb by 2300-2400 h, while after 2400
h on both nights NO concentrations exceeded the detection limit of the
chemiluminescence Vinstruments (~5 ppb), rising to ~80 ppb by 0800 h.
Hence, although the influence of air parcel tramnsport cannot be eliminated
entirely, the form of the NO; radical time—concentration profiles appear

to be determined by the formation reaction

NO2 + O3 d NO3 + O2

v

and the destruction reaction

NO3 + NO » 2 NO2
though other loss processes involving NOj radicals and/or N5Og cannot be
ruled out.

OQur inability to monitor NO at sub-ppb concentrations {the NO4
radical lifetime in the presence of 10 ppt of NO is only ~3 min (NASA
1983)] prevents detailed chemical modeling of these NO4 radical
profiles. However, for the purposes of the present investigation of
ambient HONO concentrations and their relationship to the NO5 radical,
only the experimentally observed NO, radical concentrations are necessary.

Taking into account the rapid photolysis of HONO during daylight
hours, the HONO nighttime time-concentratiom profiles generally parallel
the NO, time-concentration profiles. While the source(s) of this
nighttime HONO is not yet established, several possible explanations have

been proposed. Thus Stockwell and Calvert (1983) have recently postulated
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that the majority of the nighttime HONO observed in our initial study in
Riverside, CA (Platt et al. 1980b) was formed homogeneously from the

reaction sequence (1-4):

N03 + HCHO » HOO + HNO3 (1)

+ 2

HCO + 0, > H02 co (2)

HO. + NO. X HO.NO (3,-3)
2 2 272 ’

> HONO + O (4)

2

where reaction (1), followed by the rapid reaction of HCO with 0, (NASA
1983), together with other more minor reaction pathways, leads to HO,
formation. '

‘Although laboratory studies (Niki et al, 1977, Howard 1977, Graham et
al. 1977, 1978) have shown that the reaction of HO, with NO, proceeds
mainly via formation of thermally unstable HO,NO,, Stockwell and Calvert
(1983) argued that reaction (4), which has an upper limit rate constant of
L3 x 10'15 em3 molecule™l sec™l at room temperature (waard 1977), could
account for the observed HONO formation. additionally, since no data were
then available for the rate constant for reaction (1), they assumed a
value of l.4 x 10715 cm3 molecule™! sec'l, identical to that for the
reaction of NO3 radicals with acetaldehyde (Morris and Niki 1974) tthis
value is derived using the NO, + NO43 z Ny0g equilibrium constant of Malko
and Troe (1982)].

Qur present time-concentration data set can aow be used to evaluate
the validity of this homogeneous gas phase feaction mechanism. Speci-
fically, the reaction sequence (1), (2), and (4) was used, with reaction
(2) occurring effectively instantaneously (in less than 0.l psec) under
atmospheric conditions. Due to the rapid back-decomposition of H02N02 via
reaction (-3), reaction (3) was taken to be unimportant. Rate constants
of 3.2 x 10_16 em3 molecule™! s~! for reaction (1) (Atkinson et al, 1984b)
[a factor of 4 lower than assumed by Stockwell and Calvert (1983)] and 3 x
10_15 em3 molecule™! s™1 for reaction (4) [as assumed by Stockwell and

Calvert, (1983)] were used. The observed N03 radical and N02
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concentration profiles were fit by polynomial expressions, with the NO4
radical councentrations being conservatively set at 8 ppt whenever the
absorption signal fell below the detection limits. The concentration of
HCHO was set at 20 ppb, our detection limit, sincé it was never observed
directly during these nighttime studies.

Input of our simultaneous NOj radical and NO, concentrations,
together with this maximum HCHO value of 20 ppb, allows the maximum HONO
concentrations arising from the homogeneous gas phase reaction sequence
(1), (2) and (4) to be calculated. As shown in Figures VI-3 and VI-4
these predicted HONO concentratiomns are factors of ~20 lower than the
observed HONO concentrations. These calculations used a rate counstant for
reaction (1) based upon the N02 + N03 z N205 equilibrium constant of Malko
and Troe (1982). Recently however, we have determined directly, using in
situ spectroscopic techniques (Tuazon et al. 1984), an equilibrium
constant at 298 K a factor of 1.8 higher than that given by Malko and Troe
(1982) . The use of this equilibrium constant leads to calculated HONO
concentrations a factor of 1.8 higher than those shown in Figures vI-3 and

VI-4, but still a factor of ~10 lower than those we observed.

E. Conclusions

OQur results thus show that the homogeneous reaction of N03 radicals
with HCHO to yield HO, radicals, which then form HONO from their reaction
with NOo, cannot be an important source of HONO, at least under the
atmospheric conditions we investigated. Rather, we continue to believe’
that the nighttime HONO concentrations we have observed near downtown Los
Angeles, Claremont and Riverside, CA, arise predominately from heteroge-
neous reactions of N02 with water (SAkamaki et al. 1983, Pitts et al.
1984g), direct emissions from automobile exhaust {(pitts et al. 1984h), or
a combination of both, as well as from other possible heterogeneous

processes involving surface phenomena.
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VII., IDENTIFICATION AND MEASUREMENT OF NITROUS ACID
(A GAS PHASE MUTAGEN) IN AN INDOOR ENVIRONMENT

A. Introduction

Nitrogen dioxide 1is a primary pollutant emitted as a combustion
byproduct and its production indobrs by heating and cooking appliances has
been the subject of many investigations (Thompson et al. 1973, Derham et
al, 1974, Wade et al., 1975, Palmes et al. 1977, 1979, Traynor et al. 1982,
Nero and Grimsrud 1983, Yamanaka 1984). Recently it has been established
that an individual’s overall eprsure to NO, can be significantly influ-
enced by indoor air pollution (Spengler et al. 1979, Nero and Grimsrud
1983). In some cases indoor NO, levels may be comparable to, or greater
than, concentrations found in ambient air; moreover, the exposure time
indoors is usually much greater. For example, typical NO, levels measured
inside homes equipped with gas stoves (Spengler and Sexton 1983) have been
observed to range from 0.l to 0.3 part per million (ppm) with levels as
high as 1 ppm being reported in some cases (Andrews et al., 1984).

Recent measurements (Sakamaki et al. 1983, Pitts et al. 1984g) of the
rate of formation of gaseous nitrous acid (HONO) from NO,-air mixﬁures in
environmental chambers suggested that HONO may als& be formed in indoor
atmospheres polluted with NOZ' While it does not appear to be known
whether gaseous HONO may have toxicological effects of its own, it is
known to be an effective nitrosating agent, reacting rapidly with gaseous
secondary amines in air (Pitts et al. 1978b) to form carcinogenic
nitrosamines (Shapley 1976, Magee 1982). This raises the possibility of
in vivo formation of nitrosamines from inhalation of gaseous HONO (Pitts
1979, 1983). Furthermore, although amine levels are generally low in
ambient air, in certain occupationaliy related indoor enviromments higher
concentrations may be present. Finally, HONO has been shown'to be a gas
phase mutagen (Mahler and Cordes 1971, Watson 1976).

As part of our investigation of gas phase mutagens we became
concerned that indoor exposures of HONO might equal or exceed those
experienced in ambient atmospheres. The latter can be estimated based on
our earlier measurements of HONO in the South Coast Air Basin (Platt et
al., 1980b, Harris et al. 1982, Pitts et ai. 1984b).
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In order to investigate the potential for HONO formation from NOZ-air
mixtures in indoor environments, we have conducted experiments using a
rapid scanning differential optical absorption spectrometer (DOAS) coupled
to a multiple reflection optical system (Pitts et ;l. 1984h and references
therein). We report here the unequivocal detection and measurement of
HONO formed in a laboratory approximately the size of a small mobile home
containing 5.2~11.5 ppm of NC, in air. These conditions obviously are
quite different from those encountered in a typical "inhabited" environ—
ment, but were chosen to test the hypothesis that HONO can be formed in
such environments. Extrapolation of our initial results obtained under
these conditions to those more typical of indoor envirounments is discussed

below.

B. Experimental

All experiments were conducted inside an instrumented mobile labora—
tory furnished by the California Air Resources Board and used in the early
1970°s for the ACHEX experiments (Appel et al. 1978). Its intermal
dimensions were 2.3 x 2.4 x 11.8 m, with a total volume of 65.1 m3.
During the experiments the room lighting was switched off and all windows
were covered to prevent any photolysis of HONO, although as discussed
below this appears to be minimal. Furthermore, all openings of the
laboratory were sealed to minimize physical exchange of air from
outside., Experiments were performed at temperatures ranging from 295 to
307 X at relative humidities ranging from 31 to 60%. Initial NO, levels
were varied from 5.2-11.5 ppm.

Nitrous acid and NO, were monitored by the DOAS technique using a
White type (White 1942) multiple pass optical system with a 2.2 m base
path. The arrangement of the DOAS system inside the laboratory 1s shown
in Figure VII-l, The apparatus was similar to that used for the first
spectroscopic detection of HONO in auto exhaust (Pitts et al., 1984h) and
is only briefly described here.

A 75 W Xe lamp was focused by a spherical mirror chosen to match the
apperture of the multiple reflection optical system. Typically, forty
passes were used which, together with the 2.2 m pathlength of the beam
before entering and after exiting the multiple pass system, yielded a

total pathlength of 90 m.
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Figure VII-1. Experimental arrangement of the differential optical

absorption spectrometer (DOAS) within the mobile
laboratory.

After traversing the multipass system, the beam was focused on the
entrance slit of a 0.5 m monochromator (SPEX 1870) equipped with a 600

1 grating (dispersion 4 om am~l). Attached to the monochromator

groove mm
was a special rotating metal disc carrying radial slits (100 um wide, 10
mm spacing) across the exit focal plane. With this arrangement, an
approximately 35 nm segment of the spectrum was scanned at a rate of ~110
spectra per second. The light intensity passing through the slits was
detected by a photomultiplier (EMI 9659QA), and the resulting analog
signal digitized and stored by a DEC MINC 11/23 computer. Nitrogen
dioxide and HONO were monitored at 363 and 354 nm, respectively, using the
differential absorption cross sections of 1.0 x 10719 and 4.2 x 10719 cm?

molecule™}

given by Platt and Permer (1983). At the optical pathlength
typically used (90 m), aﬁd for our observed noise levels, the detection
limits for NO, and HONO were ~100 and ~25 ppb, respectively.

The NO, was generated by the reaction of NO with excess 0, in a Pyrex
syringe and was injected into the laboratory via a 0.125 in. Teflon tube

which passed through one wall of the laboratory and was aimed towards a
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fan for rapid mixing. Nitric oxide and oxygen were supplied by Matheson
Gas Products and Liquid Carbonic Corporation at stated purities of 99.0
and 99.993%, respectively.

The procedure for each experiment was te fi11 the laboratory with
between 5 and 12 ppm of NO, as measured by the DOAS instrument, and then
acquire and average spectra for ~10 minute periods over a 3-4 hour
duration. To obtain HONO spectra, NOo features were subtracted using an
appropriate NO, referance spectrﬁm. The HONO concentrations were then
calculated from the measured differential optical density at 354 nm.
Small amounts of N02 were added in order to maintain the N02 concentration
at an approximately coastant (within 10%) level.

In order to establish the lifetime of air inside the mobile labora-
tory with respect to physical exchange with outside air, a small quantity
of ethane was admitted into the labogatory. The subsequent decay of
ethane was monitored by gas chromatography with flame fomnlzation detection
using a 5-ft x 0.125-in. stainless steel column packed with Porapak N
(80/100 mesh), operated at 333 K. The ethane decay obeyed first order
kinetics with a lifetime of 4.1 + 0.9 hr (all errors quoted represent two
standard deviations) determined by linear least squares analysis of the
plot of In[ethane] versus time. The decay of NO, within the trailer
followed first order kinetiecs with a lifetime of ~90 minutes. This
shorter lifetime presumably reflects loss by adsorption and/or reaction of
NO, within the laboratory.

Because HONO exhibits significant absorption in the wavelength region
of 300 to 400 nm (Cox and Derwent 1976) and photodissociates with a
quantum yield of unity (Cox 1974), experiments were carried out to assess
its approximate photolytic lifetime under typical indoor lighting condi-
tions (fluorescent lighting plus indirect sunlight). These experiments
involved exposing Teflon bags filled with CH3ONO/air mixtures to indcor
lighting. Methyl nitrite was chosen as é substitute for HONO on the basis
of its ease of handling and the fact that its absorption spectrum and
quantun yield closely parallels that of HONC over the wavelength 300-400
nm. Gas chromatography was used to monitor CH30NO. No observable loss of
CH,0ONO was detected over a period of five hours even in a brightly
illuminated room, suggesting that photolysis does not represent a signifi-

cant. loss process of HONO within indoor environments.
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C. Results and Discussion

A total of five experiments were performed in which the NO,
concentrations in the mobile laboratory were maintained at 11.5, 1l.4,
9.1, 6.6, and 5.2 ppm. .

Figure VII-2 shows spectra obtained during the experiment with 11.5
ppm of NO, after the features attributed to NO, were subtracted; also
shown is a HONO reference spectrum. As seen in Figure V1i-3, the HONO
concentrations increased linearly with time. A least squares analysis
yields a HONO production rate for this experiment of (2.92 % 0.47) ppb
min~l.

The rates of HONO formation, d[HONO]/dt, obtained by least squares
analyses of the slopes of the HONO concentration versus time are given in
Table VII-1 for the various concentrations' of NO, employed. Al though
there appeared to be no discernible effect of Hy0 concentration upon the
rate of HONO production, the range of concentrations of water vapor used
in the present experiments were rather limited and further experiments are
needed to examine this in greater detail,

The HONO formation rates, (d[HONO]/dt) given in Table VII-1 are
plotted as a function of the NOZ concentration in Figure VII-4 (on a
log~log scale). In the same figure are plotted data obtained by Sakamaki
et al. (1983) [for the National Institute of Environmental Studies, Japan
(NIES) chamber] and Pitts et al. (1984g) in their studies of HONO
formation from NO, in envirommental chambers.

For a given chamber these plots of log(d[HONO]/dt) against log[NO,]
are, within the scatter of the data, linear with a slope close to unity,
suggesting that the HONO formation rate in the various reaction systems is
first order in NO,. Despite numerous studies of the kinetics and
mechanism of the processes occurring in NOy-air mixtures considerable
uncertainty remains as to the nature of the process or processes leading
to HONO formation. Initially, a homogeneous mechanism was proposed by
England and Co;coran (1974) after they observed no change in the initial
rate of N02 disappearance using two Pyrex vessels of different surface
area=-to-volume ratios. However, subsequent work (Carter et al. 1981,
1982, Sakamaki et al, 1983, Pitts et al. 1984g) has suggested that this

reaction proceeds via a heterogeneous mechanism.
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Figure VII-2. DOAS spectra showing generation of nitrous aecid for
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Figure VII-3. HONOC concentrations plotted as a function of time for

mobile laboratory filled with 11.5 ppm of NOj.
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. Table VII-l. Experimental Conditions and Corresponding Rates of HONO
R Formation

103 x
10
(NO,] R.H. Temperature (d[HONO]/?t) (d[HONO]/dt)/[NOz]
(ppm) (%) (x) (molecuie en™3) (ppb min~l) | (min~1)
- 11,5 43 307 S5.44 x 1017 2,92  0.47 0.25 + 0,04
11.4 31 306 3.71 x 1017 3,02 £ 0.48 0.25 £ 0.04
9.1 31 304 3.31 x 107 2.18 £ 0.55 0.24 £ 0.06
6.6 60 295 3,77 x 10%7 1.76 + 0.91 0.27 + 0.14
5.2 38 304 4,06 x 1017 1.16 £ 0.55 0.22 + 0.10
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Figure VII-4., Initial HONO formation rate, d[HONQO]/dt versus [NOZ] for

several experimental systems. (A& This work; T = 301 % 6

K, RH = 45 £ 15%: X SAPRC 5800-~liter evacuable chamber;

T = 301 £ 4 X, RH ~ 50%Z: @ SAPRC 4300-liter all Teflomn

chamber; T = 297 X, RH ~ 50%: M NIES 6065-liter evacuable

- chamber; T = 303 K, RH ~ 50%. The dashed line is the best

) fit line with unit slope through the data for the SAPRC
5800-1liter evacuable chamber.
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The results from the present study, while admittedly limited, have a
number of implicatioms with respect to indoor air pollution, For example,
assuming that these data can be extrapolated to the lower NO, concentra—
tions which correspond to indoor air pollution sitqétions, formation rates
of HONO associated with such pollution may be calculated. Thus, since our
average HONO formation rate normalized to the NO, concentration was 0.25
ppb min'l per ppm- of NO,, an indoor N02 concentration of 1 ppm, which has
been measured in certain situations (Andrews et al. 1984), would lead to a
HONO formation rate of ~0.25 ppb min-l. Measurement of the decay of HONO
following cessation of NO, additions to the mobile laboratory yielded a
lifetime.for HONO of ~2 hr (slightly longer than the NO, decay rates, as
expected since formation of HONO from NO, continues to occur during this
decay process). Allowing for the substantially higher ventilation rates
expected in a typical home environmment, we can assume a lifetime for HONO
of 1 hr with respect to both physical and chemical removal processes.
This leads to an estimated steady state concentration of ~15 ppb of HONO

in an indoor enviromment similar to our laboratory.

D. Conclusions

While admittedly an approximation, the estimated steady state concen—
tration of ~15 ppb HONO (for 1 ppm of NOZ) in an indoor environment is
approximately 2-4 times the HONO levels we have previously measured in
polluted ambient air at several sites in the lLos Angeles basin (Platt et
al, 1980b, Harris et al. 1982). If future experiments employing more
realistic situations (e.g., a gas stove or kerosene heater in a furnished
mobile home) support this calculation of such relatively high levels of
HONO, there is then the possibility of a previously unrecognized health
risk associated with exposure to high indoor levels of NO,. However, a
definitive risk—-assessment of this aspect of indoor air pollution will not
be possible wuntil HONO measurements are conducted in more realistic
settings, and until health effects studies of inhaled HONO are developed
and carried out.

The present work represents the first application of differential
optical absorption spectroscopy, a technique which has proven itself a
useful analytical tool in the natural and polluted troposphere, to the

study of indoor air bgéilution. CIeéfi&Q the DOAS tééhﬁique, while
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relatively. expensive and sophisticated, can provide for the simultaneous
unequivocal identification and quantification of wmany potentially
important indoor gaseous ‘pollutants that are difficult to measure in "real
time" by more conventional methods. Among the .compounds which can be
observed with our preseat "indoor" DbAS system (and their detection
limits) are S0, (~20 ppb), NO, (~100 ppb), HONO (~25 ppb), HCHO (~130
ppb), the gaseous NO3 radical (~60 ppt) together with certain aromatic
compounds such as benzene (~20 ppb), benzaldehyde (~30 ppb) and naph-
thalene (~2 ppb).
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1. Twenty-Four Hour Air Mass Trajectories

2. Correlation Coefficients for El Monte Data
3, Correlation Coefficients for Riverside Data

DOAS Measurements During the September 1984 Field Study

- Ambient Air Data For the September 1984 Field Study .

Electron Impact Mass Spectra of a Series of Standard
Nitroarenes
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A.,1. TWENTY-FOUR HOUR AIR MASS TRAJECTORIES

The trajectories shown were generated backward from Riverside and El
Monte and forward from El Monte. The arrow marks the monitoring station
closest to El Monte and the starting point for the 24-hr forward and 24-hr
backward trajectory for El Monte. A description of the procedure used to
generate these trajectories is given in Section II.C.5. The cities shbwn
are: West Los Angeles (WLA), Los Angeles (LA), Long Beach (LB), El Monte
(EM), Costa Mesa (CM), Claremont (C), Fontana (F) and Riverside (R). The

date and starting time of the trajectories are given on each figure.
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A.2. CORRELATION COEFFICIENTS FOR EL MONTE DATA

In the folloﬁing table a matrix is printed in which the lower
triangle contains the correlation coefficients and the upper triangle
contains the number of cases wused in ©building each correlation
coefficient. A value of 99.00000 is printed if a correlation cannot be
comﬁuted. The abbreviations for the variables used in the correlations

and their definitions are:

NETWTP Net weight of particles

NETWTE Net weight of material solvent extracted from the particles
PERCEX Percent extractable (NETWTE/NETIWTP) .

TA98ACT TA98 Activity (rev pg™ 1)

TA98MD TA98 Mutagen density (rev m—3)

ORGC Organic carbon

ELEMC Elemental carbon

TA98ML TA98 Mutagen loading (rev ug_l particulate)

TA98NRAC TA98NR Activity (rev pg 1)

TA98NRMD TA98NR Mutagen density (rev m—3)

TA9SNRML TA98NR Mutagen loading (rev pg ' particulate)

DNPGACT TA98/1,8-DNB, Activity (rev ug™hy

DNP6MD TA98,1,8-DNP6 Mutagen density (rev m-3)

DNP6ML TA98/1,8-DNP6 Mutagen loading (rev pg_l particulate)

OZONE ~ Ozone

BSCAT Aerosol light scattering

NO Nitric oxide

NO2UNC Nitrogen dioxide uncorrected for PAN positive interference
PAN Peroxyacetylnitrate

Co Carbon monoxide

THC Total hydrocarbons

METHANE Methane



TDRY Ambient Temperature

RADIOM Light intensity

RELHUM Relative humidity

NOXUNC Total oxides of nitrogen, uncorrected -for PAN interference
TSP Total Solid Particulate weight

GFtoTIGF Ratio of the mutagen density of POM collected om a GF filter

to the mutagen density of POM simultanecusly collected on a
TIGF filter

Al Aluminum
Si Silica

S Sulfur

Cl Chlorine
K Potassium
Ca Calcium
Ti Titanium
v Vanadium
Mn Manganese
Fe Iron

Ni Nickel

Cu Copper

Zn Zinc

Ge Germanium
As Arsenic
Se Selenium
Br Bromine
Rb Rubidium
Sr Strontium
Pb Lead

Ag Silver

Sn Tin

Sb Antimony .

Ba Barium
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A.3. CORRELATION COEFFICIENTS FOR RIVERSIDE DATA

In the following table a matrix is printed in which the lower
triangle contains the correlation coefficients and the upper triangle
contains the humber of cases wused in building each correlation
coefficient. A value of 99.00000 is printed if a correlation cannot be
computed. The abbreviations for the variables used in the correlations

and their definitions are as given for Appendix IX.A.2.
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B. DOAS MEASUREMENTS DURING THE SEPTEMBER 1984 FIELD STUDY

The optical arrangement of the DOAS system was very similar to that
described for the 1983 field study. However, to improve sensitivity, the
light source was moved further away to a house on the slope of the Box
Springs Mountains. The light path of 1.6 km was ~2.5 times longer than
the previous one, The system acquired spectra integrated over about six
minutes in each of four different, 30 anm wide, wavelength regions centered
at: 300 om (SOZ)’ 320 nm (HCHO, N02>’ 360 am (HONO, N02) and 660 nm
(N03). These regions were scanned automatically in the following
repetitive sequence: 300 nm, 360 nom, 660 nm, 320 nnm, 360 nm, 660 nm,
Taking into account the time needed to move the grating between these
wavelength regions, this whole cycle was completed in about one hour.
ylelding one six-minute average per hour for S0, and HCHO, two averages
per hour for HONO and the N03 radical, and three averages per hour for NO2
(a major component in two of the spectral regions). The following tables
list the concentrations of these compounds ordered by the time of day.
Whenever the absorption bands were below the detection limits an "a"
appears in the table. If the bands could not be quantified due to
excessive noise a "b" is shown.

Tables include:

Nitrogen Dioxide
Nitrous Acid
Nitrate Radical
Formaldehyde
Sulfur Dioxide



SEPTEMBER 18,

1984

Time
hrs

NO

2
(363 nm)

ppb

HONO
ppb

NO,
(315 om)
ppb

HCHO

ppdb

NO4
ppt

s0,
ppPb

00:09
00:17
00:28
00:40
00:48
00:539
01l:11
01:19
01:30

01:42

01:50
02:01
02:13
02:21
02:32
02:44
02:52
03:03
03:15
03:23
03:34
03:46
03:54
04:05
04:17
04:25
04:36
04:48
04:56
05:08
05:19
05:27
05:38
05:50
05:58
06:10
06:21
06:29
06:40
06:53
07:00
07:12
07:24
07:31
07:42
07:55

40

46

50

38

68

65

52

43

40

35

35

43

45

32

35

0.3

0.6

0.8

0.7

1.3

1.3

1.4

1.4

1.7

1.9

2.1

l.7

107

1.9

1.5

36

53

60

56

39

35

43

34

9.6

9.8

9.6

10

8.9

13

60

64

57

78

23

33

48

53

50

32

5.7

6.2

6'8

642

S5

5.0

4.3

(continued)



SEPTEMBER 18, 1984 (continued)

Time
hrs

NO,
(363 nm)
ppb

HONO
ppb

NO

2
(315 om) - HCHO

ppb

ppb

NO4 SO%
ppt PP

08:05
08:15
08:29
08:37
08:48
09:00
09:08
09:19
09:31
09:39
09:50
10:02
10:10
10:22
10:57
11:08
11:20
11:28
11:39
11:51
11:59
12:10
12:22
12:29
12:41
13:37
13:45
13:56
14:08
14:27
14:39
14:58
16:43
16:51
17:02
17:17
17:24
17:48
17:56
18:07
18:19
18:26
18:37
18:50
18:59
19:09

34

46

52

53

70

54

40

28

23

11

27

28

25

16

28

1.4

0.5"

31

43

33

15

24

13

13

3.8

4.2

2.5

2.8

1.4

ll4

7.7

6.8

55
10.8

210

(continued)



SEPTEMBER 18, 1984 (continued)

NO, NO,
Time (363 nm) HONO (315 om) HCHO NO4 S04
hrs ppb ppb ppb pprb - ppt ppb

19:20 47 15

19:28 61 a

19:39 - 300

19:51 11.3
19:59 35 a

20:11 430

20:22 23 16

20:30 26 a

20:41 340

20:53 ' 9.5
21:01 68 a

21:12 . 83

21:24 47 20

21:32 43 0.3

21:43 ' 220

21:55 7.5
22:03 29 0.7

22:14 210

22:23 19 a

22:26 14 14

22:45 160

22:57 3.5
23:05 32 0.8 :

23:16 49

23:28 56 16

23:35 47 1.2

23:486 79

23:59 4.5

dNot detected.
Noisy background.
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SEPTEMBER 19, 1984

Time
hrs

NO,
(363"nm)
ppb

HONO
pPPb

NO,
(315 nm)

ppb

HCHO
ppb

NO4
ppt

50,
ppb

00:06
00:18
00:29
00:37
00:48
01:00
01:08
01:20
01:31
01:39
01:50
02:02
02:10
02:21
02:33
02:41
02:52
03:04
03:12
03:23
03:35
03:43
03:54
04:06
04:14
04:25
Q4:37
04:44
04:56
05:08
05:16
05:27
05:39
05:46
05:57

06:10

06:18
06:29
06:41
06:48
06:59
07:11
07:19
07:31
07:42
07:50

34

42

41

46

40

39

18

22

34

31

38

25

44

64

69

71

0.9

1.4

1.4

1.6

1.6

1.5

1.4

2.0

2.4

2.2

2.2

1‘9

1.9

1.8

1.9

1.6

39

40

47

18

35

30

64

67

13

13

8.7

4.7

. 4.8

96

94

110

110

72

130

150

98

38

78

78

52

26

(continued)



SEPTEMBER 19, 1984 (continued)

Time
hrs

NO

2
(363 nm)

pprb

NOZ
HONO (315 oam) HCHO NO4

ppb ppb ppb .. ppt

S0,
ppb

08:01
08:13
08:21
08:33
08:44
08:52
09:03
09:15
09:23
09:35
09:49
09:59
10:12
10:25
10:33
10:44
10:56
11:03
11:15
11:27
11:35
11:46
11:58
12:05
12:19
12:33
12:41
12:52
13:04
13:11
13:23
13:35
13:43
14:06
14:13
14:25
14:37
14:45
14:56
15:08
15:16
15:27
15:39
15:47
15:58

64

37

56

52

37

36

11

12

11

13

lﬁ:lO

0.4

41 b

48 b

25 b

{(continued)
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SEPTEMBER 19, 1984 (continued)

Time
hrs

NO

2
(363 nm)

ppb

HONO

ppb

NO

(3152nm)

ppb

HCHO
ppb

NO4
ppt

PP

SO%

16:18
16:29
16:41
16:49
17:01
17:12
17:20
17:31
17:43
17:51
18:03
18:14
18:22
18:33
18:46
18:54
19:05
19:17
19:24
19:35
19:48
19:56
20:07
20:19
20:37
20:50
20:56
20:58
21:09
21:21
21:28
21:39
21:52
22:00
22:11
22:23
22:30
22:41
22:54
23:02
23:13
23:32
23:35
23:43
23:56

16

18

21

25

31

41

38

33

33

33

27

27

24

24

29

0.2

0.4

0.5

0.4

12

27

38

28

27

23

24

9.5

7.0

7.2

8.3

20

26

31

63

89

130

78

84

110

110
120
120

73

3Not detected,

Noisy background.



SEPTEMBER 20, 1984

Time
hrs

NO

2
(363 om)

ppb

HONO
ppb

NO

2
{315 om)

pPb

HCHO
ppb

NO,4
ppt

SO
oo

00:04
00:15
00:27
00:34
00:46
00:58
01:06
01l:17
01:30
01:39
01:51
02:03
02:11
02:22
02:34
02:42
02:53
03:06
03:14
03:25
03:37
03:44
03:56
04:08
04:16
04:27
04:39
04:47
04:58
05:10
05:18
05:30
05:42
05:49
06:00
06:13
06:21
06:32
06:44
06:52
07:03
07:15
07:23
07:35
07 :46
07:54

30

41

50

49

48

48

50

49

53

57

57

56

56

51

47

42

0.2

0.4

0.6

0.5

0.7

0.9

100

1.1

1.0

1.2

1.7

2.2

1.5

1.7

1.4

1.2

36

52

53

54

62

62

56

42

8.9

8.1

6.6

8.7

5.7

85

21

15

24

16

16

19

7.9

5.5

5.6

4.6

5.9

5.1

5.0

(continued)
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SEPTEMBER 20, 1984 (continued)

Time
hrs

NO

2
(363 nm)

ppb

N0,
HONO (315 mnm) HCHO  NO,

ppb ppb ppb - ppt

10)
PPg

08:
08:
08:
08:
08:
08:
09:
121
09:
09:
153
10:
10:
10:
10:
10:
10:
11:
11:
:30
11:
249
:01
12:
12:
12:
12:
12:
:03
13:
13:
134
13:
13:
:05
14:
l4:
136
- 14z
14:

09

09

11

11
12

13

13

14

14

15

15

05
17
25
37
48
56
08

30
41

01
12
25
33
47
59
06
17

38

08
20
32
40
51

10
22

42
53

13
24

44
55

:07
15:
15:

15
26

:38
15:
15:

46
57

43
69
63
70
53
38

17

10

10

10

57 b

57 b

33 b

5.7

4.3

2.1

1.4

l.1

1.1

1.2

1.1

(continued)



SEPTEMBER 20, 1984 (continued)

Time
hrs

NO

2
(363 nm)

ppb

NO

2
HONO (315 nm)
ppb ppb

HCHO NO4
ppb ppt

S0
PP%

16:
16:
16:
16:
16:
16:
17:
17:
17:
17:
17:
18:
18:
18:
18:
18:
18:
19:
19:
19:
19:
19:
19:
20:
20:
20:
20:
20:
20:
21:
:18
21:
21:
149
21:
22:
:20
22:
22:
22:
22:
23:
23:
23:
23:
23:

21

21

22

09
16
28
40
48
59
11
18
29
41
49
01
12
20
31
43
51
02
14
22
33
45
53
04
16
23
35
47
55
06

25
37

57
08

27
38
51
58
10
21
29
40
53

12

11

17

20

30

32

43

45

45

54

54

57

57

53

50

19

36

43

57

59

35

31

50

55

41

2.6

5.4

3.7

3.5

4,2

2.9

‘ang detected,

bNoisy background.,



oo,

sy

SEPTEMBER 21, 1984

Time
hrs

NO

2
(363 nm)

ppb

N0,
HONO (315 nm) HCHO

ppb ppb ppb

NO4
PPt

S0,
ppb

00:00
00:11
00:23
00:31
00:42
00:54
01:02
01l:13
01:25
01:33
0l:44
01:56
02:04
02:15
02:27
02:35
02:46
02:58
03:06
03:17
03:29
03:36
03:48
04:00
04:08
04:19
04:31
04:38
04:49
05:02
05:10
05:21
05:33
05:40
05:51
06:03

- 06:11

06:23
06:35
06:44
06:56
07:10
07:18
07:29
07:41
07:48

50
.8
18
39
30
19
.16
19
25
18

24

11

11

52 3

43 3

18 a

18 a

20 a

22

45

50

38

0.9

l.1

1.2

2.3

0.4

0.3

(continued)



SEPTEMBER 21, 1984 (continued)

NO, NO,
Time (363 nm) HONO (315 om) HCHO
hrs ppb ppb ppb ppb

NO4
ppt

S0,
ppb

08:00

08:12

08:20 7 a

08:31

08:43 2 a
08:50 4 a

09:01

09:14

09:21 2 a

09:33

09:44 a a
09:52 1 a

10:03

10:15

10:25 2 a

10:49 a a
10:56 2 a

11:08

11:20

11:28 1 a

11:39

11:51 a a
11:58 2 a

0.5

0.2

0.2

0.2

ANot detected.
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C. AMBIENT AIR DATA FOR THE SEPTEMBER 1984 FIELD STUDY

Time-concentration plots are given of carbon monoxide, nitrous oxide,
nitrogen dioxide, ozone, peroxyacetyl nitrate, temperature, relative
humidity, wind speed and wind direction for 1200 hr Seﬁtember 18 to 1200
hr September 22, 1984.

Nitrogen dioxide concentrations were determined by chemiluminescence
detection and have not been corrected for interferences from PAN and other
interfering nitrogenous species. Wind speed and wind direction were
measured using a sensor from Meteorology Research, Inc. (MRI 10332/1074-
2). |

A complete list of the instrumentation employed for measurement of
gaseous pollutants is given in Table III-l. With the exception of the PAN
measurements, the data aré 10-min averages. An air sample was taken for

PAN analysis every 15 minutes.
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D. ELECTRON IMPACT MASS SPECTRA OF STANDARD NITROARENES

The mass spectra shown were recorded utilizing a Finnigan Model 3200
GC/MS equipped with a DB-5 capillary column and cool on—column injection.
The mass spectrometer was interfaced to a Teknivent interactive data
system with hard disk storage capabilities. Scanning was from 40-400 amu

at a rate of 1l scan sec-l. The spectra shown are for:

1-Ni trofluoranthene
7-Nitrofluoranthene
2-Nitrofluoranthene
3-Nitrofluoranthene
8-Nitrofluoranthene °
1-Nitropyrene
2-Nitropyrene
1,3=-Dinitropyrene
l,6=Dinitropyrene
1,8-Dinitropyrene
3-Nitrofluoranthene-dg
8-Nitrofluoranthene-dq
1-Nitropyrene-~dq
1,3-Dinitropyrene—dg
1,6~Dinitropyrene-dg

1,8-Dinitropyrene—dg
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