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ABSTRACT: Several new developments associated with the sensitive Luminox NO. monitor
{the LMA-3) are presented: (1) A peroxvaceryl nitrate (PAN) converter has been developed
for use with the LMA-3. Tt achieves a 3-sigma detection timit of 30 parts per trillion (ppt) with
a time cvele of 5 min. which allows measurements in even clean background air. [Uis presently
being commerciatized with an integral Luminox actector. (2) A second converter. segquencer
for NO, (NO, = NO. = NOJ and NO, is described. [t uses CrOs lor the NO conversion and
presents significant advantages over the competitive commergial NO, deteciors presently aval-
able. namely, sensitvity down 1o 10 ppt ur less. and virtual freedom from interferences that
aow plague other methods. {3} An ozone scrubber hus been developed that removes vzon:
(Q:) from the sample vir without destroving more than 107 of the NO.. This removes the
major interference ussociuted with the luminol method for NO; measurements. Finally. the
nonlineuaritics outside of the 1 1o 8 ppiy range huve boen charscerized. An ulgoritam s
presented 100 making cofrections o ambienl MesursTenis. 1ot only for aualinearities bui
Yor residual vzone and PAN interferences. Tpieal aunospheric measurements (PAN. NO.,
NO.. and Qv are given boih for clean backyround air and for urban air in Long Beach.
Calitorniz. ’

KEY WORDS: toxics. nitrogen dioxide. nicrogen oxide, peroxyacetyl nitrate. imeasure ments,
ambicnl measurements. vzone serabber, interferanee testing, osone

In the past vear. several new developmenis have taken place that extend the usefuiness
of the Luminox NQ, detector (/[:

1. A converter has been developed to allow measurements of peroxvacetyl nitrate (PAN),

2. A second converter has been developed to measure NO, (here NO, = NO + NO,).

3. The minor interferences associated with the highly sensitive Luminox technique have
been characterized so that carrections to the data can be made for both ozone {Oy) and
PAN.

4. An ozone scrubber has been developed which passes NO,; it enables an interference-
free measurement of NO, or NO, in background tropospheric air.

The ambient measurement of NO. or NO, by using Luminox technology offers significant
advantages over other commiercial instruments based on ozone chemiluminescence NO

Jetectors with “NO, to NO" converters. First, the Luminox instruments are truly portable.

! Unisearch Associates. {nc, Concord. Ontario. Cunada L4K B3,
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134 MONITORING METHODS FOR TOXICS iN THE ATMOSPHERE

They are considerably smaller and power efficient. The NO. detector can be operated on
its internal batterv for over 3 h. However. the strongest advaniage of the Luminox NO,
detector is its some thousandfoid increase in sensitivity relative 1o other commercial instru-
ments. Endeed. there are strong arguments. based upen the current state of knowledge of
atmospheric chemistry, for insisting on the improved detection limits and relative freedom
from interferences now available,

It can be argued that of all of the gaseous species thai are released by human activity.
NGO, {NO, = NO + NO.) makes the largest impact on atmospheric chemistry., A brief
summary of its chemistry is given here, The NO, is rapidly oxidized in the atmosphere to
form HNQ, and particulate nitrate [2,3]. which centribute directly to the problems of acid
rain and the excess nitrification of forests. Of perhaps even greater importance is the par-
ticipation of NO, in the formation of ozone [4]. The NO, can act as catalvsts in smog
formation processes and. in contrast to most other atmospheric pollutants. they have more
effect on chemistry at relatively low-mixing ratios {(~1 ppb) than at the much higher levels
tvpieally found in urban air (20 wo 100 ppby. This effect is predicted by models and verified
by measurements [4]: the rate of photochemical ozone production is shown (o peak for NO,
near | ppb. This photechemical production of ozone is particularly worrisome since ozone
has been increasing significantdy at many ground-leve! monitoring stations. and ozone is
increasingly blamed for crop damage und forest destruction,

The fate of NO, and its effect on air chemistry is complex. but it cun be outlined by a
few reactions. Cne of the most importent davtime oxidation reactions for NO, is the reaction

~NO, . OH —— HINO: (R1)
This reaction acts as a sink for both NO, and OM radicais. and for high concentrations of
NQO.. it tends to inhibit photochemicel activity.

At lower mixing ratics of NO,. a eataiviic generaticn of ozone proportionad to NO,
becomes more important. As first steps in 0zone formation. carbon monoxide or hvaro-
carbons are oxtdized by OH and then Q. 1o form HO, or one of the organic peroxy radicais
(RO:) as products, The niext step (Reuction 2 or Reaction 3115 the Key to ozene production:

NO + HO. —— NO. + 0. (R2}
NQ + RO, —— NO. + RO (R3)
The NO. produced in these reactions is subsequently photolvzed and ozone is produced:
NO. + hv — NO + O (R4)
O0+0,+M—0, + M {R3)

where M is any molecule. Note. however. that the NO, produced by the reaction

NO + 0,—NO. + O (R6)

serves to recycle alb of the reactants but without producing ozone. Thus. Reactions 4 through
6 constitute the simple “photostationary staze™ that conzinually recvcle the NO, during
daytime. Their time constant is on the order of | to 5 min. depending on availability of
snnlight to photolize NO,. The daytime ratio of NO. NO is normally 3:3 near ground level
for nonurban air [§]. As a consequence of this high ratio. together with an often much larger
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reservoir of other odd-nitrogen species, an interference-free measurement for NO, is man-
datory for successful determination of the NO,.

In summary, there are two major problems with competing commercial NO, detectors
that are alleviated by the instrumentation described here: (1) Although the NO, chemical
production of ozone becomes most significant at levels on the order of I ppb, this NO, level
is already below the detection limit of those instruments. Further, the frequency of ambient
NO, measurements of <1 ppb is surprisingly high. (2) It has been documented that the
“NO.” converters, such as the hot molybdenum or stainless steel converters also convert
other nitrogen containing species {besides NO,) into NO [6). Initial test of the NO, converter/
sequencer described below has demonstrated far fewer interferences.

The measurement of PAN (peroxyacetyl nitrate) in the atmosphere is important for several
reasons. [t is known to be the major irritant in urban smog [7], it is known to be harmful
to plants and animals, and it has recently been shown to be a powerful mutagenic agent
and is therefore implicated as a carcinogen [8). In clean air, the PAN acts as an important
reservoir of chemicaily active odd-nitrogen, and it participates significantly in long-range
transport. In short, there is now z strong impetus for routine measurement of PAN in both
¢iean air and urban air.

A highly sensitive instrument for ambient atmospheric PAN measurements is described
belov:. It is based on the PAN detector that was developed at the University of Denver [9].
Their sysiem consists of a self-contained gas chromatograph (GC} which uses a Luminox
LMA-3 NO, monitor as a detector. We have now significantly improved on the already
good sensitivity of their system and have solved the problems cf noniinearitv and pcor peak

- ‘separation. A<cording to our laborztory results, the detscticn limiit (3 X baseline noise) for

PAN in air is now 30 parts per trillion (ppt). Since an injection sequencs is repected every
5 min, the 3-sigma hourly average detectiou limit is better than 10 ppt.

Although the Luminox NO: monitor offers sufficient sensitivity to measure NO, anywhere
in the background troposphere, it has been plagued by an ozone interference of approxi-
mately 1%. Therefore, unless ozone is corrected foras described in the next section, or-
chemically removed using the ozone scrubber, the usefulness of the LMA-3 NO, measure-
ments is effectively limited to about 1 ppb, where the ozone interference becomes a significant
portion of the total signal. Now, by placing the ozone scrubber in the LMA-3 sample line,
measurements of NO, at less than 10 ppt are now possible.

Ambient measurements for PAN, NO,, NO,, and ozone, (all using Luminox techniques)
were gathered at a site in Long Beach, California. Data are presented below for 15 November
1987.

The LMA-3 NO, Monitor

(R4) ; Instrumental Description
(R5) 'ﬁ A detailed description of the Luminox instrument, its interference testing, and results of
§ its intercomparison with a tunable diode laser absorption spectrometer (TDLAS) measure-
y the reaction ment of NO, in ambient air is given in Schiff et al., [70]. In this section we give only an
f abbreviated description of the LMA-3 itself and concentrate instead on the recently devel-
{R6) % oped improvements within the LMA-3. A block diagram is shown in Fig. 1. The sample air

is drawn through a small chamber which is viewed by a photomultipiier tube. The NO; in
the sample air that contacts a wetted wick reacts with a specially formulated solution con-
taiming luminol, NaS0,, NaOH, and alcohol. The signal is proportional to the strong chemi-
luminescence from lumino] oxidation. The basic instrument respends principaily to the
concentration of NO,; its interferences are discussed below. The detection limit (2 sigma)
is 5 ppt, which corresponds to variations in the short-term noise as seen on either the front
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FIG. 1—A block diagram of the Luminox NO; monitor.
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panel meter or a chart recorder. Even better detection limits are readily attainable by taking
a zero every 10 min {see LNC-3, below) and averaging the signal electronically, for example,
by using a data logger. For example, an integration time of 1 min results in a 2 sigma
detection limit of less than 1 ppt. The time response (0 to 95%) for a step change of 10 ppb
NO, is 1 s. The signal is electronically compensated for both the temperature dependence
of the photomultiplier dark current and the negative temperature dependence (—2%/°C)
of the NO,/luminol reaction.

Interferences and Linearity of the LMA-3

The only significant interferences are ozone (about 1% or less, see below) and PAN
(25%), where the interference is expressed as the observed signal as compared to an equiv-
alent mixing ratio of NO,. A partial list of species that produce no measurable interferences
at their normal range of atmospheric concentrations includes NO, HNO,;, HONO, NQO,,
50,, H,0,, HCHOQ, CO, and CO,. Because ozone and PAN could contribute substantially
to the NO, signal under clean “background air” conditions, we have developed techniques
to eliminate these interferences. Nevertheless, the interferences have been characterized
well enough to justify retroactive corrections for measurements already made.

An algorithm to generate an excellent estimate for ambient NO, mixing ratios from the
LMA-3 signal obta:ned under adverse monitoring conditions has been developed. It consists
of two major parts, a correction for nonlinearities, if any, followed by a correction for ozone
and PAN interterences. It should be noted that whenever NO, mixing ratios are between 1
and 50 ppb. the LMA.-3 signal obtained during most rural ambient air measurcments typically
requires very little, if any, correctivn. Firsy, the response of the LMA-3 {with the standard
“Lnmino! II” soluticn) is iinear within 5% ULetween ! to 50 ppb. Second, as argued below,
the ozone and PAN corrections are typically less than 5% whenever NO, is in this range.

The LMA-3 signal correction algorithm is based primarily on empirical laboratory-data,
but it is also consistent with the predictions of our reaction-kinetics computer model of the
NO,/luminol chemiluminescence (to be described eisewhere). The procedure is to first
correct the signal, §, for norlinearity, and then, if available, for the concurrently measured
O, and PAN mixing ratios. The correction for nonlinearities can be expressed as a polynomial
in § with coefficients given by Table 1. ‘

NO{LIN) = a + b*3"? + c*5 + d*5* + *8 &)
The value of the coefficients (u to e) depend on the range of §. Since these may vary a few

percent from instrument to instrument, the coefficients and their break points have been
rounded off. Figures 2 and 3 give the calibration curves for >50 ppb and <1 ppb, respectively,

TABLE 1—Coefficients for Eq 1, above.

Range of S, ppb

Coefficient Owl 1to 50 50 to 200 >200
a 0.0 0.4 23.0 -2067
] 0.63 0.0 0.0 0.0
¢ 0.77 1.0 0.312 27.45
d 0.0 Q.0 0.006 763 -0.111 6
e 0.0 0.0 0.0 0.001 747
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FIG. 3—Comparison of double-dilution calibrations (squares) with :he steady staze predictions of our
kinetic model (curve) for mixing ratios less than 1.5 ppb.

using the standard Luminol II solution. (Note that if the measurements are consistently
above 30 ppb, a “special” soiution formulation is recommended). The individual poincs
were obtained by using a double-dilution calibration system, and the curves represent the
fit of polynomial Eq 1.

Note that in the linear range (1 to 50 ppb), the intercept with the NO, axis (coefficient
a) is 0.4. This is a direct consequence of the nonlinearity observéd for a signal below 1 ppb.
It arises from forcing the slope of the calibration curve (in the linear range) to be 1.0 while
using the observed zero of the instrument {see Fig. 3). Therefore, while in the 1 to 50 ppb
linear range, this 0.4 ppb must always be taken into account during both calibrations and
measurements by adding it to the signal (NO; = § + 0.4 ppb).

At lower mixing ratios, the kinetics of the NO./luminol solution reaction become second
order, and less signal is obtained for an equivaient concentration of NO,. In fact, two
molecules of NO, are required to produce every chemiluminescence.? The polynomial. Eq
1, was fit to the steady state predictions of our model. This function of the square root of
the signal is also shown in Fig. 3.

It is stressed that the nonlinearities should be calculated before corrections are made for
O, since it should behave chemically similar to NO, (although with reduced response). The
nonlinearity effects of PAN are not yet known, but PAN should probably be corrected in
the same order as for ozone. The correction algorithm for the interferences is

NO, = NOJLIN) — (15 - §)/15%.01*0; - 0.25*PAN O

2 Delany, A., personal communication. Natjonal Center for Atmospheric Research, 1987.
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. 1 3 The second term on the right gives the correction for ozone. It is empirically derived from
¢ laboratory tests for ozone, NO,, and synthetic air mixtures (0 to 200 ppb O, and 0 to 40 )
. . ppb NO,). Presumably, the interference by ozone is complicated by the fact that the ozone ;
i reacts with the alcohol in the solution to produce products that tend to inhibit the NO, -

response. At approximately 13 ppb of NO,, the loss of response balances the direct positive
signal due to ozone, and no correction is required. Above 15 ppb of NO,, the ozone correction
§ term remains negligible (<5%) for ambient air measurements, since O, rarely exceeds 200
$ ppb. The square symbols in Fig. 4 represent the laboratory double-dilution calibrations with
40 ppb of ozone added. The * +” symbols were calculated by shifting the linearity curve
from Eq 1 according to the ozone correction algorithm Eq 2.

The last term describes the effect of PAN on the LMA-3 signal. Two sets of laboratory
experiments were carried out to determine the PAN response. In the first test, PAN was
generated by photolyzing a flowing mixture of Cl,, acedaldehyde, and NO; under blacklight

for durations of up to 10 min. The primary product under these conditions is predicted
i to be PAN, alihough other products, including NO,, would also be present. The effiuent
i was then diluted by zero air at a flow rate of 6.01/min (STP) and fed simultaneously to an
j LMA-3 and two ancillary instruments, described below. First, the LMA-3 was checked for
. i . sensitivity to Cl; and acedaldehyde; there was no changz in response to step changes of
3
i

either for constant NG, over 0.0 to 13.0 ppb. A given experiment was run for several (~20)
different PAN and NO, mixtures (0.0 to 6.9 and 0.1 to 13.0 ppb, respectively). The actual ;
PAN concentration was determined by use of a gas chromatograph calibrated for PAN v
[11,12], and the residual NO, was unequivocally determined by means of a tunable diode %
laser absorption spectrometer (TDLAS) bui't by Unisearch [I0]. In order to separate out -
the effects on the LMA-3 signal due to FAN and NO, in the mixtures, a multivariate linear
regression .was carried.out using PAN and a “predicted” LMA-3 signal as variables. This
predicted signal was calculated from the actual NO, (as meatured by the TDLAS) by using .-
the inverse of the first thrce terins of Eq 1. The resulting PAN response, using the standard -
Luminol II solution, vas 26 = 3% (R* = 0.9%; n = 19). The interferznce is expressed as =
the percentage of PAN response compated to the equivalent mixing ratio of NO,. One of ’:-,':
the experimeuts was carried out for a solution without alcohgl; its response to PAN was ¢
several times larger than for the standard solution, and it was in agreement with the results
of Wendel et al {13].

The second experiment was somewhat more direct. It consisted of using the gas chro-
matographic (GC) part of the PAN converter, described below, to generate a pure source
of PAN (without NQ,) during the time frame of a chromatographic peak. The PAN converter
effluent was monitored by an LMA-3. The relative sensitivity of the LMA-3 to PAN could
be determined by pyrolyzing the effluent at temperatures between 60 to 120°C. Tf one assumes

- that the pyrolysis of one molecule of PAN generates one molecule of NO,, then the ratios

B
1102 CALIBRATION WITH 40 ppb OZONE

. in response before and after pyrolysis would be a direct measure of the relative response o o
of the LMA-3 to PAN. The experiment yielded a 20.8 = 8% response toward PAN. A best &= N
estimate of the PAN interference using the Luminol I solution is 25%. E‘
-

™

The NO, Converter, LNC-3

The conversion of NO to NO, by use of CrO, has been studied by Levaggi et al. [{4] and
developed by Wendel et al. [13] for a luminoi-based NO, detector. Approximately 3 cm?® of
CrO, on a substrate of Chromosorb-A is used to convert NO to NO, quantitatively. A
diagram of an LNC-3 is shown in Fig. 5. The sample air is first dried by means of a Nafion
shell dryer (Permapur, Inc.) that removes excess humidity from the sample air without

~ detectable loss of NO,. An outlet valve array routes the dried (5 to 60% relative humidity)
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LMA-3 SIGNAL (ppb)

FIG. 4—The square symbols represent the LMA-3 signal as a function of NO, mixing ratios provided by

double-dilution in the presence of 40 ppb of ozone. The curve is taken from Fig. 3. The ** +7" symbols show

same functional dependence as the squares, showing that the signal correction algorithm showld be carried our

the displucemient of the curve by subtraciing the ozosie correction term of Eq 2. The © +7 symbols show the
in the order described in the text.
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FIG. 5—A block diagram of the LNC-3 NO, converter!sequencer. The inlet air is dried in a Nafion '
shell dryer. It maintains a gradiznt for water vapor diffusion by means of pumping on the shell o
0.5 atm, thereby reducing its specific humidity. There are three nodes: (1) The path without functional
blocks constitites the normal NO; mode. (2) The second path contains a CrOy NO to NO; converter.
The LMA-3 thus reports the sum of NO and NO,. (3) A scrubber removes NO, and O, to providz a -
zero signal See text for PAN interference. Note that the ozone scrubber described below could Le used
for re.noving the ozone interference for ambient measurements wich less than 1 ppb of NO,.

T g b G K ol U B30 b b S v

sample stream through one of three paths. Tke first path goes ctraight through and constitutes =~ .
the normal NO, mode. The second path contains tne CrQ; converter. A dust filter inhibits
migration of the CrO, to the LMA-3 detector. The third path is via a zero trap (proprieiary)
wilere NO, and O, are removed. A built-in sequencer cycles between the three modes
according to the step time set by the operator. A status output is ayailable for use with data
loggers, and it supplies a different voltage for each mode. The valves may be remotely
controlled via an optically isolated interface.

The raw data stream generated by the LNC3 LMA-3 pair is shown in Fig. 6. These
measurements were of air drawn from outside our laboratory in Concord, Ontario. The
signals consist of NO,, the sum of the ambient NO and the NO,, and a zero. The NO, the
difference between the NO, and the NO,, did not reach zero during this night. Ozone,
measured concurrently, never exceeded S ppb, inhibiting the normal titration of NO that ¥

- occurs during windy conditions, Y

W o

T

.

Pl

Interferences

Some measure of PAN rejection is provided by the LNC-3, since the installed zero scrubber
passes PAN while removing ozone and NO,. Therefore, if the zero is subtracted from the
NO, measurements during the subsequent data analysis, the interference due to PAN is also
removed. This removal of the PAN interference can be a very significant correction to the
total signal during photochemical smog events. The NO, mode of the LNC-3 has been tested
for several potential interferences. Ozone results in a slight negative response: 80 ppb of
ozone decreased the response of 22.0 ppb of both NO and NOQ, by 5%. The response due
to PAN is marginally enhanced by the CrO, converter: a mixing ratio of 2.5 ppb PAN (as
measured by our PAN converter, below) resulted in an interference relative 1o NO, of 30%.
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Pan Converter, (LPC-3)

Instrumentation

A block diagram of the current configuration of our prototype LPC-3 PAN converter is
shown in Fig. 6. The two major parts of the instrument are the GC and the Luminox
detector. The carrier gas for the GC is generated from sample air within the instrument by
scrubbing the air for NO, and PAN. (The contents of the various scrubbers and converters
are proprietary information at this time). Every 5 min, 60 mL of ambient sample air is
injected via an NO, scrubber onto the column. The column consists of a 25-cm long, 6-mm
outside diameter Teflon tube filled with Chromosorb G coated with 10% Carbowax 400.
The retention time for PAN is 1.5 min. The effluent of the column is passed through a
converter to remove one NO, from each PAN molecule. The effluent flows to the Luminox
Chemiluminescent NO, detector via a “linearity” module (o insure that the detector remains
in its linear range. Without the NO; scrubber, a peak due to NO, would appear with a
retention time of 15 s. However, it was found that the NO, peak area was a strong function
of relative humidity. Therefore, the NO; is removed from the sample in order to simplify
the chromatogram and improve the resolution of the PAN peak.

During our field measurements, a CBM 4032 computer outfitted with a Unisearch daia
acquisition system was used to determine the areas under the PAN peaks. The LMA-3 data
werc averaged for 3 s and stored in an array versus time. The peak areas were calculated
immediately following the subsequent injection using the following algorithm: The baseline
was determined by fitting two straight lines to the data before and after the peak. The PAN
veak area ‘vas caiculated by summing the rectangles defined by the time, the storzd signals,
and the fitted baseline, The PAN mixing ratio was calculated by dividing this area by the
measured injection time.

Cadibration

Perhaps the major advantage of the Luminox PAN instrumeit is that calibration is ac-
compliched by using known mixing rztios of NO, in zero air. The calibration bynass valve
(shown in Fig. 7} is set to mimic the flow characteristics of the column, thus enabling the

-~ COMPRESSOR
SAMPLE AIR

CARRIER
SCRUBBER

INJECT VALVE

s —

AMPLE LOO
(60mi)
CAL.BYPASS

PAN to NC:
CONVERTE

COLUMN
(35 0C)

LUMINDX®
NOz DETECTOR

LINEARITY
MODULE

FIG. 7—Block diagram of the PAN converter together with the LMA-3. The instrument is presemily
being commerciaiized as one unit.
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NQ, detector to be calibrated. In this mode, 60 mL batches of NO, calibration gas can then
be “injected” into the NO, detector. Since the flow rate is about 200 cmn’/min, calibration
streams of about 20 s duration appear above a baseline, and the response of the detector
can be properly adjusted. In our measurements, this calibration was carried out daily. Every
month, a series of tests to quantify the losses and the PAN conversion to NQ, (~100%)
was carried out. A full description of these tests will appear elsewhere.

Inierferences

Since the Luminox PAN instrument uses the excellent selectivity offered by a GC, the
likelihood of interferences are greatly minimized. We have tested the detector for interfer-
ences against several gases; no interferences couid be observed during the time window of
the PAN peak, For example, ozone at the 200 ppb level was sampled. Before installing the
NQO, scrubber {which also removes ozone}, a peak due to ozone appeared during the retention
time of the NO,, although with a magnitude of only 0.1% of NO,. Since then, no effect

could be observed for ozone mixtures with either zero air or ambient air from outside.

Further, methyl nitrate is likely present in our PAN source. It should produce a peak
somewhat earlier than PAN, but such a peak has not been observed, even with a GC column
twice as long. PPN (peroxy-propanyl nitrate) has been observed in the chromatogram in
laboratory calibrations. It has a lorger retention time than PAN (2.9 and 2.1 min, respec-
tively), but iis peak is not fully tesolved.

Measurements

Figure 8 [15] shows the ambient measurements gathered over one 24-h period in Long

2ach, California. Measurements are presented for NO,, NO,, PAN, and Luminox O, {se=
figure caption). It can be seen that the input of NO during the morning rush hour appears
to inhibit the generation of the ozone and PAN peaks until later in the morning. Notice
that the O, and the NO tend to titrate eack other throughout the day; n the evening, the
ozone quickly disappears, while PAN decays more siowly. Presumably, the spike at 1400 in
PAN and O, is due to the transport of air from suburban locations..--

Ozone Destruction Trap

As already discussed above, ozone does not always present a significant interference to
the ambient NO, measurements obtained by the LMA.-3. Urban and rural air often contain
enough NO, such that the ozone interference constitutes less than 5% of the total signal.
However, in very clean background air, this interference can become very large with respect
to the NO, signal. Under these circumstances, the LMA-3 requires the use of an ozone trap
to realize the full capabilities of the instrument. We have developed a trap that destroys O,
while passing NO, at the ~90% level. The contents of the trap are proprietary. The trap
has been tested extensively in the field under conditions of both polluted and very ¢lean
background air. Asan example, Fig. 9 shows raw data from typical ambient air measurements
taken at Niwot Ridge, Colorado, during July 1987, under westward wind conditions. Two
LMA-3 NO, detectors were operated in parallel. One was equipped with a modified LNC.
3 NO, converter that contained an ozone scrubber in an extra fourth mode. It ¢an be seen
that the NO, mode (including the ozone interference) of the second instrument tracked the
first to a high degree of accuracy. The ozone scrubbed mode gave a raw signal of approx-
imately 40 ppt (~100 ppt after linearization). The difference (650 — 100 = 450 ppt) rep-
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FIG. 9—Raw data stream from a modified LNC-3 NO, converterisequencer obtained at Niwot Ridge
{University of Colorado Mountain Research Sition, Site CI). The data cover ¢ rime span of ~20 min
during the afiernoon with brick winds from the west (i.e., clean background air). The four modes were
represented by {1} the NO, node, {2) normal NO, moasurement of the LMA-3 (50% duty cycle), )]
the ozone scrubbed mode, and (4) the zero mode. Since the signals are weil below I ppb, they must be
linearized according to Eq 1 (see text).

resents the signal due to ozone interference. Az described above; the difference between
the NQ, and the NO, mcdes gives a measure for NO. It should be noted that since the
ozone scrubber also passes MO, the operation of the NO, mode would have also benefitted
by using the scrubber in-line with the LNC-3.

Longevity tests of the ozone destruction trap are still in progress. The prototype scrubber
ased for the measurements showr, in Fig. 8 consisted of a filter cartridge containing 54 cin’
of the material and its substrate. [t was used for 3.5 months (with a 12.5% duty cycle) in
both clean and polluted atmospheres without losing its efficiency toward 40 ppb of O;.
Longevity tests are in progress for several production run scrubbers, Two scrubbers have
sampled air from outside our laboratory (ozone mixing ratios average 10 to 50 ppb) with
100% duty cycle. One of the scrubbers has operated for over 3 months with no change in
scrubbing efficiency for test streams of 40 ppb ozone. After this time, the throughput
efficiency for NO; remains 92%. Finally, it is noted that the loss of NO; in the scrubber is
a constant percentage of its mixing ratio; therefore, the LMA-3 NO, monitor can be cali-
brated together with its in-line scrubber.

Conclusions

Chemiluminescence with a luminol solution provides a direct and extremely sensitive
method for measuring NO, in ambient air with no necessity to first convert the gas to NQ,
as required in other methods. Since, at ground level in nonurban air, the NO, already
constitutes the major portion of NO,, a good estimate for NO, is immediately available.

No interferences were found for H;0,, NO, HNO,, NH,, NO,, HONO, CO, CO,, 5Q,,
or organic nitro compounds at concentrations normally found in air. The sensitivities to
PAN and O, have been characterized, and corrections to the ambient measurements made
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with the LMA-3 are possible whenever supporting measurements for PAN and ozone are
available.

Several new developments have taken place that greatly expand the capabilities of the
instrument. A NO, converter, the LNC-3, which is inserted into the inlet line of the
LMA-3, sequences between NO,, NO,, and zero measurements with any time step desired
by the operator. Although the NO to NO, conversion technique is not new, it is ideal for
use with the Luminox method for measurement of NO,.

The PAN converter, LPC-3, consists of a gas chromatograph, followed by a PAN to NO,
converter, so that the LMA-3 can be used as a sensitive detector. An injection sequence
for PAN is repeated every 5 min, offering a 3-sigma detection limit of 30 ppt. The PAN
converter is now being combined with the Luminox detector in a commercial PAN instru-
ment. [t will feature a microprocessor for on-board data reduction and instrument control.

Finally, an ozone scrubber has been developed for use in background tropospheric air
measurements for NO,. This scrubber allows the LMA-3 to make full use of its inherent
sensitivity. Now, clean air measurements with N(, detection limits even better than relatively
complex and expensive research instruments are possible.
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