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Abstract

A passive sampler for collection of gaseous nitric acid (HNO;) and nitrous acid (HNO,) is based on a diffusion of
ambient air through Teflon membrane and absorption of the pollutants on Nylasorb nylon filter. The sampler is simple
in design, easy to make, inexpensive and resistant to harsh weather conditions. The sampler has been calibrated against
honeycomb denuder systems in ambient southern California air and in controlled HNO; exposures. It is more precise
than the old open-face HNO; sampler. It can measure wide ranges of ambient HNO, and HNO; concentrations for
extended periods of time and can be used for regional-scale monitoring of the pollutants.
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1. Introduction

Nitric acid (HNOs3) vapor is a principal component of
photochemical smog. Because of its high reactivity and
deposition velocity (Hanson and Lindberg, 1991),
HNO; provides large amounts of nitrogen (N) to forests
and other ecosystems (Fenn and Bytnerowicz, 1996).
For example, in mixed conifer forests of the Los Angeles
Basin mountain ranges, HNO; typically provides more
than 60% of all dry-deposited N (Bytnerowicz et al.,
1999). Deposition of HNO3z may lead to eutrophication
of sensitive ecosystems and contamination of surface
water with nitrate (NO3) especially in locations close to
photochemical smog sources, such as mountains ranges
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in southern California (Fenn et al., 1998). At high
ambient concentrations HNO; can cause vegetation
damage (Bytnerowicz et al., 2001). At very high
concentrations HNOj; fumes are highly toxic to humans
(MSDS, 1998). Although the short-term exposures to
HNO; concentrations above the highest recorded
ambient levels do not cause detrimental lung function
effects, the long-term, chronic effects on lung function
cannot be excluded (Aris et al., 1996). Since HNO; is
photochemically produced, its concentrations are
high at daytime and low at nighttime (Finlayson-Pitts
and Pitts, 1986). While ambient concentrations of
HNO; expressed as 12-h daytime averages do not
exceed 4.8pgm™ in Sierra Nevada in California
(Fenn et al., 2003), in the mountains surrounding the
Los Angeles Basin such averages may be as high as
28pgm~> (Grosjean and Bytnerowicz, 1993). Peak
concentrations of HNOj; in mid-afternoon in the
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Los Angeles Basin could reach 145pgm™ (Finlayson-
Pitts and Pitts, 1986).

Nitrous acid (HNO,) is mainly formed during the
night in the polluted atmosphere (Lammel and Perner,
1988). Through its photolysis HNO, is an important
source of OH-radicals due to the rapid, direct photolysis
by daylight (Sjodin and Ferm, 1985). Peak HNO,
concentrations can reach 15pgm™ before sunrise
(Finlayson-Pitts and Pitts, 1986). Nighttime 12-h
HNO, concentrations in Sierra Nevada did not exceed
0.8 uygm—> (Bytnerowicz and Miller, 1991) while in the
southern California mountains could reach 2ugm™3
(Grosjean and Bytnerowicz, 1993). In several locations
of Sequoia National Park, the 24 h average concentra-
tions of HNO, were between 0.15 and 0.6pgm=>.
Nitrous acid is readily oxidized to HNOj in the presence
of ozone (0O3) and other oxidants (Finlayson-Pitts and
Pitts, 1986).

Information on HNO; and HNO, spatial and
temporal distribution is critical for calculating N
deposition at the landscape and regional levels and
evaluation of risks associated with the pollutant in
forests and other ecosystems. Measurements with active
samplers, such as annular denuder systems (Possanzini
et al., 1983) or honeycomb denuder systems (Koutrakis
et al., 1993), although precise, are expensive and labor-
intensive. Therefore, there is a need for a simple and
inexpensive device, which would allow for a large-scale-
level monitoring of the pollutant, particularly in remote
areas. Passive samplers measure average concentrations
of gaseous pollutants for time periods between a few
hours to several weeks (Krupa and Legge, 2000).
Although measurements of HNO; were performed
indoors (De Santis et al., 2003), with an exception of
our old open-face sampler (Bytnerowicz et al., 2001), no
such devices are available for ambient measurements.

Nylon is a perfect sink for HNO; (Durham and
Stockburger, 1986). It has been shown that collection of
NO,, on nylon filters is very small (Appel et al., 1980).
Quantitative retention of HNO, on nylon filters was
shown by Sanhueza et al. (1984). It has been shown that
HNO, is also retained on nylon in filter packs, especially
at low air flows and high relative humidity (Perrino et
al.,, 1988). Therefore, NO3 collected on nylon filters
reflects a sum of the absorption of both HNO;
(occurring mainly at daytime) and HNO, (occurring
mainly at nighttime) gases (Finlayson-Pitts and Pitts,
1986).

A simple passive sampler, originally designed for
HNO; determinations, consists of two or three nylon
filters protected by a plastic cap from rain and wind
(Bytnerowicz et al., 2001). That prototype sampler was
used in several monitoring campaigns in the California
mountains (Bytnerowicz et al., 2002; Gertler et al.,
2005). However, at high wind speeds typical for high
elevation mountains, the laminar airflow controlling the

HNO; deposition to the sampler nylon filters could be
impacted by uncontrolled turbulent flow. In such
conditions a consistent quantitative measurement of
the pollutant would not be possible. Therefore, a need
for developing a new sampler that would assure
quantitative and reliable measurements even under
harshest environmental conditions, including strong
winds, has become evident.

2. Methodology

Passive sampler: Nylon filters of 47mm diameter
(Nylasorb, Pall Corporation) are used as a collection
medium for HNO, and HNOj;. Such filters are routinely
used in annular denuder systems and filter packs for
collection of HNOj; (Allegrini et al., 1987). Ambient air
passes to the nylon filter through a Zefluor Teflon
47mm diameter filter of 2 um pore size (Pall Corpora-
tion). The filters are housed in a 50 mm commercially
available polycarbonate Petri dish and are kept in place
by two Teflon rings and one PVC ring. Samplers are
protected from wind and rain by a polycarbonate cap
(Fig. 1).

Calibration of passive samplers in ambient air: The
experiment was performed in ambient air in Riverside,
California in summer 2002. Twenty-four passive sam-
plers were placed side-by-side with the honeycomb
denuder/filter pack systems used for determinations of
HNO; and HNO, concentrations. Two honeycombs
denuders coated with 1% CaCOj; water/methanol/
glycerol solution were used in each system to assure
complete capturing of the pollutants (Koutrakis et al.,
1993). The experiment lasted 15 days. Honeycomb
denuder systems were changed every 24h. All passive
samplers started to be exposed in the beginning of the
experiment, and 3 replicate samplers were collected after
1,2,4,6,8, 10, 12 and 15 days of the exposures at the
time of the honeycomb denuder systems changes.

Calibration of passive samplers in controlled HNOj3;
concentrations: Calibration was also performed in two
continuously stirred tank reactors (CSTR) with clean air
and controlled low and high concentrations of HNO;
added (Padgett et al., 2004). Thirty-six passive samplers
(18 per chamber) were used for the calibration. All
samplers were placed in the chambers in the beginning
of the calibration experiment. The first batch of 3
replicate samplers was collected after 3.6h of the
exposures from the low-concentration chamber. The
subsequent collections of 3 replicate samplers from each
chamber were made every 24h until all the samplers
were collected. Concentrations of HNO; in the CSTR
chambers were monitored with honeycomb denuder/
filter pack systems (Koutrakis et al., 1993) as described
above.
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Fig. 1. Schematic of the HNOj; passive sampler designed at the USDA Forest Service, Pacific Southwest Research Station, Riverside,
California. A Nylasorb 47 mm diameter nylon filter collecting HNO; and HNO, is sandwiched between two Teflon rings at the base of
the Millipore Petri dish of 50 mm diameter. Airflow is controlled by a 47 mm diameter Zefluor filter of 2 pm pore-size hold in place by
the PVC ring. Passive sampler is held with Velcro tape inside of a cap protecting the sampler from wind and rain.

Chemical determinations: After the exposures, nylon
filters were placed in 250mL Erlenmeyer flasks into
which 0.02 L of distilled/deionized water was added. The
flasks were shaken on a wrist-action shaker for 15min at
middle speed. The amount of absorbed gases as NO3
was determined using an ion exchange chromatograph
(Dionex Model 4000i) and was expressed as micrograms
NOj /filter according to the following formula:

NO;5 deposition to nylon filters (pg/filter)
= (INOy

—[NO?

3 filter extract (mg L‘)]

T blank (gD 0-02L x 10%. 1)
Denuders were extracted in 0.0024M Na,CO;+
0.0030 M NaHCO; solution. Concentrations of NO3
and NO5 in denuder extracts were also determined with
ion exchange chromatography (Dionex Model 4001i).
Calculated concentrations of HNO; and HNO, were

expressed as pgm™>

3. Results

Ambient air calibration: During this experiment,
on average, 24h ambient HNO; concentrations
varied between 1.7 and 4.8 uygm™ and those of HNO,
between 0.5 and 2.2 pgm~>. Strong linear relationships
between HNO; and HNO, concentrations and
amount of NO3 absorbed on nylon filters of the passive
samplers were found (Figs. 2 and 3). Linear relationship
was even stronger when cumulative concentrations
of the two pollutants (expressed as pgNm™) were
plotted against the NO3 absorbed by nylon filters
(Fig. 4).

Calibration in controlled HN O3 exposures: During this
experiment, average 24h concentrations of HNO;
measured with honeycomb denuder systems varied
between 5.5 and 44pugm™>. A strong linear relationship
between HNOj; concentrations and its absorption on
nylon filters of the passive samplers measured as NO3
ion was found (Fig. 5).
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Fig. 2. Calibration of passive samplers against honeycomb
denuder systems in southern California ambient air. Values on
the x-axis represent amount of NOj3 extracted from the passive
sampler nylon filters, while values on the y-axis represent a dose
of HNO, determined with collocated honeycomb denuders
systems.
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Fig. 3. Calibration of passive samplers against honeycomb
denuder systems in southern California ambient air. Values on
the x-axis represent amount of NOj3 extracted from the passive
sampler nylon filters, while values on the y-axis represent a dose
of HNOj; determined with collocated honeycomb denuders
systems.

Calculation of HNO, and HNQOj; concentrations: Based
on the relationships shown in Fig. 2-5, the following
general formulas for calculating concentrations HNO,,
HNO:; or a sum of those was developed:

Pollutant dose (ugm?>h)

= slope x NOj absorbed on a nylon filter (ug/filter)
@

Pollutant concentrations (pugm?)
= pollutant dose (ugm?>h)/exposure time (h) (3)

A strong linear relationship between ambient HNO;
vapor and NOj collected on a Nylasorb nylon filter was
measured up to 200.68 pg NO53 /filter (Bytnerowicz et al.,
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Fig. 4. Calibration of passive samplers against honeycomb
denuder systems in southern California ambient air. Values on
the x-axis represent amount of NOj3 extracted from the passive
sampler nylon filters, while values on the y-axis represent a dose
of HNO, and HNO; expressed as N determined with collocated
honeycomb denuders systems.
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Fig. 5. Calibration of HNOj; passive samplers with honeycomb
denuder systems. Calibration curve was developed in the
Continuously Stirred Tank Reactor (CSTR) chambers with
controlled levels of HNO;. Values on the x-axis represent
amount of NO3 extracted from the passive sampler nylon
filters, while values on the y-axis represent a dose of HNO;
determined with the collocated honeycomb annular denuders.

2001). Accordingly, the maximum HNO; dose
that could be measured with the sampler in southern
California ambient air (Fig. 3) is 200.68 x
93.1 = 18.683 pygm>h. Consequently, during a period
of 2 weeks the sampler has a capacity of measuring
average concentrations up to 55.6pg HNO;m™
(18,683 ugm™>h/336h). Such concentration is much
higher than ambient HNO; levels ever determined
(Bytnerowicz and Fenn, 1996). Using similar calcula-
tions, we determined that the sampler is capable of
measuring average 2-week concentrations up to 23.2 ug
HNO,m™? and 19.1 ugNm_3 for a sum of HNO, + H-
NOs. Precision of the measurements with the samplers
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was good—relative differences between the 3 replicate
HNO; measurements was 0.0-16.0% (average 5.4%) in
CSTR chambers, 3.0-21.0% (average 7.9%) in ambient
air calibrations, and 0.2% and 14.9% (average 5.0%)
during the 2003 summer monitoring in the San Bernardino
Mountains (Andrzej Bytnerowicz, unpublished).

4. Discussion

The tested sampler allows for determinations of
ambient concentrations of both HNO; and HNO,.
The precision of a new sampler was higher than that of
the open-face HNO; sampler (Bytnerowicz et al., 2001),
with average coefficient of variation of 12.1% in CSTR
chambers and 9.2% in field calibrations. However, a
comparison of the sampler’s performance in the two
reported calibration experiments showed that with
~30% less HNOjs in the controlled experiment the same
amount of NO3 was absorbed on the filters as in the
ambient air experiment. This finding indicates that
perhaps in ambient air significant amounts of HNO;
are lost on a Teflon pre-filter. This could result from
absorption of HNOj; on particulate matter collected on
the pre-filter or water condensing on it during cool and
moist conditions (typically during night and early
morning hours). If this is true, performance of the
sampler in conditions of high-dust pollution or high
relative humidity may be impaired. Such potential
problems should be tested in any specific area to be
studied.

Because of the above mentioned problems, we
recommend that careful calibrations against denuder
systems or other reference methods are performed in the
areas of interest in various seasons. This is mainly
because of the above mentioned potential interferences
caused by dust particles and high humidity. An
additional reason for that is that the HNO,/HNO;
ratios change in time and space depending on activity of
ambient photochemical processes (Finlayson-Pitts and
Pitts, 1986). The relationship described by Fig. 4 can be
used for calculation of a sum of HNO; and HNO,
concentrations in areas where such calibrations have not
been performed. Assuming that HNO, deposited at
night on plants and other surfaces is almost immediately
oxidized to HNO; by O3 and other oxidants, informa-
tion on levels of the two gases is more important for N
deposition calculations. Due to a high-deposition
velocity, these two gases may provide significant
amounts of N in the areas that are under strong
influence of photochemical smog, such as the valleys
of southern or central California and the surrounding
mountain ranges (Bytnerowicz and Fenn, 1996). In-
formation on individual concentrations of HNO;3; and
HNO, is also very important from the points of view of
improved understanding of air chemistry, long-range

distribution of pollution plumes, and potential toxic and
phytotoxic effects. Therefore, a need for samplers that
can selectively measure concentrations of these pollu-
tants is critical. Such work is in progress in Italy (Franco
De Santis, personal communication) and is also planned
in this laboratory.

In summary, the described passive samplers can
reliably operate at wide ranges of environmental
conditions for extended periods of time (typically
between 1 and 4 weeks). Low price, simple design and
easy operation of the sampler allow for a large-scale
(landscape, region) monitoring of concentrations of
HNO,, HNO; and a sum of these two pollutants.
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