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Method IP-5B

DETERMINATION OF NITROGEN DIOXIDE (NO,) IN INDOOR AIR
USING PALMES DIFFUSION TUBES

1. Scope

1.1 In order to perform sampling and analysis of indoor air pollutants it is necessary to
develop highly sensitive, lightweight and affordable instrumentation. - The technology and
methods for sampling and analysis of nitrogen dioxide (NO,) use both passive and active
samplers and an array of analytical systems.

1.2 Among the methods for determining NO, is the Palmes tube (1). This is a passive
sampler which employs sorption for NO, collection and spectrophotometry for detection.

13 The Palmes tube is based on sorption of NO, gas onto a surface coated with
triethanolamine. The coated surface is then extracted with a mixture of sulfanilamide
reagent and N-1-napthylethylene-diamine-dihydrochloride (NEDA) reagent.

1.4 The method gives a time-weighted average and can be used for 8 hour as well as week
long sampling periods for personal exposure or area concentrations. This method stands
out as the most sensitive method used at low levels of NO, around the 0.1 ppm level, but
has some variance at higher levels above approximately 5 ppm.

2. Applicable Documents

2,1 ASTM Standards

D1356 Definitions of Terms Related to Atmospheric Sampling ,
E275 Recommended Practice for Describing and Measuring Spectrophotometers

2.2 Other Documents

U.S. Environmental Protection Agency Technical Assistance Document (2) Laboratory
Studies (3-7)

3. Summary of Method

3.1 The Palmes diffusion tube consists of a hollow acrylic tube with one end permanently
sealed and the other equipped with a top which can be removed and replaced. At the
sealed end of the tube are three stainless steel mesh screens previously coated with a
solution of triethanolamine. The diffusion tube has a cross sectional area to length ratio
of 0.1 cm. A typical Palmes Tube is shown in Figure 1.

3.2 The principle of sample collection is based on Ficks First Law of Diffusion. For
analysis, 2 color reagent is added to the tube, mixed, and allowed time to develop. Within
~ the period between 20 and 30 min. after the reagent is added, the absorbance of the diazo
coupling of the NO, and N-1-napthylethylene-diamine dihydrochloride (NEDA) in the color
reagent is measured spectrophotometrically at 540 nm. The concentration of NO, in the
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sampled atmosphere is calculated from the nanomoles of nitrite measured, the exposure
time, the diffusion coefficient of NO, through air, and the sampler’s diffusion characteristics.

3.3 To commence sampling, the end of the tube is opened. Air is free to flow through the
tube to the absorbent on the interior screens. When the collection period is through, the
tube is recapped and stored until analysis is performed.

3.4 For analysis, a color reagent is added to the tube, mixed, and allowed time to develop.
Within the period between 20 and 30 minutes after the reagent is added, the absorbance
of the diazo coupling of the NO, and N-1-napthylethylene-diamine-dihydrochloride (NEDA)
in the color reagent is measure spectrophotometrically at 540 nm. The concentration of
NO, in the sampled atmosphere is calculated form the nanomoles of nitrite measure, the
exposure time, the diffusion coefficient of NO, through air, and the sampler’s diffusion
characteristics. '

3.5 This standard may involve hazardous materials, operations, and equipment.” This does
not purport to address all of the safety problems associated with its use. It is the
responsibility of whoever uses this standard to consult and establish appropriate safety and
health practices and determine the applicability of regulatory limitation prior to use.

4. Significance

4.1 Personal exposure to indoor air pollutants is becoming more of an industrial concern
with the formation of OSHA and other groups, but indoor air pollutants have become a
general public concern as well. Of particular concern are domestic and non-industrial areas
such as homes, public offices, theaters, etc. where many air pollutants have been found in
excess of ambient levels. So, it has become imperative to have personal and indoor
sampling devices to accurately measure indoor public, industrial and domestic areas for air
pollutants. -

42 Nitrogen dioxide is a reactive gas product of combustion. Household combustion
sources include gas stoves, gas heating, wood burning stoves, furnaces and fireplaces.
Indoors, NO, may result form infiltration of outdoor air containing NO,, use of combustion
appliances, and from processes involving nitric acid, nitrates, use of explosives, and welding
in industrial workplace environments.

4.3 Concentrations as low as five parts per million (ppm) can cause respiratory distress;
approximately 50 ppm can cause chronic lung disease and above 150 ppm is lethal.

4.4 Historically, NO, has been determined by colorimetric methods and chemiluminescence
methods using catalytic oxidation which converts the NO, to NO. In turn, NO reacts with
ozone and causes measurable chemiluminescence. Consequently, NO interferes with the
NO, analysis. ‘ '
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5. Definitions | ' . ' .

Definitions used in this document and any user prepared SOPs should be consistent with
ASTM D1356. All abbreviations and symbols are defined with this document at the point

of use. .
5.1 Absorbent - material on which absorption occurs. ' '

52 Spectrophotometry - a method for identifying substances by determining their
concentration by measuring light transmittance in different parts of the spectrum.,

5.3 Molecular diffusion - a process of spontaneous intermixing of different substances,
attributable to molecular motion and tending to produce uniformity of concentration.

54 Colorimetry - the science of color measurement (spectrophotometry).

5.5 Transmittance - that fraction of the incident light of a given wavelength which is not
reflected or absorbed, but passes through a substance. .

6. Interferences
6.1 Sampling times under 15 minutes when NO, level is 0.5 ppm or lower.
62 At levels of NO, above 5 ppm precision of the method decreases.

X GJM_T‘QQ_E@&@Q that vary from 70°F will effect the theoretical calculated value of the
- diffaSion coefficient, thereby effecting the calculated quantity of NO, gas transferred from
the air to the TEA substrate, as illustrated by the following equation:

D = T¥p
where:
D = diffusion coefficient, cm?/s
T = absolute temperature, °K
P = atmospheric pressure, mm Hg

The diffusion coefficient (D) changes proportionately to T2, and P changes inversely
proportionately to T. Overall, P then is proportional to the square root of T. :

Note: Studies show that a 1% per 10°F over or below 70°F correction factor can be used
for temperature changes during sampling. For most applications no adjustment is needed.

64 Collection efficiency of NO, by the diffusion tube is affected by temperature.
Triethanolamine has a liquid-solid phase transition at 21°C. In Iaboratory tests, colléction
efficiency was found to decrease by 15% when the temperature decreased from 27°C to
15°C (4). If the temperature history is known for the exposure period, correction factors
may be applied (4).

6.5 Collection efficiency of NO, by the diffusion tube is affected b¥ humidity. Collection
efficiency decreased by approximately 20% in controlled tests when humidity was decreased .
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from 85% to 5% (5). If the humidity history is known for the exposure period, correction
factors may be applied (5). _

6.6 Collection efficiency of NO, by the diffusion tube is affected by the air velocity at the
open end of the tube. Collection efficiency increases with increasing wind velocity (1). In
controlled tests, collection efficiency increased by an average of 12% when windspeed
increased from 52 to 262 cm/s (1). The diffusion tube will not yield accurate results in an
essentially stagnant atmosphere. Sampler starvation may occur at very low air velocities.
Correction for the theoretical sampling efficiency caused by low face velocity can be applied
using available equations (4,6) if the air velocity history is known for the exposure period.

6.7 Peroxyacetyl nitrate (PAN) and some nitroso compounds may be positive interferences
in this method, but no applicable experimental data exist. ‘

6.8 In very dusty environments, particles may deposit in the samplers and be resuspended
in the analytical reagent, resulting in a positive bias in the spectrophotometric reading.

7. Apparatus

7.1 Palmes sampling tubes - a diffusion device used for collecting NO, samples. Palmes
tubes and their modification are avai_lable from numerous commercial vendors. '

72 Spectrophotometer - capable of measuring adsorbance at 540 nm.
7.3 Volumetric flasks - 100 mL for making combined reagent and standard solutions. -
7.4 Pipettes - 50 mL, 5 mL for preparing NEDA reagent and standard solutions.

7.5 Graduated cylinders - 50 mL, 5 mL for preparing NEDA reagent and combined
reagent,

7.6 Tared measuring dishes, best source.
8. Reagents

Note: Reagent-grade chemicals should be used in all tests. Unless otherwise indicated, all
reagents should conform to the specifications of the Committee on Analytical reagents of
the American Chemical Society, where such specifications are available. Other grades may
be used, provided it is first ascertained that the reagent is of sufficiently high purity to
permit its use without lessening the accuracy of the determination.

8.1 Sulfanilamide - reagent grade used to extract NO, from TEA coated fiiters, best source.

82 N-1-napthylethylene-diamine-dihydrochloride (NEDA) -reagent grade - used to extract
NO, from the TEA coated filters, best source. '

8.3 Phosphoric acid - concentrated - used in sulfanilamide reagent, best source.
8.4 Water - reagent grade - preparing standard solutions and extract, best source.
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8.5 NaNO, - reagent grade used as a source of NO, in preparing standard solutions, best - .
source. , _

9. Sampling System
9.1 System Description _ .
9.1.1 Commercially available tubes

9.1.1.1 The diffusion tube (see Figure 1) consists of commercial acrylic tubing with
outside dimensions of approximately 1.27 ¢m (0.5 in.) and inside dimensions of 0.95 cm
(0.37 in.) cut to a length of approximately 7.1 cm (2.8 in.) to yield a cross-sectional area (A)
to length (L) ratio of 0.2 cm (0.04 in.). It is permanently sealed on one end and has a
removable cap on the other end. The unsealed end is exposed to the air when the cap is
removed. A Palmes tube is shown in Figure 1, '

9.1.12 Inside the tube are three stainless steel wire mesh screens coated with a
substrate of triethanolamine (TEA). These are permanently affixed in the interior of the
tube at the sealed end of the tube. The metal screens are approximately 1.11 cm (0.438 in.)
in diameter 0.025 cm (0.010 in.) wire size, 40 x 40 mesh, 316 stainless stee] (approximately
120 mg per three screens).

9.1.1.3 Commercial tubes may be wrapped in a label which serves two functions.
The label is used for identification purposes, and with a clip attached serves as the holder
for the sampling device.

9.1.14 The tube should be clipped to an individual clothing when sampling or
individual exposure or appropriately placed in an area to sample indoor environments.

9.1.LS The sampler should be situated vertically with the open end down to avoid
moisture or dust from entering the tube,

9.12 User prepared tubes

9.12.1 Acquire commercial acrylic tubing (O.D. 1.27 ¢m, 1D. 0.95 cm) to an area
to length ratio of 0.2 cm specification from a local vendor.

9.1.2.2 Measure the inside diameter and the length of the tubes to determine if the
area-to-length (A/L) are within a tolerance of + 5% of the 0.2 cm specification. If the
tubes are outside these predetermined quality control limits, then the tubing should be recut -
or rejected.

9.123 Clean the acrylic tubes and end closures with TEA-free detergent, Rinse
with tap water three or more times to remove all detergent solution. Rinse a minimum of
three times with reagent water. Dry overnight at temperature below 40°C. Store in sealed
plastic bags or plastic tubs.

9.124 Clean screens with detergent solution in ultrasonic bath for 10 minutes.
Rinse with tap water to remove all detergent solution. Rinse once with reagent water.
Immerse screens in 3 N HCl and allow to stand for 2 hours. Rinse the screens at least
three times with reagent water. Then clean the screens in reagent water in an ultrasonic
bath for 5 minutes. Rinse the screens with reagent water. Dry overnight at 110°C.
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9.12.5 The triethanolamine (TEA) solution used to coat the screens is prepared
by mixing TEA with acetone in a ratio of TEA:acetone of 1:7 (v/v). Keep reagent covered
when not in use to minimize contact with air. A fresh solution must be prepared each day
screens are coated.

9.1.2.6 Prepare an area for drying coated screens by placing several layers of paper
towels on a flat surface. ) -

9.12.7 Pour a portion of the TEA solution into a container that can be capped
when not being used.

9.1.2.8 Using clean stainless steel or TeflonR-coated forceps, immerse screens into
the solution in batches of 50 or fewer at one time. As an alternative, screens may be
dipped into the solution individually. (Immersion time is not critical; screens may be
dipped and removed immediately or left immersed indefinitely.) '

9.1.2.9 Remove screens one at 2 time and place on paper towels to dry. Allow to
dry no fewer than 2 nor more than 5 minutes, to minimize contamination of the screens.

9.1.2.10 Place three screens into a bottom cap; insert acrylic tube into the bottom
cap; then place top (flanged) cap on the other end for final assembly.

9.1.2.11 Select approximately 5% of the tubes for analysis as production blanks.
(If absorbance of any of the production blanks exceeds 0.025, additional blanks should be
analyzed. If absorbance of any additional blanks exceed 0.030, the production batch should
be rejected.) _

9,12,12 Store assembled diffusion tubes in heat-sealed foil bags or in sealed plastic
bags. Tubes can be stored in well-sealed containers for periods up to 6 months after
preparation and before use and for 6 months after exposure and before analysis.

9.2 Sampling Procedures

92.1 Take the tube out of its well-sealed container and label properly the start date,
time and sampling location identification. ,

92.2 Place the tube in the appropriate area to be sampled.
Note: Representative sampling must be considered, therefore, placement of a sampling
tube should be determined with considerable planning.

9.2.3 Appropriate time and placement of the tube should follow the following
guidelines.

92.3.1 Avoid sampling when seasonal alterations in insulation or building lightness -
are occurring or will occur during the sampling period. ‘

9.2.32 Avoid sampling if remodeling or redecorating is occurring. During the
sampling period there should be no changes in furnishings or appliances such as: carpeting, Y.
stoves, HVAC systems, etc. - ‘

. 9.23.3 Open and close doors in a usual manner and keep windows closed if ¢
possible, _ -

92.3.4 Ventilation should not be altered in any way during sampling.

9.2.3.5 Air conditioning and heating should not be altered from normal use.

9.2.3.6 Humidifiers and dehumidifiers should not be used where sampling is being
performed. '
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9.2.3.7 Normal occupancy and activity should continue. : | .
92.3.8 The placement of the sampler should not obstruct normal occupancy or
activity.
9.2.39 Avoid locations near sinks, tubs, showers, washers.
9.2.3.10 Avoid locations near heating elements such as: direct sunlight, furnaces, .

electric lights or electrically operated devices.
92.3.11 Avoid locations where a known draft or pressure differential occurs or
areas near furnace vents, HVAC intake/exhaust, compacter cooling fans and appliance fans.

9.2.4 Placement of the sampler should ideally be at least 8 inches below the ceiling 20
inches above the floor and 6 inches from a wall,
Note: Outside walls should not be used, and suspension from the ceiling may be suitable.

9.2.5 Remove the cap from the unsealed end of the tube. Sampling commences
immediately,
Note: The sampling tube should be oriented with the open end facing downward to
minimize contamination by particulate matter.

9.2.6 Re-cap the tube when the sampling time is complete.

9.2.7 Record the time and date that finishes on the label, and store the tube at room
temperature until analysis is performed.

10. Analysis
10.1 Reagent Preparation

Note: Unless otherwise indicated, references to water shall be understood to mean reagent
water as defined by Type II of ASTM Specification D 1193.

10.1.1 Preparation of sulfanilamide reagents (1%) - combine 10 g sulfanilamide and
25 mL concentrated (85%) H3PO4 in a 1000 mL volumetric flask. Dilute to 1000 mL with
water.

10.12 Preparation of N-1-napthylethylene-diamine-dibydrochloride (NEDA) Reagent
(0.14%) - weigh 70 mg NEDA in a beaker. Dissolve in 50 mL of deionized distilled water.
- 10.1.3 Combined reagent preparation - mix 50 mL of the NEDA solution and 1000
mL of the sulfanilamide solution. Check solution for pinkish color or immediately measure
the reagent on the spectrophotometer at 540 nm to verify that the reagent is free of
contamination. If the adsorbance is greater than 0.015 adsorption units, discard the reagent
and prepare a new reagent.

Note: The reagent will be stable for 1 to 2 months if kept well-stoppered in an amber
glass bottle in the refrigerator.

10.1.4 Preparation of sodium nitrite standard stock solution (1.725 g/L.) - dissolve

- 0.1725 g of previously dried and assayed sodium nitrite (NaNO,) in water and make up to
100 mL in a volumetric flask. This solution (25 mM NO,) is used to prepare working
standards.
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10.1.5 Preparation of Working Standards

10.L.5.1 Pipette different volumes of NaNQ, Standard Stock solution into seven 50
mL volumetric flasks.
Note: A good range of standards range from 0 to 40 nanomoles and the following additions

are advised: 0.0 mL, 0.5 mL, 1.0 mL, 1.5 mL, 2.0 mL, 3.0 mL, and 4.0 mL.
'10.1.5.2 Bring to the 50-mL mark with deionized distilled water.

102 Construction Calibration Curve

102.1 Add 2.0 mL of the color reagent to each of seven test tubes. Prepare calibration
standards of approximately 0, 5, 10, 15, 20, 30, and 40 nanomoles of NO, by adding 20 ul.
of the appropriate working standard to the respective labeled tube for the calibration
standard. Vortex briefly. ‘

Note: Prepare calibration standards daily.

1022 " Allow color to develop for a period of approximately 10-15 minutes: A water
bath may be used if room temperature cannot be controlied adequately during the analysis
session.

10.2.3 Transfer the solution to a cuvette and read absorbance, not lapsing 20 minutes
from the beginning of color development, at 540 nm after zeroing spectrophotometer with
a reference cell containing reagent water.

102.4 Plot absorbance versus nanomoles of NO, per tube. The absorbance follows
Beer's Law and the slope should be approximately 40+ nmol per absorbance unit.

Note: Reagent volumes may be adjusted for different curvette sizes; maintain the ratios
of reagent volumes specified above. Automated methods may be used to conduct the
analysis. Ratios of reagent volumes specified above should be maintained.

10.3 Sample Analysis

10.3.1 Remove the top (flanged) cap and pipet 2.0 mL of the color reagent directly
into each tube to be analyzed. Re-cap and mix contents of tube well.

10.3.2 Allow 20 to 30 minutes for color development. Volume of the color reagent
should be the same as that used for calibration (see Section 10.1).

10.3.3 Transfer the solution to a curvette and read absorbance at 540 nm in a
spectrophotometer previously zeroed with a reference cell containing reagent water.

10.3.4 If the absorbance is greater than the 40 nmol calibration standard, dilute the
sample by adding 1.0 mL of the sample to 2.0 mL of color reagent. Mix and allow 20 to
30 minutes for color development. Record the dilution factor.

10.3.5 If automated methods are used, reagent volumes for analysis should be the same
as those used for calibration. _

10.3.6 For each analytical session, a number of laboratory or field blanks should be
analyzed as prescribed in internal procedures for quality control. '

11, Calculations

11.1 In this method the volume of the calibration standards is 2.02 mL (2 mL color reagent
plus 20 pL of working standard, as documented in Section 10) but the volume of the
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samples is only 2.0 mL (only color reagent). Therefore, to simplify calculations, the
calibration standard concentration is corrected to correspond to the 2.0 mL sample volume -
by multiplying by 2.0/2.02 (0.99) to yield nanomoles of NO, per 2.0 mL. If the standard
stock solution is 25 nmol NO,, the standard concentrations are 0, 4.95, 9.90, 14.85, 19.80,
29.70, and 39.60 nmol NO,. Plot absorbances of the standards against standard .
concentrations (nmol NO,). ‘

112 Perform a least-squares linear regression analysis on the date [absorbance (y-axis) vs.
nitrogen dioxide concentration (x-axis)] to derive a standard curve slope, calculated
intercept, and correlation coefficient. Though absolute values are somewhat dependent
upon the specific spectrophotometer used, values and standard deviations similar to
intercept = 0.0158 + 0.0301 slope = 0.0230 + 0.0023, and R squared greater than 0.999
should be obtained.

113 Calculate the number of nanomoles of nitrogen dioxide collected for each passive
monitor using the standard curve parameters and measured absorbances at 540 nm by the
following equation:

F = (Agy - 2)/b

where;

F = nanomoles of nitrogen dioxide eluted into 1.0 mL
A = absorbance of the sample at 540 nm

a = standard curve calculated intercept, AU

b = standard curve slope, AUmL/nanomole

11.4 Calculate the concentration of nitrogen dioxide in the sampled atmosphere as follows:
ppm NO, = (F - B)/(23 x 1)

where:

F = NO, collected, nanomoles

B = NO, blank, nanomoles .
t = exposure time, hours . ‘
Note: The concentration of NO, in the monitored air is computed based on diffusion

coefficient of 0.154 cm2/s (1). When sampled with a tube having a cross-sectional area (A)

to length (L) ratio of exactly 0.1 c¢m, the following formula is used: :

ppb NO, = (nmol NO, x 1000)/(2.3 x t,,)
= (435 x nmol NO,)/[(A/L) x 1,,.]

For tubes having an A/L ratio different than 0.1 ¢m, the following formula should be used:

ppb NO, = (nmol NO, x 1000)/[23 x (A/L)x 10 x t, ]
= (435 x 1mol NO,)/[(A/L) x t,]

115 To calculate the concentration of NO, in micrograms per cubic meter at 25°C, ,
multiply the ppb NO, by the conversion factor of 1.88 ug/m3/ppb.
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12. Performance Criteria and Quality Assurance
12.1 Standard Operating Procedures (SOPs)

12.1.1 Users should generate SOPs describing and documenting the following activities
in their laboratory: 1) assemb!y, calibration, leak check, and operation of the specific
sampling system and equipment used, 2) preparatlon, storage, shipment, and handling of
samples, 3) assembly, calibration, and operation of the analytical system, addressing the
specific equipment used, 4) sampler storage, and transport 5) all aspects of data recording
and processing, including lists of computer -hardware and software used.

12.12 SOPs should provide specific stepwise instructions and should be readily
available to, and understood by, the laboratory personnel conducting the work.

122 Method Sensitivity, Linearity, and Reproducibility )f

12.2.1 Sensitivity - the sensitivity of the method has a limit of detection of 0.1 ppm
(188 pg/m3) for an 8 hour sampling period and 0.005 ppm (9.4 pg/m3) for a one week
sampling period. '

1222 Linearity - the method is linear from 0.005 ppm to 10 ppm and is dependent
upon the dilution used in the analytical scheme.

12.2.3 Reproducibility (Single Analyst) - precision estimates of 1.68 pg/mB have been
reported for pairs of diffusion tubes located in outdoor, bedroom, and kitchen locations.
Precision estimates of 1.0 sg/m3 for 93 replicate pairs and 1.32 pig/m3 for 81 replicate pairs
have also been reported for week-long samples in residential dwellings and outdoors (9).
In a laboratory study with exposure periods of 15 minutes to 8 hours (10 to 79,000 ppb.hr),
the coefficient of variation for triplicate tubes ranged form 0.8% to 10% (10). In reported
interlaboratory comparisons, the difference between means for two laboratories was 1.16
ug/m3 or 3.3% for one set of samples and 3.29 pgg/m3 or 6.51% for a second set of samples

9).
12.3 Method Bias

12.3.1 Bias was evaluated in a laboratory study by exposing diffusion tubes to
concentrations of NO, of 0.5 ppm, 5 ppm, or 10 ppm for periods of 15 minutes to 8 hours.

1232 The determined recovery with the diffusion tubes differed from that measured
with an NO, chemiluminescent analyzer by between -13.6% to +16.7% (10). An accuracy
within 10% % or preparation and analysis procedures nearly identical to those of this method
has been reported (11-12).
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Method IP-5C

DETERMINATION OF NITROGEN DIOXIDE (NO,) IN INDOOR AIR
USING PASSIVE SAMPLING DEVICE

1. Scope

1.1 In the past, active sampling devices have been the method of choice for collection of
NO, from indoor air. More specifically, Compendium Method IP-5A uses a real-time,
direct measurement monitor for characterizing NO, involving the detection of fluorescent
energy emitted from the reaction of NO, with a Luminol solution (5-amino-2,3-dihydro-
1,4 phthalazine dione). Active sampling systems utilizing a pump have been successfully
used for occupational exposure assessment both inside and outside of the workplace (1,2).

1.2 As jllustrated, real-time, direct measurement monitors are active sampling devices that
require a mechanical pump to move the sample to the collection medium. Consequently,
the sampling devices require some form of power to drive the pump and are usually heavy
and bulky in appearance. ‘

1.3 In recent years, interest has been increasing in the use of diffusion-based passive
sampling devices (PSDs) for the collection of NO, in indoor air.

~ 1.4 PSDs are more attractive for indoor air because of their characteristics of small size,
quiet operation (no pump), and low unit cost.

1.5 Real-time monitors have been used more at fixed monitoring stations, thus not always
reflecting the actual concentration of pollutant that people come in contact with in their
daily lives.

1.6 Since the PSD is lighter and smaller than the real-time monitors, they can be worn
by the person or in close proximity to where people spend most of their time, thus enabling
epidemiologists to better attribute health effects of NO, to indoor air concentrations.

1.7 Application of the diffusion technique has been successful in monitoring NO, in indoor
air utilizing the Palmes tube (3). Compendium Method IP-5B has standardized this
sampling approach and variations of the device are commercially available. However, the
Palmes tube lacks the sensitivity needed to obtain 8 to 24 hour time weighted average
(TWA). Wiili @ sampling tate of ~1.0 cm®/min, the sensitivity of the Palmes tube is 300 -
ppbv-hr when spectrophotometrically analyzed. Therefore, to determine a lower level of
NO,, a 5- to 7-day exposure is required. _

1.8 To address the need for a 8 to 24 hour TWA PSD, the EPA funded several projects %
(4-8) in developing a PSD for monitoring a variety of indoor pollutants.

1.9 Initial studies centered around the application of the PSD to monitoring volatile
organic compounds (VOCsS) in indoor air (9-12). Both activated charcoal and Tenax® solid
adsorbents were investigated as possible constituents of the PSD.

110 Such problems as sorbent contamination (4), atmospheric humidity (5), air velocity
(6, 5, 10) and reverse sorption (6) were studied extensively in development of the VOC
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PSD. A commercial version of the VOC PSD has subsequently become available (Scientific _
Instrumentation Specialists, Moscow, ID). : .
1.11 In the commercial version, a granular sorbent (activated carbon, Tenax®) was used

to collect the compounds of interest from air. To address the application of monitoring

NO, in indoor air, 2 modification of the VOC PSD was evaluated (13) by replacing the

granular sorbent with filter paper treated with specific reagent to trap NO,.

2. Applicable Documents
2.1 ASTM Standards

D 1356 Standard Definitions of Terms Relating to Atmospheric Sampling and Analysis

D 3609 Standard Practice for Calibration Techniques Using Permeation Tubes

D 1357 Practice for Planning the Sampling of the Ambient Atmosphere

D 1605 Recommended Practices for Sampling Atmospheres for Analysis of Gases and
Vapors

2.2 Other Documents

Existing Procedures (14-16)
US EPA Technical Assistance Document (17)

3. Summary

3.1 The passive sampling method involves placing triethanolamine-coated glass fiber filters
- behind sets of diffusion barriers on each side of a containment cavity of a PSD and locating
the PSD in the sampling area,

3.2 NQO;, in the indoor air specifically reacts with the triethanolamine-coated glass fiber
filters according to Fick’s First Law of Diffusion.

M = D(A/LXC,- C,)

where:

M = mass flow, cm®/min

D = diffusion coefficient, cm?/min

A = cross sectional area of diffusion channel, cm?

L = length of diffusion channel, ¢cm

C. = concentration of NO, in surrounding PSD :

C, = concentration of NO, at surface of treated filter (generally zero)

3.3 After sampling is complete, the PSD sampler is capped, returned to the laboratory,
dissembled, extracted with 10 mL of distilled-deionized water and analyzed by ion
chromatography.

3.4 Evaluation of the NO, PSD sampler utilizing an exposure chamber found it to be
linear from 10.6 ppb (~20 pg/m’) to 244.8 ppb (~460 pg/m®) while sensing standard gas
test atmospheres (14). Correlation coefficient was 0.9955 over this range. Under these
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test conditions, it was found that 91 pg/m® of nitric oxlde and a relatlve humidity of 57%
had no deleterious effect on the efficiency of the PSD.

3.5 The use of triethanolamine-coated glass fiber filters as part of a PSD sampler coupled
with fon chromatography analysis has a minimum detectable quantity (MDQ) of 30 ppb-
br for an 8 to 24 hour time weighted average.

4. Significance

4.1 The monitoring of NO, at sub-ppm and low-ppb levels is of primary concern in indoor,
nonindustrial locations such as the home. - The trends toward much more airtight homes
which began during the energy crisis of the early 1970s has caused concern among health
experts about increase levels of NO, indoors.

4.2 Nitrogen dioxide is a combustion product found in houses mostly due to gas or wood
burning stoves, heaters and/or fireplaces. Hazardous concentrations can occur in closed
environments such as kitchens and family rooms where ventilation is minimal.

4.3 Most health effects associated with nitrogen oxides (NO )} have been attributed to
nitrogen dioxide (NO,). Levels of NO, above 282 mg/m’ (150 Ppm) can be lethal while
concentrations in the range of 94~282 mg/m® (50-150 ppm) can produce chronic lung
disease (18). The earhest response to NO, occurs in the sense organs. Odor can be
perceived at 0.23 mg/m (0.12 ppm) and rever51ble changes in dark adaptation at exposures
of 0.14 - 0.50 mg/m (0.075 - 0 26 ppm) (19). Animal studies have suggested that reduced
resistance to respiratory infection is the most sensitive indicator of respiratory damage.
Recent studies show a small but apparently higher incidence of respiratory symptoms and
disease for children living with gas stoves (an NO, source) versus those in homes with
electric stoves. When indoor concentrations were measured, the levels were much lower
than were previously thought to contribute to lung function changes or disease effect.
These effects were not observed in adults living in the same or similar environments.

5. Limitations

5.1 The effects of indoor temperature and pressure fluctuations on the diffusion coefficient
or sampling rate of a PSD may be estimated from the equation:

D « T¥/p

where:

D = diffusion coefficient, cm?/min
T = absolute temperature, °K, and
P = atmospheric pressure, mm Hg

The theoretical temperature coefficient was found to be ~0.6% per °C and the pressure
coefficient ~0.1% per mm Hg.

nn
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52 Humidity effects are less predictable, but may be pronounced for hydrophilic collectors
or sorbents. During evaluation (13) of the EPA PSD, no interferences were observed at

57% and 80% relative humidity.

5.3 Sampling rates are affected by the velocity of air movement over the face of the device,
particularly if there are protrusions around the channel openings or if one side of a two-
sided badge is obstructed. Protrusions can contribute to the formation of secondary layers
of stagnant air, which reduces the uptake rates. For chemicals that are weakly sorbed,
significant equilibrium vapor pressures may exist at the face of the sorbent, which effectively
reduce sampling rates according to Fick’s law (ie., C, > O). Theoretical predictions
suggest that the magnitude of this decrease will depend on air concentrations. Since most
passive samplers have relatively large time constants and since the rates of migration into
the sorbent bed are slow compared to the time constant, diffusional samplers may not
respond accurately to rapidly fluctuating air concentrations. However, such fluctuations are
not usually characteristic of pollutant levels in indoor air.

6. Apparatus Description
6.1 Passive Sampling Device (PSD)

6.1.1 Passive air monitors may be either permeation or diffusion controlled. In
operation, a collector or sorbent material is separated from the external environment by
a physical barrier that determines the sampling characteristics of the device.

6.12 Permeation-limited devices employ a membrane in which the test compounds
are soluble. Because of this solubility requirement, it is possible to achieve some selectivity
with permeation devices by choice of the membrane material,

6.1.3 With diffusion-limited devices (see Figure 1), the collector is isolated from the
environment by a porous barrier containing a well defined series of channels or pores.
The purpose of these channels is to provide a geometrically well-defined zone of essentially
quiescent space through which mass transport is achieved solely by diffusion.

6.1.4 As a general criterion for this condition, the length/diameter ratio (L/d) of the
pores should be at least three. Under such conditions, the mass flow rate to the collector
is given by Fick’s first law,

M = DA/L)C, - C,)

where:

M = mass flow, cm®/min

diffusion coefficient, cm?/min

cross sectional area of diffusion channel, cm?

length of diffusion channel, ¢cm

concentration of NO, in surrounding PSD

concentration of NO, at surface of treated filter (generally zero)

The component D(A/L) is in units of volume/time or sampling rate.

foYolaF >
nmnuwann
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6.1.5 For most commercial diffusion-controlled devices, the effective sampling rate
varies from 1 to 150 ¢cm®/min depending on the molecular species. Pump-based personal
monitors may sample at rates up to 8,000 cm®/min. Consequently, longer exposure times
are often required for passive monitors in order to achieve equivalent sensitivities to pump-
based personal monitors.

6.1.6 Figure 2 illustrates an exploded view of the current design of the EPA PSD.

6.1.7 Using the current design of the EPA PSD, the effective sampling rate of the EPA
PSD was calculated from Fick’s First Law of Diffusion to be 154 cm®/min.

6.2 Analytical System |

62.1 Ion chromatography (IC) is a technique which employs ion exchange, eluent
suppression, and conductometric detection to quantify levels of strong acid anions such as
sulfate, nitrate and chloride. A '

6.2.2 The basic components of a commercially available ion chromatographic instrument
are illustrated in Figure 3. The instrument uses three (3) columns to protect, separate and
detect the anions. In operation, the sample first enters the guard column which is used
primarily to protect the main analytical colummn. The guard column filters particulate
matter from the eluent and prevents poisoning by strongly present ions of the analytical
column. _

623 The sample stream now enters the anmalytical column which provides high
efficiency separation of anions through competition of the anions and the eluent (0.0018
M Na,CO, and 0.0017 M NaHCO,) for active sites on the column. The degree of species
separation and retention time depends on the relative affinities of different ions for the
active sites, eluent strength and eluent flow rate.

62.4 After separation the eluent plus sample stream passes through a suppressor
column which converts the eluent from a high conductivity form to a low conductivity form
(H,CO,). :

6.2.% The anions of strong acids remain dissociated and are detected by means of their
electrical conductivity. '

6.2.6 The basic components of the IC with supporting reagents are:

* Guard Column HPIC AG4A

¢ Analytical Column HPIC AS4A

« Suppressor Column AMMSI Anion micro membrane

¢ Eluent 0.0018 M NaCO,
0.0017 M NH,CO,
» Regenerant 0.025 M H,SO,

7. Equipment
7.1 Sampling

7.1.1 Passive sampling device (PSD) - Scientific Instrumentation Specialists, P.O. Box
8941, Moscow, ID, 83843. '
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7.1.2 Glass fiber filters - 37 mm, Whatman GF/B Glass Microfibre, Whatman Inc., 9 _
Bridgewell Place, Clifton, NJ, 07014, 800-922-0361. - .

7.2 Analysis

72.1 The Dionex Model 14 or Model 4000 may be used for this procedure. The
procedure addresses the use of the Model 14. The master components of this system are

listed below.

72.1.1 Guard column - 3 x 150 mm anion column which serves to guard the

separator column from reactive ions and particulate matter. Guard columns are used
primarily to protect analytical columns, The guard column is normally a shorter version
of the analytical column. It filters particulate matter from the eluent and the sample
aliquot. In addition, strongly retained ions which could lead to "poisoning" of the analytical
column are trapped within the guard column. ‘
Note: Guard columns have a finite lifetime and when expended, the contaminants will
reach the more critical analytical column, There are no general rules for estimating the
effective life of a guard column since the life is very dependent upon the matrix being
injected. However, they need to be cleaned or replaced on a periodic basis.

72.12 Analytical column - 3 x 250 mm anion column (HPIC AS4A) containing the
resin on which the ion separation occurs. The analytical column is the heart of ion
chromatography (IC). In all cases, the IC separation is due to difference in the equilibrium
distribution of sample component between the mobile phase and the analytical column
(stationary phase). High performance Ion Chromatography (HPIC) involves the use of low
capacity pellicular ion exchange materials in a separation mode dominated by ion exchange.
The ion exchange material is a resin base consisted of polystyrene.

72.1.3 Micromembrane suppressor column - column (AMMSI) containing a resin
which converts anions to their hydrogen forms. This column has limited capacity and must
be frequently refreshed with a regeneration process. The most popular mode of detection
in IC is conductivity. However, the conductivity of the eluent used in IC is usually high.
Therefore, a micromembrane suppressor column is used to chemically suppress (lower) the
eluent prior to detection by conductivity. The suppressor column is a micromembrane fiber
device that is placed downstream of the analytical column (see Figure 3). The suppressor
column (anion exchange technique) changes the concentration of highly conductive eluent
jons (carbonate) to species which are significantly less conductive (carbonic acid). In
addition, solute ions are converted to their corresponding acids or hydroxides as they pass
through the suppressor column, which are more conductive.

Note: As with the guard column, the micromembrane suppressor column can be
periodically regenerated with 0.025 N H,SO,.

72.14 Conductivity cell -a 6 microliter volume cell in which the electrical
conductivity of the eluent stream is measured.

7.2.1.5 Pumps - Milton Roy positive displacement pumps are used to pump the
required liquids at pressures up to about 1000 psi. Flow rates are continuously adjustable
from 0 to 400 mL/hour.
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7.2.2 Valve system - a complex array of air-actuated valves controls the liquid flow
through the system. Valves and columns are interconnected with Teflon® tubing (1/32

inch i.d. by 1/16 inch o.d.).
7.2.3 Integrator - a Hewlett-Packard Model 3385A Integrator or similar instrument is

used to produce a strip chart recording of the chromatogram and may also be used to
measure the areas under specified peaks of the chromatogram. This system also generates
valve switching signals for automatic control of the ion chromatograph.

7.2.4 Pressurized air system - a continuous supply of 80 psi compressed air is required
for valve actuation, Elthcr a house air supply or compressed air cylinders with regulators
may be used.

8. Reagents and Materials

8.1 Triethanolamine (TEA) - absorbing solution (1.68 M) used to coat filters used in the
EPA PSD, best source.

8.2 Glove box - used to provide preparation area to assemble and disassemble PSDs, best
source.

8.3 Nitrogen - used to condition glove box during filter preparation and PSD
assembly/disassembly, NO, free, best source.

8.4 Syringes - used to apply TEA to filters, best source.

8.5 Plastic Petri dishes or watch glasses - used to contain filters during TEA application,
best source.

8.6 Metal cans - used to transport PSDs, 0.5 pt and 1.0 gallon, best source

8.7 Activated charcoal - used to place in bottom of 1.0 gallon metal can to protect PSDs
during transport, best source.

8.8 Gelman Acrodisc® - used to filter extracted PSD solution prior to mjectlon into the
ion chromatograph, Gelman Sciences, 600 S. Wagner Rd., Ann Arbor, MI 48106 (800-
521-1520).

8.9 Sodium carbonate (0.0018 M) - used as part of the IC eluent, best source.
8.10 Ammonium bicarbonate (0.0017 M) - used as part of the IC eluent, best source.
8.11 Sulfuric acid (0.025 M) - used to regenerate IC columns, best source.

8.12 Guard column - used to protect analytical column from poisoning and particulate
matter, Dionex Corporation, 1228 Titan Way, Sunnyvale, CA 94086, (408-737-0700), Model
HPIC AG4A.

8.13 Analytical column - used to separate ions from the eluent, Dionex Corporation, 1228
Titan Way, Sunnyvale, CA 94086, (408-737-0700), Model HPIC AS4A.
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8.14 Micromembrane suppressor column - used to chemically suppress the eluent prior
to detection by conductivity. '

8.15 Calcium sulfate - used in the desiccator during drying of filters, best source.
8.16 Desiccator - used to store filters prior to application of TEA, best source.
8.17 Vacuum oven - used to dry filters during preparation, best source.

8.18 35 mL screen-capped polpropylene bottle - used to extract exposed filters with
deionized water,

8.19 Sonification bath - used to assist in the filter extraction process, best source,

8.20 Potassium nitrate - used to prepare calibration standards, best source.

8.21 Volumetric flasks (100, 200 and 1000 mL) - used to prepare calibration standards.
822 Pipettes (1, 2, 3, 4, 5, 10, 20 mL) - used to prepare calibration standards.

9. Preparation and Application of the Personal Sampling Device

9.1 Filter Preparation

9.1.1 Unpack the 37 mm filters from their shipping container. Insure that the filters
are separated without tearing. '

9.1.2 Observe filter construction to note any tears or holes in the material or soiling
and abrasions,

9.13 Place the filters on 2 piece of cardboard. Using a wooden mallet and a 33 mm
circular diameter stainless steel die, cut the number of filters needed for completion of
the project objectives.

9.1.4 To prepare the filters for treatment, place five at a time in a Buchner funnel and
rinse with five 100 mL volumes of charcoal-filtered deionized water.

9.5 Remove the filters from the funnel and place in a vacuum oven at 60°C for 1
hour.

9.1.6 After drying, remove the filters from the oven and store in a desiccator containing
anhydrous ealcium sulfate until cooled to room temperature.

9.2 Filter Treatment

9.2.1 Remove five clean filters from the desiccator and place on a watch glass in a
glove box under a nitrogen atmosphere.

9.2.2 Using a syringe, add 0.5 mL of 1.68 M solution of TEA in acetone to the center
of each filter and allow it to disperse.

9.2.3 Allow to equilibrate in the nitrogen atmosphere for ~80 minutes. This wil} allow
the solution to diffuse completely throughout the filter.
Note: One may need to apply solution to the edges of the filter to insure complete
application.
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9.3 PSD Assembly

9.3.1 The PSD is a dual-faced sampler made up from a series of diffusion barriers
placed on either side of a cavity, as iliustrated in Figure 2. The PSD is 3.8 cm in diameter,
12 cm in depth and weighs 36 grams. _

9.3.2 With the aid of a glove box under a nitrogen blanket, remove the treated TEA
filter papers from the watch glass and place behind each set of the diffusion barriers of
the PSD.

9.3.3 Reassembie the PSD, attach the protective caps and place in small (0.5 pt) can
while still in the glove box. For further protection from exposure, place the small cans
into a large (1 gal) can containing activated charcoal when removing from glove box for
field application. :

10. Placement of the PSD

16.1 Take the PSD out of its protective shipping can and complete Field Test Data Sheet
(see Figure 4) with the start date, time and sampling location identification.

102 Place the PSD in the appropriate area to be sampled.
Note: Representative sampling must be considered, therefore, placement of a PSD should
be determined with considerable planning.

10.3 Guidelines for the appropriate time and placement of passive monitors ‘are found
below and in Appendix C-3 of this Compendium.

10.3.1 Avoid sampling when seasonal alterations in insulation or building tightness are
occurring or will occur during the sampling period.

10.3.2 Avoid sampling if remodeling or redecorating is occurring. During the sampling
period there should be no changes in furnishings or appliances such as:. carpeting, stoves,
HVAC systems, etc. :

103.3 Open and close doors in a usual manner and keep windows closed if possible.

10.3.4 Ventilation should not be altered in any way during sampling. S

103.5 Air conditioning and heating should not be altered from normal use.

10.3.6 Humidifiers and dehumidifiers should not be used where sampling is being
performed.

10.3.7 Normal occupancy and activity should continue. .

10.3.8 The placement of the sampler should not obstruct normal occupancy or activity.

10.3.9 Avoid locations near sinks, tubs, showers,and washers.

10.3.10 Avoid locations near heating elements such as: direct sunlight, furnaces, electric
lights or electrically operated devices.

10.3.11 Awvoid locations where a known draft or pressure differential occurs or areas
near furnace vents, HVAC intake/exhaust, computer cooling fans and appliance fans.

104 Placement of the PSD should ideally be at least 8 inches below the ceiling, 20 inches
above the floor and 6 inches from a wall.
Note: Outside walls should not be used, and suspension from the ceiling may be suitable.
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10.5 Remove the protective caps from the PSD. Sampling commences immediately. Place
samples at predetermined location. '

10.6 Complete information on the Field Test Data Sheet (see Figure 4).

10.7 Recap the PSD when the sampling time is complete.

10.8 Record the time and date that sampling finishes on the Field Test Data Sheet and
store the PSD in the 0.5 pt can which will be stored in the larger can containing activated
charcoal until analysis.

11. Analysis of PSD
11.1 Sample Preparation

11.1.1 After exposure, the PSDs are returned to the lab in the large cans containing
activated charcoal. Remove the small returned (0.5 pt) can from the larger paint can.
Log sample LD. into laboratory notebook.

11.1.2 Under a nitrogen blanket in a glove box, remove the PSD from the smaller can
and disassemble the filter cassette. ‘

11.1.3 Place the exposed filters in a 35 mL screw-capped polypropylene bottle.

11.1.4 Add 10 ml of deionized water to the bottle, tightly cap and place in a
sonification bath at room temperature for 30 minutes. '

11.1.5 At the end of 30 minutes, remove the polypropylene bottle from the sonification
bath. Filter the anion extract through a Gelman Acrodisc® disposable filter assembly by
attaching the Acrodisc® to the IC syringe and drawing the solution through the Acrodisc®
into the cavity of the syringe.

Note: The use of the Acrodisc® removes extraneous fibers from the anion solution as a
result of the filter.

112 Preparation of Analytical Reagents
11.2.1 Nitrate Standard Solutions

11.2.1.1 Nitrate Stock Standard, 1000 mg/L - dry a few grams of ACS reagent grade
crystals in an air oven at 100°C for 1 hour. Store the dried crystals in a desiccator over
silica gel until use. Dissolve 1.629 gm of dry sodium nitrate in about 600 mL of distilled
water. Dilute to 1 liter and mix thoroughly.

11.2.12 Nitrate Intermediate Standards, 100 mg/L - make a 100 mg/L standard
solution by pipetting 10.0 mL of the nitrate stock standard into a 100 mL volumetric flask.
Dilute to volume with distilled water and mix thoroughly. Keep refrigerated. Stable for
1 month,

112.1.3 Working Standards - prepare the working standard by pipetting aliquots of
the nitrate intermediate standards into each 100 mL volumetric flask, according to the
following table:
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' - Flask
Std  Std (ug/ml) Aliquot Conc (sg/ml) Conc (ug/mL)
A 100 25.0 25.0 0.25
B 100 20.0 20.0 0.20
C 100 15.0 15.0 0.15
D 100 10.0 10.0* 0.10
E 100 5.0 5.0* 0.05
F 100 3.0 3.0* 0.03
G 100 15 . 1.5* 0.015
H 100 0.5 0.5* 0.005
*Normal Working Range

Mix thoroughly. Prepare daily and keep refrigerated.

11.2.2 Ion Chromatograph Operating Solutions
The following produces the IC eluent. Preparation of these solutions need only be accurate
to several percent:
» Sodium carbonate solution - Prepare 0.0018 M sodium carbonate solution by dissolving
0.7631 g into 4 liters of deionized water. Mix thoroughly.
¢ Ammonium bicarbonate solution - Prepare 0.0017 M ammonium bicarbonate by
dissolving 0.5712 g into 4 liters of deionized water. Mix thoroughly.
« Regenerant solution - Prepare the regenerant solution by adding 3 mL of concentrated
H,SO, to 4 liters of deionized water. Mix thoroughly.

11.3 Ion Chromatograph Operation
The foliowing procedures address the Dionex Model 14 ion chromatographic system.
11.3.1 Start-up |

11.3.1.1 Ascertain that there are sufficient levels of eluent, regenerate and deionized
water in the IC reservoirs. Refill if necessary.

113.1.2 If not already on, turn on main power to IC. If the red "Ready" lamp does
not glow, depress the red "Reset” button.

11.3.1.3 Flip toggle switch on front panel for pump 1 to "On". The pressure gauge
should indicate 50 psi or higher. If not, the pump has probably lost prime and the following
procedure should apply: Slide pump tray out; with 3/8 inch wrench, loosen the stainless
steel fitting for the exit side of the eluent pump (upper fitting). Allow the pump to run
until only fluid is being pumped (no escaping air bubbles). Retighten the fitting,

11.3.1.4 Flip toggle switch to Eluent 1 position,

11.3.1.5 Switch "Analyt” and "Suppress" toggle up respectively.

113.1.6 Allow approximately 30 minutes for system equilibration.

11.3.1.7 Check all column and valve fittings for leaks.

11.3.1.8 Turn Mode switch for the detector to "Lin" position and select the proper
operating range for the detector - 3 is the usual position.
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11.3.1.9 Using the offset adjustments, adjust the specific conductance to
approximately 0.1 on the linear scale. This allows for some baseline drift downward during
the course of analysis.

11.3.2 Analysis
Note: Samples may be injected either automatically with the autosampler or manually.

11.3.2.1 Analysis preparation - prepare working standards in a range to bracket the
sample concentration expected. Include extraction blanks, quality control samples and
replicate standards. ‘

11322 For the Model 14 Autosampler, use clean disposable 13 x 100 mm test
tubes to contain the unknowns. Prepare a list which sequentially lists the unknown samples
and quality control solutions which will be analyzed. A suggested "Run Sequence" is
outlined below. Load the autosampler tray with the samples in sequence. Enter an
identification number on the HP 3385 strip chart recording and press "Start Run". As
analysis proceeds, iabel the chromatogram according to the sequence.

Test Tube
—Number_ Sample Tvpe
1 D.I. Water
2-7 Six Calibrants from High to Low
8 Extraction Blank
9 External Standard (High)
10 External Standard (Low)
11-30 20 Filter Samples
31 Internal Standard (Medium)
32-52 20 Filter Samples :
53-58 Repeat Six Calibrants High to Low
59 Repeat of Extraction Blank
60 Internal Standard (Medium)
61 Internal Standard (Low)

11323 For a manual injection draw 5 mL of the desired solution through the
Acrodisc® into a 5 mL disposable pipet. Remove air bubbles from the syringe by lightly
tapping with the tip pointed upward. Push the plunger in until liquid starts to run out.
Attach syringe to injection port. Set Inject/Load toggle to the Load position and inject the
aliquot, Enter the ID number in the Hewlett-Packard and press "Start Run". After 45
seconds, move the Inject/Load toggle back to the Load position,

11.3.3.4 Figure 5 illustrates a typical Dionex Model 14 chromatogram.

11.3.3 Shutdown

11.3.3.1 Turn "Pumps” switch to OFF.
11332 Turn "Analyt" toggle switch. Turn Suppressor/Bypass/Rgn to Bypass/Rgn
(Suppress down on Model 14) down.
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113.3.3 Ascertain that there is a 3:1 rinse ratio programmed into the regeneration
program, e.g., 30 minutes regenerate and 90 minutes rinse.

11.3.3.4 Turn detector to "Zero" position.

11.3.3.5 Push button for regeneration.

11.4 Calculation
11.4.1 Peak Height Measurement

11.4.1.1 An engineer’s fully divided scale (using the S50 scale) is used for
measurement of peak helghts and drawing of baselines. Measured peak heights should

be indicated on the strip chart recordmg
11.4.1.2 Sample concentrations may be calculated on the basis of the following

formula: _ _
Sample concentration = sample peak ht. x calibration concentration/calibration peak ht.

Example: A 10.0 neq/mL sulfate standard gave a peak height of 42 units. An unknown
had a peak height of 37 units. The concentration of the unknown was:

37 x (10 neq/mL)/42 = 8.8 neq/mL
11.4.2 Sample Analysis by Area Measurement

11.42.1 The Hewlett-Packard Integrator calculates the area under specified peaks.
11.42.2 Unknown concentrations are determined by comparing the peak area to
that of a standard.

Sample concentration = sample area x calibration concentration/calibration area -
12, Standard Operating Procedures (SOPs)

12.1 Users should generate SOPs describing and documenting the following activities in
their laboratory: 1) assembly, calibration, leak check, and operation of the specific sampling
system and equipment used, 2) preparation, storage, shipment, and handling of samples, 3)
assembly, calibration, and operation of the analytical system, addressing the specific
equipment used, 4) sampler storage and transport, and 5) all aspects of data recording and
processing, including lists of computer hardware and software used.

122 SOPs should provide specific stepwise instructions and should be readﬂy available to,
and understood by, the laboratory personnel conducting the work.
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Figure 1. Commercially Available NO, Passive Sampling Device
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Figure 2. Exploded View of a Commercially Available Passive Sampling Device
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Figure 3. Major Components of a Commercially Available Ion Chromatograph
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FIELD TEST DATA SHEET
(One_Sample per Data Sheet)

PROJECT: DATE(S)
SITE: TIME PERIOD SAMPLED:
LOCATION: OPERATOR:

SAMPLER INFORMATION:
Type: Serial Number:

Adsorbent: Sample Number:

SAMPLING DATA:

Start Time: Stop Time:
Start Temperature: . . Stop Temperature:
Start RH{%): Stop RH(%):

Calculated Sampling Rate:

SAMPLING LOCATION:

Figure 4. Field Test Data Sheet for PSD
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Figure 5, Typical Dionex Model 14 Chromatogram
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Chapter IP-6

DETERMINATION OF FORMALDEHYDE AND OTHER
ALDEHYDES IN INDOOR AIR

+ Method IP-6A - Solid Adsorbent Cartridge :
+ Method IP-6B - Continuous Colorimetric Analyzer
+ Method IP-6C - Passive Sampling Device

1. Scope

This documnent describes three methods for determination of formaldehyde in indoor air.
The first method (IP-6A) utilizes solid adsorbent sampling followed by high performance
liquid chromatographic analysis (HPLC). The second method (IP-6B) for formaldehyde
determination employs a2 commercially available continuous colorimetric gas analyzer. The
analyzer operates on the principle of monitoring the amount of color change produced
when the air sample is scrubbed with liguid reagents. Finally, the third method (IP-6C)
utilizes a passive technique wherein 2,4-dinitrophenylhydrazine (DNPH) is loaded on glass
fiber filters and placed behind diffusion screens of a personal sampling device (PSD).
Formaldehyde and other aldehydes diffuse to the PSD sampler and react specifically with
the DNPH treated filters. For analysis, the filters are extracted with acetonitrile and
analyzed by HPLC. :

2, Significance

2.1 Indoor air quality has become a significant environmental health issue because
generally people spend most of their time indoors, as well as concerns with improved
insulation and new materials issues. As with outdoor and occupational air quality,
monitoring indoor air pollutant concentrations is an essential part of evaluating potential
health threats and identifying abatement approaches.

22 Short term exposure to formaldehyde and other specific aldehydes (i.e., acetaldehyde,
acrolein, crotonaldehyde) is known to cause irritation of the eyes, skin, and mucous
membranes of the upper respiratory tract. Animal studies indicate that high concentrations
can injure the lungs and other organs of the body. Formaldehyde may contribute to eye
irritation and unpleasant odors that are common annoyances in polluted atmospheres.

2.3 Indoor sources of formaldehyde include particieboard, plywood, hardwood paneling,
furniture, urea-formaldehyde foam insulation, tobacco smoke, and gas combustion. Some
of the highest concentrations, exceeding 0.1 ppm, have been found in tightly constructed
mobile homes where internal volumes are small compared with surface areas of
formaldehyde-containing materials. Formaldehyde emissions increase with increasing
temperature and humidity.

2.4 The procedures described herein provide the user with a choice of methodologies and
instrumentation for sampling and analysis of formaldehyde in indoor air. All sampling
systems can be set up in domestic, industrial, or office environments for monitoring indoor
air atmospheres. ' -
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DETERMINATION OF FORMALDEHYDE AND OTHER
ALDEHYDES IN INDOOR AIR USING A SOLID ADSORBENT
CARTRIDGE -

Scope
Applicable Documents
Summary of Method
Significance
Definitions
Interferences
Apparatus
Reagents and Materials
Preparation of Reagents and Cartridges
9.1 Purification of 2,4-Dinitrophenylhydrazine (DNPH)
9.2 Preparation of DNPH-Formaldehyde Derivative
9.3 Preparation of DNPH-Formaldehyde Standards
9.4 Preparation of DNPH-Coated Sep-PAK® Cartridges
9.4.1 DNPH Coating Solution
9.4.2 Coating of Sep-PAK® Cartridges
10. Sample Collection
11. Sample Analysis
11.1 Sample Preparation
11.2 Sample Desorption
11.3 HPLC Analysis
11.4 HPLC Calibration
12. Calculations
13, Performance Criteria and Quality Assurance
13.1 Standard Operating Procedures (SOPs)
13.2 HPLC System Performance
13.3 Process Blanks
13.4 Method Precision and Accuracy
14, Detection of Other Aldehydes and Ketones
14.1 Sampling Procedures
142 HPLC Analysis
15. References
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Method IP-6A

DETERMINATION OF FORMALDEHYDE AND OTHER ALDEHYDES IN INDOOR
AIR USING A SOLID ADSORBENT CARTRIDGE

1. Scope

1.1 This method describes 2 procedure for determination of formaidehyde (HCHO) and
other aldehydes in indoor air. The method is specific for formaldehyde, but with
modification, fourteen other aldehydes can be detected.

12 Method TO-5, "Method For the Determination of Aldehydes and Ketones in Ambient
Air Using High Performance Liquid Chromatography (HPLC)" of the Compendium of
Methods for the Determination of Toxic Organic Compounds in Ambient Air (1) involves
drawing ambient air through a midget impinger sampling train containing 10 mL of 2N
HC1/0.05% 2,4-dinitrophenylhydrazine (DNPH) reagent. Aldehydes and ketones readily
form a stable derivative with the DNPH reagent. The DNPH derivative is analyzed for
aldehydes and ketones utilizing HPLC. The solid sorbent sampling procedure in Method
IP-6 modifies the sampling procedures outlined in Method TO-5 by introducing a coated
adsorbent (instead of the impinger) for sampling formaldehyde in indoor air.

1.3 This current method is based on the specific reaction of carbonyl compounds
(aldehydes and ketones) with DNPH-coated cartridges in the presence of an acid to form
stable derivatives according to the following equation (2):

NO . NO
2 . 2
R . rl
: e
C=0 + HyN—NH NOy ———— /c-n-un NO, + M0
H ‘ R
CARBONYL GROUP 2,4-DINITROPHENYLHYDRAZIN
{ALDEHYDES AND KETONES) {ONPH) Az NE ONPH-DERIVATIVE WATER

where R and R! are alkyl or aromatic groups (ketones) or either substituent is a hydrogen
(aldehydes). The determination of formaldehyde from the DNPH-formaldehyde derivative
is similar to Method TOS in incorporating HPL.C. The detection limits have been extended
and other aldehydes and ketones can be determined as outlined in Section 14. The method
can determine formaldehyde concentrations in the low ppb (v/v) or higher ppm (v/v) levels.
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1.4 The sampling method gives a time-weighted average (TWA) sample. It can be used
for long-term (1-24 hr) or short-term (5-60 min) sampling of indoor air for formaldehyde. ' .

1.5 The sampling flow rate, as described in this document, is presently limited to about
1.5 L/min. This limitation is principally due to the high pressure drop (>30 inches of water
at 1.0 L/min) across the DNPH-coated silica gel cartridges. Because the pumps are not
adequate, the procedure is not compatible with pumps used in personal sampling
equipment.

1.6 The method instructs the user to purchase Sep-PAK chromatographic grade silica gel
cartridges (Waters Associates, 34 Maple St., Milford, MA 01757) and apply acidified DNPH
in situ to each cartridge as part of the user-prepared quality assurance program (2,3).
Commercially precoated cartridges are also available, Thermosorb/F cartridges
(Thermedics, Inc, 470 Wildwood St., P.O. Box 2999, Woburn, MA 01888-1799, or
equivalent) can be purchased prepacked. The cartridges are 1.5 cm LD. x 2 ¢cm long
polyethylene tubes with Luer® type fittings on each end. The adsorbent is composed of
60/80-mesh Florisil (magnesium silicate) coated with DNPH. The adsorbent is held in
place with 100 mesh stainless steel screens at each end. The precoated cartridges are used
as received and are discarded after use. The cartridges are stored in glass culture tubes with
polypropylene caps and placed in cold storage when not in use. [Caution: Recent studies
have indicated abnormally high formaldehyde background levels in commercially prepacked
cartridges. Three cartridges randomly selected from each production lot should be analyzed
for formaldehyde before use to determine if background formaldehyde levels are
acceptable.)

1.7 Similarly, ORBO®24 cartridges (Supelco, Inc., Supelco Park, Bellefonte, PA, 16923-
0048) are also available. ORBQ®-24 tubes (4 mm x 10 ¢cm) were developed by the Organic
Method Evaluation Branch of the Occupational Safety and Health Administration (OSHA)
for collection and solvent desorption of formaldehyde and acrolein. ORBO-24 tubes contain
either 150 mg or 75 mg adsorbent beds of 10% 2-(hydroxymethyl)piperidine coated and
Supelpak® 20N, allowing sampling up to 24 liters of indoor air for more accurate time-
weighted average values. The advantage of the ORBO®-24 cartridges is that they allow the
use of a personal sampling pump, having only a 4 inches water pressure drop at a flow rate
of 200 mL/min, whereas the user prepared DNPH-coated silica gel cartridges requires the
use of a laboratory type Thomas pump which is able to maintain a flow of 1 L/min at a
pressure drop of greater than 30 inches of water. DNPH coated silica gel cartridges with
a sufficiently large gel matrix (20/40 mesh) to greatly reduce the pressure drop, allowing
for the use of personal sampling pumps, have been custom ordered through Supelco.
However, validation tests to determine if cartridges of this type will exhibit break through
when high volumes of air are drawn and tests to determine recovery efficiencies have not
been completed. In ,addition the background level of formaldehyde in the Supelco
cartridges, which are precoated with DNPH, may be high. Because the user can certify the
low level concentration of formaldehyde in the DNPH, the method instructs the user to use
the Sep-PAK® cartridges over other available techniques.
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1.8 This method may involve hazardous materials, operations, and equipment. This
method does not purport to address all the safety problems associated-with its use. It is the
user’s responsibility to develop and implement appropriate safety and health practices and
determine the applicability of regulatory limitations prior to use. Specific precautions are
outlined in Section 9.

2. Apbplicable Documents
2.1 ASTM Standards

D1356 Definition of Terms Relating to Atmospheric Sampling and Analysis
E682 Practice for Liquid Chromatography Terms and Relationships

2.2 Other Documents

Existing Procedures (3-5)

Ambient Air Studies (6-8)

U.S. EPA Technical Assistance Document (9)
Indoor Air Studies (10-11)

3. Summary of Method

3.1 A known volume of indoor air is drawn through a prepacked silica gel cartridge coated
with acidified DNPH at a sampling rate of 500-1200 mL/min for an appropriate period of
time. Sampling rate and time are dependent upon carbonyl concentrations in the test
atmosphere.

32 After sampling, the sample cartridges are capped and placed in borosilicate glass
culture tubes with polypropylene caps. The capped tubes are then placed in a friction-top
can containing a pouch of charcoal and returned to the laboratory for analysis.
Alternatively, the sample vials can be placed in a styrofoam box with appropriate padding
for shipment to the laboratory. The cartridges may either be placed in cold storage until
analysis or immediately washed by gravity feed elution of 6 mL of acetonitrile from a plastic
syringe reservoir to a graduated test tube or a 5-mL volumetric flask. The eluate is then
topped to a known volume and refrigerated until analysis.

33 The DNPH-formaldehyde derivative is determined using isocratic reverse phase HPLC
with an ultraviolet (UV) absorption detector operated at 360 nm.

34 A cartridge blank is likewise desorbed and analyzed as per Section 3.3.

3.5 Formaldehyde and other carbonyl compounds in the sample are identified and
quantified by comparison of their retention times and peak heights or peak areas with those
of standard solutions. '
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‘4, Significance .

4.1 This method uses an active sampling system, requiring a pump to move sample air
through the DNPH coated cartridge. The cartridge is coated by the user in order to avoid
the high background levels often encountered in commercially prepared cartridges. The
portable sampling system allows for flexible employment of this sampling technique in close
proximity to people within their work and living environment. Appendix C-3 of this
Compendium, Placement of Stationary Active Samplers in Indoor Environments, discusses
factors regarding monitor placement.

4.2 Subsequent HPLC analysis provides a very accurate measure of indoor formaldehyde
concentrations.

5. Definitions

Note: Definitions used in this document and any user-prepared SOPs should be consistent
with ASTM Methods D1356 and E682. All pertinent abbreviations and symbols are defined
within this document at point of use. Additional definitions, symbols, and abbreviations are
provided in Appendices A-1 and B-2 of this Compendium,

6. Interferences

6.1 The solid sorbent sampling procedure is specific for sampling and analysis of
formaldehyde. Interferences in the method are certain isomeric aldehydes or ketones that
may be unresolved by the HPLC system when analyzing for other aldehydes and ketones.
Organic compounds that have the same retention time and significant adsorbance at 360
nm as the DNPH derivative of formaldehyde will interfere. Such interferences can often
be overcome by altering the separation conditions (e.g., using alternative HPLC colurmns
or mobile phase compositions). Other aldehydes and ketones can be detected with a
modification of the basic procedure. In particular, chromatographic conditions can be
optimized to separate acrolein, acetone, and propionaldehyde and the following higher
molecular weight aldehydes and ketones (within an analysis time of about one hour) by
utilizing two Zorbax ODS columns in series under a linear gradient program.

formaldehyde crotonaldehyde o-tolualdehyde
acetaldehyde butyraldehyde m-tolualdehyde
acrolein benzaldehyde p-tolualdehyde
acetone isovaleraldehyde hexanaldehyde
propionaldehyde valeraldehyde 2,5-dimethylbenzaldehyde

The linear gradient program varies the mobile phase composition periodically to achieve
maximum resolution of the C-3, C-4, and benzaldehyde region of the chromatogram. The
following gradient program was found to be adequate to achieve this goal: upon sample
injection, linear gradient from 60-75% acetonitrile/40-25% water in 30 minutes, linear
gradient from 75-100% acetonitrile/25-0% water in 20 minutes, hold at 100% acetonitrile
for 5 minutes, reverse gradient to 60% acetonitrile/40% water in 1 minute, and maintain
isocratic at 60% acetonitrile/40% water for 15 minutes.
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6.2 Formaldehyde contamination of the DNPH reagent is a frequently encountered
problem. The DNPH must be purified by multiple recrystallizations in UV grade -
acetonitrile. Recrystallization is accomplished at 40-60°C by slow evaporation of the solvent
to maximize crystal size. The purified DNPH crystals are stored under UV grade
acetonitrile until use. Impurity levels of carbony! compounds in the DNPH are determined
by HPLC prior to use and should be less than 0.025 pg/mlL.

6.3 Ozone has been shown to interfere negatively by reacting with both DNPH and its
hydrazone derivatives in the cartridge (15). Ozone emission factors can be in the 0-546
pg/min range for electrostatic air cleaners installed in central air conditioning units and
the 2-158 pg/copy range (at a typical copy rate of 5/min) for photocopying machines
(16,17). The presence of high indoor ozone concentrations may be very site specific. The
user must determine whether ozone interference will be significant to the sample location.
The extent of interference depends on the temporal variations of both the ozone and the
carbonyl compounds during samping. The presence of ozone in the sample stream is
readily inferred from the appearance of new compounds with retention times shorter than
that of the hydrazone of formaldehyde. Figure 1 shows chromatographs of cartridge
samples of a formaldebyde spiked air stream with and without ozone (15). Ozone
interference can be removed by selectively scrubbing the ozone from the sample stream
before it reaches the cartridge, A simple denuder (scrubber) device has been developed
and tested to accomplish this. The denuder is made by coiling a copper tubing (3 ft x 1/4
in O.D. x 4.6 mm 1.D.) and coating the inside surface with potassium iodide (KI). The
copper-KI ozone denuder is connected to the sampling cartridge by a short piece of silicone
or Tygon tubing. For in-depth information regarding this method of removal of ozone
interference, see Section 15, reference 15.

7. Apparatus

7.1 Sampling system - capable of accurately and precisely sampling 100-1500 mL/min of
indoor air (see Figures 2, 3 and 4). The dry test meter in Figure 3(b) may not be accurate
at flows below 500 mL/min, and should then be replaced by recorded flow readings at the
start, finish, and hourly intervals during the collection. The sample pump consists of a
dia;;hragm or metal bell