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2.1.2. Continuous Mass Measurements

21.21. Commercial Systems

In addition to the FRM samplers listed in Appendix II, various “continuous” mass monitors
have been developed. These systems are really semi-continuous, because there are integration
periods necessary to provide a measurement with an acceptable level of measurement
uncertainty. The appropriate quantity that these monitoring systems should measure remains
unresolved. Should they attempt to mimic the FRM, should they measure the mass under a
well-defined set of thermodynamic conditions, or should they attempt to measure the actual
particle mass concentration that was present in the atmosphere? Various manufacturers and
academic researchers have taken different approaches to address these questions.

There are two direct approaches to the measurement of aerosol mass: (1) the tapered element
oscillating microbalance (TEOM®), and (2) the beta gauge. Both methods are based on basic
physical principles. The TEOM operates on the theory of the vibrating reed. A vibrating reed
that is anchored at one end vibrates with a single frequency, with no harmonics. Thus, as mass
is added to one end of the vibrating element, the resonant frequency changes, and this change is
directly proportional to the accumulated mass. In the beta gauge, the passage of electrons
through a material is attenuated by the presence of the areal mass concentration between the
radioactive source and the detector.

There are also indirect mass methods. In the Continuous Aerosol Mass Monitor (CAMM)
method, the pressure drop across a pore-type filter increases with increasing mass loading
within a limited range of particle sizes. Thus, after a period of time, the change in pressure
drop across the filter can be related to the amount of accumulated particle mass. Another
indirect method for fine particles is through the measurement of light scattering. Light
scattering from a polydisperse aerosol is a complex phenomenon involving particle size and a
refractive index. However, many of these complexities average out sufficiently that reasonable
estimates of the fine particle mass can be obtained from the amount of scattered light.

In order to use these mass measurement methods, the aerosol must be conditioned in some
fashion. Because we are interested in the mass primarily because there are efforts to protect
public health, and water associated with the particles is not thought to pose a health risk, the
“dry” mass concentration is the quantity of interest. However, it is very difficult to remove the
water without removing any other semivolatile component. For the filter-based methods, water
is removed by equilibration of the same with air at 35% relative humidity and 23°C for 24 hours.
However, depending on the particle composition, this strategy may not thoroughly dry the
sample. At the same time, semivolatile materials can evaporate during the equilibration period.

For the continuous monitors, alternative methods have been used. The initial work with a
TEOM used elevated temperatures to remove the water and any other material that would be
volatile at 50°C. This temperature provides a well-defined set of thermodynamic conditions,
but ensures the loss of any ammonium nitrate and most high-vapor-pressure semivolatile
organic constituents. To provide a sample to the sensing element without water at a lower
temperature, a Nafion® drier is incorporated in the inlet line. Nafion is a material that permits
small, polar gas molecules like water to pass through a membrane. These driers have been used



in a number of systems. However, heating the sensing element to 30°C will still remove
semivolatile components, particularly when the ambient temperature is significantly below this
value.

Initial development of a continuous coarse monitor is currently under way, based on the work
of Misra et al. (2001). This system has not been extensively field tested, but initial studies have
been performed in Tampa, Florida. The EPA is conducting additional testing in 2003, so that it

could be considered as a FRM or a Federal Equivalent Method (FEM) for PMy 5 5).

2.1.2.2. Developing and Research Systems

Research systems have been developed to address the shortcomings of the commercially
available systems. Eatough and coworkers (Eatough et al. 2001; Pang et al. 2001, 2002a,b;
Obeidi and Eatough 2002; Obeidi et al. 2002) have developed the Real-time Ambient Monitoring
System (RAMS), which involves a very complicated system of denuders and driers and a dual
TEOM detection system. This system is currently undergoing evaluation in comparison to
other conventional and research monitoring techniques (Lewtas et al. 2001). The RAMS system
is very large and complex and does not represent a practical routine monitoring tool.

The RAMS has led to the development of another differential TEOM system (Patashnick et al.
2001). This differential system uses dual electrostatic precipitators (ESP) and two ambient-
temperature TEOMs connected to a common inlet and drier system. The air is split and passes
through two channels, each with an ESP and a TEOM. One ESP is on and the other is off. The
on/off states are switched frequently (every five minutes) so that in the on channel, the
sampling artifacts (adsorption of organics on the filter, volatilization of materials from the
deposit collected on the filter) are duplicated. Thus, the subtraction of the on channel from the
off channel should provide a better estimate of the actual airborne particle masses.

From this concept, an alternative system has been developed that uses a Filter Dynamics
Measurement System (FDMS)—the R&P FDMS series 8500. The FDMS instrument computes its
running PM mass concentration average based upon independent measurements of the volatile
and nonvolatile fractions of the ambient particulate matter. To accomplish this, the FDMS unit
constantly samples ambient air and uses a switching valve to change the path of the main flow
every six minutes. The sampling process consists of alternate sample and purge (filtered) air
streams passing through the exchangeable filter in the TEOM mass sensor. The purge filter in
the FDMS main enclosure effectively removes both organic and inorganic aerosols at 4°C. The
exchangeable purge filter can provide a time-integrated sample that can be used for subsequent
chemical analysis. A standard R P FRM-style molded filter cassette allows for the use of a
variety of 47-mm diameter filter media as the purge filter.

The sample and purge air flows alternately pass through the exchangeable filter in the TEOM
microbalance, which generates a direct measurement of the collected mass. The system
automatically adjusts the mass concentration from the particle-laden air stream by referencing it
to the mass change that may occur during purging. For example, if the FDMS unit measures a
decrease of filter mass during the six-minute purging period, this mass decrease is added back
to the mass measurement obtained with particle-laden air. Recent tests of this system by ARB
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have suggested it would provide satisfactory measurement of PM, 5, with adequate
correspondence to FRM measurements.

2.2, Particulate Constituent Measurements, Fixed Site

2.21. Commercial Instruments

One approach to obtaining continuous information on airborne particulate matter is embodied
in the development of measurement systems for major constituents (nitrate, sulfate, and organic
and elemental carbon). Particulate nitrate can be continuously determined using the R&P
Model 8400N. This system is based on the work of Stolzenburg and Hering (2000). A PM,5
sharp cut cyclone (SCC) removes the larger particles from the sample stream. A bypass flow,
which shortens the residence time of the sample stream in the sampling section, passes through
a critical orifice. An activated charcoal denuder removes acidic gases that would otherwise
interfere with the measurement of the ambient particulate nitrate concentration. The monitor
collects fine particulate matter by means of critical impaction. To achieve high collection
efficiencies even for very small secondary aerosols, a humidifier moistens the sample stream
and causes the hygroscopic nitrate particles to grow. The remaining part of the sample stream
forms a jet as it passes through a critical orifice. Particles collect on an impactor/flashing strip
during the sample collection phase (which takes eight minutes by default). The sample and
bypass flows then combine and exit from the instrument on their way to an external pump. The
monitor purges the analysis cell with nitrogen (N,), and then sends a high current through the
impactor/flashing strip that lasts approximately 0.05 second and heats the collected particulate
matter to about 350°C. The vaporization decomposition process converts the particulate nitrate
contained in the collected sample to NO,. The NO, pulse monitor, a specially tuned
chemiluminescent NO, analyzer, quantifies the amount of NO, generated by this process. The

sulfate monitor, Model 8400S, uses a similar process, except that it uses an SO, monitor. Initial
indications have shown that the sulfate and nitrate instruments provide reasonable results
when compared to side-by-side integrated samples. Much better characterizations of these
instruments will come from the EPA Supersite activities that are currently in progress.

The Aethalometer™ is an instrument that has been available for light-absorbing carbon
measurements for quite some time. It was originally developed by A. Hansen and marketed by
Magee Scientific, but is now distributed by Thermo Andersen. Initial models used a single
wavelength light source; however, newer models use two to seven wavelengths, to better
discriminate among different types of light-absorbing carbon. Absorbance at 350 nanometers
(nm) appears to provide some indication of significant concentrations of polycyclic aromatic
hydrocarbons (PAHs), which are often associated with diesel particles. Figure 1]shows the trace
from a dual-wavelength Aethalometer.
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An OC/EC field instrument has been developed by Sunset Laboratory—the company that
developed the laboratory instrument to implement a modified National Institute for
Occupational Safety and Health (NIOSH) 5040 method (Birch and Cary 1996). This instrument
collects the particles on a filter and makes a pyrolysis correction using reflectance. It has been
available for less than a year and it is still being characterized. However, initial experience with
it as a useful continuous measure of OC and EC, with better correspondence to the laboratory
measurements, appears quite promising.

2.2.2. Research Instrument Development
Dr. George Allen, while he was at the Harvard School of Public Health (HSPH), developed a
continuous sulfate analyzer. It utilizes catalytic reduction of sulfate to SO, in a stainless steel

tube and detection of the generated SO, with a conventional SO, monitor. Several variations of
this system have been built under licenses from HSPH while the instrument is being
commercialized by Thermo Andersen. Initial experience in the Southeastern Aerosols Research
and Characterization (SEARCH) monitoring network has been very encouraging (E. Edgerton,
private communication).

Several groups have been working on collection of fine particulate matter by increasing the
particle size through hygroscopic growth and then analyzing the collected slurry. An initial
size separation is obtain using a size-selective inlet. Steam is injected and the resulting droplets
are collected in an impactor. The slurry from this impaction stage can then be introduced into
an appropriate analytical instrument.

Dr. Rodney Weber (Weber et al. 2001) uses ion chromatography to analyze for major cations
and anions. This system is a modification of the Dutch system developed by Slanina and
coworkers (Khlystov et al. 1995). A similar system is also being developed by Thermo
Andersen. In this system, colorimetry is also used to determine the ammonium ion
concentration. In the Weber system, denuders are used to remove gaseous interferences such as

nitric acid (HNO;) and SO,. It is being tested at several of EPA’s Supersites.

Ondov has been developing a similar system for metals determination. The Semi-continuous
Elements in Aerosol System (SEAS) is made entirely of glass to avoid contamination. Currently
there are no denuders on it, so the slurry would contain gaseous as well as particulate species.
At this time, the only documentation on this system is the doctoral thesis of Kidwell (2000).
Results from this system can be seen on the Baltimore Supersite Web page
(www.chem.umd.edu/supersite/keyinstruments/SEASnew.htm).

2.3. Particulate Matter Mass, Personal Monitors

2.3.1. Commercial Instruments, Gravimetric

Many personal samplers have been available for years; primarily those designed for industrial
hygiene purposes. Several companies (e.g., SKC and MSA) sell various cyclones and portable
pumps. However, these systems do not provide as well-defined particle size discrimination as
is desirable.
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The Personal Environmental Monitor (PEM ™) (Marple et al. 1987, Kamens et al. 1991) is an
inertial impactor system manufactured by MSP Corporation of St. Paul, Minnesota and is
marketed by several other companies. It uses 37-mm substrates like Teflo® filters. It has been
used in a number of exposure studies and provides an integrated filter sample for gravimetric
and/or chemical analysis.

2.3.2. Research Instruments, Gravimetric

With the interest in specific exposure to fine particles, several groups have been developing new
samplers. Misra et al. (2002) developed a new personal cascade impactor. The Personal
Cascade Impactor Sampler (PCIS) is a miniaturized cascade impactor, consisting of four
impaction stages, followed by an after-filter. Particles are separated in the following
aerodynamic particle diameter ranges: <0.25, 0.25-0.5, 0.5-1.0, 1.0-2.5, and 2.5-10 um. The PCIS
operates at a flow rate of 9 liters per minute (Ipm), using a very-high-efficiency, battery-
operated, lightweight pump at a pressure drop of 11 in. H,O (2:7 kilopascals (kPa)). This device
will be developed as a commercial product by SKC, Inc. New 10-Ipm personal sampling pumps
are now available from SKC and BGI, Inc. The resulting impaction stage media can be analyzed
for mass and chemical species, using conventional analytical methods.

New systems have been developed to provide measurement of both gaseous and particulate
matter concentrations. Demokritou et al. (2001) describe a multipollutant sampler. This
sampler can be used for measuring exposures to PM,, and PM, ; and mass and criteria gases.
The system uses a single personal sampling pump that operates at a flow rate of 5.2 Ipm. The
basic unit consists of two impaction-based samplers for PM, 5 and PM,, attached to a single
elutriator. Two mini PM, 5 samplers are also attached to the elutriator for OC, EC, sulfate, and
nitrate measurements. For the collection of nitrate and sulfate, the mini-sampler includes a
miniaturized honeycomb glass denuder that is placed upstream of the filter to remove nitric
acid and sulfur dioxide and to minimize artifacts. Two passive samplers can also be attached to
the elutriator for measurements of gaseous co-pollutants such as O;, SO,, and NO,.

With support from the Health Effects Institute (HEI), Aerosol Dynamics has been developing a
personal sampler, the Personal Micro-Environmental Aerosol Speciation Sampler (PMASS™). A
draft report describing this device is currently under review at HEI and should be released
soon. The prototype, all-aluminum, PMASS includes a 2.5 um cut-point cyclone inlet with dual
channels for simultaneous collection on two filter trains and includes provision for denuders in
either, or both, channels. It is being commercialized by the MSP Corporation.

A passive sampler has been developed at the University of North Carolina (UNC) for long-term
collection of particles for analysis by scanning electron microscopy (SEM) (Wagner and Leith
2001a,b,c). In the passive sampler, particles travel through a protective, stainless-steel mesh and
deposit on a smooth collection surface by gravity, inertia, and diffusion. For particle
concentrations found outdoors, in the home, or in other nonindustrial environments, the
appropriate sampling time is about one week. After use, the sampler is capped and analyzed
by SEM. The particle concentration and size distribution to which the sampler was exposed is
then found using techniques developed by Wagner and Leith (2001a,b,c). These techniques have
been verified in a wind tunnel and used previously to determine occupational exposures.
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The passive sampler has important advantages over conventional, active samplers for aerosol
particles. It is small and unobtrusive. The passive sampler is completely silent as it requires no
pumps or electrical power. Passive samplers cost only a few dollars each. No professional
instruction or monitoring is necessary; a single page of instructions is sufficient to show how a
passive sampler should be used. After exposure, samplers can be mailed back to the laboratory
for analysis. The data obtained can be used to determine PM,,, PM, 5, thoracic mass, respirable
mass, or other size-related concentrations. If appropriate, elemental analyses can characterize
the particle makeup. The UNC holds patent rights for this sampler, and is very interested in
promoting its commercialization.

2.3.3. Commercial Instruments, Continuous

The principal personal mass monitors have been light-scattering devices such as the Thermo
MIE personal DataRAM. This is a versatile, real-time monitor, available for active sampling
applications. The pDR-1200 uses a pump module (pDR-PU) or other sampling pump to perform
particle size selective measurements. Compact, lightweight, and easy to use, it is ideal for
respirable, thoratic, and PM, ;s monitoring, as well as for continuous emission and test chamber
monitoring. An earlier model, the RAM-1 has been modified by adding a diffusion drier in
order to reduce the influence of humidity on the particles and provide a mass estimate that is
closer to that which would be determined using gravimetric methods (Sioutas et al. 2000).

2.3.4. Research Systems

2.3.41. Continuous

Rupprecht and Patashnick, Inc. under contract from the Mine Safety and Health Administration
(MSHA), have been developing a small, portable TEOM system. The element is made of metal
and the system provides data storage for an 8-hour period. It is anticipated that this device will
be offered as a commercial product in the near future. With additional funding, it is anticipated
that this advance in TEOM technology will be deployed in two different configurations: the
personal monitor described below and the indoor monitor described in Section 2.4.

2.3.4.2. Personal Monitor

A personal monitor that is similar to the MSHA TEOM monitor, but with modifications to the
inlet system, internal energy management, and data handling and communication is under
development. Rupprecht and Patashnick’s aim is for this unit to be about the same size as the
one being developed for MSHA, but with a user interface that is more flexible than that for the
mining application. They project that this monitor will provide a 15-minute running average of
the ambient mass concentration of the industrial hygiene measure of exposure (ISO respirable
particles, D5, of about 4.5 um) or PM, ;. The measurement is updated every five seconds or less,
and has a resolution of 10 ug/ m’ (2 sigma). Further development will be needed for this
instrument to be useful at ambient PM, 5 concentrations. The performance of this unit will be
somewhat degraded when worn as a personal monitor, as compared with the tabletop
operation described in the next section.
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2.4. Particulate Matter Mass, Indoor Monitors

A major consideration for indoor PM mass monitors is that their flow should not be high
enough to distort the indoor environmental concentrations. Many of the ambient air sampling
systems use too high a flow rate, which would actively reduce the particle concentrations.
Typically, the flow rates should be less than 10 Ipm. Any of the personal monitors can be used
as indoor area monitors.

For example, a configuration of the R&P MSHA TEOM described in the previous section can be
used either indoors or in moderate outdoor environments (at temperatures higher than
approximately -5°C with no additional protection), and have a straight vertical downtube that
would allow for the measurement of total suspended particulate matter (TSP) through PM,
(particulate matter less than 1 um). The mass resolution of the monitor unit would be the same
as for the personal monitor above. The unit could be operated either off of an exchangeable
battery pack or from AC power. In addition, R&P is investigating some of the new gas
measurement capabilities offered by the newest generation of thick film sensors, and is
seriously investigating the incorporation of some sensitive gas monitoring capabilities in the
unit down to ambient levels (as opposed to industrial hygiene concentrations). Because this
device can be used as a sensor in many types of monitoring applications—such as in tunnels,
along roadways, or for chamber measurements—it will be equipped with a number of data
transfer possibilities, including USB, IR, and direct Internet connection through an RJ-45 port.
A handle provided for this instrument would allow it to be used as a survey tool.

3.0 Particle Counts and Size Distributions
3.1. Ambient Measurement Systems

3.1.1. Commercially Available Particle Counters

With increased interest in ultrafine particles, there need to be methods to count particles or to
measure the size distributions of individual particles. Particles can be detected if they are
charged, scatter light, or are radioactive. The most commonly used method is scattered light.
For particles below 100 nm, the intensity of scattered light is quite low, and its detection
requires sophisticated and expensive photon-counting methods. These counters function by
inducing nucleation of a working fluid onto the particles. The commercially available units are
described in Appendix II

An aerodynamic particle sizer (APS) measures time-of-flight in an accelerating air flow. There
are several variations of this concept. These are systems that are applicable to sizes above

0.3 um up to sizes on the order of 20 um. They are described in Appendix II. These systems
have been used in fixed-site monitoring programs such as EPA Supersites. A similar system,
the Aerosizer®, extends the measurement range up to 200 um.

In addition to particle counters, the Electrical Aerosol Detector (EAD) measures a unique
aerosol parameter called fotal aerosol length. Reported as mm/ cm’, aerosol length can be
thought of as number concentration times average diameter, or simply as d' weighting. This

measurement falls between number concentration (dO) and surface area (dz).
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Table 5 (cont’d). Organic Compounds Determined with Passive Badges and Typical Detection
Limits Based on an 8-hour Sample.

Chemical Name Det. Limit |CAS No. Chemical Name Det. Limit
(ppm)

100-42-5 Styrene 0. 04 107-06-2 Dichloroethane (EDC) 0.1
540-59-0 Dichloroethylene 76-11-9 Tetrachloro-2,2- 0.5
difluoroethane
75-43-4 Dichlorofluoromethane 1 109-99-9 Tetrahydrofuran (THF) 0.1
(CFC21)
76-14-2 Dichlorotetrafluoroethane 0.6 108-88-3 Toluene 0.04
(CFC114)
68-12-2 Dimethyl formamide 0.1 79-00-5 Trichloroethane 0.1
(DMF)
123-91-1 Dioxane 1.1 71-55-6 Trichloroethane 0.2
(methylchloroform)
106-89-8 Epichlorohydrin 0.1 79-01-6 Trichloroethylene (TCE) 0.1
110-80-5 Ethoxyethanol 0.1 76-13-1 Trichlorotrifluoroethane 0.2
(Cellosolve) (CFC113)
111-15-9 Ethoxyethyl acetate 0.1 108-67-8 Trimethylbenzene 0.04
(EthylCell) (mesitylene)
141-78-6 Ethyl acetate 0.1 108-05-4 Vinyl acetate 0.1
140-88-5 Ethyl acrylate 0.1 593-60-2 Vinyl bromide 0.1
64-17-5 Ethyl alcohol (ethanol) 0.5 75-01-4 Vinyl chloride 0.1
60-29-7 Ethyl ether 0.1 75-35-4 Vinylidene Chloride 0.1
(1,1 DCE)
687-47-8 Ethyl lactate 1.5 1330-20-7 Xylenes 0.05
100-41-4 Ethylbenzene 0.04 872-50-4 1-Methyl-2-pyrrolidinone 1
107-07-3 Ethylene chlorohydrin 0.125 100-44-7 Benzyl chloride 0.1
106-93-4 Ethylene dibromide 0.1 8/6/2426 Butyl(n)glycidyl ether 0.6
110-71-4 Ethylene glycol 0.8 76-22-2 Camphor 0.05
dimethyl ether
75-69-4 Fluorotrichloromethane 2.1 2039-87-4 Chloro(o)styrene 0.1
(CFC11)
142-82-5 Heptane 0.05 95-49-8 Chloro(o)toluene 0.1
110-43-0 Heptanone (methyl 0.1 106-46-7 Dichlorobenzene 0.05
amyl ketone)
110-54-3 Hexane 0.4 95-50-1 Dichlorobenzene 0.4
591-78-6 Hexanone (MBK) 0.1 111-44-4 Dichloroethyl ether 0.1
123-92-2 [soamyl acetate 0.1 77-73-6 Dicyclopentadiene 0.1
123-51-3 [soamyl alcohol 0.1 108-83-8 Diisobutylketone 0.1
110-19-0 [sobutyl acetate 0.1 34590-94-8 Dipropylene Glycol Methyl 1
Ether
78-83-1 [sobutyl alcohol 0.1 78-59-1 Isophorone 0.05
108-21-4 [sopropyl acetate 0.1 4016-14-2 [sopropyl glycidyl ether 0.1
(IGE)
67-63-0 [sopropyl alcohol 0.25 98-83-9 Methyl styrene 0.04
108-20-3 [sopropyl ether 0.1 101-84-8 Phenyl ether 0.1
5989-27-5 |Limonene 0.1 25013-15-4  [Vinyl toluene 0.04
(as dipentene) (methyl styrene)
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6.0 Monitoring for Distributed Generation Emissions
6.1. Strategy for Air Monitoring
6.1.1. Ambient Impacts of Power Plant Siting

6.1.1.1. Emissions

The major distributed power generation systems are combined-cycle, natural-gas-fired turbines,
and possibly diesel-powered units. Natural-gas-powered systems have relatively low direct
particle emissions; whereas, diesel generation systems will have emissions similar to those from
diesel-powered vehicles. Recent, unpublished tests being conducted by the GE Energy and
Environmental Research Corporation (GE-EER) on a gas combustion system showed that the
particle concentrations were relatively low, compared with those from oil or coal combustion.
The typical particle size was in the size range of 15 to 25 nm. It is anticipated that these particles
will be elemental carbon.

In addition, gas generators produce NO, emissions. In the atmosphere, the primary particles
will rapidly coagulate into the accumulation mode, while the NO, will undergo oxidation to

HNQO,;. In the presence of sufficient ammonia (NH3), ammonium nitrate (NH,NO;) will be
formed. It can either deposit on the surface of the existing atmospheric aerosol or nucleate into
a new ultrafine aerosol. Thus, the principal contaminants to measure are ultrafine particles,
gaseous HNO;, and particulate NH,NO;. Thus, monitoring systems for gas-powered
generators would need to focus on these components.

For diesel generators, the major emissions characteristics are elemental or black carbon
particles. The major emissions from diesel engines are particles in the 40 to 200 nm size range,
and they tend to be chain aggregate elemental particles. In older diesel vehicles, there was
substantial emission of organic carbon, but newer engines tend to produce the elemental carbon
particles with relatively little organic carbon adsorbed onto their surface. The main feature of
these particles is their light absorption. Diesel motor vehicles have been extensively studied,
but there has been less characterization of stationary diesel equipment. A major question then
is the extent of emissions controls that will be used on these systems and what effect those
controls would have on the resulting particle size and absorption properties of the emitted
particles. Unpublished studies in New York City by the Atmospheric Sciences Research Center
from the University at Albany suggest that catalytic regenerative traps reduce the mass
emissions, but produce additional numbers of ultrafine particles. Thus, particle numbers and
size distributions most likely need to be measured in addition to light absorption.

6.1.1.2. Ambient Monitoring Strategy

Results of measurements by Kim et al. (2002) suggest there is a sharp reduction in particle
numbers, black carbon, and CO as a function of distance from a gasoline-vehicle-dominated
freeway. There is also a decrease in the smallest sizes as the aerosol undergoes coagulation,
dilution, and dry deposition. Thus, we might expect similar sharp gradients from a gas-fired
generating system. Particle number concentrations or size distributions can be measured using
conventional aerosol monitoring equipment, although that equipment has not been designed to
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operate under ambient conditions. However, it is not difficult to use available enclosures to
provide adequate protection from weather and to control temperature. Particle numbers are
measured with CNCs. When coupled with a differential mobility analyzer (DMA), the DMA-
CNC combination becomes a scanning mobility particle sizer (SMPS) that can provide size
distribution measurements every few minutes. The range of particle size that can be
determined varies depending on the specific DMA and CNC used in the system. The size
distributions can be measured at fixed locations with respect to the plant site to provide a clear
indication of the particle number concentration gradients.

The distribution of NO, that is emitted from the power plant and the resulting increase in NO,
will be harder to detect, depending on the volume of local traffic and other likely high
temperature combustion sources and the extent of upwind sources that provide a background
of transported NO,. Depending on the local atmospheric chemistry, there will be limited
contribution of the locally emitted NO, to the measured local NO, concentrations.

Zhu et al. (2002) present results showing that there were slower decreases in particle number
and black carbon downwind of a diesel-truck-dominated freeway than were observed for a
freeway with few diesel vehicles.

Diesel equipment emits larger particle sizes than gas-fired combustion sources, and these
particles will also be larger than particles emitted by stationary oil combustion sources, such as
home or hot water heating equipment. It is extremely difficult to distinguish among the
emissions from home heating, diesel generators, and diesel vehicles. Home combustion
emissions provide a significant background upon which the diesel generator emissions will be
superimposed. Monitoring systems based on light absorption (e.g., an Aethalometer) purport
to provide a measure of diesel particle concentrations, as shown in Figure 1. In the absence of
other sources, these systems work well. However, there will be two major problems with the
monitoring of diesel particles based on light absorption at multiple wavelengths. First, diesel
particles from stationary diesel power generation will be indistinguishable from home heating
and diesel truck emissions. There will also be masking of diesel by black carbon particles from
wood combustion. There are other tracers for wood smoke particles, but those require detailed
chemical analysis. By using a sufficient number of monitors, gradients in concentrations from
major sources (e.g., highways and power generators) can be measured and used to separate the
relative contributions of these two ambient sources from those emitted by home combustion
sources. A low-cost monitor is needed, so that a sufficient number of units can be deployed to
quantify the contributions from these various sources.

6.1.1.3. Indoor and Personal Monitoring Strategy

In order to assess exposure in homes and to individuals, it is necessary to have multiple
monitors that can be deployed so as to make a large number of measurements inside and
outside of many houses. It is anticipated that because of its strong sorption onto surfaces,
gaseous HNO; will not effectively penetrate indoors from the ambient environment unless the
ventilation rate is very high. However, ammonium nitrate particles should be able to penetrate

and then may decompose to un-ionized ammonia (N H3) and HNO;. Thus, measurement of
gaseous and particulate nitrate will be needed to characterize indoor and personal exposures.
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In indoor air, ETS and wood smoke also contain components that are strongly absorbing in the
UV region. Any particle source that produces significant concentrations of PAHs will be
detected by the dual light absorption system. These other particle sources could therefore
confound the monitor’s ability to assess exposure to diesel particles accurately. The combustion
of oil for home and hot water heating also produces particles with some similarities to diesel
emissions, because the basic mix of hydrocarbon compounds are the same. There are some
additives in diesel oil that do not appear to be in home heating oil, but making measurements
that could detect additional chemical species characteristic of these additives would require
filter sample collection and analysis or sophisticated measurement methods like an Aerosol
Time of Flight Mass Spectrometer (ATOFMS) with a cost of $350,000. Thus, there are significant
problems in chemically distinguishing diesel from other oil-combustion sources in a low-
power-use, portable, inexpensive monitor.

6.2. Monitor Needs

6.2.1. General Requirements

There are very different requirements for measurements, depending on whether they are to be
made at a fixed site to evaluate the ambient air quality or for the measurement of indoor air
quality or personal exposure. There are relatively few limitations on ambient monitors,
depending on the cost limitations imposed on the system. Given sufficient power and
appropriate protection from weather, very sophisticated systems can be deployed. However,
for monitoring DG systems, more spatial variability in the emissions can be anticipated;
therefore, there is a need for more monitors. As a result, cost becomes an important
consideration in the development and deployment of such systems. Air quality agencies will
need multiple monitors to examine the impacts of the multiple facilities that are being
developed.

For indoor air, the volume of air sampled must be sufficiently low that the collection of the
sample is not perturbing the nature of the indoor atmosphere. That is, the flow rate through the
sampler should be sufficiently low that it does not significantly raise the effective ventilation
rate of the room. The passage of the air through the particle sampler typically serves as an air
cleaning system, and thus, the exhaust of the monitor provides an increased clean air delivery
rate into the room volume. This rate should be chosen to be small compared to the natural
infiltration rate. Again, costs need to be low, so that it is possible for an interested person to
monitor in and around their homes for the effects of the new DG sources.

Personal sampling is limited by the size and weight of pumps that can be used. The maximum
flow rate in these systems is 10 Ilpm and more typically is 2 to 5 lpm. Thus, it is typically
difficult to collect sufficiently large quantities of mass on a filter to provide high-precision
compositional data.
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