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ABSTRACT 

We have developed a small sensor system, the micro-atmospheric measurement system 
@-AMs), to monitor and track aerosol emissions. The system was developed to fly aboard a 
remotely piloted air vehicle (RPV), or other mobile platform, to provide real-time particle 
measurements in effluent plumes and to collect particles for chemical analysis. The p-AMs 
instrument measures atmospheric parameters including particle mass concentration and size 
distribution, temperature, humidity, and airspeed, altitude and position (by GPS receiver) each 
second. The sensor data are stored onboard and are also down linked to a ground station in real 
time. The p-AIviS is battery powered, small (8" diameter x 36"), and lightweight (15 pounds). 
Aerosol concentrations and size distributions from above ground explosive tests, airborne urban 
pollution, and traffic-produced particulates are presented. 

INTRODUCTION 

Monitoring of emissions from point and diffuse sources is important for source characterization in urban air 
pollution studies, in evaluation of hazardous waste sites, and in emergency response to hazardous material releases. 
Traditionally, such monitoring has been carried out using ground-based sensors or from manned aircraft. Both of 
these methods have limitations in being unable to monitor pollutants from within an emission plume, the lack of 
timely response, and high costs. 

Recent developments in miniaturization and increased sensitivity of gas and particulate sensors, and 
advances in development of airborne platforms, particularly low-cost remotely piloted air vehicles (RpVs) allow 
multiple sensors to be flown into emission plumes and over diffuse emission sources to measure and track 
pollutants. We have developed a small sensor system, the micro-atmospheric measurement system (p-AMs) to 
monitor and track emissions. The system was developed to provide real-time particle measurements and collect 
particles for chemical analysis from effluent plumes. Integration of other sensors, including gas-specific sensors, is 
also possible. 

The @-AMs instrument includes sensors that measure particle mass concentration and size distribution, 
temperature and humidity, airspeed, and aircraft altitude and position, (by global positioning system (GPS) receiver), 
each second. The sensor data are stored onboard and also are down linked to a ground station in real time. The 
instrument includes a dedicated microcontroller that controls of all of the sensors, collects the sensor data, and stores 
the data for later retrieval. The instrument is powered by batteries that can run the instrument for 12 hours. Setup 
and testing is accomplished by serial communication with an IBM or Macintosh computer. The instrument can 
perform autonomously during deployment or can be operated remotely over an integral radio data link. The @-AMs 
is packaged inside of an aeroshell of dimensions 8" diameter x 36" and weights 15 pounds. The philosophy of the 
instrument is to provide a fully functional atmospheric monitoring system that is self-contained and independent of 
the platform on which it is carried. 

* Presented at the Second International Airborne Sensing Conference and Exhibition, San Francisco, California, 24- 
27 June 1996 



p-AMs DESCRIPTION 

AEROSOL INSTRUMENT 

The aerosol measuring instrument in the p-AMs airborne package is a cascade impactor. A cascade 
impactor consists of a series of nozzles and plates that are "stacked" so that the airstream passes through each stage 
sequentially. At each stage, the air and aerosols pass through the nozzle and make a sharp turn before passing to the 
next stage. Particles larger than a cutoff aerodynamic size do not follow the airstream but are impacted onto the 
plate behind the nozzle. By stacking a series of stages, a series of size cuts are obtained, thereby measuring the 
aerosol size distribution. In our instrument the "plate" in each stage is a quartz crystal microbalance (QCM) that is 
capable of measuring the mass of particles deposited onto the QCM in real time. Aerosol concentrations down to 
low ambient aerosol levels below 5 pg/m3 can be monitored. By continuously measuring the mass of particles 
deposited at each stage one obtains a measurement of the mass of particles in the ambient air in a series of size 
"bins". For our instrument, there are 7 impactor stages with size cuts of 10,5,2, 1,0.5,0.3, and 0.1 micron 
diameter. 

Since the instrument captures the particles they can be analyzed individually for elemental composition, 
size, and shape using a scanning electron microscope (SEM). Particles can be transferred to other analytical 
instruments for further analysis. 

The cascade 
front of the aeroshell. 
Knowing the particle 

impactor in the p-AMs package samples the air through an isokinetic probe that extends in 
A diaphragm pump draws air through the probe into the impactor and through a flow meter. 

mass collected and volume of air sampled allows the particle mass concentration to be 
calculated. During setup, the microcontroller is instructed on start time and sampling duration for the impactor. 
Particle data are then collected during this time interval. The particle collector can also be operated remotely by 
radio link. 

OTHER COMPONENTS IN THE P - M S  PACKAGE 

Other components in the p-AMs package, in addition to the aerosol instrument, include a temperature- 
humidity probe, GPS receiver, radio modem, and microprocessor-based electronics. 

The temperature-humidity (TH) probe employees a capacitive humidity sensor optimized for rapid (c 1 
second) response time. A temperature sensor integrated into the TH probe provides temperature sensing and 
temperature compensation for the humidity probe. 

Data from the p-MS system and ground station are transferred by radio modem in full duplex mode using 
allocated frequencies between 403-430 MHz within the US. Government band. The radio is frequency synthesized 
and programmable for baud rates, error correction and transmission mode. 

Both the airborne system and ground station contain GPS receivers to determine positions and airspeed. 
The ground and airborne GPS receivers are operated in the differential mode, with the ground station receiver 
positioned at a known location. Position correction signals from the ground station are sent to the airborne system 
and position corrections are calculated by airborne receiver in real time. The resulting airborne positions, relative to 
the ground station, are precise to within 5 meters. 

The p-AMs instrument is controlled by custom electronics that incorporate a 68HC11 microcontroller. 
While the impactor is operating the 68HC11 reads the mass of aerosols in each size bin from the cascade impactor. 
The temperaturehumidity probe, airflow through the impactor, and battery voltage are also read each second. The 
data are assembled into a data stream and sent to the ground station over the radio channel. The instrument may be 



operated in an autonomous mode, with the turn-on and turn-off times for the cascade impactor and sample pump are 
based on time from a real-time clock, or can be operated remotely. 

GROUND STATION 

The ground station consists of two shipping crates containing rack-mounted instruments. The first crate 
contains an industrial computer and display, GPS receiver, radio modem, and altimeter. The computer is used to test 
the p-AMs aircraft system prior to deployment, to control the ground station instruments, and to combine the 
aircraft and ground station data for storage on a hard disc. The second crare consists of a video system including 
video camera, monitor, and video annotator. The video system records a video stream from a ground-mounted 
camera combined with data from the ground station and portable system. 

HELD STUDIES USING THE p-AMS 

Over the past two years, the p-AMs has been used to monitor natural and anthropogenic particulates in 
studies of urban air pollution, traffic-produced aerosol formation, and aerosols produced by above-ground tests of 
high explosives. 

As part of the North American Free Trade Agreement (NAFTA), aerosol and gaseous pollutant 
concentrations along the United States/Mexico border are being monitored. The El PasoKiudad Juarez airshed was 
chosen for study because El Paso exceeds EPA-mandated pollution levels for particulate concentrations. Los 
Alamos National Laboratory, the University of Texas at El Paso, and the Texas Natural Resources Conservation 
Commission took part in a DOE-sponsored program to jointly monitor El Paso pollution levels. Los Alamos 
scientists deployed an elastic lidar system, the p-AMs aerosol collector, and meteorological instruments to monitor 
and track aerosol pollutants. The p-AMs and meteorological instruments were depIoyed from a tethered balIoon to 
obtain aerosol concentrations and size distributions as a function of altitude. The p-MS data served as “ground 
truth” for comparison with the lidar data. Figure 1 shows the p-AMs aerosol instrument being deployed on the 
tethered balloon. 

Figure 2 shows the aerosol size distribution for one collection run during which the p-AMs was suspended 
100 meters above the ground. 

Figure 3 shows electron micrographs of particles collected on our system’s first stage, which collected large 
particles, and on its last stage, which collected particles below 0.3 micrometer in diameter. The large-sized aerosol 
fraction is dominated by windborne soil particles, characterized by their angular morphology and the presence of 
iron, aluminum, and calcium. The elemental data were obtained by energy dispersive spectroscopy (EDS) analysis in 
a scanning electron microscope (SEM). In contrast, particles collected on the last stage are too small to resolve in the 
SEM (4.1 micrometer in diameter) and are high in chlorine and sulfur. These small particles, known as secondary 
aerosols, are formed from gases in the urban airshed and have a large effect on both human health and urban 
visibility. By separating atmospheric particles by size and monitoring their concentration and composition, the p- 
AMs is able to distinguish between various aerosols. In addition the p-AMs measures PMlo aerosol 
concentrations, an EPA-mandated measurement of mass of all particles less than 10 micrometers in diameter. 

As a follow-on study of the El Paso air basin, we made airborne measurements at Sunland Park, New 
Mexico, which is downwind from El Paso, in the fall of 1994. As part of this study, we compared measurements of 
PMlo concentrations made with the p-AMs with measurements from an EPA-approved instrument (Rupprecht and 
Patashnick‘s TEOM Ambient Air Monitor Model 1200); the two instruments were operated side by side. The 
results are shown in Figure 4. 

The two instruments show the same aerosol concentration trends, with the same noise levels for the low 
ambient aerosol level. However, the TEOM data show more variation; during part of the measurement period the 



instrument records negative aerosol concentrations. Volatile aerosols captured by the TEOM evaporate as they are 
heated within the instrument, resulting in a negative aerosol mass value. The p-AMs operates at ambient 
temperature and shows more stable mass readings. The 30-minute averages for the two instruments are within 10% 
of each other. Thus, the p-AMS provides aerosol concentration data of comparable accuracy and precision to that 
of the EPA-approved instrument. 

In order to distinguish between natural soil particles and anthropogenic aerosols produced by traffic, we 
monitored aerosols at a busy intersection in Albuquerque, New Mexico, during rush- and nonrush-hour periods in 
the summer of 1995. For this study, aerosol instruments fielded by the University of Minnesota and a lidar fielded 
by Los Alamos complemented our p-AMs. Aerosol concentrations and size distributions recorded with our 
instrument are shown in Figures 5 and 6 respectively. During the sampling period, the traffic was tapering off from 
the rush-hour peak. At high aerosol concentrations, 2- to 5-micrometer aerosols predominate. However, as aerosol 
concentrations diminish, the relative contribution of larger windborne soil aerosols increases. 

A quite different application of the p-AMs, the one for which it was originally developed, is monitoring 
aerosols emitted during high-explosive tests in the open air. Figure 7 shows results of ground-based monitoring of 
such a test. The explosive was set off at t = 246 seconds. Soil particles, entrained by the shock wave, are 
immediately suspended in the air at very high concentrations. At slightly later times, aerosols from the explosive 
material reach the monitor, producing a secondary peak in the aerosol concentration for large particles. The rapid 
response of the p-AMs is illustrated in this figure. Such response is also critical for airborne applications in which 
the aircraft is traveling in excess of 20 meters per second. Rapid response directly relates to high spatial resolution 
of aerosol concentrations in a cloud. 

The p-AMs was recently used to monitor the PM 10 concentration, temperature, and humidity of a plume 
from a diesel truck. The results of one such measurement are shown in Figure 8. The p-AMs portable instrument 
passed through the diesel plume for about 10 seconds, resulting in a rapid rise and fall of temperature, humidity, and 
PM1o concentration. Monitoring any of the three signals would allow a RPV to be directed into an emission plume. 

SUMMARY 

Airborne emissions must be tracked both routinely and in emergencies. Industrial plants, hazardous-waste 
storage sites, and environmental remediation work require emission monitoring to protect the public from 
inadvertent releases of hazardous aerosols. Accidental releases of toxic aerosols must be identified and tracked 
immediately to save lives. The p-AMs instrument addresses these needs by providing the capability to monitor and 
collect aerosols along with atmospheric temperature and humidity data as a function of position and time from 
mobile platforms. Mounted on a RPV, the p-AMs can measure and sample airborne emissions, radio data to a 
remote operator, and be maneuvered to follow the emission plume. Used at industrial facilities with multiple stacks, 
it will provide a more thorough analysis of emissions than now possible by extrapolating from measurements made 
with monitors that are moved periodically from stack to stack. It will also provide the means of determining aerosol 
concentrations at the boundaries of multi-stack plants. 

We have demonstrated the utility of the p-AMs in monitoring airborne aerosol pollutants and distinguishing 
the type of particles present in the atmosphere. These studies have included both urban aerosols and traffic- 
produced aerosols, The fast response of the p-AMs system has be employed to monitor aerosols emitted from 
above-ground high explosive tests. Such fast response is important for monitoring emission plumes using a RPV in 
which the aerosol concentration, temperature, and humidity of the plume are used to determine plume position and 
to pilot the RFV through the plume. 
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Figure 1.  Photo of p- AMs Aerosol Collector Being Deployed on Tethered Balloon at El Paso, Texas 
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Figure 2. Aerosol Size Distribution at El Paso, Texas 



Figure 3. Urban Aerosols Captured on First Stage (a) and Last Stage (b) of Cascade Impactor 
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Figure 4. Comparison Data from p-AMs and %OM Aerosol Monitors 
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Figure 5.  Concentrations of Traffic-produced Aerosols versus Time 
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Figure 6. Average Size Distribution of Traffic-produced Aerosols 
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Figure 7. Aerosol Concentrations From an Above-ground Explosive Test 



600 - 
500 - 4 

f) 

U J  
l 

- Humidity 

I I I I I 

- 18 s * O  1 - Temperature (C) 

104 
I I I I I t 
5 10 1 5  20 25 30 

Time (s) 

Figure 8. Aerosol Concentration, Humidity, and Temperature in Diesel Exhaust Plume 


