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Report Abstract

In the last 30 years, the Department of Transportation has recorded the three fold increase
in the number of vehicle miles traveled in the United States. Today Americans are more
dependent on vehicles for carrying out daily tasks. Residential developments are now
placed closer to high traffic roadways, often to facilitate access to the roadways. The
effect is that greater numbers of the population are exposed to vehicle emissions. Studies
have shown that mobile source emissions now have significant health impacts, including
respiratory problems and increased cancer risk.

The Wisconsin DNR purchased and developed a mobile laboratory trailer to measure air
pollutants near roadways. The laboratory trailer included analytical systems to measure
volatile organic compounds, particulate carbon, nitric oxide and nitrogen dioxide. Once
developed, the laboratory was tested and used for a series of three sets of roadway
monitoring studies. Between Fall 2009 and Fall 2010, Wisconsin DNR staff monitored
pollutants for a total of 14 days at 9 different locations along high traffic roadways.
Monitoring showed that pollutant concentrations were affected by traffic volume during
specific monitoring days. Meteorological conditions appear to have a greater effect on
pollutant concentrations when examining data between monitoring days. High
concentrations were measured near a variety of high traffic roadways that included urban
traffic corridors, urban expressways, and interstate highways. Measured hourly nitrogen
dioxide concentrations were well below the new EPA standard of 100 ppb. No standards
exist for VOCs, particulate carbon or nitric oxide. The trailer laboratory was also used
for 2009 PAMS monitoring and to support other monitoring studies. The trailer was easy
to move and position for studies. The trailer set-up could be accomplished by a single
staff member. Future work with the trailer will depend on staffing and funding.
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Project Description:

The Wisconsin DNR developed a mobile laboratory trailer designed to house and support
analytical equipment for chemical measurements at remote locations. The laboratory,
also called the RW ftrailer, is housed in a fourteen foot utility trailer configured to hold a
laboratory in the forward section with a rear alcove to store support gases, pumps and
other equipment. Analysis systems housed in the trailer include a gas chromatograph,
particulate carbon monitor and an oxides of nitrogen analyzer. The trailer is powered
either through a shoreline cable from an outlet or when necessary power is supplied by a
propane fueled 10K'W electrical generator. The mobile laboratory was tested in several
monitoring campaigns to assess its usefulness in providing air monitoring data for use by
modelers and risk assessors. The trailer provides short-term measurements necessary for.
studying dynamic emissions and atmospheric processes. The mobile laboratory also
provides high quality measurements at multiple locations needed to assess the public’s
risk.

Benefits of the Project:

The project has provided the Wisconsin DNR an important tool for the collection of data
to be used in model evaluations for planning and to collect data for risk assessments.. The
monitoring trailer was developed and tested in the field. This testing has demonstrated
the usefulness of this laboratory for evaluating emissions near roadways and the diffusion
of pollutants into adjoining neighborhoods. The Wisconsin DNR hopes the monitoring
done to date and in the future will be used to provide data for “ground truthing” emission
models and risk models. In the future, the RW trailer laboratory will be useful in
evaluating shifting emission patterns that may result from changing roadways and
population patterns.

The Wisconsin DNR’s original proposal to develop the RW monitoring trailer included
the following five goals. This final report will show that all five goals have been met.

1. Purchase and equip a trailer to function as a mobile monitoring
platform. The trailer should provide an operational environment
for analytical instruments.

il. Install a Perkin Elmer Automated Ozone Precursor Analysis
System on board the trailer and develop methods for operating the
analyzer on-board the trailer. \

iii. Install a Magee Aethalometer on board the trailer and develop
operating conditions for this analyzer on-board the trailer.

iv. Field test the system and assess the utility of the monitoring trailer
for various monitoring scenarios.

v. Deploy the RW Monitoring trailer in field studies and use this
information to aid in validation of modeling results and make
improvement in risk assessments

Original Problem Statement (from Wisconsin DNR’s Proposal):
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Air pollution in the urban environment has been increasingly indicated as a significant
factor affecting the public health. Within urban areas, roadway emissions are thought to
be very significant and sometimes the most significant source of air pollution. EPA has
reported mobile source emissions may account for 50% or more of the cancer risk in
urban areas (Federal Register, Vol. 71). Currently much of the work to document health
risks is epidemiological. Several studies have shown increased respiratory health
problems associated with traffic related air pollutants (Morgenstern et. al.,2007, Pierse,
et. al.,2006). There are also studies showing relationships between traffic counts and
respiratory health effects (Ciccone, et. al.,1998). While there is increasing evidence to
suggest links between health effects and mobile source air pollution there is not a firm
link between distance from roadway and asthma (Livingstone, et. al.,1996). While
questions exist about risks in relation to one’s proximity to roadways, it has been shown
that exposure to mobile source emissions increases health problems including
cardiovascular disease, respiratory diseases and cancers. Significant risk drivers from
mobile sources include benzene and fine particulate matter. Benzene is a ubiquitous
aromatic hydrocarbon that is present in gasoline and is also formed in many combustion
processes. Benzene is a known human carcinogen and is considered one of the most
significant risk drivers in the urban environment. Mobile source emissions make up the
major source of benzene in the urban environment (Fruin et.al., 2001). Models show that
the exposure from roadways is related to the distance from the roadway (Funk and
Lurmann, 2001). Monitoring studies suggest that for mobile source pollutants, like
benzene, the outdoor and indoor air concentration are similar and indicate ambient air is
the most important exposure driver (Paynes-Struges et. al., 2004). Many questions
remain about benzene in the urban environment that warrant further study. First, what
are the accuracy of the current stationary source and mobile source inventories in
predicting ambient benzene concentrations? How to address the relative contributions of
both major roadways and the numerous minor urban roadways as sources of benzene?
Are there other significant sources that also need to be addressed or that might be more
easily controlled? How quickly is benzene dispersed from the roadways to the adjoining
environment? What are benzene exposures in neighborhood environment? Roadways are
also a major source of fine and ultra fine particulate matter. The fine particulate matter
(PMfine) can enter deeply into the lungs and cause tissue damage. Diesel emissions are a
major source of PMfine. The 1999 National Air Toxic Assessment (NATA) assigned
100% of the diesel PM from mobile sources. Fine particulate matter can also be linked
with VOCs. The group of heavier, less reactive VOCs called “aromatics” have been
associated with the formation of organic carbon (OC) fine particles (Grosjean and
Seinfeld, 1989). Consequently, measurements of aromatic VOCs (e.g., toluene, benzene,
xylene) would be helpful in estimating the relative impact of these precursors to OC
PMfine at monitoring sites. PMfine is currently monitored by filter-based techniques and
some limited real-time analytical instruments (TEOMs and Aethalometer). The passive
monitoring techniques used by the WDNR to measure roadway benzene concentrations
are not effective at measuring particulate matter. We believe that analytical techniques
like the acthalometer will provide data that when combined with the VOC measurements
will provide toxicologists and other health professionals the data necessary to assess
major risk sources in the urban atmosphere. In assessing exposure, studies have shown
poor correlation between self-reported traffic air pollutants exposure and modeled
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concentrations near roadways (Heinrich,J. et.al.). Modeling has been and will continue
to be the primary tool used to show the dispersion of air pollutants from the roadways.
The model concentration data can in turn be used to assess the risk of the public.
Modeling efforts like RAIMI combine dispersion modeling with risk assessment to form
an important assessment tool that can be used at the state, local and neighborhood levels
of analysis. We expect this effort to be especially important for understanding exposure
gradients in areas near roadways, which increasingly have been identified in the public
health literature as being a potentially variable to consider in epidemiology. The ability
to ground truth modeling data becomes very important if that data is to be used by
regulators. Currently the ability to check data is limited to a few monitoring stations.
The NATTS network compromises only 22 stations nationally. While these NATT sites
provide the highest quality data they are very limited in the areas they reach. Assessing
the impacts of berizene and other significant volatile pollutants requires the NATTS site
data be supplemented with PAMS monitoring data and with local monitoring data. Even
with multiple networks taken together the number of monitoring points is smaller than
available data for ozone and particulate networks. Another unknown is whether kriging
techniques or inverse distance weighting used with regional pollutant data can be
effectively be used to interpolate toxic pollutant concentrations. Air monitoring studies
focusing on roadways has been limited. Many current monitoring sites were set up to
avoid direct impacts from roadways. Additional monitoring studies will be needed if we
are to demonstrate the value of modeling and to better understand the causal link between
roadway traffic, increased emissions, spatial and temporal exposure gradients and provide
and estimate of exposure that can be potentially lined to studies of health effects. In
Wisconsin, monitoring studies will be of direct benefit to DNR planning staff and to
other state and local health agencies. Efforts to link epidemiological studies, modeling,
monitoring, and risk assessment can be used by regulators to determine if emission
reductions like those proposed for mobile sources (Federal Register, Vol. 71) can obtain
the desired risk reductions.

Project Milestones:

Appendix B of this report contains a complete summary by quarter for all the work done
on the project. The Wisconsin DNR’s grant proposal listed six basic work tasks for the
project. Those work tasks are reviewed below:

Work Task 1: Develop the guidance documents for staff to initiate and complete the
monitoring project. '

Wisconsin DNR staff have drafted and completed a number of guidance documents for
use in project. Documents include a Quality Assurance Project Plan, a new SOP for the
operation of the Aethalometer, SOPs for the operation of the meteorological sensor, the
GPS antenna and the electrical generator. In addition, staff are currently drafting a SOP
for the Oxides of Nitrogen analyzer. Copies of completed documents are included in
Appendix C & D of this report.
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Work Task 2: Procure a custom-outfitted trailer and associated components to assemble a
mobile monitoring platform.

The Wisconsin DNR purchased a 14 foot Wells Cargo Utility trailer to be out fitted as a
mobile laboratory. The trailer included a forward platform for two propane gas cylinders,
roof supports for installing a work deck, a roof mounted air conditioner/heater, a side
access door and rear cargo doors, a front enclosure to house an electrical generator, and
workbench on the right side of the trailer. After delivery of the trailer, the Wisconsin
DNR contracted for the installation of a 10 KW Kobhler electrical generator in the trailer.
Wiring was installed for electrical circuits and data transmission. A bulkhead wall was
installed in the rear of the trailer to separate the gas storage area from the work area. An
electrical rack was installed to support several rack mountable analyzers. Figures la
through 11 in the next section of this report show the diagrams and photos of the trailer.

Work Task 3: Test the operation of an Aethalometer to be used in the monitoring trailer.

Develop analytical procedure for routine operation of the Aethalometer by Wisconsin
DNR staff.

The Wisconsin DNR purchased a Magee AE22 rack mounted dual channel Aethalometer
for the project. This was the first Aethalometer purchased and used in the Wisconsin Air
Monitoring program. After receiving the analyzer the unit was installed in the Madison
East monitoring site for initial testing. This also provided staff an opportunity to learn
how the analyzer operates. The Aethalometer was operated at the site for a period of
approximately six month during which time the trailer was purchased and configured.
Data from the initial operations at the Madison east site were examined to see
relationships between wind direct and the black carbon concentration. PM2.5 data from
the Madison East site was compared to the black carbon data. A general conclusion was
that the PM2.5 and the black carbon data did not show a high degree of correlation
(correlation .448, n=4054). This is consistent with theory that carbon is only one of a
number of chemical compounds that make-up PM2.5. Michigan DEQ staff provided
invaluable guidance in the analyzer operation based on their own extensive experience.
The operation of the analyzer during this break-in period was very good.

Additional information on the value of the Aethalometer is provided in the conclusion
section of this report.

Work Task 4: Installation of the Ozone Precursor Analyzer and the Aethalometer in the
monitoring trailer.

After support systems were installed the analytical systems were added to the trailer.
Support system included the generator, electrical and data wiring, construction of a
bulkhead wall creating a storage area, installation of a cabinet, an electrical rack,
installing sampling inlets and mounting a support mast for meteorological equipment.

The Perkin Ozone Precursor analyzer was mounted on the trailer work bench. Data from
the analyzer was sent to the interface unit in the electrical rack. The Aethalometer was
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mounted in the electrical rack. A rack mount PC computer was also installed in the
electrical rack. The computer collected all monitoring data. A computer monitor and
keyboard was installed on the workbench. Later in the project an API 200E oxide of
nitrogen analyzer was added to the trailer electrical rack. The API 200 was installed in
the electrical rack and reported data through APICOM software to the trailer’s computer.

A mounting bar was fabricated to hold the electronic compass in alignment with the
metrological sensor. When deployed the electronic compass reported position data for
the met sensors.

Work Task 5: Use the Trailer to conduct Summer PAMS Monitoring

The Wisconsin DNR’s proposal envisioned the RW trailer as a platform for Summertime
PAMS monitoring. The mobile trailer could then be used for additional roadway
monitoring in fall and spring. In May 2009, the trailer was moved to the Milwaukee
South East Region Headquarter monitoring site and was installed at the site for the
summertime PAMS monitoring. Summertime intensive PAMS monitoring includes the
collection of hourly VOC measurements using the Perkin Ozone Precursor analyzer. The
2009 PAMs season saw the first use of the Aethalometer in Milwaukee as an adjunct
measurement for PAMS. While the operation of the trailer went very well, the Perkin
Ozone Precursor analyzer, now 10 year old, showed increasingly poor performance. The
analyzer was plagued by increase noise problems in the system detectors.

The Wisconsin DNR had planned to deploy the RW trailer to the Milwaukee site for the
2010 PAMS season. The trailer was used in two roadways studies in the fall 2009 and
spring 2010. After the last study it was becoming apparent that the AutoGC system was
failing. Cascading failures made it very difficult to maintain the analyzer’s operation for
an extended period such as the summer 2010 PAMS monitoring project. Plans for using
the trailer for PAMS monitoring in 2010 were cancelled.

Work Task 6: Field-test the trailer for Roadway and other monitoring operations.

Following the 2009 PAMS monitoring operations, the trailer was returned to the
Wisconsin DNR’s Madison Science and Operations (SCIOPS) facility for maintenance.
An initial roadway monitoring study was conducted in Fall 2009. This was followed by a
spring study in 2010. In early 2010, with EPA Region 5 support, the Wisconsin DNR
planned for the inclusion of an oxides of nitrogen analyzer in the RW trailer. The API
200E analyzer was purchased in the summer of 2010 and installed in the RW trailer in
fall 2010. A Fall 2010 monitoring study looked at black carbon and oxides of nitrogen
concentrations at seven roadway sites in the Madison area.

In addition to the roadway studies, the trailer was deployed to the Wisconsin DNR’s
Cassville monitoring site for a comparison study with an aethalometer deployed at
Cassville as part of the LADCO sponsored Biomass Emission Monitoring study. While
at the site the RW trailer was used to document increased ambient black carbon with
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trains. A second aethalometer comparison study was conducted in January 2010 on
board the RW trailer when stationed at the SCIOPS location.
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Roadway Monitoring Trailer
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Figure 1c: Diagram of trailer after the Wisconsin DNR’s configuration to a mobile
laboratory. Diagram shows bulkhead wall, AutoGC secured to workbench and analyzer

electrical rack.
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Figure 1d: Monitoring trailer is a 14 foot utility trailer configured as a mobile laboratory.
Trailer is show above in a field monitoring operation.
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Figure le: Roadway trailer has a 10 KW electrical generator power by propane stored in
two gas tanks. When parked, the trailer is plugged into a 50 A 220 VAC outlet. Also
shown is a data port for telephone and data communications.
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Instrument Rack
From top,
computer, NOx
Analyzer,
Aethalometer

Computer
Station

Figure 1f: The data computer and analyzers are mounted in an electrical rack. At the
bottom of the rack is an uninterruptable power source. A computer station is located
across from the rack on the workbench.
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AutoGC for analysis
of VOCs.

MRear
Bulkhead
with

gas filters
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regulators

Figure 1g: The Roadway Trailer’s AutoGC system is mounted on the workbench.
Support gases and pumps are located behind the bulkhead wall.

Figure 1h: Trailer set up for a field study. The meteorological sensor package, black
carbon inlet and the VOC inlet are show in the photograph.
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Sampling cy

Figure 1i: Roadway Trailer auxiliary monitoring parameters include a sonic three
dimensional wind sensor, an electronic compass to orientate the sensors, a GPS antenna.
The acthalometer inlet uses a size selective cyclone for sampling PM2.5.



Roadway Trailer Final Project Report

Monitoring Studies:

Page 17

Monitoring studies using the RW trailer are listed in Table 1. Copies of available reports
are attached as Appendix A to this report.

Table 1: RW Trailer Monitoring Studies

Dates

Description

Summary

June 2009 — August 2009

PAMS Intensive

Three month intensive study in
Milwaukee. The study included
hourly VOC measurements using the
trailer AutoGC system. Because of
the problems with the AutoGC much
of the VOC data remains unreviewed.

11-19-2009 to 12/03/2009 | Fall 2009 Studies included three separate days
Roadway Studies | of monitoring conducted at two sites
along Madison’s “Beltline”
expressway. Monitoring for a total of
20 hours was report. Parameters
included BTEX and black carbon.
4/14/2010 to 4/28/2010 Spring 2010 Monitoring studies were conducted at
Roadway Studies | two locations along Interstate
Highway 39 running directly to the
east of Madison. Each location was
monitored on two separate days for a
total of four monitoring excursions.
09/22/2010 Cassville A single days monitoring at the
Acthalometer Cassville site to directly compare the
Check Cassville aethalometer with the RW
trailer’s aethalometer as a Quality
Assurance check.
11/02/2011 to 12/08/2010 Fall 2010 Seven monitoring studies were
Roadway Studies | conducted along three types of high

volume roadways. No VOC
measurements were made, but black
carbon, nitric oxide and nitrogen
dioxide were measured.

01/06/2011 to 01/18/2010

Biomass Study
Aethalometer
Check

A multiday study to compare two
acthalometers used in Wisconsin air
monitoring studies. The study looked
at the bias between the analyzer and
factors affecting that bias.
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Budget:

Table 2 show the original line item budget provided by Wisconsin and the most update
reporting on the project expenditure.

"Table 2: Original Line Item Budget with Estimated Expenditures

Line Original June ZQ 10 Fina.l
Budget Extension Expenditure

a. Personnel $26,806 No Change $29,186
b. Fringe Benefits $9,228 No Change $11,684
c. Contractual Costs $12,999 No Change $0
d. Travel $808 No Change $148
e. Equipment $48,000 No Change $51,771
f. Supplies $10,900 No Change $11,948
g. Other $3,070 No Change $3,641
h. Total Direct Costs $111,811 No Change $108,378
zol;?lﬁllleﬁg‘:irs;to?::i;ilds Eriré(;rl:cierate $4,119 No Change §4,119
j. Total Cost $115,930 No Change $112,497

Overall the Wisconsin DNR has stayed within the funds granted for the project. Fund
budgeted on the contractual line were not used. The original project plan had call for
contracting to have the AutoGC system serviced and for support of the AutoGC
measurements. When the AutoGC failed these plans were dropped. Some of the unused
funds went into labor and supplies in attempts for fix the AutoGC system. Funds were
also used to support other areas of the project, including the purchase of an oxides of
nitrogen analyzer to more thoroughly assess vehicular roadway emissions in real-time.
The purchase of the oxides of nitrogen analyzer was approved by the Region 5 EPA.
Several other lines of the budget were also greater than originally planned. Salary costs
were increased because staff shortages required that an employee at a higher pay range
complete some of the project work. Equipment and supplies costs increased with the
addition of the oxides of nitrogen analyzer.
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Conclusion and Continuing Operations

Trailer Operation

The utility trailer platform used for the mobile laboratory operated above expectation.
The trailer proved easy to tow and to position for the monitoring operations. The trailer
provided adequate space for the analytical systems and for the operator to work. Set-up
of the sampling inlet probes was straight forward. The set-up of the meteorological
sensor mast with the electronic compass to assist in positioning worked above
expectations.

The electrical power system performed well, several problems were noted and some of
these were addressed and minimized during operations. The on-board generator
functioned very well and met expectation. There was sufficient power for all operations.
Gas cylinders were weighted before and after being refilled. Data from these weights
suggest that on average the generator us approximately 1.8 kg/ hour of operation.
Predictions based on the cylinder size of 30 pounds (13.6 kg) estimated the generator
could operate for 12 hours using 80% of fuel with a 20% reserve. This prediction was
confirmed-during the September 2010 Cassville monitoring study when the generator
operated continuously for over 13 hours. The power transitions from shoreline to
generator power were accomplished above expectations. The trailers analytical systems
are either microprocessor or computer controlled and there were concerns that the
microprocessor\computer controls would reset during the power transfers. A reset would
necessitate reinitializing the analyses. The power transitions for shore line power to
generator power work above expectation. All systems made the transition without
incidents or problem. This is important because it allowed systems to be operating and in
calibration mode during the transition as the trailer is prepared for operation. The back
transition from generator to shore power also went well. The single exception during this
transition was the AutoGC’s Automatic Thermal Desorber which failed during the
transition and had to be recycled (off - on) to reset.

One problem requiring a special note is the generator fuel line freeze-up. The large
generator consumes the fuel quickly allowing the unused gas to expand in volume. The
expansion is endothermic and results in cooling the gas tanks. During a number of
operations, the operator noted the buildup of an ice layer on the exterior tanks walls. The
freeze-up problem did, at some times, result in the generator being starved of fuel
resulting in a shut down. When the generator shuts down, the resulted in a loss of power
causes all analytical systems to shut down, requiring a restart. The propane tanks are fed
through an automatic valve that should switch from an empty to full fuel tank. This did
not happen when freeze-up occurred. To minimize the freeze-up problem the operator is
advised to periodically (approximately each hour) flipped the supply tank to prevent
excessive freeze-up. While this tanks switching minimizes the freeze-up problem, the

problem did continue and cause a premature ending of the last roadway monitoring study
(12/08/2010).

One related problem that has not yet been solved is the Uninterruptable Power Supply
(UPS) failure. In theory, the UPS will condition the electrical line power and provide



Roadway Trailer Final Project Report Page 20

brief back up power. The UPS unit failed to accept the power supplied by the generator
and switched to its back-up function, which quickly failed. An attempt was made to
adjust the UPS to accept generator power, but this failed to correct the problem. This
remains a problem to be addressed in future operations of the trailer.

Monitoring Analyzers:

Ozone Precursor Analytical system

The Ozone Precursor Analytical system, also called the AutoGC, was purchased from the
Perkin-Elmer company in May 1998. The system was used from summer 1999 to
summer 2009 for continuous monitoring of ozone precursors in Milwaukee. The
analytical system was also used for the analysis of passive samplers in the Milwaukee
Roadway Study 2006-2007 and Waupaca Benzene Study 2008. In spring 2009 the
system was moved into RW trailer, a mobile laboratory trailer, to be used for near
Roadway studies. The system operated in the trailer for the PAMS 2009 season and for
roadways studies in fall 2009 and spring 2010

In the fall 2009 roadway studies, the AutoGC functioned well throughout the first two
test days while the third day’s data was affected by a noisy detector. The overall
operation of the AutoGC system went well and over the three test days and the system
collected 20 hours of VOC data. The report noted the AutoGC system tolerated the
transition from shore to generator power and the transition back. The only lose of data
during these studies was related to power failures in the trailer.

The report on the spring 2010 roadway monitoring studies noted the AutoGC system
functioned only marginally. Deteriorating performance of the system’s detector was
noticeable. The report noted the detector was particularly affected by noise.

The AutoGC system operated well for most of the PAMS seasons from 1999 to 2008.
Detector noise problems began to occur in 2007 and one detector failed after the 2009
PAMS season. After the Spring 2010 Roadway Monitoring studies the analytical system
was began experiencing cascading failures. The term “cascading” referred to the
condition where as quickly as one problem can be fixed a new problem occurs that
precludes the operation of the system. A summary of the system problems included.

* The Zero Air Source unit was not supplying the enough air for continuous
operation. The system could be operated for short periods with cylinder air as
back-up but it can not be used for continuous operations.

» The ATD Concentrator unit began experiencing repeated “Triac” failures. The
failure appears to shift from one part of the unit to another part. With the unit
reporting the Triac failures “front arm”, “back arm”, and “line”. The shifting
nature of this failure suggests the problems in not in the Triac but rather in some
electronic supporting or monitoring the units Triac points. Several attempts to
clear the error failed. These attempts included testing alternate boards supplied
by IEPA.
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» The gas chromatograph oven cooling fan stopped functioning. The fan itself
operates and the problem appears to be in the fan control electronics. Without
the cooling fan the system can not reset within the time frame necessary to make
hourly measurements.

* The Flame Ionization Detector (FID) 1 appears to have an electrical short. The
short results in the detector current reading as a negative voltage. The
electronics interpret the negative voltage as an unlit detector and will not
proceed unless the detector is turned off.

*  FID 2 will operated but was experiencing both a loss of sensitivity and an
increase in detector noise. In addition to the basic increase in noise, a second
noise problem was noted to develop as a function of the time the system was
operating. This second noise problem suggests an internal problem perhaps in
the power supply, which may be heating during operation and the heating may
have allowed the leakage of or creation of stray voltage.

The analytical system is over 10 years old. Perkins Elmer no longer supports this
analytical system and there is no one to immediately call for repairs. Parts replacements
for the system is unreliable, are based on existing Perkin Elmer supplies, and the
company has no plans to provide parts when the supplies are exhausted. Despite
consulting a number of manuals, including technical manuals for the system, staff were
unable to make effective repairs. In September 2010, the Wisconsin DNR reported to
EPA that it would no longer operate the AutoGC system.

Despite problems with the AutoGC analysis system this project did demonstrate the
validity of the concept of including a VOC analyzer in a mobile laboratory. Volatile
organic pollutants measurements will continue to be important. The Wisconsin DNR will
continue to look for funding for a replacement analytical system. The Wisconsin DNR is
currently looking at the SyntecSpectras GC955 Series 600 BTEX Analyzer as a possible
replacement analyzer. The Syntec system is estimated to cost approximately $37,000.

Aecthalometer

The Magee AE22 Acthalometer operated as expected during the all monitoring
operations. Initially, the main concern with the Aethalometer is the treatment of the data
and the effects of the site to site transitions. The Aethalometer appears to need a
significant amount of time to stabilize after a shut down. Because of the analyzer’s
stabilization time, the WDNR operator tried several transition techniques during the
initial shakedown studies. These techniques included allowing the analyzer to run while
moving to the site and stopping the analyzer during the transition. Eventually it was
decide to allow the analyzer to run while in route to the monitoring site. No data during
the transition was reported in any study. A second concern with the Aethalometer is the
lack of external standardization, which limits any verification of the analyzer’s
operations. The comparison studies run were one attempt to check individual analyzers
against each other as means of assuring confidence in the analyzer’s measurement. The
only notable operation problem was that the acthalometer did experienced several filter
tape problems, but all the problems were corrected without affecting any planned
operations.
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The value of the acthalometer measurements is shown in the data in Figure 2a and 2b.
Figure 2a is a graph of measured black carbon plotted by the wind direction at the time of
the measurement. Figure 2b show the modeled results of Roadway Diesel Cancer Risk
for the area near the monitoring site. An empirical analysis suggests that the highest
black carbon concentrations were measured along wind directions crossing the area of
highest diesel risk. For a more quantitative comparison, the modeled concentration value
at the receptor closest to the monitor is 0.42 micrograms per cubic meter. The Wisconsin
DNR staff monitored at the Madison East Site for approximately 6 months (4261 hours or
0.49 year). Over that time period the average black carbon measured 0.57 ug/m3. The
actual measured average concentration was 137% of the modeled concentration. This
analysis supports the modeled risk information and confirms the value of the
aethalometer in confirming modeling results.

Madison East - Black Carbon
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Figure 2a: Black carbon measurements plotted by wind direction.
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Figure 2b: Graphical results for risk modeling in the area near the Madison East High
monitoring site.

API 200E Oxides of Nitrogen Analyzer

The API 200E was operated in a manner consistent with the manufactures instructions.
Overall, the oxides of nitrogen analyzer operated as expected. There was a small amount
of data lost, but this was due to generator failures and not to any problems with the
analyzers. Multipoint verifications of the analyzer calibration were preformed before
and after the studies.

Photochemical Assessment Monitoring Station (PAMS):

A major goal of this project was to move the PAMS operation from a permanent fixed
site to a mobile laboratory. In past years, the PAMS monitoring equipment was used
during the summer and then left idle during other times of the year. The project plan
envisioned that the mobile laboratory would be operated from a fixed location during the
summertime PAMS intensive studies. The laboratory could then be used at various
locations at other times of the year.

The usefulness of the mobile laboratory was proved in concept, but the more practical use
of the system remains to be seen. The major set back was the failure of the AutoGC
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analysis system. The AutoGC system was originally purchased by the Wisconsin DNR
in 1998 and has been in used since the 1999 PAMS monitoring program. At the time, the
Wisconsin DNR’s proposal was submitted the system appeared to be operating as
expected. The funding of the proposal was delayed and the system continued to age.
From the time the system was installed in the trailer, to the time of failure was
approximately one year.

Wisconsin is not alone in experiencing operational problems with the AutoGC system. A
number of states have reported that aging AutoGC system are failing or have failed.
LADCO has developed a proposal to replace the AutoGC system with less complex and
less costly analyzers that measure Total VOCs or analyzers that measure BTEX.
Wisconsin has asked to be a test site for the proposed BTEX analyzers. If funding does
become available for the BTEX analyzers Wisconsin will replace the AutoGC with the
BTEX analyzer. Wisconsin would then resume the original project idea to use the RW
trailer for summertime intensive PAMS monitoring.

Roadways:

The RW trailer has proven to be a useful tool for studying air quality near roadways. The
trailer laboratory provides a platform to bring analyzers for VOC, black carbon, nitric
oxide and nitrogen dioxide to the monitoring location near roadways of interest. The
onboard generator and the trailer’s environmental systems provide support for the
measurement systems. The generator provided power at locations that could not be
readily accessed with power drops. The mobile laboratory also allows sampling at
locations where the Wisconsin DNR can get short term access for monitoring, but where
permission for long term access is doubtful.

Roadways continue to be evaluated as major sources of criteria and air toxics. Modeling
of roadways and risk assessments continue to show that roadways must be considered in
plans to reduce exposure. EPA’s recently revised NAAQS for nitrogen dioxide targeted
roadways as one important source of the pollutant. Monitoring will be needed to support
efforts to evaluate and address mobile source pollutants. The three series of roadway
studies and the two other studies have demonstrated the usefulness of the mobile
laboratory.

Staffing:

This project could not have been completed without the Wisconsin DNR’s dedicated
staff. The monitoring section’s engineering staff provided important advice in planning
the RW ftrailer laboratory. Shop staff configured the trailer for use as a laboratory and
installed monitoring equipment.

The mobile laboratory proved to be very efficient and typically could be towed into place
and set up for studies by a single staff member. A decreasing number of staff did slow
the project and it was necessary to extend the project to complete all the work originally
planned.
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Future operations of the mobile monitoring trailer will rely on having sufficient numbers
of trained staff. The current climate for the state and federal budgets will limit funding to
hire and train staff. This may well limit the use of the trailer in the future.
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DATE: Monday, January 25, 2010 FILE REF: AT2010
TO: Bart Sponseller — AM/7

FROM: Mark K. Allen - AM/7

SUBJECT: Shakedown Tests of Roadway Trailer

The Roadway Monitoring and PAMS trailer, hereafter RWM\PAMS trailer, was
developed in the spring of 2009. The trailer was purchased and delivered to the
Wisconsin DNR in early 2009. After delivery the trailer was transferred to a contractor
for installation of the electrical generator system. In April and May, the trailer was
configured into a laboratory and the analytical systems were installed. In the summer of
2009 the trailer was stationed at the Wisconsin DNR’s Milwaukee Headquarter building.
The RWM/PAMS trailer was used for PAMS measurements during the summer of 2009.
The PAMS season ended in September 2009 and I had planned to do some initial tests of
roadway monitoring in Milwaukee. However, at the end of the PAMS monitoring season
the trailer’s analytical systems had several problems that precluded immediate use for
roadway work. The trailer was therefore returned to Madison for additional repair work
on the analytical systems.

Status of the AutoGC Analytical System Prior to the Initial Roadway Studies:

At the end of the PAMS monitoring season, the AutoGC system has several operational
problems. The first problem is a failure of one of two FIDs used to detect compounds.
This problem could not be corrected, but because roadway work focuses on higher
molecular weight compounds I decided to operate the AutoGC in a signal column mode
using the DP-1 column as the analytical column. Operating in this mode allows the
analysis of target compounds from C6 to C12. The second problem was the deteriorating
condition of the system's zero air source. The air source appears to be leaking air and this
failure has resulted in an increase demand on the system’s air compressors. The demand
on the compressors resulted in the failure of both the primary compressor and a back-up
compressor. The AutoGC system when operating in a continuous mode requires large
volumes of zero air. While the compressor is required for continuous operation, the
system can be operated for short times using the back-up cylinder of zero air. For
shakedown tests, I elected to operate using only zero air supplied by gas cylinders.

In summary for the shakedown tests of the RWM\PAMS trailer the AutoGC was
operated in a single column mode using a cylinder supplied zero air.

The shakedown tests were conducted in Madison in late November and early December.
A total of three test runs were made. Testing ended for the year after the first significant
snowfall occurred and it was felt that moving the trailer after the snow fall would be
difficult. The purpose of this report is to document the results of the shakedown runs and
assess needs for future work with the RWM\PAMS ftrailer.

Test location:

Printed on
Recyclod
Paper



The primary test location was the Madison’s south commuter expressway, referred to
locally as the “Beltline”. Specific locations and details of the monitoring operations used
for the study are listed in Table 1:



Table 1: Location and Time Data for the Shakedown Roadway Tests.

Start End | Elevation

Date Location Time | Time (ft) Lat Long
Beltline North side - WDR

11/19/2009 | Parking lot 7:00 | 15:40 859 43.02518 | 89.22498
Beltline North side - WDR ‘

11/23/2009 | Parking lot 15:30 | 20:30 858 43.02517 | 89.2251
Beltline Southside - Between

12/03/2009 | Fish Hatchery & Park Street | 6:00 | 13:40 875 43.02049 | 89.2409

Testing protocols:

Test runs typically followed a set protocol including the follow elements. Prior to
leaving SCIOPS a test standard was started on the AutoGC. The on-board electrical
generator was started and when running the power was transferred from the shoreline to
the generator. All outside sampling probes were removed. The trailer was hitched to the
tow vehicle and after a safety check the trailer was towed to the test locations. Because
the test sites were close to SCIOPS travel was less than 30 minutes. At the test site, the
sampling probes were quickly set-up. On site sampling was started at the start of the
hour. Secondary analysis systems like the anemometer were set-up after the AutoGC and
Acthalometer were started.

During the testing, the operator monitored all analytical systems and the trailer support
systems. The operator periodically made manual traffic counts to assess the amount of
vehicular traffic.

At the conclusion of the test run the operator would start a test standard on the AutoGC.
Outside sampling probes were removed and stored. A safety check was made of the
trailer and the trailer was then towed back to SCIOPS and parked. The trailer power was
transferred back from the electrical generator to the shoreline power. When all systems
were back on shoreline power the generator was turned off. The operator then reviewed
all data to insure records were complete and completed the trip log. Analytical systems
were turned off.

Results:

Chromatographic data was captured and processed by TotalChrom software. Data was
then exported to a ACCESS database as hourly data. Aetholometer data was capture by
the Tekran capture software and stored on the main computer as 5 minute increments.
The data was exported to an ACCESS data base and five minute measurements were
combined to an hourly average. The hourly average was taken from reading report at 5
minute after the hour until the reading from the next hour. While most readings are
positive the manufacturer of the Aethalometer reports that negative values may occur.
The manufacturer recommend including the negative values to arrive at a true hourly
average.



No direct meteorological measurements were made from the trailer due to problems
described later in this report. Wind speed and wind direction data reported are taken
from the Wisconsin DNR’s monitoring site at East High School (55-027-0041).

Analytical results for the AutoGC (BETXs), Aethalometer (black carbon) and wind
speed/wind direction system are summarized as hourly values in Data Tables 1, 2, and 3
at the end of this report.

Manual traffic counts were also made periodically as time permitted. The traffic count
was made by counting the cars passing a point, here a sign post, during a fixed time
period. Counts are reported on the data tables under the hour in which the count was
made. Counts are reported for both the West Bound(WB) and East Bound (EB) lanes. I
would generally say that traffic was moving well on all days when monitoring was down.
The count therefore is an accurate reflection of volume.

Equipment performance during Shakedown

The utility trailer platform used for the mobile laboratory operated as expected. The
trailer proved easy to tow and to position for the monitoring operations. Set-up of the
sampling probes and the meteorological sensor mast worked as expected.

Electrical power system performed well, but several problems were noted and these
should be addressed in future operations. The on the on-board generator functioned very
well and met expectation. There was sufficient power for all operations. Gas cylinders
were weighted before and after being refill. Data from these weights suggest that on
average the generator us approximately 1.8 kg/ hour of operation. Based on cylinder size
of 30 pounds (13.6 kg) I believe that we could operate on generator power for 12 hours
using 80% of fuel with a 20% reserve. The power transitions from shore to generator
power were accomplished above expectations. The trailers analytical systems are either
microprocessor or computer controlled and I had concerns the microprocessor\computer
controls would reset during the power transfers. A reset would necessitate reinitializing
the analyses. The power transitions for shore line power to generator power work above
expectation. All systems made the transition without incidents or problem. This means
that system can be operating and in calibration mode during the transition as the trailer is
prepared for operation. The back transition from generator to shore power also went
well. The single exception during this transition was the ATD which failed during the
transition and had to be recycled (off - on) to reset. The operator is therefore advised to
be sure all ATD operations are completed before making the generator to shoreline power
transition. One problem I noted with the generator was fuel line freeze-up. The large
generator consumes the fuel quickly allowing the unused gas to expand in volume. The
expansion is endothermic cooling the gas tanks. During operations, I noted the buildup
of an ice layer on the exterior tanks walls. The freeze-up problem can results in the
generator being starved of fuel resulting in a shut down. I experience this shutdown once
while operating at SCIOPS and a second time near the end of the 11/23 sampling run.
The generator shutdown, this resulted in a loss of power and all analytical systems had to
be restarted. The tanks are fed through an automatic valve that should switch from an



empty fuel tank to a full tanks. This did not happen when freeze-up occurred. While
operating, I periodical (approximately each hour) flipped the supply tank to prevent
excessive freeze-up. A final problem was the UPS failure. The UPS failed to function
when the trailer was operating on generator power.

Analytical systems

The AutoGC functioned well throughout the first two test days while the third day’s data
was affected by a noisy detector. The overall operation of the AutoGC system went well
and over the three test days I collected 20 hours of VOC data. The AutoGC system
tolerated the transition from shore to generator power and the transition back. Sampling
during first day included the collection of 6 hours, one partial hour of data plus a
Retention Time standard. During the 07:00 hour of collection the datalogger and
computer went down when the UPS battery failed. The datalogger and computer were
restarted and a part of the missing data was recovered manually. During the second day I
collected 5 hours of data. Near the end of the work day the generator stopped due to a
fuel line freeze-up. The analytical systems were reset and I ran the system span gas after
the restart. The third sampling day I collected 8 hours of data. The system operated well
but I did note increasing noise in the detector.

The Aetholometer had experienced a tape problem prior to the start of the shakedown
runs, but the problem was corrected without affecting any planned operations. The
Acetholometer operated as expected during the shakedown run. The main concern with
the Aetholmeter is the treatment of the data and the effects of the site to site transitions. 1
tried several transition techniques during the shakedown include allowing the analyzer to
run while moving to the site and stopping the analyzer during the transition. There was a
great deal of variation in the data during the initial transition runs and I am unable to
explain what technique will work best for the transitions.

The third analytical system is the 3 dimensional anemometer designed to collect a
complex data array of the wind profile during sampling. Unfortunately the anemometer
was not operational during the shakedown. The system was set-up during the first
sampling day but when the data was examined it was found that the system had recorded
no useable data. The investigation of the system later found the data communication
lines severed in one of the connectors. The cable was fixed but not in time for this study.
The deployment of the sensor and sensor mast was useful because it confirmed the need
for a positioning sensor to assist in aligning the CSAT sensor. Manual alignment of the
CSAT on the trailer is very difficult and alignment questionable.

Recommendations:

The shakedown monitoring runs conducted with the RWM\PAMS trailer have shown the
utility of the mobile laboratory for measuring air quality near roadways. The
recommendations provided should help improve the operation of the trailer for future
monitoring projects.

- Adjust the UPS unit to have it accept power supplied by the generator. If adjustments
are not possible replace the UPS.



- Correct current operating problems with the AutoGC system. Purchase a new zero air
source and return both FIDs to operations.

- Determine and implement a standard procedure for the Aethalometer to provide reliable
data when the trailer is moved.

- Improve operation of the on-board meteorological monitoring system

I am currently working to implement all of these recommendations.



Data Table 1: Roadway Monitoring Summary for 11/19/2009

Sampling Hour

Parameter Name 0700 0800 0900 1000 1100 1200 1300
Benzene (ppbV) 2.930 2.305 2177 2.021 2.604 2.266 2.668
Ethylbenzene (ppbV) 0.965 0.835 1.174 0.844 0.659 0.803
Toluene (ppbV) 7.713 5.806 4.68 6.459 5317 4222 3.561
M/P-Xylene (ppbV) 2.701 2.216 3.098 1.852 1.745 1.517
O-Xylene (ppbV) 1.034 1.172 1.371 0.467 0.985 2.721
Wind Direct (deg) 70 69 81 130 111 281 278
Wind Speed (mph) 1.4 1 33 3.8 3.8 4.5 5.6
Black Carbon (ng/m3) 1426 1117 957 1200 887 614 -9644
WB (vehicles/min) 62 53 55 55 50
EB (vehicles/min) 57 48 55 65 60

Data Table 2: Roadway Monitoring Summary for 11/23/2009
Sampling Hour

Parameter Name 1500 1600 1700 1800 1900 2000
Benzene (ppbV) 1.801 3.177 2.669 1.377 1.862 | - *)
Ethylbenzene (ppbV) 1.051 0.779 0.729 0.561 0393 | @ -
Toluene (ppbV) 5.261 5.339 4.034 3.603 3097 | e
M/P-Xylene (ppbV) 1.938 2.67 1.949 1.067 0876 | = ==
O-Xylene (ppbV) 0.721 0.889 1.746 0.501 0398 | @ =
Wind Direct (deg) 91 90 97 89 97 99
Wind Speed (mph) 3.4 35 3.6 3.5 4.2 3.6
Black Carbon (ng/m3) 566 329 547 521 170 278
WB (vehicles/min) 81 62 38
EB (vehicles/min) 100 85 50

(*) — VOC data was lost when generator stopped. System restarted and a close-out standard was run.,




Data Table3: Roadway Monitoring Summary for 12/03/2009

Sampling Hour

Parameter Name 0600 0700 0800 0900 1000 1100 1200 1300
Benzene (ppbV) 1.434 1.634 2.183 1.623 1.34 1.013 1.345 Noise
Ethylbenzene (ppbV) 0.915 0.636 0.544 0.552 0.822 0.463 1.021 1.473
Toluene (ppbV) 1.926 2.405 2384 2.369 2.054 2.238 3.806 3.489
M/P-Xylene (ppbV) 1.566 1.49 1.513 1.752 1.163 1.625 2.279 4.379
0O-Xylene (ppbV) 0.56 0.573 0.427 0.564 0.776 0.477 0.781 1.029
Wind Direct (deg) 346 327 343 342 344 350 358 354
Wind Speed (mph) 5.8 7.4 6.7 6.5 6.5 6.9 53 5.6
Black Carbon (ng/m3) -243 350 589 454 492 628 620 -2148
WB (vehicles/min) 42 91 102 62 49
EB (vehicles/min) 29 72 76 55 48




Appendix 1: Map of monitoring sites
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DATE: Wednesday, August 25, 2010 FILE REF: AT2010
TO: Bart Sponseller — AM/7

FROM: Mark K. Allen — AM/7

SUBJECT: Spring 2010 Roadway Monitoring near Madison, WI.

The Roadway Monitoring and PAMS trailer, hereafter RWM\PAMS trailer, was
developed in the spring of 2009 for use in a Wisconsin Community Assessment
Monitoring program. The trailer was developed as a mobile laboratory that could be used
for both long and short term air monitoring projects. The PWM\PAMS trailer was used
for PAMS monitoring in the summer of 2009 and in the fall of 2009 for several days of
air monitoring. The test location for the fall studies was the Madison’s south commuter
expressway, referred to locally as the “Beltline”. The results of the fall roadway studies
were reported in January 2010.

Status of the Trailer’s Analytical Systems Prior to the Spring Roadway Studies:

In my report detailing fall 2009 roadway testing I noted on the AutoGC system the failure
of one of two FIDs used to detect compounds. This problem could not be corrected and
continued in the spring 2010 monitoring work. Because roadway work focuses on higher
molecular weight compounds, I decided to continue to operate the AutoGC in a signal
column mode using the DP-1 column as the analytical column. Operating in this mode
allows the analysis of target compounds from C6 to C12. A second problem was the
deteriorating condition of the system's zero air source, also continued from the fall. The
air source appears to be leaking air and this failure has resulted in an increase demand on
the system’s air compressors. The demand on the compressors resulted in the failure of
both the primary compressor and a back-up compressor. The AutoGC system when
operating in a continuous mode requires large volumes of zero air. While the compressor
is required for continuous operation, the system can be operated for short times using the
back-up cylinder of zero air. Operating in the same manner used for the fall monitoring
work, I elected in the spring studies to operate using zero air supplied by gas cylinders. 1
will note that a new zero air source was installed after these tests and that that system has
functioned well.

In summary for the spring studies like the fall shakedown tests of the RWM\PAMS trailer
the AutoGC was operated in a single column mode using a cylinder supplied zero air.

During the fall 2009 test the meteorological sensors where not operating due to broken
cables. This problem was corrected and the spring monitoring included on site
measurements of wind speed and wind direction. The monitoring system used was a
Campbell CSAT sonic anemometer. The CSAT system measure wind speed and wind
direction in three orthogonal directions. The data is reported as vector in the x, y, and z
direction. To align the CSAT system the sensor is mount to a cross beam in a parallel
arrangement to an OceanServer electronic compass. At the monitoring location, the
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meteorological tower is raised and the position of the sensor adjusted until the compass is
aligned north within 4 degrees and the sensor pitch and yawl are within 2 degrees of zero
(horizontal). Data processing is described in the results section.

One final analytical device added to the trailer was a GPS antenna. This antenna can be
queried by the trailer computer using the HyperTerminal software.

Test location:
Specific locations and details of the spring 2010 monitoring operations used for the study
are listed in Table 1:

Table 1: Location and Time Data for the Spring 2010 Roadway Tests.

Start End
Time | Time | Elevation
Date Location - (CST) | (CST) (m) Lat Long

Madison, WI - NE side of
city, at NW corner of
190/94/39 and Highway 51
04/14/2010 Exit. 06:00 | 17:00 268 43 89 18.819

Near dead end of Metro 07.256
Road in town of Burke
North of abandon truck stop

at 6155 Highway 51.

Madison, WI — At west side
of Badger interchange.
Between N & S bound lanes
04/20/2010 of 139/90/94. In 06:00 | 16:45 310 4306.633 | 8917.117
WDOT/Dane County
Highway Service Area with
access from County T.

Madison, WI — At west side
of Badger interchange.
Between N & S bound lanes
04/27/2010 0f 139/90/94. In 06:30 | 17:00 315 4306.641 | 8917.121
WDOT/Dane County
Highway Service Area with
access from County T.

Madison, WI - NE side of
city, at NW corner of
190/94/39 and Highway 51

‘ Exit.
04/28/2010 Near dead end of Metro 09:00 | 17:00 266 4311.103 | 8919.475
Road in town of Burke
North of abandon truck stop

at 6155 Highway 51.




Testing protocols:

Test runs typically followed a set protocol including the follow elements. The trailer
base station for these studies was the Wisconsin DNR’s Science and Operations Center
(SCIOPS) located on the southeast side of Madison. Prior to leaving SCIOPS a test
standard was started on the AutoGC. The on-board electrical generator was started and
when running the power was transferred from the shoreline to the generator. All outside
sampling probes were removed. The trailer was hitched to the tow vehicle and after a
safety check the trailer was towed to the test locations. Because the test sites were close
to SCIOPS travel was less than 30 minutes. At the test site, the sampling probes were
quickly set-up. On site sampling was started at the top of the hour. Secondary analysis
systems like the anemometer were set-up after the AutoGC was started.

During the testing, the operator monitored all analytical systems and the trailer support
systems. Manual traffic counts taken in the fall 2009 monitoring were replaced with
WDOT reports from sensor in roadway.

At the conclusion of the test run the operator would start a test standard on the AutoGC.
Outside sampling probes were removed and stored. A safety check was made of the
trailer and the trailer was then towed back to SCIOPS and parked. The trailer power was
transferred back from the electrical generator to the shoreline power. When all systems
were back on shoreline power the generator was turned off. The operator then reviewed
all data to insure records were complete and completed the trip log. Analytical systems
were turned off.

Results:

Chromatographic data was captured and processed by TotalChrom software. Data was
then exported to an ACCESS database as hourly data. Aetholometer data was capture by
the Tekran capture software and stored on the main computer as 5 minute increments.
The data was exported to an ACCESS data base and five minute measurements were
combined to an hourly average. The hourly average was taken from reading report at 5
minute after the hour until the reading from the next hour. While most readings are
positive the manufacturer of the Aethalometer reports that negative values may occur.
The manufacturer recommend including the negative values to arrive at a true hourly
average.

Meteorological measurements were made using a Campbell CSAT sonic anemometer and
are logged on a Campbell data logger. The CSAT’s primary use is to measure the
turbulent fluctuations of horizontal and vertical wind. Three dimensional wind
measurements made using the CSAT are collected as three orthogonal vectors Ux, Uy,
and Uz. Where Ux is the north south axis of the horizontal wind, Uy is the east west axis,
and Uz is the axis transectioning the horizontal plane.

Vector data is converted to spherical coordinates of Rho (speed), Theta (azimuth), and
Chi (elevation). A diagram of the spherical coordinates is shown in Figure 1.
Conventions for the three vectors are given in Table 2.



Table 2: Conventions for Orthogonal Wind Vectors

Ux >0 when wind originates from the north and <0 when wind originates from the south.

Uy >0 when wind originates from the west and <0 when wind originates from the east.

Uz>0 when wind originates from the above and <0 when wind originates from the below

Wind is conventionally measured as speed and direction. Wind direction is defined by a
compass circle placed on a horizontal plane. Winds measured in three directions are
reported as speed and two spherically define coordinates. The speed is designated as

Rho, and is reported in meters/second. The azimuth or Thefa angle is the conventional -
planar circle. The elevation or Chi is the angle of the wind from the horizontal plane.
Conventions for naming wind use the direction of travel. Thus a two dimensional wind

of 45 degree is designated a “northeast wind”. The Thera angle for the wind is treated
similarly. The Chi angle also is name by the direction of travel. A Chi of >90 degrees is
said to be a downward wind and a wind of <90 degrees is said to be an upward wind.

Theta

Orthogonal Vectors Spherical Coordinates

Figure 1. The transformation of orthogonal coordinates to spherical coordinates.

Analytical results for the AutoGC (BETXs), Aethalometer (black carbon) and wind
speed/wind direction system are summarized as hourly values in Data Tables 3 through 6
at the end of this report.

Manual traffic counts were replaced with data from the Wisconsin DOT roadway sensors.
The WDOT provided reports of hourly traffic data organized by week. Hourly data used
is reported as positive, negative and total. WDOT conventions for report data are NB/EB




are positive and SB/WB are negative. When multiple highways fall on the same route the
lowest number and highest classification wins. For the spring studies the reference
highway is Interstate 39. North and west bound traffic is reported as positive. South and
east bound traffic is reported as negative. The two sites for data provided by the WDOT
are Site 130259, located on Interstate 39/90/94 North OF Highway 51 at Hoepker Rd, and
Site 130004 located on Interstate 39/90/94 south of the Badger interchange at CTH BB
(Cottage Grove Road).

Equipment performance during studies

The utility trailer platform used for the mobile laboratory operated as expected. The
trailer proved easy to tow and to position for the monitoring operations. Set-up of the
sampling probes and the meteorological sensor mast worked as expected. The electronic
compass proved very useful in getting an optimum alignment of the CSAT
meteorological sensor.

Electrical power systems performed well and the on the on-board generator functioned
very well and met expectation. There was sufficient power for all operations. Gas
cylinders were weighted before and after being refill. Data from these cylinder weights
measured in the fall 2009 study suggested that I could operate on generator power for up
to 12 hours using 80% of fuel with a 20% reserve. I did operate for longer periods during
the spring study proving there was sufficient fuel supplied by the two cylinders. During
the fall 2009 studies I reported generator fuel line freeze-up. While I noted some ice
build up on the gas cylinder the amount was never sufficient to block the fuel line and
stop the generator. While I thought the problem with the trailers UPS was corrected this
was not the case and the again UPS failed to function when the trailer was operating on
generator power. Monitoring systems were therefore plugged directly into the trailer
power for the monitoring operations.

Analytical systems

The AutoGC functioned only marginally. Deteriorating performance of the system’s
detector was noticeable. The detector was particularly affected by noise. The noise
presented a challenge and all data was reviewed and where necessary the peaks were
manually integrated to get the best possible estimate of the ambient concentrations. I
have presented the VOC data I have but also caution the user that all data collected in the
four measurements is suspect. 1 believe that I will need to optimize the system as best
possible for it to be of any use in future studies.

The Aetholometer had functioned very well through out the studies. Based on experience
gained in the fall 2009 I allowed the analyzer to run while moving to the site and
discarded the data for the period when the trailer was in motion.

The 3 dimensional anemometer functioned very well. In the fall 2009 studies I reported
the manual alignment of the CSAT on the trailer is very difficult and that the alignment
was questionable. The addition of the electronic compass mounted with the CSAT sensor
greatly improved the alignment of the sensor array. Complete data was collected for



three of four monitoring days. Several hours of data were lost from 04/27/2010 when a
logger problem occurred. Despite several attempts I could not retrieve the missing data.

The GPS antenna failed to operate on the 04/14/2010 sampling day due to blown fuse. A
back-up hand held GPS unit was used to provide site coordinates. The GPS system did
operate for the remaining three sampling days.

Recommendations:

The spring 2010 monitoring runs conducted with the RWM\PAMS trailer support the fall
2009 findings showing the utility of the mobile laboratory for measuring air quality near
roadways. These additional recommendations will help improve the operation of the
trailer for future monitoring projects.

- The AutoGC system used on the trailer is over 10 years old and is deteriorating rapidly.
The system should be replaced soon. We should look for funding for a replacement
system to measure VOCs. The replacement may come in the development of future plans
PAMS monitoring. :

- New nitrogen dioxide rules will require monitoring near roadways. We should consider
adding a NO/NO2/NOx analyzer to the trailer to develop data to support future
monitoring near roadways.

I am currently working to implement all of these recommendations.



Data Table 3: Roadway Monitoring Summary for 4/14/2010

Sampling Hour

Parameter Name 700 800 900 1000 1100 1200 1300 1400 1500 1600
Benzene (ppbC) 1.27 1.59 0.71) 1.16 1.04 | (0.37) 0.26 0.81 ND
Toluene (ppbC) 188 | 273 | 354 | 127 | 1.10 | 1.59 | 038 | (0.74) | 1.93
Ethylbenzene (ppbC) 0.76 | (0.39) | 0.81 | 024 | ND ND | 090 | ND ND
M/P-Xylene (ppbC) 0.82 (1.86) 0.89 0.86 0.18 (0.62) ND ND 0.30
O-Xylene (ppbC) 024 | 047 | ND | 022 | ND | 079 | (053) | 050 | (\NR)
Black Carbon (ng/m3) 693 1104 1088 971 986 1013 818 764 642 612
Rho (meters/second 3.0 3.6 3.2 3.8 3.5 3.3 3.9 4.2 4.8 4.2
Theta (degree from north 144 162 161 174 188 198 201 197 200 204
Chi (degrees from 87 88 87 88 88 88 87 88 87 88
horizontal)
NB (vehicles/hour) 972 1267 1301 1240 1295 1432 1416 1463 1621 1859
SB (vehicles/hour) 1390 1964 1518 1326 1258 1321 1404 1421 1483 1663

Values in parenthesis have been estimated using manual integration of the chromatographic peak.




Data Table 4: Roadway Monitoring Summary for 04/20/2010

Sampling Hour

Parameter Name 700 800 900 1000 1100 1200 1300 1400 1500 1600
Benzene (ppbC) 1.72 (127) | (0.84) | .11 | (034) | (0.53) | (ND) | (L77) | (N® | (0.54)
Toluene (ppbC) 231 (3.18) | (2.19) | (3.11) | (1.65) | 1.03 0.73 1.86 (N¥%) 2.12
Ethylbenzene (ppbC) 0.63 0.63 (0.26) (0.21) 0.25 (N*®) (N#) (N*) (N*) (N*)
M/P-Xylene (ppbC) 1.28 1.19 0.70 (0.95) (0.33) (N*) (N*) (N*) (N*) (N*)
O-Xylene (ppbC) 1.17 0.67 0.80 (0.75) ND (N*) (N#®) (N#*) (N%) (N#%
Black Carbon (ng/m3) 1553 1527 1361 1425 1173 1002 912 1455 1302 1492
Rho (meters/second) 0.6 1.0 1.2 0.8 0.8 0.9 0.7 0.9 0.9 1.3
Theta (degree from north) 247 288 321 293 342 343 357 286 269 316
Chi (degrees from 84 88 87 85 84 88 86 90 87 87
horizontal)
NB (vehicles/hour) 3612 2725 1969 1958 2123 2162 2219 2488 3024 3773
SB (vehicles/hour) 3572 2654 2079 2046 2012 2166 2165 2247 3065 3615

Values in parenthesis have been estimated using manual integration of the chromatographic peak.
N#* values were removed because of electrical noise interferences.




Data Table 5: Roadway Monitoring Summary for 4/27/2010

Sampling Hour

Parameter Name 700 800 900 1000 1100 1200 1300 1400 1500 1600
Benzene (ppbC) 1.13 1.57 0.91 0.88 1.13 0.85 1.81 1.10 1.05 0.77
Toluene (ppbC) 0.82 0.86 (0.49) 0.96 1.15 0.89 1.39 ND 1.44 (0.43)
Ethylbenzene (ppbC) ND ND (1.63) ND ND 0.12 1.46 1.83 0.09 0.55
M/P-Xylene (ppbC) 0.24 ND (1.64) ND 0.56 1.82 ND 0.37 ND ND
O-Xylene (ppbC) 0.54 0.50 (0.31) 0.31 0.27 ND 0.80 ND 1.04 0.73
Black Carbon (ng/m3) 276 317 364 468 515 552 412 619 762 703
Rho (meters/second 4.9 4.2 3.6 3.4 3.2 NA NA NA 2.2 2.0
Theta (degree from north 59 50 44 54 45 NA NA NA 35 33
Chi (degrees from NA NA NA
horizontal) 86 87 87 87 86 87 86
NB (vehicles/hour) 3679 2685 1900 1919 2105 2095 | 2339 | 2510 3197 3785
SB (vehicles/hour) 3490 2529 1933 1952 1964 2098 | 2102 | 2376 2860 3724

Meteorological measurement data for 1200, 1300, and 1400 was lost due to a problem with the data logger.

Values in parenthesis have been estimated using manual integration of the chromatographic peak.




Data Table 6: Roadway Monitoring Summary for 4/28/2010

Sampling Hour

Parameter Name 700 800 900 1000 1100 