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INTRODUCTION 
 
The 1996 National-scale Air Toxics Assessment1 (NATA) done by the U.S. 
Environmental Protection Agency (EPA) estimated that concentrations of sixteen toxic 
chemicals in Oregon were high enough to warrant public health concern.  In light of this, 
and other evidence, the Oregon Department of Environmental Quality (ODEQ) has 
worked to establish a systematic risk based process for identifying and reducing public 
health problems caused by air toxics in communities throughout the state.  The Oregon 
Environmental Quality Commission adopted rules in October 2003 that created the 
Oregon Air Toxics Program.   
 
This Program approaches the problem of air toxics in three ways.  The primary approach 
(Geographic) relies on community members, working with ODEQ, to identify toxic air 
contaminants of concern in an urban area, determine their sources, and develop strategies 
that will reduce peoples’ exposure to those chemicals.  (The other two approaches use 
source category specific and facility specific tools to address statewide and “hot spot” 
issues respectively.)  Because the geographic approach is at the heart of the Oregon 
program ODEQ has been working hard to develop the scientific tools needed to help 
communities accomplish the challenging tasks of solving their air toxics problems. 
 
A monitoring study was done in 1999-2000 when five sites were established in the 
Portland area and concentrations were measured for a full year.  That study demonstrated 
fairly similar concentrations of most gaseous air toxics, many related to mobile sources, 
throughout the city.  Higher concentrations of some pollutants, especially a few metals, 
were found in localized areas.  Following data analysis, a site in North/Northeast Portland 
was established as representative of the urban area to measure trends in ambient 
concentrations and the effectiveness of emissions reduction strategies. 
 
Oregon DEQ also attempted to clarify spatial concentration gradients in the Portland 
airshed using modeling.  The Portland Air Toxics Assessment2 (PATA) set out to 
improve upon the NATA by utilizing a dispersion model (CALPUFF) that could account 
for local variations in topography and meteorology.  This local scale model, coupled with 
better resolution of source locations and a refined mobile source emissions inventory, 
gave PATA the capability to predict problem areas within the urban area.  These model 
estimates were plotted as isopleth maps for each pollutant that ODEQ used to give 
community members a much better picture of concentration levels and gradients across 
the city.  
 
The EPA request for grant applications to conduct a community ambient air toxics 
monitoring study provided ODEQ with an opportunity to significantly advance the State 
air toxics program.  EPA and ODEQ both recognize that ambient air measurement data is 
essential to convince stakeholders that some air toxics concentrations warrant concern, 
while other air toxics may not.  Only measurements are generally accepted as an 
indication of whether some neighborhoods in a community are disproportionately at risk.  
But monitoring can also be used to validate models capable of predicting ambient 
concentrations and source contributions.  By giving models greater credibility, through 
monitoring validation, they can become important tools for planning and informed 
decision making.   
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This project’s primary objectives, then, were to: 

• measure air toxics concentrations and to characterize concentration variations 
across the urban airshed and in predicted problem areas; and 

• assess the ability of local-scale models to predict ambient concentrations so that 
they could be used to predict the effect of particular emissions reduction strategies 
future ambient concentrations. 

 
 
EXPERIMENTAL WORK 
 
As required by the grant, Oregon DEQ committed to providing resources and cooperating 
with EPA in establishing and operating an air toxics monitoring network in the Portland 
airshed.  Table 1 shows which agency provided the resources for the six sites and the 
measurements made in this study. 
 
Table 1:  Monitoring support by Agency 
 Roselawn Post Ofc Lafayette Kelly Highland Kauffman 
TO-15 ODEQ ODEQ ODEQ EPA EPA EPA 
TO-11A ODEQ ODEQ ODEQ EPA EPA EPA 
TO-13A ODEQ ODEQ ODEQ EPA EPA EPA 
PM10-IO-3 ODEQ ODEQ ODEQ EPA EPA EPA 
PM2.5-Speciate EPA      
Aethelometer ODEQ EPA EPA    
Cr (VI) ODEQ ODEQ EPA EPA EPA EPA 
PFGC / VOC EPA      
 
 
Monitoring Sites 
The Portland, Oregon / Vancouver, Washington metropolitan area has significant 
topographic features that separate the airshed into distinct sections.  Located at the 
confluence of two rivers, much of it is within a broad valley/floodplain, with a range of 
hills on the west separating the central city from the western suburbs.  The Columbia 
River on the north separates Portland from Vancouver, although it has traditionally been 
considered a single airshed for planning purposes.  The Willamette River, which divides 
Portland into its east and west sides, influences air flow to some extent.   
 
Sites were located in all the major quadrants of the city, in order to provide information 
about the effect of topography as well as source influence.  Each site, described below, 
met EPA’s neighborhood-scale siting criteria, representing a mix of surrounding land 
uses, although in most cases neither point, area, or mobile sources predominated.  An 
aerial photo of the Portland/Vancouver urban area with monitoring sites indicated is 
shown below.   
 
Roselawn 
This site, located in the North/Northeast quadrant of the city is representative of a typical 
inner city neighborhood.  This area is within a half kilometer of a variety of commercial 
businesses, some light manufacturing, and city arterial streets.  About a kilometer away is 
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the busiest transportation corridor (Interstate 5) in the city.  Major industrial and Port 
facilities on both sides of the Willamette River are on the west, two to four kilometers 
away.  There is another industrial/Port area about the same distance to the north along the 
Columbia River.  Community members believe that this area of the city is 
disproportionately affected by its proximity to pollution sources, making monitoring here 
important for equity reasons.  This site has served as the Department’s primary air toxics 
monitoring site since 1999 and is now transitioning into a component of Portland’s 
NCORE multi-pollutant strategy. 
 
Post Office 
This site in the Northwest quadrant of the city is on a residential street and is on the 
boundary between the highest density residential area in the city and Portland’s primary 
industrial area.  It is within a half kilometer of a small commercial area, a foundry, and 
numerous metal finishing operations.  Railroad yards, Port operations, including fuel 
handling facilities, wood products and other manufacturing businesses, and a major 
traffic bridgehead are within a kilometer.  The West Hills, less than a half kilometer from 
this site, create a barrier to air movement to the west and restrict dispersion of pollution. 
 
Lafayette 
The site in Southeast Portland has been our primary particulate neighborhood impact site 
for over twenty years.  This was one of the first places in the country where woodstove 
impacts on ambient fine particulate concentrations were recognized.  Residential wood 
heating is still considered a very significant area source in the Pacific Northwest.  Large 
traffic arterials, with some commercial activity, can be found within a half kilometer.  A 
high volume Interstate link (I-205) is one to two kilometers away.  No significant 
industrial facilities are within four kilometers. 
 
Kelly 
This was a new site located near the central business district.  Modeling estimates from 
an earlier study suggested this location as having the highest impact of anywhere in the 
city from traffic volume and congestion.  No significant point sources are within four 
kilometers. 
 
Highland 
This site is in a suburban residential area west of the West Hills, making it spatially 
distinct from the central city and the east side.  However, model estimates indicate that it 
may be in an area of high ambient concentrations, resulting primarily from area and 
mobile sources located in these western suburbs.  Some industry can be found more than 
a kilometer away to the north and east.  Measurements at this site and at Kelly, both 
guided by model predictions, would help to confirm the model’s ability to handle the 
terrain features and wind regime of the Portland airshed. 
 
Kauffman 
As already mentioned, Vancouver is considered an integral part of this airshed.  The 
monitoring site was located in a residential area within less than a half kilometer of the 
Columbia River.  Residents of this neighborhood have expressed concerns about air 
toxics released as planes approach the Portland International Airport just across the river.  
A major railroad line runs between the neighborhood and the river, and barge traffic on 
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the river is significant.  This neighborhood is more than two kilometers away from major 
industrial and port facilities, but the nature of wind movement in the Columbia Gorge can 
episodically bring pollutants in from some distance away.   
 
Figure 1:  Portland / Vancouver airshed with Monitoring Sites 

 
 
 
Ambient Air Toxics Measurements 
The highest priority for this community assessment project was to gather credible data for 
program implementation and decision making. It was important to use standard methods 
along with adequate control and assessment to assure quality.   
 
EPA’s Quality Assurance Policy requires that State, Local, or Tribal governments 
receiving financial assistance develop a Quality Management Plan (QMP).  The Oregon 
Department of Environmental Quality has an agency-wide QMP and the DEQ Laboratory 
Division has a QMP for the ambient air monitoring program, including air toxics.  Both 
have been reviewed and approved by EPA Region X. 
 
Oregon DEQ established data quality objectives based on the NATTS program:  
 
• For 1-in-6 day sampling frequency at least an 85% quarterly completeness;  
• Measurement precision controlled to a coefficient of variation of no more than 15%; 
• Measurement bias controlled to a coefficient of variation of no more than 15%; 
• Minimum detection limits below the concentration associated with 1-in-a-million 

cancer risk. 
 
A Quality Assurance Project Plan (QAPP) was developed for this study documenting 
Standard Operating Procedures (SOP) and the quality assurance (QA) and quality control 
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(QC) procedures.  For those measurements that were used at the NATTS sites, the same 
sampling and analysis protocols were followed to enhance consistency between this 
project and the NATTS.  Where non-standard technologies were use, ODEQ developed 
SOP, documented in the QAPP, to describe the methods and quality controls. 
 
The primary focus of the project was to measure annual average air concentrations of a 
comprehensive list of air toxics using integrated 24-hour samples collected for either gas 
or particulate analysis, going well beyond the urban air toxics core pollutants in Table 2.   
 
 

Table 2:  NATTS core pollutants 
TO-11A TO-13A TO-15 IO-3 

Acetaldehyde 7-PAH Benzene Arsenic 
Formaldehyde 1,3-butadiene Beryllium 

 Carbon tetrachloride Cadmium 
 Chloroform Chromium 
 1,2-dichloropropane Lead 
 Methylene chloride Manganese 
 Tetrachloroethene Nickel 
 Trichloroethene  
 Vinyl chloride  

 
The ODEQ Laboratory routinely does these analyses using EPA’s TO and IO 
Compendium of Methods: 
 

• Method TO-15 for volatile organic compounds; 
• Method TO-11A for carbonyls (aldehydes and ketones); 
• Method TO-13A for semi-volatile organics; and  
• Method IO-3 with ICP/MS for particulate (PM10) trace metals. 
 

A local contract Laboratory, certified by the National Environmental Laboratory 
Accreditation Program for hexavalent chromium, was responsible for this newer analysis.   
In addition, ODEQ deployed and operated three two-channel aethelometers to measure 
Black Carbon with the objective of determining diesel and woodstove contributions to the 
fine particle concentrations. 
 
EPA’s grant application process encouraged demonstration of new and innovative 
measurement technology.  As a part of this project Oregon DEQ field tested a Pneumatic 
Focusing Gas Chromatograph3,4,5 (PFGC) developed by Dr. Robert O’Brien of Portland 
State University.  This instrument obtains continuous speciated VOC analysis by 
compressing an air sample to high pressure and injecting it into a field-located, portable 
gas chromatograph, also maintained at high pressure.  Pressurization concentrates the 
sample and removes water vapor, thereby increasing sensitivity and allowing automation.  
Ambient air is continuously drawn through a sample loop and periodically compressed 
and injected into the PFGC.  Samples are taken and analyzed every 30-60 minutes and 
20-30 individual VOCs are resolved.  This instrument focuses samples as large as a half 
liter, achieving 50 ppt sensitivity for benzene.  The dual column PFGC allows 
measurement of both nonpolar and polar compounds.  Since the instrument also captures 
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the methane peak, and since methane is quite constant in concentration at ~ 1.8 ppm in all 
areas away from large methane sources (e.g. landfills), the methane peak can serve as an 
internal standard for the integral flame ionization detector. 
 
Finally, Oregon DEQ maintains a network of meteorology sites in the Portland area that 
complement National Weather Service and a network of criteria pollutant sites that can 
be used in conjunction with the air toxics data for emissions reduction planning. 
 
 
RESULTS 
 
Sampling for the project began in January 2005 and continued for the calendar year.  
Several different sampling schedules were followed:  carbonyls, volatile organics, PM10 
metals, and Cr (VI) were done on a one in six day schedule, to coincide with the national 
particulate network; and semi-volatile organics (PAH) on a one in 12 day schedule.  
Aethelometer measurement also began in January.  Logistical problems delayed the start-
up of the hourly VOC measurements with the PFGC but by March it was operating, and 
continued until the following April. 
 
Physical and chemical analysis of the 24 hour integrated samples was done at the DEQ 
laboratory, and the contract laboratory as specified in the QAPP.  Results were entered 
into EPA’s Air Quality Data System (AQS) regularly.  Aethelometer measurement data 
was reduced to hourly and 24 hour averages and also entered into AQS.  While this report 
only presents a brief summary of the ambient concentration values, all of the underlying 
data values are available for the Department, other researchers, and the public to analyze 
at a later time.   
 
Hourly VOC monitoring data from the PFGC was telemetered to Dr. O’Brien’s 
laboratory at PSU where it was reduced and the results sent to DEQ electronically.  This 
is the only data not yet available on the EPA data system. 
 
Table 3 compares the annual averages of core urban pollutants for all six sites.  Many of 
the core VOC were never, or seldom, measured above the minimum reporting limit 
(MRL).  This includes 1,3-butadiene, carbon tetrachloride, chloroform, 1,2-
dichloropropane, tetrachloroethene, trichloroethene, and vinyl chloride.  Where the 
annual average was less than the MRL it is reported as <MRL.   
 
Benzene annual averages were not calculated because less than 75% of the samples in at 
least three calendar quarters were determined to be valid due to a pump contamination 
issue that was uncovered late in the project.  Having the PFGC hourly data available at 
the Roselawn site offers some hope that an annual average at this location can yet be 
calculated.  If there is agreement between the two methods on days when both methods 
were used then daily averages can be calculated using the PFGC data and an annual 
average determined.   
 
It must be noted that PAH annual average values are questionable because quality 
controls (holding times and surrogate recoveries) were not always within acceptable 
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limits, resulting in down-graded reported results.  All valid samples were used in 
calculating the annual averages. 
 
Table 3:  Annual Averages 
 

Units Highland Lafayette
Post 
Office Roselawn Kelly Kauffman

Acetaldehyde ug/m3 1.25 1.64 1.66 1.53 1.48 1.43 
Formaldehyde ug/m3 1.58 2.14 2.4 2.17 2.16 1.97 

1,3-butadiene ppbv <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Carbon 

tetrachloride 
ppbv 

<0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Chloroform ppbv <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

1,2-
dichloropropane 

ppbv 
<0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

Methylene 
Chloride 

ppbv 
0.08 0.33 0.16 0.13 0.11 0.13 

Tetrachloroethene ppbv <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Trichloroethene ppbv <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 
Vinyl chloride ppbv <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 

o-Xylene ppbv 0.11 0.33 0.25 0.19 0.12 0.14 
m,p-Xylene ppbv 0.28 0.51 0.69 0.55 0.33 0.39 

Toluene ppbv 0.69 1.12 1.93 1.13 0.89 0.91 
PAH ug/m3 0.00071 0.00085 0.00064 0.00062 0.00057 0.00085 

Naphthalene ug/m3 0.0015 0.0014 0.0016 0.0012 0.0014 0.0019 
As ng/m3 1.06 1.32 0.93 1.74 1.22 1.03 
Be ng/m3 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 
Cd ng/m3 0.38 0.50 0.63 2.57 0.92 0.49 
Cr ng/m3 <3.2 <3.2 <3.2 <3.2 <3.2 <3.2 

Cr (VI) ng/m3 <0.042 <0.042 0.045 <0.042 <0.042 <0.042 
Pb ng/m3 3.18 5.72 6.60 11.7 5.79 3.82 
Mn ng/m3 3.8 6.4 41.9 15.9 19.2 8.0 
Ni ng/m3 <1.0 1.75 4.24 1.76 1.78 1.09 

 
No similar site comparison information, or summaries, are available for the aethelometer 
data or the hourly VOC data yet. 
 
The sampling problems encountered with the VOC canisters were identified because of 
the Laboratory’s comprehensive quality controls.  Unfortunately, they were discovered 
too late to allow annual averages to be determined during the project’s timeframe.  A new 
canister sampling process is now being investigated that will avoid the earlier 
contamination issue.  Closer scrutiny of analysis results within a shorter period of time is 
a recommended improvement for future Quality Assurance Project Plans.  A similar 
change in QC procedures and implementation should also correct the problem that 
resulted in down-grading of the PAH sample results. 
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DISCUSSION 
 
This project successfully amassed a considerable amount of valuable air toxics ambient 
concentration information for the Portland / Vancouver airshed.  Table 3 begins to show 
in simple terms how concentrations of some key pollutants vary across the urban area. 
 
Over 85% of the scheduled samples were collected and analyzed, and duplicate/replicate 
sample analyses indicated a better than 15% precision in results.  However DEQ did not 
meet all of the data quality objectives established for this project.  Detection limits did 
not reach concentrations corresponding to the one in a million risk threshold for all the 
parameters measured.  The Laboratory Division expects to improve detection and 
quantitation limits after the move to the new laboratory building and installation of 
updated equipment. 
 
Accuracy was not always better than 15%, as measured by EPA coordinated inter-
laboratory Performance Evaluation studies (PE).  Between December 2004 and July 
2006, when sample analyses were completed, the DEQ Lab participated in six PE for 
carbonyls, four PE for VOC, and three PE for metals.  Analyses of formaldehyde and 
acetaldehyde were generally within 5% of the known values.  Metals, except for 
beryllium, were usually within a few percent as well; although in May of 2006 reported 
values were high, as much as 15%.  Accuracy of the volatile organics showed 
considerable variation over the course of the project, and with accuracy of measurement 
compound-specific.  In late 2004 most of the reported values were much better than the 
15% objective; some high and some low, indicating no particular bias in results.  But 
studies in April and July of 2005 generally showed results to be low on the order of 20% 
or more across all pollutants.  In December most parameters were improved and were 
again less than 10% different from the known value, however they remained consistently 
low. 
 
While the data quality assurance results were not what we expected, good precision with 
fair accuracy means that sites can still be compared based on the ambient concentrations 
measured.  What will be less reliable will be to compare the measured annual average 
concentrations, and assumed population exposures, to the ambient benchmark 
concentrations in order to draw conclusions about potential public health impact. 
 
Normally benzene and 1,3-butadiene concentrations would be used to reflect motor 
vehicle source impacts.  However without the benzene annual average data, and with the 
1,3-butadiene annual averages all below the MRL, the concentrations of xylenes and 
toluene can be used as a indicator of this source impact.  These annual average 
concentrations follow the pattern that would be expected from traffic volumes in the 
vicinity of the sites.  Highland is lowest reflecting its location in a suburban residential 
area.  The low concentrations at Kelly are somewhat surprising as modeling results had 
predicted the highest impact of traffic at this site.   
 
The near-by industrial area is probably responsible for the higher xylene, toluene, and 
methylene chloride concentrations at the Post Office, but this too requires further 
analysis. 
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The acetaldehyde and formaldehyde concentrations show small variations, with the 
Highland site again having lower annual averages.  This data begins to paint a picture of 
the western suburbs, separated as they are from the urban area by a range of hills, as a 
distinctly different airshed. 
 
The metals data, at least after this initial analysis, is the most interesting.  Considerably 
higher concentrations of manganese and nickel at the Post Office site clearly show the 
impact of the nearby foundry and other metal working facilities in the vicinity.  On the 
other hand the source(s) of the higher arsenic, cadmium, and lead that appear at the 
Roselawn site are not clear.  Although hexavalent chromium concentrations were 
generally found below the reporting limit, its presence at all in NW Portland is somewhat 
of a mystery.  There are no chromium electroplaters in this part of the city.  However 
there is some speculation that other metal working processes may release this pollutant. 
 
Results from this project are already helping to clarify spatial concentration patterns of 
air toxics in the urban area.  As a first step measured values, along with model estimates, 
will be used by ODEQ to characterize risk, based on concentration maps, to determine 
the boundaries for the Portland geographic planning area.  These results will also set the 
stage for the community planning process, by helping people understand the spatial 
extent of the general air toxics problem, and by pinpointing localized areas of impact that 
may require special consideration. 
 
A key objective of this study was to use this 2005 ambient air toxics concentration data as 
a validation tool for at least three different modeling methodologies.  EPA will predict 
ambient concentrations in Portland using the ASPEN model for the 2005 NATA.  ODEQ, 
using the experience gained in PATA with CALPUFF, will also model 2005 emissions. 
However, a model that includes chemical transformations would be even better, 
especially for pollutants such as acrolein and formaldehyde where secondary formation is 
critical.  The Northwest International Air Quality Environmental Science and Technology 
Consortium (NW-AIRQUEST) has developed predictive capability for ozone, nitrogen 
oxides, and air toxics concentrations that extend through the Portland area (called 
AIRPACT2).  Plans are underway to upgrade the dispersion model to CMAQ, which has 
the capability to estimate chemical transformations.  Since these predictions are archived, 
Oregon DEQ will be able to compare the measured values from 2005 to the estimates 
provided by this advanced model. 
 
The monitored annual averages can also be compared to Oregon’s established Ambient 
Benchmark Concentrations (ABC) to begin to give an idea of the air toxics of most 
concern to human health.  Arsenic, Cadmium, and Acetaldehyde are above the ABC at all 
sites.  And although the benzene and PAH annual averages are questionable it appears 
likely that these are as well.  At this point these measurements only represent 
concentrations at these locations and times and cannot be used to make definitive 
judgments about public health risk from air toxics throughout the airshed.  By coupling 
these measurements with dispersion and exposure modeling a comprehensive picture will 
emerge. 
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SUMMARY 
 
Thanks to EPA’s support, Oregon DEQ now has considerable air toxics measurement 
data that can provide Portland area citizens with critical information about local air toxics 
problems in order to begin the process of reducing the health impact of those chemicals.  
Measured concentrations across the airshed support DEQ assertions that mobile sources 
are a primary source of air toxics in the Portland airshed, and further, that those 
concentrations are fairly homogeneous.  The data also shows local impacts from unique 
local sources that will have to be addressed in any airshed-wide emissions reduction 
planning process.  Before DEQ begins the public planning process considerably more 
data analysis will be needed to clarify sources contributions. 
 
Dispersion modeling of 2005 emissions, with exposure modeling, risk characterization, 
and source contribution estimates will be integral parts of the technical analysis provided 
to the local advisory committee in Portland.  Comparisons of the 2005 measured values 
to modeling estimates will determine whether models achieve credibility with the public 
and can be relied upon for strategy development, or must be further improved. 
 
Ultimately the concentrations measured in this study will be used as a baseline to track 
measured concentrations as emissions reduction efforts are implemented.  Future 
monitoring will be relied upon to determine if goals have been met.  Oregon DEQ 
anticipates that a successful planning and emissions reduction effort in Portland will help 
to advance similar efforts in other Oregon communities which will lead to better public 
health in communities across the State. 
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