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EXECUTIVE SUMMARY

The Grand Junction air toxics monitors were originally established as a par2&0Oth2002Pilot Study
for the National Air Toxics Trends Sites (NATTS). The network was created by the Environmental
Protection Agency (EPA) in an effort to gather data that were suitable for identifying trends in air toxics
concentration levels. Grand Junction was one oftlee fiir ur al 06 si tes selected for
that time,and as the population of the Grand Junction area has gilesvEPA has reconsidered, and decided
that the site is more indicative of urban concentrations, and has changed the desigtiagiaite from rural
to urban.

Most of the compounds detected at Grand Junction if a6 found in urban air nationwide. There do
not appear to be any compounds of local significance. The majority of compounds can be related to motor
vehicle soures. These include formaldehyde, benzene, toluene, ethylbenzene, xylenes, and styrene.
Chloroflourocarbons are also present, including chloromethane, dichlorodifluoromethane,
trichlorofluoromethane, and trichlorotrifluoroethane. Polycyclic aromatic frgabmn compounds
naphthalene, phenanthrene and acenaphthene are frequently detected.

This report has twappendices. Appendix,A iDocument ati on for Grand Junct.i
Trends Monitoring LocationsSi t e Maps and Phot o gmrcangainingthepgwoaiv i des i nf
monitoring sites discussed in this repoppendix B AAir Toxics Summary: Compou
Cancer and Nowancer Risks Over vi ew of Sources and Health Effects,
of the compounds momwited. Thatdocumentdiscusses the chemical formula, soureesl uses of each
compound.ltal so profiles potenti al health effects, such a
cause birth defects, and whether it damages target organs in the body.

INTRODUCTION
Background

The NATTS Network collects ambient air toxics monitoring data as a part of the Urban Air Toxic Strategy
(UATS). Under Section 112 of the Clean Air Act (CAA), the EPA established a list of 188 toxic air
pollutants, also knen ashazardous air pollutantslAPs). These are pollutants that are known, or suspected,
to cause cancer, or other major health issues. People who are exposed to these HAPs at sufficient
concentration levels may have an increased chance of getting cancagjmatheir immune system, etc.

Most air toxics originate from mobile sources, like cars, trucks, or buses, as well as stationary sources, such
as factories, refineries, and power plants. Some air toxics also come from indoor sources as well, like
cleanng solvents, and building materials.

Since it is not practicabr possibleto monitor for each of the 188 compounds, the EPA developed a subset
of HAPs that have the greatest impact on the public, as well as the environment, in urban areas. For the
purposes of the NATTS Study, the list of 188 HAPs was pared down to a subgatiaPs, 33 of which are
on the fUr baheremanihg 29 cosnpounils were chosen because they have risk factors that
were developed by the EPA. From the list of 62 comg
be monitored atall i mes was created. These compounds are cons
they are major health risk drivers, based on a relative ranking performed by tHe Bf#.are referred to as
the AMet hod Quality Obj®dleecommuntsMa®s seababled. Anal ytes. 0

'Technical Assistance Document for the National Air Toxics
Agency. April 1, 2009. http://www.epa.gov/ttnamtil/files/ambient/airtox/nattsTADRevision2_508Compliant.pdf

2 |bid.
3 Ibid.
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Table 1. NATTS HAPs with Mandatory Monitoring Requirements

VOCs Carbonyls PAHs PM o Metals TSP Metals
1,3-Butadiene Acetaldehyde | Benzo(a)pyrene Arsenic Hexavalent Chromium
Acrolein Formaldehyde| Naphthalene Beryllium
Benzene Cadmium
Carbon Tetrachloride Lead
Chloroform Manganese
Tetrachloroethylene Nickel
Trichloroethylene
Vinyl Chloride

The Grand Junction air toxics monitoring site was established in 2004. This site will measure air toxics for

at least six years, to determine the success of the National Air Toxics Strategy in reducing the U.S. population

exposure t@ancercausing substances in the air. The main test will be a comparison of mean concentrations

of compounds for the first three yedP9042006) versus the mean concentrations for successive-yiese
periods(2007-2009, 2012012, etc.)starting fran 2004 and continuing to the presebiata collected
beyond the initial six year study scope will be used for trending analyses.

This report presents data from January2tbitough December 2@1 It is separated into sections covering
the various compounds of interest. Sections 3, 4, 5, 6/ distuss the compounds monitored as a part of
this study. Section8, 9 and 10 compare the RMPM, 5, and meteorological data collected as a patthef
regular monitoring conducted in Grand Junction by the Colorado Department of Public Health and
Environment (CDPHE) to the national ambient air quality standards (NAAQS). Each section begins with
summary statistics for the compounds analyzed and ligepercentage of samples in which each chemical
was detected. Summary graphs of certain compounds are presented.

Site Information

The NATTS Study at Grand Junctionllectssamples at two separate locations. Thesesites (Powell
and Pitkin sitesare in close proximity to one anothéfhe Powell site is located on top of the Powell
Building (approximately three stories in height) at 650 South Avenue, and the Pitkin site is located
approximately 50 meters to the NNW of the Powell Building, on dloé of a small shelter, near ground
level, at 815-1/4 Pitkin Avenue. The hexavalent chromium and particifetalssamplers are located on the
Powell Building, and the carbon monoxide analyzer, air toxics san{M&e/carbonyl/PAH) and
meteorological tever are located at the Pitkin sitBue to the different sampling heights, staff at Region VIII
of the EPA suggested the sites be separately catalogued in the national airingptittabase [AQS IDs:
080770017 (Powell), and 080770018 (Pitkinl)ocumetation regarding these sites, including maps,
photographs, and aerial views, is availadéppendix Bin this document The sites are located on the
southern end of thdowntownarea in an areaf commercial/light industrial land use.

CARBONYLS

Summary Statistics

The carbonyls discussed in this section are the group of organic chemicals that contain a carbon atom
double bonded to an oxygen atom. The generalized symbol for the carbonyl geeGg@,wh er e t he
is some other carbon compounthirteencompounds were measured for this sturd2012 A listing of
these compounds, as well as a summary of the collectedsisttawn inTable3 andTable2. Of the
thirteencarbonyl compounds analyzed for, two are included omiduedatory monitoringjst of 19 core
HAPs. They are bolded ifable2. New to the carbonyl testing list in 2012 id@tanone. It has prawusly
been analyzed for via the volatile organic compof\fdC) tests. It was moved to the carbonyl testing list
because that methgdr ovi des better results at | ower | evel
from the VOC analytical method airdicated with an asterisk

(2]
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Table 2. Carbonyl Sample Summary- 2012

CAS # of %
Compound Number ND's ND
2-Butanone 78933 0 0%
Acetaldehyde 75-07-0 0 0%
Acetone 67-64-1 0 0%
Benzaldehyde 100-52-7 0 0%
Butyraldehyde 12372-8 0 0%
Crotonaldehyde 123739 0 0%
Formaldehyde 50-00-0 0 0%
Propionaldehyde 123-38-6 0 0%
Hexaldehyde 66-25-1 2 3%
Valeraldehyde 110-62-3 5 8%
Tolualdehydes NA 7 11%
2,5-Dimethylbenzaldehyde| 577994-2 61 100%
Isovaleraldehyde 590-86-3 61 100%

ND = Not Detected
Bold = MQO Core Analyte

Table 3. Carbonyl Average Concentration Comparison 20042012

Annual Averages(my/m®
Analyte 2004 || 2005 || 2006 || 2007 || 2008 || 2009 || 2010 || 2011 || 2012
2,5Dimethylbenzaldehyd|| 0.08 | 0.06 | 0.02 || 0.03 | 0.03 | 0.00 | 0.01 | 0.01 | 0.01
2-Butanone 2.56° | 0.43 || 1.23 [ 0.99 [ 0.98 | 1.03 || 1.46° || 1.08 | 054
Acetaldehyde 10.53] 5.39 || 4.25 | 5.03 || 4.48 | 2.89 | 1.95] 2.43 | 2.85
Acetone 18.39] 11.08] 9.69 || 12.45( 12.35| 5.57 | 5.13 || 4.92 5.46
Benzaldehyde 1.11 || 0.95] 145 141 1.30f 0.34| 0.31 | 041 | 0.39
Butyraldehyde 091 1.18 | 1.00 | 1.06 | 0.92 | 0.35 | 0.34 | 0.39 | 0.33
Crotonaldehyde 0.67 || 0.62 || 0.50 || 0.57 | 0.55 || 0.22 | 0.20 | 0.16 | 0.16
Formaldehyde 345 3.83 | 494 || 494 | 5.04 || 401 274 | 2.74 | 2.98
Hexaldehyde 056 || 0.43| 0.46 || 0.43 | 0.52 | 0.12 | 0.13 | 0.10 || 0.11
Isovaleraldehyde 0.04 | 0.07 | 0.15 | 0.08 | 0.08 | 0.01 | 0.01 | 0.00 | 0.01
Propionaldehyde 0.39 | 0.75| 0.74 || 0.73 || 0.91 || 0.39 || 0.35| 0.35| 0.34
Tolualdehydes 061 0.63 | 1.11 | 0.98 | 0.77 | 0.18 || 0.19 | 0.19 || 0.18
Valeraldehyde 0.18 || 0.71 || 0.59 || 0.06 | 0.52 | 0.15 | 0.11 | 0.08 | 0.09

Bold = MQO Core Analyte
Italic = less than 90% detection rate
* = Results obtained by different analytical method

Carbonyl compoundsere sampled on an evesixth-day basis for the year, for a total df §amples
attempted.Therewereno missed sampfe The data recovery rate 0% exceeds the EPA goal for over
85% sample recovery.

The annual mean concentaats for each carbonglompound, from 2004 through 2BJare listed inTable

3. The annual means wer edectad cctud avt adlaliofibe samegligph accnien g a |
minimum deéction limit. This is an accepted conservative technique for calculating annual values when
some of the samples were |l ess than the | aboratoryods

ambient air in Grand Junction are formaldehyde, acetamé acetaldehyde. The other nine compounds

(3]



measured in this study occurred at concentration levels significantly below those of the top three compounds.
Since 2004, the annual average concentrationséamry ofthe carbonyl compounds have dropped.

All of the carbonyls, except for isovaleraldehyde anddytethylbenzaldehyde were present in d8&%
of the sampleslsovalerallehydehas not been detected sirR®@1Q Note that the true annual mean of-2,5
dimethylbenzaldehyde may be well below the namigported in the tablue to the fact that this compound
was never detectedndonehalf of the detection limit was used for the estimated concentration of the non
detects. Actual concentrations could have been at lower levels than these esfimdtesthe pilot phase of
this study in 2002002, 2,5dimethylbenzaldehyde was detected 34 percent of the time. That number
dropped to 4.8 percent in 2005, and the compdasdnot been detected since 2006.

Graphs

The summary data for carbonyl compds measured during 20are graphed ifrigurel. The
compounds in these graphs are ordered by rankingaheingeconcentrations. The graphs show that
acetaldehyde, acetone, and formaldehyde had the highest maxima. The maximunes dh &2 were
similar to those in 201. In comparison, theationalaverage concentratiofigr acetaldehyde, and
formaldehydeat all NATTS stations, from 2003 through 20&&re1.78 and 298 micrograms per meter
cubed, respectivelf. The formaldehyd and acetaldehyde values in Grand Junction vietitasto the
national averages across the NATTS network. The data obtained from the 2011 National Monitoring
Programs (NMP) report indicates that the annual mean concentrations observed for acettoeh\atmta
and formaldehyde were 2.57, 2.00, and 2.86 micrograms per meter cubed, respectively.
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Figure 1.  Annual Mean and Maximum Carbonyl Concentrationsfor 2012

“MNational Air Toxics Trends St ati onsUYHRA $eptBmberE2 wor Kk Assessment .

f2011 Nati imgrPebgramsiAnnualtReport (UATMP, NATTS, CSATAM). US EPA. August 2013.
http://www.epa.gov/ttnamtil/files/ambient/airtox/2011nmpreport.pdf.
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Carbonyl Concentrations by Date 2012
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Figure 2.  Carbonyl Sample DayComparisons for 2012

Figure2 shows the concentrations feelect carbonytompounds during the yeafhe compounds did not
show much seasonal variatiofhis wasalso the case in 2Q as well. This is interesting, because it is

generally believed that more formaldehyde is formed photochemically during the summer period of higher

solar radiation. Formaldehyde plays a role in the formation of ozone, a chemiceuabypeaks during the

summer.

Figure3is a graph of the weekday versus weekend average carbonyl concentratiat®s ih2Wvas
expected, the average weekdapncentrations were slightly higher than the avenagekend concentrations,
with a fewexceptions 2,5-dimethylbenzaldehydendisovaleraldehydehave weekday and weekend
average concentrations that are equal, bedheseconcentrations are merely htdé value of their
respectivanethod detection limitdDLs) for the entire year, since they were ragtectable irall samples.
Butyraldehyde, benzaldehydeexaldehydeand valeraldehydkave weekend averages that are slightly
higher than their weekdayounterparts.Butyraldehyde isised in the manufacture of plasticizers, rubber
accelerators, solvents, and high polynferdt has also been found in the essential oils from flowers, fruits,
leaves, and the bark of various planttexaldehyde, or hexal, is used asfaod additive in the organic

synthesis of plasticizers, rubber chemicals, dyes, synthetic resins, and insecticides, as well as in perfumery.

It is also found naturally in many fruits, vegetables, meats, shellfish, and certain spéees and plants.
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Figure 3.  Weekday vs. Weekend Carbonyl Concentrations 2012

SaBuUt yral dehyde Compound Summary. 0
http://pubchem.ncbi.nim.nih.gov/sumary/summary.cgi?cid=261#x351

PubChem Online

Dat abase.

! NCBI, PubChem Compound DatabaBecember 2013.http://pubchem.ncbi.nim.nih.gov/summary/summary.cgi?cid=6184

8 Ibid.
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Grand Junction Carbonyl Annual Averages 2004 2012
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Figure 4.  Carbonyl Annual Averages 2004 2012
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Figure 6.  Carbonyl Annual Averages 2004 2012, ctd.

Figure4 throughFigure6 are graphs of the annual average carbonyl concentrations at the Grand Junction
site,for 2004 through 2. The overall trend appears to be that the carbonyl concentrations are decreasing.
The NATTS program was initially established to monitor thee8r average concentrations of air toxics
compounds, with the thought that successiye& averages would show at least a 15% drop in
concentration valuegrigure?7 below shows the 3 year average concentrations for acetone, acetaldehyde, and
formaldehyle from 2004 though 2006, 2007 through 2009, and 2010 througl220he formaldehyde
average increased slighfiym the first threeyear average to the secostipwing a 14% increase between
the first two 3year averagedyut, then decreaskby 40% fran the 20072009 tothe 20162012 average.
Propionaldehyde exhibited a similar trend with an increase of 8%, followed by a decrease of 49%. Acetone,
and acetaldehyde both showed decreases of 22%, and 38%, respectively, from-@080@4the 2007
2009averages, and decreases of 49% and 42% from theZli®/to the 2012012 averagesThe aerages
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for all othercompounds continedto dropone by as much as-ye@ravragef i tds prev
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Figure 7. Carbonyl 3-Year Averages 2004 2012

Quality Assurance/Quality Control
Field Blanks

Field blanks were collected twelve times per year by attaching a blank sample cartridge to the sampler
briefly, and then removing it. The purpose of these blanks was to ass¢gmination that might exist in the
cartridge media, sample installation, or shipping. Most cartridges had very small amounts of formaldehyde,
acetaldehyde, acetone, and propionaldehyde. Detailed information redalimblank results is available
upon request.

Precision of Sample Results

This project collected precision data in order to assess both sampling and analytical procedures. Six times
during the year, a second carbonyl cartridge was sampled simultaneously with the primary sample. These
additional samples, or duplicates, were collected to assess the precision (repeatability) of the sampling
method. In general, agreement between the two samples was excellent. Detailed information regarding
precision results is available upon request.

VOL ATILE ORGANIC COMPOUNDS
Summary Statistics

Volatile organic compound (VOC) data collected at the Grand Juricfmwell station from January
through December 2@ are presented in this section. There were 60 VOCs analyzed for this study. The list
of these VOCs and the number of times each was detected in samples during the studyinsTalied!.
Bolded compounds are MQO Core Analytdhese are the same VOCs collected by all of the sites
participating in the national air toxics studyOCsare typicallysampled on an evesixth-day basis, for a
total of 6l possible daysDuring 2012, however, this was not the case. For a short period of time, the Grand
Junction site was without a VOC sampler, due to mechanical failure issues. Upon receipt of a different
sampler, the site begaampling on an evesthird-day basis to attempt to meet a total sample tally of 61 for
the year. In all, 62 samples were attempted, with no samples voided, for a 100% sample recovery rate
However, due to the mechanical problems, no samples were edliacAugust, or for the first half of
September.



Table 4. VOC List with 2012 Detection Rates

CAS
Compound Number # of ND's % ND
1,2,4Trimethylbenzene 95-63-6 0 0%
1,3,5Trimethylbenzene 10867-8 0 0%
1,3-Butadiene 106-99-0 0 0%
Acetonitrile 75-05-8 0 0%
Acetylene 74-86-2 0 0%
Acrolein 107-02-8 0 0%
Benzene 71-43-2 0 0%
Carbon Disulfide 75150 0 0%
Carbon Tetrachloride 56-23-5 0 0%
Chloromethane 74-87-3 0 0%
Dichlorodifluoromethane 7571-8 0 0%
Dichloromethane 75-09-2 0 0%
Dichlorotetrafluoroethane 76-14-2 0 0%
Ethylbenzene 100-41-4 0 0%
m,p-Xylene 10001-6 0 0%
n-Octane 111-659 0 0%
o-Xylene 95-47-6 0 0%
Propylene 11507-1 0 0%
Styrene 100-42-5 0 0%
Tetrachloroethylene 127-18-4 0 0%
Toluene 108-88-3 0 0%
Trichlorofluoromethane 75694 0 0%
Trichlorotrifluoroethane 76-13-1 0 0%
Methyl Isobutyl Ketone 108101 1 2%
Bromomethane 74-83-9 5 8%
1,2-Dichloroethane 107-06-2 6 10%
1,1,XTrichloroethane 71-55-6 7 11%
1,1,XTrichloroethane 71-55-6 7 11%
p-Dichlorobenzene 106-46-7 9 15%
Chloroform 67-66-3 17 27%
Trichloroethylene 79-01-6 39 63%
Dibromochloromethane 124481 40 65%
Methyl Methacrylate 80-62-6 45 73%
m-Dichlorobenzene 541-73-1 52 84%
o-Dichlorobenzene 95-50-1 52 84%
Hexachlorel,3-butadiene 87-68-3 53 85%
Acrylonitrile 107-131 55 89%
Bromoform 75252 55 89%
1,1,2,2Tetrachloroethane 79-34-5 56 90%
1,1,2,2Tetrachloroethane 79-34-5 56 90%
1,2-Dibromoethane 106934 57 92%
1,2,4Trichlorobenzene 12082-1 58 94%
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CAS

Compound Number # of ND's % ND

Ethyl tertButyl Ether 637-92-3 58 94%
Vinyl chloride 75014 58 94%
Chlorobenzene 10890-7 59 95%
Chloroethane 7500-3 59 95%
1,1-Dichloroethene 75354 60 97%
Bromodichloromethane 75-27-4 60 97%
Ethyl Acrylate 140885 60 97%
Methyl tertButyl Ether 163404-4 60 97%
1,1,2Trichloroethane 79-00-5 61 98%
tert Amyl Methyl Ether 99405-8 61 98%
trans1,2-Dichloroethylene 156-60-5 61 98%
1,1-Dichloroethane 75-34-3 62 100%
1,2-Dichloropropane 78-87-5 62 100%
Bromochloromethane 74-97-5 62 100%
Chloroprene 126:99-8 62 100%
cis-1,2-Dichloroethylene 156594 62 100%
cis-1,3-Dichloropropene 1006101-5 62 100%
trans1,3-Dichloropropene 1006102-6 62 100%

ND = Not Detected
Bold = MQO Core Analyte

In 2012, there were26 compounds detected in at least 90% of the samples, tak@more than in 2011
Two compounds dropped off the 90% detection list, but four more compounds were @atidesbhmpounds
that dropped off the list arke1,l-trichloroethangand2-butanone (MEK) The trichloroethane compound
was detected in just under 90% of the samples taken, at a rate of 89%. MEK was removed from the VOC
analysis, and added to the carbonyl analysis, as the latter is more sensitive to the lowerNéElHeing
detected. Thefour additionalcompounds that made the Z0ist arel,2-dichloroethanel ,3-butadiene,
bromomethanegndtetrachloroethylene Eight of the VOC compounds are on the core list of 19 HAPs.
Only five of those eight compounds veetletected in greater than 90% of the samples taken in 2012. The
three compounds not detected in enough samples were chloroform, trichloroethylene, and vinyl chloride.
They were detected in 73%, 37%, and 6% of the samples in 2012, respeciaely5 is an alphabetical
listing of the B compoundsnost frequentidetected in 202. Italicized compounds are on the list of 19 core
HAPs.

Table 5. VOCs Detected in Greater Than 90% o012 Samples
90% Detection Rate
1,2,4Trimethylbenzene Carbon Disulfide n-Octane
1,2-Dichloroethane Carbon Tetrachloride o-Xylene
1,3,5Trimethylbenzene Chloromethane Propylene
1,3-Butadiene Dichlorodifluoromethane Styrene
Acetonitrile Dichloromethane Tetrachloroethylene
Acetylene Dichlorotetrafluoroethane Toluene
Acrolein Ethylbenzene Trichlorofluoromethane
Benzene m,p-Xylene Trichlorotrifluoroethane
Bromomethane Methyl Isobutyl Ketone

Italicized compounds are on the list of 19 core HAPs
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There weresevencompounds that were not detected at all durirfi22@hich isdownfrom thell non
detectcompoundsn 2011. There werd 6 compounds that were detected in five percentesspof the
sample in 2A1. This is adecreasérom 2011, where20 compounds were detected in five percentless of
the samples. This list 46 compounds includes many compounds that are chiefly emitted by stationary
sources. It appears that theserseuypes are not present in the immediate vicinity of the station.

Table6 summarizes the annual mean concentrations for each of the 60 VOCs measured during,the study
from 2004 through 2012Compounds that have bolded values are MQO Core Analytes. Compounds with
italicized values were detected in less than 90% of the samples for thétyskanuld be noted that the annual
means were calcul aded eby 0r & phaliat thensgnipke iméthodidetection
limit. This is an accepted conservative technique for calculating annual values when some of the samples
were | ess than the | aAsaresaltobthistetlmique ibedragda apnd maximume asur e .
concentrations are the same if the compound was never detétied¢ompounds are listed in alphabetical
order. There are several things to note about this table. First, the acetonitrile values for all of 2004, and the
first threeard-a-half months of 2005 were voided due to a contamination in the sampler. Acrolein was not
analyzed until 2005, and carbon disulfide was added to the list of analytes in 2006. Removed from this list
were the compounds of chloromethylbenzene, and methyl ketone (MEK). MEK was added to the
carbonyl analysis. Chloromethylbenzene was never detected in greater than 90% of samples.

Table 6. VOC Data Summary 2012

3

nmg/m
Analyte 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

1,1,X:Trichloroethane | 0.136] 0.148 | 0.120| 0.095| 0.092 | 0.092 || 0.086 || 0.065( 0.053

1,1,2,2Tetrachloroethanef| 0.172f 0.155 | 0.045| 0.057] 0.031 || 0.010 | 0.034 | 0.082| 0.064

1,1,2Trichloroethane 0.218| 0.145 [ 0.016] 0.050| 0.022 || 0.009 | 0.044 | 0.068] 0.057

1,1-Dichloroethane 0.101| 0.074 | 0.012| 0.034| 0.014 || 0.006 || 0.031 || 0.016| 0.030

1,1-Dichloroethene 0.099| 0.090 || 0.028( 0.045| 0.010 || 0.014 || 0.023 || 0.019|| 0.028

1,2,4Trichlorobenzene | 0.668| 0.582 | 0.057| 0.153} 0.111 || 0.019 | 0.071 || 0.130| 0.082

1,2,4Trimethylbenzene || 1.212| 1.011 | 0.814 0.639| 0.499 || 0.468 || 0.517 || 0.699| 0.587

1,2-Dibromoethane 0.192|| 0.158 | 0.069| 0.052| 0.027 || 0.009 || 0.041 || 0.069| 0.065

1,2-Dichloroethane 0.121| 0.096 | 0.030f 0.044| 0.018 || 0.015 | 0.034 || 0.040| 0.082

1,2-Dichloropropane 0.162| 0.120 [ 0.076] 0.046( 0.023 || 0.010 || 0.052 || 0.053] 0.044

1,3,5Trimethylbenzene || 0.408| 0.332 | 0.251| 0.205| 0.161 || 0.153 || 0.187 || 0.234|| 0.225

1,3-Butadiene 0.208| 0.199 | 0.197| 0.159| 0.145 | 0.166 || 0.136 || 0.135]| 0.180
Acetonitrile VOID || 17.182*| 0.594( 1.698| 6.609 | 1.244 | 20.326] 0.538|| 6.028
Acetylene 2.258| 2.051 [ 1.804| 1.461( 2.021 | 2.053 || 1.547 || 1.375] 1.444
Acrolein === 0.809 | 0.615( 0.631} 0.683 || 1.019 || 1.368 || 0.735| 1.091
Acrylonitrile 0.113|| 0.074 | 0.088f 0.038| 0.126 || 0.140 || 0.044 || 0.069| 0.032
Benzene 2.248| 1.946 | 1.850( 1.460| 1.616 | 1.928 || 1.414 | 1.333|| 1.276

Bromochloromethane | 0.238] 0.155 | 0.050]| 0.049| 0.016 | 0.013 || 0.044 | 0.021} 0.037

Bromodichloromethane || 0.134] 0.119 | 0.023|| 0.063| 0.023 | 0.009 || 0.063 || 0.084| 0.072

Bromoform 0.310| 0.217 | 0.088| 0.078| 0.026 || 0.013 || 0.051 || 0.126| 0.104
Bromomethane 0.107| 0.083 | 0.039f 0.048| 0.059 | 0.056 || 0.079 || 0.043| 0.111
Carbon Disulfide S . 8.510( 8.706] 10.935|| 13.610f 1.191 | 1.500| 1.416
Carbon Tetrachloride 0.515| 0.488 [ 0.585] 0.528| 0.679 || 0.663 || 0.534 || 0.536] 0.665
Chlorobenzene 0.092| 0.071 | 0.013f 0.032| 0.018 || 0.018 || 0.029 || 0.048| 0.057
Chloroethane 0.136| 0.086 | 0.028| 0.032| 0.034 || 0.041 || 0.023 || 0.016| 0.025
Chloroform 0.101| 0.113 [ 0.084| 0.090| 0.105 | 0.122 || 0.087 || 0.087] 0.091
Chloromethane 1.269| 1.322 | 1.214] 1.220) 1.424 | 1.465| 1.338 || 1.268| 1.237
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3

ng/m
Analyte 2004 | 2005 | 2006 2007 | 2008 | 2009 | 2010 || 2011} 2012

Chloroprene 0.091| 0.074 [ 0.040] 0.028| 0.015 | 0.012 || 0.023 || 0.014} 0.022

cis-1,2-Dichloroethylene || 0.119] 0.090 | 0.032] 0.036| 0.014 | 0.011 | 0.067 || 0.018f 0.036

cis-1,3Dichloropropene || 0.113] 0.083 | 0.032] 0.038| 0.016 | 0.005 | 0.031 || 0.050( 0.034

Dibromochloromethane || 0.298| 0.203 [ 0.043| 0.063| 0.021 | 0.016 || 0.041 | 0.087| 0.071

Dichlorodifluoromethane || 3.069( 3.179 | 2.777( 2.702| 2.789 | 3.215| 2.902 || 2.761| 2.565

Dichloromethane 0.489(| 0.429 [ 0.414| 0.383| 3.432 || 1.956 || 91.647( 1.313] 40.119

Dichlorotetrafluoroethanef| 0.108| 0.124 | 0.123|[ 0.118| 0.111 || 0.135 || 0.131 || 0.133| 0.123

Ethyl Acrylate 0.123|| 0.114 | 0.023| 0.034| 0.043 || 0.007 || 0.021 || 0.041| 0.030
Ethyl tertButyl Ether 0.104| 0.095 | 0.015( 0.021| 0.010 || 0.035 | 0.018 || 0.017| 0.023
Ethylbenzene 1.195( 1.355 || 0.662| 0.614] 0.474 || 0.531 | 0.507 || 0.619( 0.692
Hexachlorel,3-butadiene || 0.853| 0.987 || 0.072] 0.191| 0.091 | 0.005 || 0.063 || 0.185| 0.115
m,p-Xylene 3.730( 4.622 [ 2.289| 2.047| 1.529 || 1.697 | 1.548 || 1.968| 2.104

m-Dichlorobenzene 0.210f 0.170 [ 0.012] 0.049| 0.045 | 0.024 || 0.028 || 0.097] 0.070

Methyl Isobutyl Ketone | 0.265| 0.179 | 0.212] 0.169| 0.172 || 0.153 || 0.174 || 0.156| 0.174

Methyl Methacrylate 1.285( 0.786 | 0.260| 1.337] 0.491 || 0.049 | 0.050 | 0.049| 0.064

Methyl tertButyl Ether || 0.134| 0.118 | 0.012] 0.019] 0.009 || 0.007 || 0.017 || 0.015| 0.020

n-Octane 0.330f 0.340 [ 0.243] 0.238| 0.204 || 0.231 || 0.296 || 0.373] 0.423
o-Dichlorobenzene 0.120| 0.147 [ 0.015]| 0.053| 0.045 | 0.021 | 0.033 || 0.101} 0.062
0-Xylene 1.554( 1.967 || 0.831| 0.730} 0.558 || 0.602 | 0.550 || 0.713| 0.794
p-Dichlorobenzene 0.180| 0.143 | 0.090| 0.069| 0.040 | 0.071 | 0.035 || 0.089| 0.079
Propylene 1.406) 1.319 | 1.110f 0.911} 0.881 | 1.008 | 0.879 || 0.861| 0.948
Styrene 2.185| 1.053 [ 0.373] 0.583| 1.256 || 0.626 | 2.572 || 1.450} 2.960

tertAmyl Methyl Ether || 0.146| 0.128 || 0.025]|| 0.025] 0.027 || 0.029 || 0.026 || 0.033| 0.034

Tetrachloroethylene 0.306( 0.272 [ 0.342] 0.318 0.328 || 0.427 | 0.398 || 0.263] 0.318

Toluene 5.584 | 5.525 [ 4.064| 4.222| 2.905 || 3.820 || 3.231 || 4.006] 3.663

trans1,2-Dichloroethylenef 0.099( 0.090 || 0.036/ 0.034] 0.010 || 0.008 | 0.025 | 0.016f 0.026

trans1,3-Dichloropropene|| 0.120( 0.103 [ 0.020f 0.038| 0.016 | 0.009 | 0.033 || 0.057| 0.036

Trichloroethylene 0.134|| 0.120 || 0.053| 0.055| 0.033 || 0.108 || 0.055 || 0.086|| 0.136

Trichlorofluoromethane | 2.174| 1.626 | 1.517] 1.456| 1.506 | 1.707 | 1.604 || 1.518] 1.594

Trichlorotrifluoroethane || 0.778| 0.807 || 0.758( 0.825| 0.680 || 0.847 || 0.722 || 0.752|| 0.655

Vinyl chloride 0.051] 0.051 || 0.011f 0.030f 0.007 || 0.006 || 0.015 | 0.011] 0.014

2004 NOTE: Acetonitrile VOIDdue to contamination in sampler.

2005 NOTE: Acetonitrile VOID thru 4/10/2005 due to contamination in sampler.
Bold = MQO Core Analyte

Italic = Less than 90% detection rate

In general, the concentrations froml2@ompared well with the 20 data. However, sme compounds
did showaverage concentrations that wergnificantly higherthantheir 2011 values. For instance,
dichloromethane and acetonitrigowedmuch larger annual average concentrations ir22@lopposed to
2011 In 2011, their respective annual average concentrations W8feand0.54 ng/m®. In 2012, they were
40.12 and6.03ny/m°. The largeincreasén concentrationarises from significantly elevated concentrations
of these compoundm several sample days throughout a 6 week pefibé MDL levels did change slightly
for some of the compounds, but this is to be expected as the laboratory calculates new MDLs every year.
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Graphs

Figure8 throughFigure10 are graphs showing the 24 hour maximamd annual mean concentrations for
each of the26 compounds that were detected in greater than 90% of the sampld2jm20vell as the
remaining VOC compounds that are on the mandatory monitoring list of 19 core HABse graphs are
ordered from highest to lowest annual mean concentration. Notetht he gr aphsé -sca@al es var
level at20 micrograms per meter cubed to afsdide value offour micrograms pemeter cubed The
compounds with the five largest annual average concentratiodghleromethane, acetonitrilegluene,
styreng anddichlorodifluoromethaneTheir values ard0.12, 6.03 3.66 2.96 and2.57micrograms per
meter cubed, respectivelyn comparison, theame respective concentration values from the 2011 NMP
report are3.51, 24.68, 2.70, 0.25, and 1.23 micaigs per meter cubed, respectively.

VOC Annual Average and Maximum Concentrations 2012
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Figure 8.  VOC Annual and Maximum Concentrations 2012
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Figure 9.  VOC Annual and Maximum Concentrations 2012, ctd.

°%2011 National Moni toring Programs Annufudust®0éport (UATMP, NATTS, (
http://www.epa.gov/ttnamtil/files/ambient/airtox/2011nmpreport.pdf.
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VOC Annual Average and Maximum Concentrations 2012
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Figure 10. VOC Annual and Maximum Concentrations 2022, ctd.
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VOC Concentrations by Date 2012
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Figure 16. VOC Concentrations by Date 202, ctd.

Figurel1throughFigure16 show the concentrations of thé &ost detected VOCss well as the the
other VOC compounds on the core 19 kist,date. The concentrations tended to trend well with each other.
Some of the compounds do show a seasonal variation in their concentrations. This is most easily seen in the
graphs of acetylene and propylend-igurel12 andFigurel3. VOC concentrations are typically higher in
the summer due to the higher temperatures, and longer availability of ultraviolet rays for the photolytic
process.

Figurellalso shows that the concentration of dichloromethane was off the charts from approximately mid
September through midovember, with a maximum value of near 750 micrograms per cubic,rdatang
that time period. On September 16, 2012, the ERG supplied air toxics analyzer was returned to service at the
site. The first three samples taken showermnal concentrations for dichloromethane, as did the final four
samples taken with that sars@mpler. Between the December 11, and December 17 sample dates, the
sampler was replaced with the repaired sampler that was previously installed at the site, as there were
concerns of possible contamination in tbersampler. No evidence of contantioa was ever found,
which moved the discussion to a possible new source in the area. A search of the area near the site did not
provide any clues as to a possible source. It is still unclear why the concentration values for this compound
were so large uting that time period.

Figure17 throughFigure23 graphically illustrate th weekday versus weekend VOC concentrations in
2012 for all 60 compounds. It should be noted here that compounds showing thevsekaay and weekend
averages are reflecting concentrations that are equal tbathef the MDL; that is, they were neveletected
The compounds are separated into four groups: alkanes, alkenes, alkynes, and aromatics. The alkane
compounds have carbon atoms with only one single bond. The alk@reesarbon atoms with double
bonds, and the alkynes have triple bonds. aroenatics are ring structures, like benzene, with other
substituents bonded to the ring.

In general, the weekday concentrations for most compounds were larger than those on the weekend. This is
expected, as many of the compounds emitted are assowititealitomobile emissions, and traffic in the area
is usually decreased on the weekends. There were, however, a few exceptionsSia dfithe compounds
had higher weekend concentrations than weekday concentrafibese compounds are
trichlorofluoromethanedichloromethane, carbon tetrachloridegetonitrile and1,2-dichloroethane. Of
these1,2-dichloroethanavas detected in onl®7% of the samples taken. For the compounds that were not
detected consistently, their concentrations are heaa#gd on their respective MDLs, and not much should
be read into their weekend versus weekday concentratibims dichloromethane had two large concentration
spikes on weekend days (1/15/2011 and 4/3/2011), which is the reason for the larger weeketrdtmomcen
values.
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Weekday vs. Weekend VOC Concentrations for C1 Hald\lkanes
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Figure 17. VOC Weekday vs. Weekend Comparison for C1 Alkanes
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Figure 19. VOC Weekend vs. Wekday Concentrationsfor C31 C8 Alkanes



Weekday vs. Weekend VOC Concentrations for GZ5 Alkenes and Hale
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B Weekday ®Weekend

Weekday vs. Weekend VOC Concentrations for Aromatics
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Figure 23. VOC Weekend vs. Weekday Concentrations for Aromatics, ctd.
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Figure 24. MQO Core Analyte VOC Concentrations 2004i 2012
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Figure24 andFigure25 graph the annual average concentratiorth@feight VOCs that are a part of the
mandabry monitoring subset of 19 HAPs. The gragbsnot appear tdicate ageneralrend in
concentration values since 2004.calculation of the 3/ear average concentratiof20071 2009)for all
compounds also shows that the overall concentration avésatyoppingompared tdhe previous 3 year
averagg2004i 2006)

Quality Assurance/Quality Control
Field Blanks

The volatile organic compound sampling method involves sampling in stainless steel canisters with
specially treated interior surfaces. eTtanisters are 1@sed. After a full canister is analyzed, it is pumped
out repeatedly to a high vacuum. This procedure cleansthdarext use. Periodically, enanister from
each cleaning batch issted to make sure the method is performing adég]ly. The test canistes filled
with ultra-pure air and then analyzedf it shows no contamination, the batch is released for use. If
contamination is found, the entire batch is sent through the cleaning process for a second time. The canisters
arrive inthefield closed, and under vacuum oR0 to 30 inches ahercury Therefore, field blanks are not
usedint hi s met hod. The cani srypior® shippirg tofihbfie@.n ked 6 at t he

Precision of Sample Results

On sixrandomsampling dateper year a second canister was sampled simultaneously with the primary
sample. These additional samples, known as duplicates, were collected in order to assess the precision
(repeatability)of the canister sampling method. In generaleatability for the two collocated samples was
excellent. Information regarding precision and accuracy results is available upon request to the Air Pollution
Control Division.

POLYCYCLIC AROMATIC HYDROCARBONS

Summary Statistics

In April 2008, the Grand Juction National Air Toxics Trends Site added a sampler for polycyclic aromatic
hydrocarbon (PAH) compounds. A good definition of these chemicals is:

Polycyclic aromatic hydrocarbons (also known as polynuclear aromatic hydrocarbons) are composed
of two ormore aromatic (benzene) rings which are fused together when a pair of carbon atoms is
shared between them. The resulting structure is a molecule where all carbon and hydrogen atoms lie
in one plane. Naphthalene {ls, MW = 128.16 g), formed from two kmame rings fused together,

has the lowest molecular weight of all PAHs. The environmentally significant PAHs are those
molecules which contain two (e.g., naphthalene) to seven benzene rings (e.g., coronene with a
chemical formula H,,; MW = 300.36 g).In this range, there are a large number of PAHs which

differ in number of aromatic rings, position at which aromatic rings are fused to one another, and
number, chemistry, and position of substituents on the basic ring sy&enrce: Ambient Water

Qualty Criteria for Polycyclic Aromatic Hydrocarbons (PHAS) Ministry of Environment, Lands and
Parks, Province of British Columbia. By N. K. Nagpal, Ph.D., Water Quality Branch, Water
Management Division, British Columbia, Canada, Ministry of Environmeiti;ugey, 1993).

In all, 61 PAH samples were attempted, and 60 were collected for analysis (98.4% sample recovery rate).
Twentytwo compounds were measured for this study. The list of these compounds and the summary of the
collected data are shownTrable7 andTable8. Fourteen of the 22 compounds analyzed ferendetected
in greater than 90% of the samples, and 19 were detected in greater than 50% of the samples. Nine
compounds were detected in every sample taken. These-8tmrehone, acenaphthene,
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benzo(b)fluoranthene, chrysene, fluoranthene, fluonesughithalene, phenanthrene, and pyrene.

Table 7. PAH Sample Summary Data 2012

CAS
Compound Number || # of ND's| % ND
9-Fluorenone 486-25-9 0 0%
Acenaphthene 83-32-9 0 0%
Benzo (b) fluorantheng 20599-2 0 0%
Chrysene 21801-9 0 0%
Fluoranthene 206-44-0 0 0%
Fluorene 86-73-7 0 0%
Naphthalene 91-20-3 0 0%
Phenanthrene 8501-8 0 0%
Pyrene 129-00-0 0 0%
Anthracene 12012-7 1 2%
Retene 483658 2 3%
Benzo (e) pyrene 192:97-2 3 5%
Benzo (a) anthraceng| 56-55-3 6 10%
Benzo(g,h,i) perylene| 191-24-2 6 10%
Indeno(1,2,cd)pyrene|| 193-39-5 14 23%
Acenaphthylene 208-96-8 15 25%
Coronene 191-07-1 18 30%
Benzo (a) pyrene 50-32-8 20 33%
Benzo (k) fluorantheng| 207-08-9 23 38%
Perylene 198550 37 62%
Cyclopenta[cd]pyrene|| 2720837-3 39 65%
Dibenz (a,h) anthracen| 53-70-3 45 75%

ND = Not Detected
Bold = MQO Core Analyte

Table8 summarizes the annual mean concentrations for each PAH measured during the study, from 2008
through 2012. The compounds that were detected in less than 90% of the samples taken adetdtaliwize
that their averages are dependent upon their respective MDL values. Bolded compounds are listed among
those on the list of 19 core HAPs to be be monitored. The annual means were calculated by replacing all
Ainalret ect 0 v aHalboftse sawiple mininoum eetection limit. This is an accepted conservative
techniqgue for calculating annual values when some of
detect. Naphthalene had the largest annual average of the PAH compoundgaiithat 204 nanograms
per meter cubed in 2012. This is over ten times greater than the next closest average concentration, which is
acenaphthene, with 20.5 nanograms per meter cubed. Naphthalene is found in tobacco smoke, mothballs,

coal tar productionand from the combustion of coal and oil.
Table 8. PAH Annual Average Values 2008 2012

2008 2009 2010 2011 2012

Average Average Average Average Average

Analyte (ng/m°) (ng/m’) (ng/m’) (ng/m’) (ng/m’)

9-Fluorenone 1.53 2.67 2.34 2.13 2.74
Acenaphthene 8.41 11.34 7.30 10.54 20.5
Acenaphthylene 2.12 3.68 2.50 2.22 2.28
Anthracene 0.63 1.65 0.89 0.77 0.83
Benzo (a) anthracene 0.20 0.39 0.25 0.26 0.22
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2008 2009 2010 2011 2012

Average Average Average Average Average

Analyte (ng/m”) (ng/m’) (ng/m’) (ng/m’) (ng/m’)
Benzo (a) pyrene 0.18 0.33 0.20 0.22 0.18
Benzo (b) fluoranthene 0.36 0.72 0.50 0.48 0.41
Benzo (e) pyrene 0.19 0.39 0.24 0.23 0.19
Benzo (g,h,i) perylene 0.26 0.43 0.28 0.25 0.21
Benzo (k) fluoranthene 0.10 0.21 0.14 0.14 0.12
Chrysene 0.35 0.68 0.49 0.48 0.42
Coronene 0.15 0.23 0.13 0.11 0.09
Cyclopenta[cd]pyrene 0.16 0.19 0.10 0.13 0.12
Dibenz (a,h) anthracene 0.06 0.06 0.03 0.05 0.04
Fluoranthene 2.52 3.79 3.30 3.35 3.55
Fluorene 5.15 9.20 6.44 7.67 12.6
Indeno(1,2,3cd)pyrene 0.21 0.37 0.24 0.23 0.19
Naphthalene 112 189 147 158 204
Perylene 0.07 0.08 0.09 0.07 0.06
Phenanthrene 11.98 17.91 13.92 14.02 18.7
Pyrene 1.81 2.87 2.28 2.19 2.20
Retene 0.67 1.37 1.04 0.85 0.77

Bold = MQO Core Analyte
Italic = less than 90% detection rate

Graphs

Graphs of the concentration data from the fifteen PAH compounds that were detected in greater than 90%
of the samples taken are showrigure26 throughFigure29. Naphthalene is the most variable, with
concentrations ranging from 45.5 to 822 nanograms per meter cubed. Naphthalene had the largest annual
average concentration, followed by acenaphthand phenanthrene, with values of 204, 20.5, and 18.7
nanograms per meter cubed. In comparisonN#tenal Monitoring ProgramiNMP) national averages for
these compounds in 2011 were 81.7, 9.92, and 4.64 nanograms per meter cubed, respéettigely.
phenanthrene, fluorene, and fluoranthene concentrations tended to follow the same general trend that
naphthalene did. Acenaphthylene, pyrene, retene, benzo (b) fluoranthene, and benzo (g,h,i) perylene
exhibited a seasonal variation, with larger concemtnatin the winter months, and lower concentrations in
the summer months. This makes sense, since the primary source of many PAHSs in air is the incomplete
combustion of wood and fuél. PAHs are a product of combustion from common sources like automobiles,
wood-burning stoves and furnaces, cigarette smoke, etc. The natural sources of PAHs include volcanoes,
forest fires, crude oil, and shale Hil.

10r”12011 Nati onal Monitoring Programs

http://www.epa.gov/ttnamtil/files/ambient/airtox/2011nmpreport.pdf.
1

Annual Report (UATMP,

YiToxicol ogi cal Profile for Polycyclic Aromatic
Substances and Disease Resigtry. August 1995. http://www.atsdr.cdc.gov/ToxProfiles/tp69.pdf

Hydrocabons. 0o

12 |bid.

[21]

NATTS,

us



Naphthalene

€¢T0¢/6T/CT
<T0c/s/et
€10¢/12¢/1T
<T0¢/LITT

>
€¢T0¢/ve/0T
¢T0¢/0T/0T
€10¢/9¢/6
€10¢/CT/6
10¢/62/8
<T0¢/ST/8

Aw ¢T0C/T/8

1

>

>

>

~JV\

<T0¢/8T/L
CT0C/vIL

10¢/02/9
r¢102/9/9

<toc/ec/s
-¢102/6/S

ctoc/sely
<T0C/TTlY
€10¢/8¢c/e
<T0ce/vi/e

ctoc/6c/e
10¢/ST/e

| NMAA ALA

A

¢10c/T/e
<T0c/8T/T

¢10¢/vIT
o

1000
800
600
400
200

(qw/Bu) uonenussuo)

Figure 26. Naphthalene Concentration by Date 2012

Select PAH Concentrations by Date 2012
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Figure 27. Select PAH Concentrations by Date 2012
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Figure 28. Select PAH Concentrations by Date 2012, ctd.
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Select PAH Concentrations by Date 2012
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Figure 29. Select PAH Concentrations by Date 2012, ctd.

Grand Junction Weekend vs. Weekday PAH Concentrations 201
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Figure 30. PAH Weekend vs. Weekday Concentrations 2012

Grand Junction Weekend vs. Weekday PAH Concentrations 201.
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Figure 31. PAH Weekend vs. Weekday Concentrations 2012, ctd.
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Figure30 andFigure31 are graphs of the weekeaddweekday concentrations for tfeurteenPAH
compoundsletcted in greater than 90% of the samples taken in.20h2 weekday averages were larger
than the weekend values for aimpoundsexceptretene, and-fluorenone Those compounds had larger
weekend values than wekday values The values for naphthale are off the chart with a weekday average
of 215nanograms per meter cubed, and a weekend averdd& olanograms per meter cubédgure32
throughFigure 34 are graphs of the annual average concentrations for the fourteen compounds detected in

greater than 90% of the samples taken in 2012. The graphs shovathabfithe compound concentrations
are increasing since 2010.
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Figure 32. Naphthalene Annual Average Concentrations 2008 2012
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Figure 33. Select PAH Annual Average Concentrations 2008 2012
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PAH Annual Average Concentrations
2008- 2012
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Figure34. Select PAH Annual Average Concentrations 2008 2012, ctd.

Quality Assurance/Quality Control

Field Blanks

Periodically, the | aboratory analyzes a fiblank, 0 or
extra analgis is to determine if there was any contamination of the filter during manufacturing, or during
|l aboratory processing. I n 2012, the | aboratory anal

Several compounds were detected at very lowlten many of the filter blanks.
Precision of Sample Results

Precision air samples were not run in 2012. Assessing precision requires a collocated sampler at the site,
and the NATTS group chose to take precision samples at other locationsatitimevide network.

PM1o METALS

The metals data included in the initial version of this repere found to have various errors duehe t
contracted laboratomyot following correct procedures for establishing the method detection limits
(MDLs). Theconcentrations for some of the metals rely heavily on the MDL values, dsatfrtbe value of
the MDL is substituted for the concentration in instances where the metal is not detected during the
analysis.Because it is impossible to go back and calculaeViDLs being used for the 2P#lata, a new
MDL study was performed by the lab in 2018he values obtained as a result of this study will be used for
the analysisof20t8 013 met al s data, in an effort tdedteep from

In previous years, antimony and total chromium were also a part of the suite of compounds CDPHE had the
lab analyze for. These two compounds are not required as a part of the NATTS program. As such, when the
new MDL study was performed they weedropped from the list of compounds. Any data associated with
those two compounds will not be in this, or future, reports.

Summary Statistics

During the study, metals were sampled on the every sixth day schedule, for a thtshofgdes attempted.
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Of those 8 samplesfive weremissed or voidedeaving a total 0566 samples collecte®(.8%6 sample
recovery). Table9 shows the percentage thie samples in which each metal was detecfadenic,lead,
manganesendnickel were detected i80% or more of the sample®eryllium was never detected, while
cadmium was detected 86% of the samples

Table 9. Metals List with 2012 Detection Rates
CAS
Compound Number # of ND's % ND
Manganese 743996-5 0 0%
Nickel 744002-0 0 0%
Arsenic 744038-2 1 2%
Lead 743992-1 1 2%
Cadmium 7440439 36 64%
Beryllium 744041-7 56 100%

Bold = MQO Core Analyte

Table10 summarizes the annual mean concentrations for each of the metals measured during, the study

from 2004 through 2@, and is organized from the high&&12 annual average concentration valoghe
lowest. The compounds that are listed in bold type are on the list of 19 core HAPs. The italicized

compounds are those that were detected in less than 90% of the sampleétmiert. means were
calculated by using orealf of the detectiofimitsin place of the nonletect samplesResults show that
manganeswaghe compounadvith the highest annual averagéhe other metals were present at lower
concentrationsThe manganesaijckel, andeadconcentrations were high#frtan their 2Q1 values.

Table 10. Metals Data Summary 202

2004 2005 2006 2007 2008 2009 2010 2011 2012
Average || Average || Average || Average || Average || Average || Average || Average || Average

Analyte || (mg/m’) | (mg/m®) || (ng/m®) || (mg/m®) || (my/m?®) || (mg/m’) || (my/m’) || (mg/m’) || (mg/m?)
Manganese| 0.013 | 0.01199( 0.01504| 0.01523] 0.01474( 0.00870| 0.00834| 0.00882| 0.01085
Lead 0.0049 [ 0.00401| 0.00433] 0.00426( 0.00248| 0.00209] 0.00205| 0.00279| 0.00303
Nickel 0.0006 | 0.00091( 0.00119| 0.00144| 0.00143( 0.00088| 0.00180| 0.00211| 0.00226
Arsenic 0.0003 || 0.00213| 0.00288| 0.00422| 0.00243( 0.00087| 0.00132} 0.00067 | 0.00057
Beryllium 0.0001 [ 0.00091| 0.00059| 0.00069( 0.00019| 0.00013] 0.00014| 0.00014| 0.00013
Cadmium | 0.0001 || 0.00035| 0.00026] 0.00024] 0.00014 0.00023| 0.00020] 0.00021 0.00008

Bold = MQO Core Analyte
Italic = less than 90% detection rate

Graphs

The metal compounds measured during the study are graphegine35. This figure shows that
manganesdead,andnickel were the metals with the largesterageconcentrationshaving values 0£0.85,
3.03, and 2.2@anograms per meter cubed, respectivatycomparison, the NMP national average
concentrations for these compounds in 2011 were 8.81, 3.82,2fdanograms per meter cubed,
respectively’® Figure36 andFigure37 indicatethat most of the metals were at low concentration levels
throughout the yearThere does not appear to be any seasonal trending in the metassbadad on the
2012 data. Nickel has the largest amount of variability in the concentration values recorded, with values
ranging from pst slightly over zero to near 27 ngnams per meter cubed.

Bio2o011

Nat i on agramdvmmual Reporti(UAGMPPNAGTS, CSATAM). US EPA. August 2013.
http://www.epa.gov/ttnamtil/files/ambient/airtox/2011nmpreport.pdf.
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Figure 37. PMjyMetals Concentrations by Date 202, ctd.



PM,, Metals Weekend vs. Weekday Comparison 201.
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Figure 39. PMj,Metals Annual Average Concentrations 2004 2012
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VII.

Figure38is a chart of the weekend versus weekday concentrations for tharetéls. All of the
compounds had weekend averages that were less than the weekday av€eajagim, and bgllium were
rarely detected, meaning the concentration values are heavily dependent on their MDL values, thus giving
weekend vesus weekday concentrations that are eq&édure 39 andFigure40 are graphs of the annual
average concentrations for each of the,pPidetals from 2004hrough 202. The graphappear teshow a
general downward trend in the concentration values for all the compbuhdikel A calculation of the 3
year averages from 2004 to 2006, 2007 to 28@€,2010 to 201&hows a decrease in concentrati@sng
from the first 3-year average to the last 3-year average) for al compounds exceptickel, which showed
increases 089% (1% 3-year average to 2™ 3-year average), and 67%2™ 3-year average to 3 3-year
average). At this time, t is uncleawhat is behind this phenomenon

Quality Assurance/Quality Control

Field and Filter Blanks

Periodically, the laboratory analyze§id | ank, 06 or unu3hedurpose ofthisextra f or met a
analysis is to determine if there was any contamination of the filter during manufacturing or during laboratory
processing. In 20, CDPHE switched to using a different analytical labonatoks a result of this switch,
no blank filters were analyzed, and therefoie data was availédfrom the lafor year 2010 In 2004, total
chromium contamination was a problem for the national air toxics network. These chromium contamination
findings were believed to be related to the use of metal knives in cutting individual filters from the giant
sheets prepared at the factory. At the extremely low levels of metals in ambient air that the national air toxics
network is assessing, such filter cantaation is a concern. The national project team evaluated new filter
materials and sampling methods, and recommended changing to Teflon filters, and low volgme PM
samplers in early 2005.

Precision of Sample Results

Twelve duplicate precision samplegre run in 202. The agreement between samples magood,
with annual averagpercentdifferences ranging from 42%r arsenic to 253% for nickel. €wannual
average percent difference was obtained by takingubeage of the percent differences between the primary
and duplicate sample concentration values for each compowath of the 12 duplicate samples taken
These large differences are likely due to inefficient extraction ndstbeing used by the lab.

HEXAVALENT CHROMIUM

Summary Statistics

Hexavalent chromium data collected at the Grand JunttRowell station in 202 are presented in this
section. In 2005, a new hexavalent chromium sampler was added to the Grand Junction site. The technical
steeing committee made this decision for the nationwide air toxics monitoring network. The previous
method only measured total chromium and could not distinguish between the trivafénai@rthe
hexavalent (CY) forms. These two forms are quite differémtheir health effects. The €formis a
carcinogen, whilethe €if or m i s not . This new method is describe
Chromium Method Development: Final Report, Work Assignmebtd, 0 by Eastern Researct
Morrisville, North Carolina on September 30, 2005. Note that, due to its sensitivity, this method gives results
in nanograms per cubic meter of air (ng/na unit one thousand times lower than the micrograms per cubic
meter (rg/m°) used elsewhere in this report.

During the year long period, hexavalent chromium was sampled on an every sixth day basis, with several
makeup samples taken throughout the y&areplace missed sampleé total of61 samples wre attempted,
with 60 being analyzed98.4% sample recovery)Table11 shows that hexavalent chromium was detected in
60 percent of the samples taken in20 Table12 shows the average hexavalent chromium concentrations
recordedrom 2005 through2012. The annual mean was calculated by usinghaiof the minimum
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detection limit in place of the neshetect samples. His is an accepted conservative technique for calculating
annual values when some of the samples were less thanthe talwor y 6 s a b i Theavgrage 0 meas ur €
values in 202 arelessthan those from 211.

Table11l. Hexavalent Chromium Sample Summary 20092012
CAS 2009 2010 2011 2012
# of % # of # of # of % # of %
Compound Number ND's | ND || ND's || ND's | ND's | ND | ND's | ND
Hexavalent Chromiunf 185402-99 | 38 61% | 18 38% 17 29% || 24 | 40%
Table 122 Hexavalent Chromium Average and Maximum Concentrations 2002012
2005 2006 2007 2008 2009 2010 2011 2012
Average || Average | Average || Average | Average || Average | Average || Average
Analyte (ng/m?®) || (ng/m?) || (ng/m?) || (ng/m?) || (ng/m?) || (ng/m®) || (ng/m®) | (ng/m’)
Hexavalent Chromiun| 0.023 | 0.0270 || 0.0155 || 0.0208 | 0.0082 | 0.0125 | 0.0160 | 0.0128

Graphs

Figure41 shows the annualverageandmaximumhexavalent chromium concentrations for 2@#rough
2012 Figure42shows hexavalent chromium concentrations durin@€i2 calendar yearAll butthree
concentrations were less than®0®g/nT for the year.In comparison, the NMP national average
concentation for hexavalent chromium in 2011 was 0.024 nanograms per meter'¢ubee maximum
concentratioain 2009,201Q 2011 and 2012ccurred on September 28, 2008ne 1, 201(December 29,
2011, and May 3, 2012.

Hexavalent Chromium Annual Average and Maximum Concentrations 20052012
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Figure 41. Hexavalent Chromium Annual Average and Maximum 20092012
Y2011 National Moni toring Programs Annual Report (UATMP, NATTS,

http://www.epa.gov/ttmatil/files/ambient/airtox/2011nmpreport.pdf.
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Hexavalent Chromium Concentration by Date
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Figure 42. Hexavalent Chromium Concentrations by Date R12

Hexavalent Chromium Weekend vs. Weekday Summary 2002012
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Figure 43. Hexavalent Chromium Weekend vs. Weekday Summary
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Figure 44. Hexavalent Chromium Annual Average Concentrations 2005 2012

Figure43is a summary of the weekday versus weekend hexavalent chromium concenfoatZtd
through 202. The average weekday concentration is larger than the weekend concenfrhisois.
expected, as hexavalent chromium is primarily used in industrial processesuld be used during the

week. Figure44is a graph of the annual average hexavalent chromium concentrations from 2005 through
2012. The graph indicates a general downward trend in the concentrations for this compound. Aazalculati

of the 3year averages from 2005 through 2007, and 2008 through &8d@s a decrease from 020
0.014 ng/m, which is a decrease of nearly 40%.
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Quality Assurance/Quality Control
Field Blanks

Once a montha filter was transported to the field, placed on the sampler, and immediately removed,
wi t hout having any air passed through it. These #Afi
the field or the sampling materials is significant. Out®blanks taken, none showed detectable levels of
hexavalent chromium. Unlike total chromium samples discussed in the previous section, hexavalent
chromium samples are not potentially compromised by high blank levels. This is good, because the
concentations of hexavalent chromium are more relewanisk assessmestudiesthan totalchromium

Precision of Sample Results

Six times during the yeaa laboratory split samplasanalyzed An incoming samplavassplit into two
separate samples, and then analyzed by the lab. A comparison of the results gbhteaaddea of the
precision of the analytical methodh general, the duplicate samples showeddjagreement, varying from a
minimum percent differerecof-9% to a maximum of 7%.

VIIl. PMio

Sample Statistics Summary

The Colorado Department of Public Health and Emvitent operates sampggfor particulae matter 10
microns or less in diameter (R)at the Grand JunctiagnPowell station. These sampleerve to indicate
the status of Grand Junction regarding the National Ambient Air Quality Standards (NAAQS) {fparikM
PM,s. Results of the statewide particul atellArtatter mo!
Qual ity Dat aAirRdlyianiControl Miwsiort lh 2012, 131 samplesvereattempted, and28
werecollectedon the primary sampleHowever, 26 samples from the primary sampler were voided at the
lab due to equipment failure, and/or lab errors. Fooflthhe26 missedvoided samplelates the collocated
sampler was in operation, and those values regldieemissing values for the primary sampler. This brings
thefinal data recovery rate #®8.5%.

Table 13. PM;qAverage Concentrations 20071 2012

2004 2005 2006 2007 2008 2009 2010 2011 2012
Average || Average || Average || Average || Average | Average | Average || Average || Average

Analyte | (mg/m’) || (my/m’) | (mg/m’) || (mg/m?) | (mg/m?) | (mg/m?) || (mo/md) || (no/md) | (mg/m)

PMy, (every

3rd day 29.0 25.6 30.1 29.6 29.5 24.8 224 184 22.2
PMjy, (every

6th day 29.2 25.4 29.8 28.9 29.6 259 19.2 18.4 20.3

Table 14. PM;, Maximum Concentrations 2004 2012
2004 2005 2006 2007 2008 2009 2010 2011 2012

Max Max Max Max Max Max Max Max Max
Analyte (g/m®) || (my/m®) || (ng/m®) | (ng/m®) || (my/im®) | (mg/m®) || (ng/m®) || (ng/m®) || (mg/m?®)
PMyq (every
3rd day 1021 197.5* 98.3 84.7 1161 68.4 155.0 41.0 77.0
PMyq (every
6th day 31.6 61.5 65.7 68.8 83.5 68.4 57.0 39.0 44.0

Table13lists the averageoncentrations obsergiaat the Grand Junction site from 2004 through220Lhe
table listsaverageconcentrations for the entire every third day sampling peasdyell asoncentrations
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obtained on the same days that the air toxics analyzers were in operation (every sjtbrda30® through
2012. The averages are similar for tird and sixth day sampling, and dees tharhalf of theformer
annualstandard level of 50 micrograms per meter cubBEte maximum value observed in 200as 77.0
micrograms per meter cubed.

Table14 lists themaximum concentrations observed at the Grand Junction site from 2004 through 2012.
The table lists the maximum concentrations for the entire every third day sampling period, as well as
concentrations obtained on the same days that the air toxics aralyerin operation (every sixth day),
from 2009 through 2012The maximums are similar for some years, but quite different for others. To date,
the highest concentration observed during the every third day sampling period was 197.5 micrograms per
metercubed in 2005.

Graphs

Figure45is agraph of the PN} concentration data recorded every sixth sampling dée graphdoes not
appear tondicateany seasonalariation. A large part of the data set was voided due to laboratory processing
errors
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Figure 45. PM, Concentrations by Date (every 8 Day)
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Figure 46. PMj,Weekend vs. Weekday Comparison 2002012 every 6" day

Figured6is agraph of the weekend versus weekday concentrations fes dtMhe evergixth day
sampling scheduleThe weekday averagel&gger than the weekend average. ;Ri¥ldominated by surte
disturbance of earth materials (street sand, windblown dust). Thel€#dls are subject to change due to
daily weather conditionsFigure47is a graph of thermual average P concentrations from 2004 through
2012, for the every third day sampling perioBigure48is a graph of th@4-hourmaximum PM,
concentrations from 2004 through 2012, for the every third day sampling period.
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Figure 47. PMjoAnnual Average Concentrations 2004 2012
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Figure 48. PMjoAnnual Maximum Concentrations 20041 2012

Quality Assurance/Quality Control
Field Blanks

There werssix field blanks taken for PM.
Precision of Sample Results

Collocated samples were ronce every sixth dayalf as frequently as the primasgmples were run.
This is done in an effort to validate the collected data. There is good agreement between the primary and
collocated sampler concentrations.

(34



IX. PMzs

Sample Statistics Summary

The Colorado Department of Public Health and Environropetates sampig for particulate matter 2.5
microns or less in diameter (BN at the Grand JunctianPowellstation This sampler sern&to indicate
the status of Grand Junction regarding the National Ambient Air Quality Standards (NAAQS) for and PM
Results of the statewide particul ate m2AitQualty moni tor.i
Data Reporto by the Air Pollution Control Di vi si on.
air toxics in Grand Junction becausehe availability of PM s speciation data, which gives insight into air
toxics in particulate mattedt should be noted here, however, that the speciation sampler ptgJmated
in Grand Junction was r emovV e éinDenvedtthe entl af 2089%Thed t o t he
PM, s data discussed here is tip@vimetricfilter dataonly, and does not include any speciated resuilts.
2012 131samplesvereattempted, and25werecollected. Twentythree of these samples were voided at
the lab, however, due to equipment malfunctions, and/or lab errors, bringing the final data recovery
percentage to 77.9%.

Table 15. PM,sAverage Concentrations 208-2012

204 2005 2006 2007 2008 2009 2010 2011 2012
Average | Average | Average || Average | Average | Average || Average || Average || Average

Analyte (my/m®) || (ng/m®) | (ny/md) | (my/m) | (my/m?) || (rg/m?) || (mg/m®) || (mg/m®) | (ng/m)

PM, s (3rd day) 10.4 84 9.7 95 9.1 9.8 9.0 7.1 7.3

PM, s (6th day 10.4 8.0 9.8 9.0 8.9 105 8.4 6.8 7.2

Table16. PM, s 24-Hour Maximum Concentrations 20042012

2004 2005 2006 2007 2008 2009 2010 2011 2012

Max Max Max Max Max Max Max Max Max
Analyte (mym) | (my/m®) | (ng/m®) || (mg/m®) | (my/im®) | (mg/m®) | (ng/m®) || (my/m®) | (my/m?®)
PM, 5 (1St max) 36.3 19.0 28.5 30.7 27.8 59.1 43.3 23.9 28.3
PM, 5 (98"
percentilg 31.6 18.0 24.0 26.0 25.0 41.0 37.0 22.0 24.0

Tablel15lists the annual average B¥concentrations at the Grand Junction site2004 through2012.
PM, s emissions are generated dgriculture, and theombustion of automobilfiels, coal, wod, etc, as
well as by secondary formation from other available atmospheric compotuihdgable lists concentrations
for the entire every third day sampling periéar 2004 through 202, as well ashe subset ofoncentrations
obtained on the santays that the air toxics analyzers were in operation (every sixthfday0® through
2012 The averages are very similar for the third and sixth day samplR@12, and ardess tharhalf of the
annualstandard level o£5 micrograms per meter cubetists the 24hour first maximum, and 98percentile
maximum values for 2004 through 201Phe maxima for the third and sixth day samplim@012are the
sameat 28.3micrograms per cubic meteamndbelowthe 24hour maximum standard 86 microgramsper
meter cubed.

Graphs

A graph of thedaily concentration values ftine every sixth day samplingubseis shown inFigure49.
They show that the PM concentrations are generally pretty consistent throughout the year, but tend to vary
more during the winter months, when there is more smoke in the ailmfydoultural burningandhousehold
wood burning. There is a large section of data that was voided due to lab processing errors.
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Figure 49. PM, s Concentration by Date, Every &' Day Sampling 20.2

Grand Junction PM,, - Weekday vs. Weekend Concentrations 2002012
Every 6th Day Schedule
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Figure 50. PM,sWeekend vs. Weekday Comparison 2002012 every 8" day

Figure50 shows how the weekend versus weekday average concentratiomao®ifor 2002012, for the
every 8" day sampling scheduldn 2009 weekday averages were larger thanwleekend averagesince
then, the weekend values have tended to be higher than the weekday vEhe2§12weekday averages
haveincreased sligty since 20.1. The weekend averages have been variable since Zigdre51 shows
the annual average concentrations for,Rfdr 2004 through 202. The average trend seems to be
decreasing since 2009

1 PM, sAnnual Average Concentrations 2004 2012
10 LM
T s - ;
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S 4
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Figure 51. PM,sAnnual Average Concentrations 20871 2012
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PM, ¢ 24-Hour Maximum Concentrations 2004- 2012
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Figure 52 PM,5Annual Average Concentrations 2004 2012

Figure52is a graph of the maximum Z#bur fine particulate concentration values. The line with the
diamond markers is the first maximum concentration value, whnidine with the squares is the"d8
percentile value. The straight black line indicates the level of the standard, 35 micrograms per meter cubed.
Quality Assurance/Quality Control
Field Blanks

There werghreefield blanks taken for Pk
Precisionof Sample Results

No collocated samples were run for P

METEOROLOGY
A meteorologicatower at thePitkin shelter site measures wind speed, wind direction, relative humidity,
and temperature. The®PPwi nd rose i s shown bel ow. The fAar mso

the time that the wind blew from each direction. The shading on each arm indicates the wind speeds
associatedvith each direction. Eaabf theconcentric rings, moving outwarslignifies an additiongbur
percent of théime. For exampleabout15% of the winds are from theast Wind speeds in the rangef0.5
to 2.1 meters per second (més)2.1 to 3.6m/sare the most frequent.

The wind rose shows that winds follow ailgt pattern typical of river valleys. At night, the winds come
from thesoutheastjuarter, flowing down riverDuring the day, heating of the air causes flow reversals, and
flow comes from the northwest.

A look at the highest concentrations days fohegaallutant indicated that some days showed maxima for
more than one air pollutanMany of these dates are in the fall or winter periathichindicatespossible
locd temperature inversions atichited air mixing,thus allowingpollutants of all typesat build up in the
area.
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XI.

The data presented below are the results of several correlation comparisons between the particulate

Figure 53.

P el
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Wind Rose for Grand Junction 2012

" A

DATA CORRELATIONS AND DISCUSSION

concentrations, angarious other air toxics compound concentrations.

Carbonyl Correlations and Sample Composition

Carbonyl compounds are known to have adverse effects on human health. They can be emitted directly
from primary sources (motor vehicle emissions, and incetaglombustion), or can be formed secondarily
via atmospheric photoxidation reaction$® They play an important role in the formation of ozone in the
atmosphere, and are of great interest to atmospheric researchers, as is particulate matter. Particulate

mixture of solid particles and liquid droplets found in the air. Of interest to researchers are two different

classes of particulates: ase (having a diameter of 10 micrometers or less), and fine (having a diameter of
2.5 micrometers or less)hese particles are small enough to be inhaled deep into the lungs, and cause

serious health problems. Fine particulates are the major cause of visibility issues in many parts of the U.S. A

correlation of the annual average carbonyl concentration deggerformed with both the RMand PM 5
annual average data sets. The results of the correlation are presdrabtditv.

Table 17.  Correlation Coefficient Values for Carbonyls-Particulates
Analyte r-PMy | r-PM,g
Acetone 0.778 0.515
Acetaldehyde 0.633 0.512
Formaldehyde 0.879 0.523
Butyraldehyde 0.774 0.293
Benzaldehyde 0.869 0.402

Bwa n

g et al .,

fiSe

S

asona
Aerosol and Air Quality ResearchQ: 559570, 201

570.pdf

I Variation and Source Apportionment
0.http://aagr.org/VOL10_No6_December2010/5_AAQR07-OA-0059 559
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Analyte r-PMy | r-PM,g
Crotonaldehyde 0.838 0.467
Propionaldehyde 0.703 0.171
Hexaldehyde 0.866 0.477
Tolualdehydes 0.833 0.395
Valeraldehyde 0.473 0.124

Bold = MQO Core Analyte

Several of the carbonyl compounds tended to correlate well with thgd2k4. It should be noted here

that the correlation was performed only for the carbonyl compounds that were detected in 90% or more of the

samples takenFormaldehyds hows t he strongest ¢ 0879 whichidgupfom wi t h
0.862in 2011. Theothertwoofthdibi g t hreeo car bonyl s,shawseameal dehyde,
correlation with the @urse particulate concentrationshere was little correlation between any of the

carbonyls and the fine particulate concentratidh@ r mal de hyde

had

t he

hi ghest

0523 Agraphofthewoc ar bonyl s wi th t he kcogdlagos isshdwndrigwea | u e

54,

The final graph presented in this section is a snapshot of the chemicaumakéhe carbonyls group from
2004 through 204. Figure55 shows the percentage each carbonyl compound contributed to the overall total
carbonyl concentration from year to year. Clearly, acetone, acetaldehyde, and formaldehyde dominate the

carbonyl concentrat

ions yearly.

5.0

PM,,and Carbonyl Concentrations 2004 2012
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Figure 54. PM 4,1 Carbonyl Concentration Comparison
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Carbonyl Composition 2004- 2012
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Figure 55. Annual Carbonyl Composition

VOC Correlations and Sample Composition

VOCs are organic compounds which have a high vapor pressure at room temperature. Because of this high
vapor pressure, which is the result of a low boiling point, large numbers of VOC molecules can evaporate, or
sublimate, from a liquid, or solid form amater the ambient air. The NATTS program monitors for 60 of
these compounds, many of which are never detected in any samples. The VOC correlation data used and
discussed in this section is based upon the sub&dtafmpounds that were detected in geeabhan 90% of
the samples takeffor at least five of the nine years of ddiatween 2004 and 2012t does not include three
of the eight mandatory monitoring compounds (chloroform, trichloroethylene, and vinyl chloride), because
they were not detectad enough samples. The other five mandatory compounds(iaBliene, acrolein,
benzene, carbon tetrachloride, and tetrachloroethylen@auneled as they were detected in greater than
90% of the samples takeithey are bolded in the table below.

Table18is a listing of the correlation coefficients (r) for each of248/0OC compound data sets, with
both PM s, and PMg data sets. For the VOOPMy, correlation, onlycarbon disulfide andenzene
correlated fairly well with theourseparticulate concentrationwith correlation coefficient valugeof 0.840
and 0.832, respectivelyrigure56 is a graph of thearbon disulfidebenzeneand PM, concentrations

Table 18. VOC i Particulate Correlation Coefficient Values
Analyte r-PMy | r-PM,s
1,1,X3Trichloroethane 0.631 0.532

1,2,4Trimethylbenzene 0.316 0.191
1,3,5Trimethylbenzene 0.203 0.104

1,3-Butadiene 0.536 0.428
Acetonitrile -0.327 -0.242
Acetylene 0.615 0.624
Acrolein -0.668 -0.129
Benzene 0.832 0.504
Carbon Disulfide 0.840 0.866
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Analyte r-PMy | r-PM,s
Carbon Tetrachloride 0.079 0.106
Chloromethane 0.087 0.408
Dichlorodifluoromethane | 0.208 0.514
Dichloromethane -0.621 -0.289
Dichlorotetrafluoroethane| -0.440 -0.461
Ethylbenzene 0.187 0.048
m,p-Xylene 0.228 0.050
n-Octane -0.779 -0.798
0-Xylene 0.217 0.043
Propylene 0.607 0.295
Styrene -0.599 -0.414
Tetrachloroethylene 0.045 0.559
Toluene 0.261 0.190
Trichlorofluoromethane 0.204 0.500
Trichlorotrifluoroethane 0.332 0.476

Bold = MQO Core Analyte

VOC-PM,, Concentrations 2004 2012
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Figure 56. VOC i PM, Concentration Comparison

The VOCi PM, s correlation showednly one compound with a strong correlatiobarbon disulfide
correlated well with the fine particulate matter concentrations, showing a positeer of 0.86. Figure57
shows the concentration graphs ¢arbon disulfide, an&M, s concentrations.
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Figure 57. VOC i PM,sConcentration Comparison

The chemical makep of the VOC compounds tends to be much more variable from year to year than the
carbonyl compounds are, for the C1 through C4 carbon chains. This can beFigenet8. The graph
shows data from 2@0through2012. The year to year variability is easily seen.

VOC Composition for C1 through C4 Compounds

100%
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Figure 58. Total VOC Composition for C1 through C4 Compounds

Figure59 shows the chemical composition of the C6 though C8 carbon chain compounds. These
compounds tend to show a more consistent rugikEom year to yaaas opposed to the lighter end alkanes
of the C1 through C4 chains. It should be noted that this grouping contains straight chain alkanes, as well as
aromatic compoundsdt seems likely that the major source for these C6 throlbo@pounds is from
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They can enter the air through the incomplete combustion of fuels and garbage. They are a concern because
of their persistence in the atmosphere. Becau t hey

Figure 59. Total VOC Composition for C6 through C9 Compounds

PAH Correlations and Sample Composition

Polycyclic Aromatic Hydrocarbons are often found naturally in the environment, but are alsnadan

donodt

burn

compl etely,

for long periods of timeTable19lists the correlation coefficient values for each of th&HRAmpounds that
were detected in greater than 90% of the samples taleacinof the years from 2008 throu@®il2. Most of
the compounds show a negative correlation with the,RBlues This is reasonable, since Ris largely
from geologic sources.

This particular set of compounds did tend to trbatterwith the fine particulate matter concentrations.
Most compounds showed positive correlations with the, Pébncentrations, with the lowegbsitivevalue
being 0032 for naphthalene The strongesorrelation between the PAH and PMoncentrations was seen
with Benzo(g,h,i)peryleneA correlation coefficient of 880 was obtained for this compound. Overall, the
PAHs appear to correlate with the PMoncentrationsPAHs can exist in liquidosolid phases, so their
positive relationship with the smallest diamatarticles, which develop from gaseous condensaagsily
explained. PAHs and PMs are also both direct combustion productfie compounds with thigvo largest

correlation cofficient values are graphed kigure60.

Table19. PAH i Particulate Correlation Coefficient Values

PAH correlations r-PMyg r-PM,sg
9-Fluorenone -0.415 0.133
Acenaphthene -0.225 -0.322

Anthracene 0.183 0.740
Benzo (b) fluoranthene| 0.038 0.655
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PAH correlations r-PMyg r-PM,sg
Benzo (e) pyrene 0.270 0.797
Benzo (g,h,i) perylene | 0.398 0.880
Chrysene -0.022 0.612
Fluoranthene -0.389 0.207
Fluorene -0.326 -0.168
Naphthalene -0.352 0.032
Phenanthrene -0.158 0.202
Pyrene -0.043 0.589
Retene 0.031 0.704

Bold = MQO Core Analyte

PM , ;and PAH Annual Average Concentrations 2008 2012
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Figure 60. PAH i PM,sConcentration Comparison

Figure6lis a graph showing the percentage contribution each of the PAH compounds (detected in greater
than 90% of the samples taken) to the total PAH concentration. Clearly, naphthalene is tlamidomin
compound of the group. The composition of the PAH group does not appear to vary much from year to year.
This may imply that PAH sources are consistent over time.

(o0 PAH Composition 2008- 2012 Benzo (¢) pyrene
0 = | e Benzo (a) anthracen:
90% Indeno(1,2,%cd)pyrene
80% Benzo (g,h,i) perylene
70% m Chrysene
HBenzo (b) fluoranthene
60%
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50% mRetene
40% ®=9-Fluorenone
30% mPyrene
® Fluoranthene
20%
H Fluorene
10% m Acenaphthene
0% T T T ® Phenanthrene
2008 2009 2010 2011 2012 = Naphthalene

Figure 61. PAH Chemical Composition 2008 2012
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Metals Corrdations and Sample Composition

The metals in this group asampledvia a PMy filter based monitor. Onlfour of thesix metals analyzed
for were detected in at least 90% of the samples taken. The correlation coefficients fofuthesmpounds
with the two different particulate classes are showhable20. Manganese concentrations correlated well
with the PMg concentrations, having arvalue of 0837. There were no significant correlations between any
of the metals compounds and the RMoncentrationsother than nickelwhich showed rather strong
negative correlations with both types of particulate maftéiis suggests thadect metals may be coming
from geologic crustal, rather thaombustion or secondary formatjawources.lt is odd that the nickel
concentrations exhibit such a strong negative correlation with bothdd PM sconcentrations. Nickel
sources includearious metal alloys, electroplating, motor vehicle exhaust, and geologic crustal nfatérial.
graph of the Py and manganese concentrations is sedfigare62.

Table 20. Metalsi Particulates Correlation Coefficients

Analyte r-PMqq r-PM, 5
Arsenic 0.544 0.140
Lead 0.565 0.266
Manganese 0.837 0.328
Nickel -0.735 -0.818

Bold = MQO Core Analyte

Metals Annual Average Concentrations 2004 2012
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Figure 62. Metalsi PM;o Concentration Comparison

Figure63is a graph showing the percentage contribution of each of the individual metals compounds to
the owrall total. The concentrations vary somewhat from year to year, but not as much as the C1 through C4
compounds of the VOC section.

16 http://scorecard.goodguide.com/chemipedfiles/htmi/nickel.html
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Metals Composition 2004 2012
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Figure 63. Metals Chemical Composition 2004 2012

SUMMARY AND CONCLUSIONS

The National AirToxics Trends Study in Grand Junction for 2@howed similar results to prior years.

The highest carbonyls in air were formaldehyde, acetaldehyde, and acetone. A correlation analysis was run
between the particulate concentrations and the carbonyl mivattens. PM, concentrations tended to
correlate with many of the carbonyl compounds. A correlation value (869 Was obtained when

comparing PM, to formaldehyde concentrations. This value was the highest obtained for {hed?ihbnyl
correlaton. The lowest value was seen upon a comparison with valeraldehyde, with a correlation coefficient
of 0473. A comparison of the P) concentrations with the carbonyls again showed that formaldehyde

correlated the best, bhad a moderateoefficient vdue of 0523 Many of the carbonyls showed no
correlation at all with the Pp4 values.

Twenty-six volatile organic compounds are ubiquitous, having been detected in 90% of the air samples for
2012. Going back to 204, there wer@4 compounds detectead at least 90% of the samples at least five
w 0. rFtom 208 fo 2ai2atheanake up gfuhie €letalC4 group ¢ e
was highly variable, with large concentrations of carbon disulfide in 2009, but not inZIor 2012;as
well aslarge concentrations of dichloromethane in 28h8 2012but not in 200®r 2011 The C6 through
C8 group showed more consistency in the constituent concentrations frdrtoZil2. Correlations with
particulate data showed that lban disulfide and benzene tracked most closely with thg, Bdmcentrations,
with r-values of 0.840 and 0.832, respectively. Carbon disulfide and acetylene correlated best with the fine
particulate concentrations, havingalues of 0.866 and 0.624, respeely.

of the

The highest polycyclic aromatic hydrocarba@osicentrationsvere naphthalene, acenaphthene, and

ni

ne

year so

phenanthreneyoneof which correlated well with P concentrations Their respective-values were
0.032,-0.322, and 0.202The compounds that did correlate well with the fine particulate maée
benzo(g,h,i )perylene, and benzo(e)pyrene, withlues of 0.880 and 0.797, respectiveBeveralof the

other PAH compounds also correlasmimewhatvith PM, s values None ofthe PAH compounds showed
any correlation with the coarse particulate matter.

For the metalsqickel, lead and manganese showed the highest average concentritamuanese also
had the highest correlation value with the course particulate matt@&3at B\n interesting note from the
metals data are the strong negative correlations exhibited by the nickel data set when compared to both the
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fine and coarse particulate matter. The respectiadues obtained wer®.735 and-0.818 It is undear

what is behind this phenomenon. None of the other metals compounds showed any correlation with the fine
particulate matterHexavalent chromium is an extremely small fraction of the chromium in air, comprising
less than one percent of the total echi@m concentration.

In general, it appears that the concentrations of many of the compounds of interest are dropping since the
inception of the NATTS program in Grand Junction. The study will continue i, 281one of the major
goals is to run the gtlong term, for comparison of the mean concentrations for each pollutant during the first
three years to the means for successive three year inteamdlghis is not yet possible for PAHEalculation
of the three year average concentrations to dasHawvn a decrease in the majority of the concentrations of
the compounds of interesT.hreesuccessive three year averages have been able to be calculated to this point,
and the numbers indicate that concentration values for many of the compoundeesf arie dropping
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Appendix A: Compounds Contributing to Cancer and Noncancer Risks- Overview of
Sources and Health Effects

Chemicals can be released to the environment as a result of their use and manufacture. Some chemicals
may also form, as other chemicals react with sunlight and one another in outdoor air. A brief summary of the
potential sources and health effects of egarevalent chemicals in the ambient air is provided below. This
information is adopted from the following main sources: EPA Air Toxic Website, EPA Office of Pollution
Prevention and Toxics (OPPT), EPA Integrated Risk Information System (IRIS), AgerbyxXic Substances and
Disease Registry (ATSDR), New Jersey Department of Health and Senior Services, Occupational Safety and Health
Administration (OSHA), National Institute of Occupational Safety and Health (NIOSH), and the California Air
Resources Bodr(CARB).

CARBONYLS

Threeof the twelve carbonyl compounds sampled are discussed below. These three are believed to be
significant health risk drivers, at the natiade level.

ACETALDEHYDE

Acetaldehyde is a hydrocarbon with the formulagCHO. ltis thus closely related to formaldehyde,
HCHO. Like formaldehyde, it exists in the atmosphere as a gas with a pungent odor. Acetaldehyde is ubiquitous in
the ambient environment. It is mainly used as an intermediate in the synthesis of other chmmltalsacetic
acid, acetic anhydride, chloral, and glyoxal. It is employed in the food processing industry as a food and fish
preservative, a flavoring agent, and in gelatin fibers. The tanning and paper industries use acetaldehyde, as do the
perfume ad dye manufacturers (CARB Acetaldehyde Fact Sheet).

Acetaldehyde can be released to the environment as a product of incomplete combustion in fireplaces and
wood stoves, forest and wild fires, pulp and paper production, stationary internal combugiti@s end turbines,
vehicle exhaust, and petroleum refineries. Waste water processing is also a source. It is important to note that
residential fireplaces and woodstoves are the two highest sources of emissions, followed by various industrial
emissions.

Although it is used in industry, the California Air Resource Board believes that the largest sources in
outdoor air are combustion and production from photochemical reactions (CARB Acetaldehyde Fact Sheet).
Acetaldehyde itself can break down in thesenplex reactions between air pollutants and sunlight, forming
formaldehyde.

The health effects of acetaldehyde are very similar to those of its chemical relative formaldehyde. It
irritates the eyes and mucous membranes. It can paralyze the respiratory muscles, act as a narcotic to prevent
coughing, and speed up pumping of therheBxposure can lead to headaches and sore throat. (Kirk Othmer, Vol 1,
page 107). It should be noted that most of these health effects have been observed in factory workers, who are
exposed to acetaldehyde concentrations thousands of times greatBofgoccurring in outdoor air.

Acetaldehyde is believed to be a probable human carcinogen, leading to cancer of the nose and throat.
Acetaldehyde has been shown to cause birth defects in animals, but no human research is available. (CARB
Acetaldehydd-act Sheet).

EPAOds Technology Transfer Network Air Toxic Website
effects of acetaldehyde. According to this source , the primary acute effects of acetaldehyde are irritation of the
eyes, skin, and respiratotract in humans. At higher exposure levels, erythema, coughing, pulmonary edema, and
necrosis may happen. Chronic toxicity symptoms in humans resemble those of alcoholism.
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The EPA has established a Reference Concentration (RfC) for inhalation rexfmoanetaldehyde based
on degeneration of the olfactory epithelium in rats. No information is available on the reproductive and
developmental effects of acetaldehyde in humans. Animal studies data indicate that acetaldehyde may be a potential
developnental toxin. EPA has classified acetaldehyde as a Group B2, probable human carcinogen, based on
increased incidence of nasal tumors in male and female rats and laryngeal tumors in male and female hamsters after
inhalation exposure.

The California Air Resurces Board observed an annual mean of 1.33 ppb acetaldehyde in-itsdstate
network during 1996 (CARB Acetaldehyde Fact Sheet). The mean observed in this Grand Junction study, 3.2 ppb, is
a bit above the California data, but acetaldehyde in Grandidnrmatcurs at levels typical of large urban areas.
Acetaldehyde levels are therefore a national problem related primarily to the use of motor vehicles.

CROTONALDEHYDE

Crotonaldehyde with the chemical formula gHgO is also known as propylene aldehyde, betamethyl
acrolein, crotinin aldehyde and butenal. Crotonaldehyde is a colorless liquid with a pungent, suffocating odor.

Crotonaldehyde can be emitted to the environment from the combustion of gasoline, ihg dfimood,
paper, cotton, plastic, and tobacco. It can also be released through industrial use. It is found naturally in emissions
of some vegetables and volcanoes.

According to the ATSDR Medical Management Guidelines inhaled crotonaldehyde ig timigilol 1t is
irritating to the upper respiratory tract even at low concentrations. Crotonaldehyde vapor is heavier than air.
Therefore, higher levels of crotonaldehyde vapors would be found nearer to the ground. The mechanism of toxicity
of crotonal@hyde is not known, but it is highly reactive. Crotonaldehyde is also a skin irritant and can cause eye
irritation and damage to the cornea. After an acute, relatively high concentration exposure, people may become
sensitized to crotonaldehyde. Excemtifare cases of sensitization, no health effects have been reported in humans
exposed to relatively low concentrations of crotonaldehyde. No studies have been found that address reproductive
or developmental effects of crotonaldehyde in humans. Theaamd has been shown to cause degeneration of
spermatocytes in mice. No teratogenic effects from acute exposures have been reported.

The Department of Health and Human Services has determined that crotonaldehyde may be a possible
carcinogen. The EPARIS has classified crotonaldehyde as a possible carcinogen based on the fact that there is no
human data, but an increased incidence of hepatic tumors in male rats. The possible carcinogenicity of
crotonaldehyde is supported by genotoxic activity ancipected reactivity of croton oil and aldehyde. The EPA
IRIS, however, has not derived a cancer toxicity value for the compound. The EPA HEAST (Health Effects
Summary Tables) has established an oral cancer toxicity value for crotonaldehyde. The AgResgdioch on
Cancer has determined that crotonaldehyde is not classifiable as to its carcinogenicity to humans.

Information concerning typical concentrations of crotonaldehydes in air could not be located.

FORMALDEHYDE

Formaldehyde is a hydrocarboampound with the formula HCHO. It exists in the atmosphere as a
colorless gas with a pungent odor. It is used in the manufacture efounealdehyde resins which are used in
particleboard and plywood products. Therefore, high levels of airbornelétahyale can also be found in indoor
air as a result of release from various consumer products such as building materials and home furnishings. Another
source of formaldehyde in indoor air is smoking. It is also employed in chemical manufactyhayoizeuticals,
herbicides, and seal ants. Textile finishes, such as u!
Othmer, Vol 11, pages 24346).

EPAOds Technology Transfer Network Air Toxic Website
health effects of formaldehyde. According to this source, the major sources of formaldehyde emissions to the
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ambient air include power plants, manufatgrfacilities, incinerators, forest and wild fires, stationary internal
combustion engines and turbines, pulp and paper plants, petroleum refineries, and automobile traffic. In urban
areas, combustion of automotive fuel is the dominant source for mtich péar. However, formaldehyde can also
form photochemically in the air, as other hydrocarbons and oxides of nitrogen from automobile traffic break down
to form ozone. Complicating the situation is the fact that the complex qzodacing atmospheri@actions may

both create and destroy formaldehyde, as the chains of chemical reactions proceed along various pathways.

The Agency for Toxic Substances and Disease Registry (ATSDR), lists a number of possible health effects
that may occur from inhalian of formaldehyde. Formaldehyde is an irritant. The major acute toxic effects via
inhalation exposure are eye, nose, and throat irritation and effects on the nasal cavityl 3\pPm, it may cause
the eyes to tear. Other effects observed in hefiam exposure to high levels of formaldehyde are coughing,
wheezing, chest pain, and bronchitis (EPA&6s Technology
believed to be carcinogenic (canoausing) to humans. However, the body can quibkiyak down formaldehyde,
so it does not accumulate in fatty tissue. Currently, ATSDR believes that formaldehyde does not cause birth defects
in humans (ATSDR Toxicological Profile for Formaldehyde). Thus, the main concerns with this compound are its
irritant properties and its potential ability to cause cancer of the nose and throat.

Chronic inhalation exposure to formaldehyde in humans has been associated with respiratory symptoms
and eye, nose, and throat irritation. EPA has not established artiomh&aference Concentration (RfC) for
formaldehyde. However, the ATSDR has established an inhalation reference concentration called a Minimal Risk
Level (MRL) for formaldehyde based on respiratory effects in humans. Developmental effects, such as birth
defects, have not been observed in animal studies. EPA has classified formaldehyde as a Group B1, probable human
carcinogen, based on limited evidence in humans and sufficient evidence in animals. Occupational studies have
shown statistically signifiaa increases in incidence of lung and nasopharyngeal cancer. This evidence is
considered limited because of possible exposure to other agents. Animal studies have reported an increased
incidence of nasal squamous cell carcinoma by inhalation exposigaseRee EPA IRIS for a detailed discussion
on the carcinogenicity of formaldehyde.

ATSDR states that typical levels of formaldehyde in urban air aie200ppb. ATSDR cites
concentrations of 0.2 ppb for rural areas, a@lpghb for suburban areas (8DR Toxicological Profile for
Formal dehyde) . The mean | evel observed in Grand Junct |
range.

VOLATILE ORGANIC COMPOUNDS

Volatile organic compounds commonly present included h@tadiene, benzen carbon tetrachloride,
tetrachloroethylene, 1,3j5trimethylbenzene and 1,2;4rimethylbenzene. Some health summary and source
information regarding these compounds is given below.

BENZENE

Benzene is a hydrocarbon compound with the formygld Gt exists in the atmosphere as a colorless gas
with a sweet odor. Itis used in chemical manufacturing of medicines, detergents, explosives, shoes, dyes, leather,
resins, paints, plastics and inks (CARB Fact Sheet on Benzene). It is also presentrie.gasoli

The largest sources of benzene in ambient air are automobiles, gasoline service stations, refineries, and
chemical plants. Burning of vegetative matter in forest fires and woodstoves is also a source. In ambient air,
benzene reacts with hydrox@®H") radicals within a few hours. Since hydroxyl radicals are common in outdoor air,
this chemical transformation prevents the buifdof large concentrations of benzene.

Benzene is a serious concern from a toxicological standpoint. Unlike m#my admpounds discussed
here, benzene is a proven human carcinogen. It damages thddrlooty capacity of the body, leading to anemia
or leukemia. Like the other volatile organic compounds, breathing large amounts can cause lightheadedness,
headacheyomiting, convulsions, coma and death. It also irritates the skin and eyes, exerting a drying effect.
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However, these health effects are usually seen in workplaces, where levels are thousands of times higher than those
in outdoor air. Experiments withdaratory animals suggest tHa¢nzene exposure may be associated with

numerous cancers. It may cause bone marrow damage and bone formation problems for a developing fetus
(ATSDR Toxicological Profile for Benzene). Thus, EPA has had concern about wisstklerof benzene in

outdoor air are associated with cancer and leukemia. While no link with outdoor air concentrations has been
unequivocally proven, EPA has acted to reduce air concentrations of this pollutant.

The EPA has established a Referenoadéntration for inhalation exposure to benzene based on
decreased | ymphocyte count in an occupational epidemiol
carcinogen for all routes of exposure by the EPA IRIS based on the increased incidenkeroia in
epidemiologic and case studies.

The Agency for Toxic Substances and Disease Registry (ATSDR) cites national 1984 to 1986 data from
300 cities, which indicate an average benzene level of 1.8 ppb for urban and suburban areas (ATSDR Talxicologic
Profile for Benzene). The Grand JunctioRowell site mean of 0.7 ppb observed in this study is somewhat lower.

1,3 BUTADIENE

1,3-Butadiene is a hydrocarbon compound with the formytdeClt exists in the atmosphere as a colorless
gas with arodor similar to gasoline. It is used in making rubber and plastics. The most important use is in tire
production. It is also used in the production of chemicals such dsetatliene (NIOSH Current Intelligence
Bulletin 41).

According to the Caliform@i Air Resources Board, most emissions oftdygdiene come from combustion
of fuels in diesel and ggsowered motor vehicles. Other sources that they list include petroleum refining, tire wear,
residential wood heating, and forest fires. Rubber and damioduction plants also have emissions. Breathing of
cigarette smoke is another source ofliuBadiene exposure (ATSDR Fact Sheet)

1,3-Butadiene is of concern toxicologically because it is characterized as carcinogenic to humans based on
the new FPA guidelines for cancer risk assessment and it also has adverse effects on reproduction and fetal
development. Exposure to high concentrations can cause irritation and central nervous system effects such as eye
irritation, cough, sore throat, headachevesiness, nausea, unconsciousness, and death. Rats and mice exposed to
this compound in laboratory tests developed multiple cancers within single individuals. The animals had damaged
testes and ovaries, and offspring of the animals had skeletal prollghes. effects seen in animals at low levels of
inhalation exposure for one year include kidney and liver disease, and damaged lungs (ATSDR Fact Sheet).
Generally, the acute health effects have not been seen at concentrations existing in outdooresier, EEPA
considers that the levels of IBtadiene in air may represent a significant portion of the cancer risk related to
ambient airborne chemicals.

The EPA has established a Reference Concentration for inhalation exposurbutadi8ne baseoh
ovarian atrophy in mice. The EPA has characterizeddt&diene as carcinogenic to humans by inhalation based
on the following total evidence: sufficient evidence from epidemiologic studies showing increased lymphohema
topoietic cancers and leukemtamors at multiple sites in animal studies, and strong evidence suggesting that the
carcinogenic effects are mediated by genotoxic metabolites -tiutz8liene.

ATSDR estimates that urban and suburban areas have an average concentration of 0-Bypgutiieina,

while rural areas have 0.1 ppb (ATSDR Toxicological Profile forBygadiene). The annual average at Grand
Junction- Powell is 0.09 ppb.

CARBON TETRACHLORIDE
Carbon tetrachloride, also known as tetrachloromethane or methane tetractda@idelorinated
hydrocarbon with the formula C£I It exists in the atmosphere as a gas. It has a sweet odor. The primary uses of
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carbon tetrachloride were as a dry cleaning solvent, a grain fumigant, as a refrigerant, and as an aerosol propellant.
Carbon tetrachloride has a long atmospheric-hdf so it can travel to the higher reaches of the atmosphere and

damagethe art hds ozone | ayer . -danaging qualites,imbss usds ofxarbon tétrgchlaided o z or
have been banned. It illsn use in industrial settings for producing refrigerants.

Carbon tetrachloride is emitted to the air from industrial sources and from petroleum refineries (California
Air Resources Board Toxic Air Contaminant Identification List Summary for Cafletrachloride). Carbon
tetrachloride is also a common indoor air contaminant due to releases from building materials and products, such as
cleaning agents, used in homes (Air Toxic Website). There are no natural sources of carbon tetrachloride; it is
produced by man (ATSDR Toxicological Profile for Carbon Tetrachloride).

As is true for many of the chlorinated hydrocarbons, breathing large concentrations of carbon tetrachloride
has central nervous system effects including lightheadedness, coma, cosyulsigyie vision, intoxication, and
death. It can also cause vomiting. In animal studies, it had effects on the liver and kidney. Male rats exposed to
carbon tetrachloride had lower sperm production. Female rats exposed to it had stunted off$phimthwiiéfects.
These health effects are generally observed in occupational settings, where people had exposure to very high levels
over a number of years.

EPA has not established a Reference Concentration for carbon tetrachloride. The CalER#blistseesa
Reference Exposure Level for carbon tetrachloride based on liver effects in guinea pigs. Carbon tetrachloride has
been associated with liver and kidney cancer in animals. EPA considers it a Class B2 Carcinogen (probable human
carcinogen) baseah liver tumors in animals.

The California Air Resources Board has monitored carbon tetrachloride at a number of locations, and found
a mean value of 0.078 ppb (California Air Resources Board Toxic Air Contaminant Identification List Summary for
Carban Tetrachloride). The 0.08 ppb annual mean observed at Grand Junetevell is at the same level.

TETRACHLOROETHYLENE

Tetrachloroethylene, also known as perchloroethylene, is a chlorinated hydrocarbon with the formula
C.Cly. I't exists in the at molsipkheedr eo dacsr a( NJlaBSH | Ro chkaest aG uficc
Hazards, Tetrachloroethylene). The primary uses of tetrachloroethylene are as a dry cleaning solvent, metal
cleaning solvent, or for chemical produsti Tetrachloroethylene is used in paints, inks, aerosols, glues, polishes,
silicones and rubber products (CARB Fact Sheet on Tetrachloroethylene and OPPT Chemical Fact Sheet on
Tetrachloroethylene).

Most emissions of tetrachloroethylene come fromrdasing, dry cleaning, or chemical production
facilities. There are microorganisms that can produce tetrachloroethylene (ATSDR Toxicological Profile For
Tetrachloroethyelene).

As is true for many of the chlorinated hydrocarbons, breathing large caatémmgrof tetrachloroethylene
has central nervous system effects including lightheadedness, coma, convulsions, double vision, intoxication, and
death. It also can cause vomiting. In animal studies, it had effects on the liver and kidney. It dtsitaistan
eyes, lungs, and skin. However, many of these health effects were observed in occupational settings, where
exposure is much higher than in outdoor air. Some animal studies suggest that tetrachloroethylene exposure may
lead to leukemia (NIOSH &yistry of Toxic Effects of Chemical Substances Information for Tetrachloroethylene).
Tetrachloroethylene has been associated with liver and kidney cancer in animals.

The ATSDR has established a Minimal Risk Level (MRL) based on nervous systemiaffaatsans. It
is important to note that EPA is currentlyeealuating the toxic potential of tetrachloroethylene, including its
carcinogenicity, and therefore no relevant information is available in IRIS. In the interim, EPA recommends the use
of CalBPA toxicity values as provisional values. The CalEPA cancer toxicity value is derived by considering data
on liver tumors in male and female mice and mononuclear cell leukemia in male and female rats. EPA is currently
working to revise the toxicity assament for tetrachloroethylene.
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The California Air Resources Board has monitored tetrachloroethylene at a number of locations within
their state, and found a mean value of 0.019 ppb during 1996 (California Air Resources Board Toxic Air
Contaminant Identifation List Summary for Tetrachloroethylene). The annual mean at Grand Juretioel|
was 0.05 ppb. These levels are greater than the netvidekmean value for California. However, this compound
was detected less than half the time.

1,3,5TRIME THYBENZENE AND 1,2,4TRIMETHYLBENZENE

1,3,5trimethylbenzene and 1,2tdAmethylbenzene are isomers of the hydrocarbon formghta £Cln pure
form they are colorless liquids. They are used in chemical manufacturing of medicines, detergents, dyasdpaints
inks. Trimethylbenzenes are a large component of distilled petroleum. They are also used as gasoline additives.

The largest sources of trimethylbenzenes in ambient air are likely to be automobiles, gasoline service
stations, refineries, and améal plants. In ambient air, trimethylbenzenes have aliflbf less than a day (EPA
OPPT Chemical Summary For 1,Z[4imethylbenzene).

Health effects of trimethylbenzenes are similar to those of benzene. It damages theditogpcapacity
of the body. Like the other volatile organic compounds, breathing large amounts can cause lightheadedness,
headache, vomiting, convulsions, coma and death. It also irritates the skin and eyes, exerting a drying effect. Long
term exposure can lead to cougirjuced lung capacity, and bronchitis. However, these health effects are usually
seen in workplaces, where levels are thousands of times higher than those in outdoor air. It is not known whether
these compounds are carcinogenic. Some animal experimgygsst that they may cause bone formation problems
for a developing fetus (EPA OPPT Chemical Summary For -T.@methylbenzene).

The Environmental Protection Agency cites national data indicating that average atmospheric concen
trations of 1,2,4rimethylbenzene are 0.58 ppb in rural areas, and 1.20 ppb in cities (EPA OPPT Chemical Summary
For 1,2,4Trimethylbenzene). The Grand JunctidPowell site had a mean value of 0.09 ppb. As the EPA citation
is for 1988, it is likely that concentrations leagone down in recent years.

METALS

Arsenic and manganese are discussed below. Levels of lead observed in Grand Junction were below the Colorado
state standard of 1.5 ug/m3 for a monthly average.

ARSENIC

Arsenicisametdl i ke el ement that occurs naturally in the e
exists in the atmosphere as particulate matter, in compounds formed from combination with other atoms such as
oxygen, chlorine, and sulfur (ATSDR Blic Health Statement for Arsenic). In the past, arsenic was used as a
pesticide for orchard crops. Today, the chteftausdse i s i
wood, to preserve it from decay in marine eginound usage. It idso used in metal alloy, glassaking, and
electrical semconductors.

Emission sources of arsenic include smelters -ficad power plants, woeturning, metals operations,
mining operations, and incinerators. Arsenic occurs naturally in manysmileindblown dusts from exposed land
can contain it. Mine tailings piles generally contain enriched levels of arsenic, resulting in emissions of arsenic in
the particulate emissions that occur under windy conditions. Soils contaminated by smedtdgrdaii also be a
source of emissions during high winds. Burning wood treated with CCA also leads to arsenic emissions.

Arsenicbs toxicity has led to its use as a poison.
inhalation are sinfar to the oral effects. Arsenic disturbs the gasitestinal system, leading to abdominal pain,
vomiting, and diarrhea. It affects the central nervous system, leading to nerve damage in the legs and arms. It can
damage the liver and kidney. Arsenisahas effects on the skin, causing dark patches (hyperpigmentation), and
skin cancer. Arsenic also irritates the eyes, lungs, and skin. These effects have been observed in situations of
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occupational exposure that are significantly higher than condentateen in outdoor air. Exposure can lead to
effects in the blood, such as anemia.

EPA has not established a Reference Concentration for arsenic. The Cal EPA has established a chronic
reference level based on the developmental effects in micetlagdtarget organs included the cardiovascular
system and nervous system. Arsenic exposure is known to cause lung cancer. EPA classifies arsenic in Group A,
the known human carcinogens, based on an increased lung cancer mortality in multiple huragiop®pxposed
primarily through inhalation.

The Agency for Toxic Substances and Disease Registry (ATSDR) states that remote areas have
concentrations of 0.001 to 0.003 e€g/ m3 arsenic in air,
(ATSDR Toxicological Profile on Arsenic). The mean level of 0.0003 ug/m3 at Grand Juhd®owell site falls
below the cited rural range. It is likely that national levels of arsenic have decreased in recent years.

M ANGANESE

Manganese isametalthatacc s naturally in the earthés crust. It
atmosphere as particulate matter, in compounds formed from combination with other atoms. Manganese is used as
an additive in metal processing and steel production.alssused in ceramics, matches, glass, dyes, batteries, and
as a pigment in paints (California Air Resources Board Fact Sheet on Manganese). It is also employed in wood
preservatives. Organic forms of manganese are used as pesticides and for diseaserpirecrops such as fruits,
vegetables, and cotton.

Emission sources of manganese include petroleum refineries, steel producers, cement proddted, coal
power plants, woodburning, metals operations, mining operations, and incinerators. Mesgyancurs naturally in
some soils, so winlown dusts from exposed land can contain it. Soils contaminated by smeltartfedin also
be a source of emissions during high winds.

Manganese is considered an essential micronutrient in the humanTuelpody tends to regulate
manganese concentrations, so oral exposure to small amounts naturally present in food is rarely a problem.
Exposure of manganese by inhalation can lead to health effects. Manganese health effects on the respiratory system
include lung irritation, chemical pneumonia, cough, and bronchitis. Manganese may damage the central nervous
system. The disease known as fAmangani smo, which resul i
nervous system damage. Individuals withnganism have a maike face, depression, uncontrollable laughter,
and lethargy. The central nervous system effects include trouble with tremors, balance and walking that is similar to
that of Parkinsonds di seas e.uratéxpgonauteresels baiow thasethasleadtpst em d
manganism. Examples are decreases in visual reaction time, hand steadinesshand egerdination.
Manganese also affects the gashiestinal tract and the kidneys. However, it should be notedhbse health
effects have been observed in workers with {argn exposure to manganese fumes and dusts in industrial settings.
These exposures were at levels hundreds or thousands of times higher than manganese levels in outdoor air.

EPA classifies maganese as Group D, unclassifiable as to carcinogenic potential. This is because there is
little evidence to link it to cancer health effects. EPA has established a Reference Concentration for manganese
based on an impairment of neurobehavioral fundtidmimans in occupational exposure studies.

The California Air Resources Board monitored manganese in 1996. They report a netdedverage

of 0.0212 e€g/ m3 total manganese (CARB Fact Sheet on Mal
Jundion is below the California average.

[54]



REFERENCES

REFERENCES FOR CARBONYLS SECTION

Agency For Toxic Substances and Disease Registry. (ATSBRj o xi col ogi c al Profileso for
Various Compounds. Web Addregstp://www.atsdr.cdc.gov/toxprofiles/

Toxicological Profile for Formaldehyde, dated July 1999.

California Air Resources Board. (CARB)
Web Addresshttp://www.arb.ca.gov/toxics/cattable.htm

Acetaldehyde, dated September 1997.

United States Environmental Protection Agency. (EPAkchnology Transfer Network Air Toxics Website.
fi D o-Response Assessment for Assessing Health Risks AssociateEWitho sur e To Hazar dous Ai
Table 1, December 2, 2002.

Web Addresshttp://www.epa.gov/ttn/atw/toxsource/summary.htmi

Kirk-Othmer Encyclopedia of Chemical Technolgpg Third Edition. (Kirk-Othmer)
John Wiley and Sons, New York, New York. USA. 1978.

Acetaldehyde, Volume 1, Pagesi9I12.
Formaldehyde, Volume 11, Pages 23250.

REFERENCES FOR VOLATILE ORGANIC COMPOUNDS SECTION

Agency For Toxic Substances andidgase Registry (ATSDR) fAToxicological Profile
Web Addresshttp://www.atsdr.cdc.gov/toxprofiles/

Toxicological Profile for Benzene, dated September 1997.
ToxicologicalProfile for 1,3Butadiene, dated April 1993.
Toxicological Profile for Carbon Tetrachloride, dated May 1994,
Toxicological Profile for Tetrachloroethylene, dated September 1997.

California Air Resources Board(CARB)
Web Addresshttp://www.arb.ca.gov/toxics/cattable.htm

Benzene, dated September 1997.
1,3-Butadiene, dated September 1997.
Carbon Tetrachloride, dated September 1997.
Tetrachloroethylene, dated September 1997.

Eastern Researcleroup. ( ERG) fi2002 Ur ban Air Toxics Monitoring Pr o
Prepared under EPA Contract Numbef389-007. October 2003.

United States Environmental Protection Agenc¥echnology Transfer Network, Clearinghouse of Inventories and
Emission Factors (CHIEF)Compilation of Air Pollution Emission Factors, AR, Fifth Edition, Volume 1(EPA
CHIEF).

Web Addresshttp://www.epa.gov/ttn/chief/ap42/index.html

Chapter 1: Exteral Combustion Sources. Section 1.10: Residential Wood Stoves.

(55]


http://www.atsdr.cdc.gov/toxprofiles/
http://www.arb.ca.gov/toxics/cattable.htm
http://www.epa.gov/ttn/atw/toxsource/summary.html
http://www.atsdr.cdc.gov/toxprofiles/
http://www.arb.ca.gov/toxics/cattable.htm
http://www.epa.gov/ttn/chief/ap42/index.html

United States Environmental Protection Agenc{EPA) Technology Transfer Network Air Toxics Website. Health
Effects Worksheets For Various Substances.
Web Addresshttp://www.epa.gov/ttn/atw/hlthef

Carbon Tetrachloride, dated December 1999.
Tetrachloroethylene, dated December 1999.

United States Environmental Protection AgencyEPA) Office of Pollution Prevention arfithbxics. Chemicals in
the Environment: OPPT Chemical Fact Sheets.
Web Addresshttp://www.epa.gov/opptintr/chemfact/index.html

Perchloroethylene Fact Sheet, dated August 1994.
Perchloroetilene Chemical Summary, dated August 1994.
1,2,4Trimethylbenzene Fact Sheet, dated August 1994.
1,2,4Trimethylbenzene Chemical Summary, dated August 1994.

United States Environmental Protection Agen@¥EPA) Integrated Risk Information System. F®RIS Summary
Of Various Substances.
Web Addresshttp://www.epa.gov/iris/subst/

Benzene, dated April 17, 2003.

United States Environmental Protection Agenc{EPA) 2002 Urban Air Toxics Monitoring Program (UATMP),
Final Report. October 2003. EPA Contract No.0689-007, by Eastern Research Group.

National Institute For Occupational Safety and Health(NIOSH) Current Intelligence Bulletins.

Current Intelligence Bulletin 41: 1-Butadiene. Dated February 9, 1984.
Web Addresshttp://www.cdc.gov/niosh/84105_41.html

National Institute For Occupational Safety and Health(NIOSH) Internatbnal Chemical Safety Cards.

1,3-Butadiene. Dated 2000. Web Addrdsp://www.cdc.gov/niosh/ipcsneng/neng0017.html

Carbon Tetrachloride. Dated 2000. Web Addrdgp://www.cdc.gov/niosh/ipcsneng/neng0024.html
Tetrachloroethylene, dated 2001. Web Addre#s://www.cdc.gov/niosh/ipcsneng/neng0076.html
1,3,5Trimethylbenzene. Dated 2002. Web Addréstp://www.cdc.gov/niosh/ipcsneng/nengl155.html
1,2,4Trimethylbenzene. Dated 2002. Web Addréstp://www.cdc.gov/niosh/ipcsneng/neng1433.html
Trimethylbenzene (Mixed Isomers). Dated 2002. Web Address:
http://www.cdc.gov/niosh/ipcsnengimgl 389.html

National Institute For Occupational Safety and Health(NIOSH) Pocket Guide to Chemical Hazards.

Carbon Tetrachloride. Web Addresstp://www.cdc.gov/niosh/npg/npgd0107.html
Tetrachloroethylene. Web Addregsgtp://www.cdc.gov/niosh/npg/npgd0599.html
1,3,5Trimethylbenzene. Web Addredstp://www.cdc.gov/niosh/npg/mal0639.html
1,2,4Trimethylbenzene. Web Addregstp://www.cdc.gov/niosh/npg/npgd0638.html

National Institute For Occupational Safety and Health(NIOSH) Registry of Toxic Effects of Chemical
Substances. (RTECS)

Carbon Tetrachloride, dated October 2002.
Web Addresshttp://www.cdc.gov/niosh/rtecs/fg4ac4a0.html

[56]


http://www.epa.gov/ttn/atw/hlthef
http://www.epa.gov/opptintr/chemfact/index.html
http://www.epa.gov/iris/subst/
http://www.cdc.gov/niosh/84105_41.html
http://www.cdc.gov/niosh/ipcsneng/neng0017.html
http://www.cdc.gov/niosh/ipcsneng/neng0024.html
http://www.cdc.gov/niosh/ipcsneng/neng0076.html
http://www.cdc.gov/niosh/ipcsneng/neng1155.html
http://www.cdc.gov/niosh/ipcsneng/neng1433.html
http://www.cdc.gov/niosh/ipcsneng/neng1389.html
http://www.cdc.gov/niosh/npg/npgd0107.html
http://www.cdc.gov/niosh/npg/npgd0599.html
http://www.cdc.gov/niosh/npg/npgd0639.html
http://www.cdc.gov/niosh/npg/npgd0638.html
http://www.cdc.gov/niosh/rtecs/fg4ac4a0.html

New Jersey Department of Health and Senior ServichsHa z a6dbstsance Fact Sheetso for
Substances.
Web Addresshttp://www.state.nj.us/health/eoh/rtkweb/rtkhsfs.htm

Benzene, dated January 2001.

1,3-Butadiene, dated July 1998.

Carbon Té&rachloride, dated August 1998.
Tetrachloroethylene, dated March 2002.
Trimethylbenzene (Mixed Isomers), dated May 2003.

Occupational Safety and Health Administratiof. OSHA) A OSHA Comments from the Jan

Rul e on Air Contaminants Projectod. (Rule remanded by c
Perchloroethylene (Tetrachloroethylene). Web Address://www.cdc.gov/niosh/pel88/12718.html

REFERENCES FOR METALS

Agency For Toxic Substances and Disease RegisfryAT SDR) WA Toxi col ogi cal Profilesbo

Web Addresshttp://www.atsdr .cdc.qov/toxprofiles/

Arsenic, dated September 2000.
Manganese, dated September 2000.

California Air Resources Board(CARB)
Web Addresshttp://www.arb.ca.gov/toxics/cattable.htm

Arsenic and Compounds, dated September 1997.
Manganese Compounds, dated September 1997.

United States Environmental Protection Agend¥PA) Integrated Risk Information System. Full IRIS Summary
Of Various Substances.
Web Addresshttp://www.epa.gov/iris/subst/

Arsenic, inorganic. Dated April 10, 1998. Web addrdgtp://www.epa.gov/iris/subst/0278.html
Manganese. Dated December 1,89%Web addresshttp://www.epa.gov/iris/subst/0373.htm

United States Environmental Protection AgencyEPA). Technology Transfer Network Air Toxics Website.
Health Effects Worksheets for Various Stdnces.
Web Addresshttp://www.epa.qgov/ttn/atw/hlthef

Arsenic Compounds, dated December 1999.
Manganese Compounds, dated December 1999.

National Institute for Occupational Safety and Healtli. NI OSH) Cr i teria For a Recommenc
Occupational Exposure to Inorganic Arsenic, 1975.
Web Addresshttp://www.cdc.gov/niosh/pdfs/75149a.pdf

National Institute for Occupational Safety anHealth. (NIOSH) Documentation for Immediately Dangerous to
Life or Health Concentrations (IDLHSs).

Arsenic, dated August 16, 1996. Web addrégip://www.cdc.gov/niosh/idlh/7440382.html
Manganes compounds (as Mn), dated August 15, 1996.
Web addresshttp://www.cdc.gov/niosh/idlh/7439965.html

National Institute for Occupational Safety and HealtliNIOSH) International Chemical SafeGards.
[57]


http://www.state.nj.us/health/eoh/rtkweb/rtkhsfs.htm
http://www.cdc.gov/niosh/pel88/127-18.html
http://www.atsdr.cdc.gov/toxprofiles/
http://www.arb.ca.gov/toxics/cattable.htm
http://www.epa.gov/iris/subst/
http://www.epa.gov/iris/subst/0278.html
http://www.epa.gov/iris/subst/0373.htm
http://www.epa.gov/ttn/atw/hlthef
http://www.cdc.gov/niosh/pdfs/75-149a.pdf
http://www.cdc.gov/niosh/idlh/7440382.html
http://www.cdc.gov/niosh/idlh/7439965.html

Arsenic. Dated 1999. Web Addredsitp://www.cdc.gov/niosh/ipcsneng/neng0013.html
Manganese. Dated 2002. Web Addresip://www.cdc.gov/niosh/ipcsneng/neng0232.html

National Institute for Occupational Safety and HealtliNIOSH) Pocket Guide to Chemical Hazards.

Arsenic. Web Addreséittp://www.cdc.gov/niosh/npghpgd0038.html
Manganese Compounds and fume (as Mn). Web Addnégst/www.cdc.gov/niosh/npg/npgd0379.html

National Institute for Occupational Safety and HealtliNIOSH) Registry of Toxic Effets of Chemical Substances
(RTECS).

Arsenic, dated October 2002. Web Addrdwio://www.cdc.gov/niosh/rtecs/cq802c¢8.html
Manganese, dated October 2002. Web Addiggs://www.cdc.gov/niosh/rtecs/008d8678.html

New Jersey Department of Health and Senior Servidédda z ar dous Substance Fact Sheet
Substances. Web Addregstp://www.state.nj.us/health/ech/rtkweb/rtkhsfs.htm

Arsenic, dated June 1998.
Manganese, dated September 1999.

Occupational Safety and Health Administratiof. OSHA) A OSHA Comments from the Jan
RuleonAi r Contaminants Projecto. (Rul e remanded by court

Manganese Fume. Web Addresgtp://www.cdc.gov/niosh/pel88/743D6.html
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Appendix B: Documentation for Grand Junction Urban Air Toxics Trends Monitoring
Locations
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REGIONAL MAP (5 - 30 miles)

AQS ID: 080770017 Site NameGrand Junction i Powell Building
650 South Avenue, Grand Junction, CO 81501
GPS: Zone 12, 710962 E, 4326741 N, elev. 1396m
30306 5W3INOG 420 W

AQS ID: 080770018 Site NameGrand Junction i_Pitkin Shelter
645 Y, Pitkin Avenue, Grand Junction, CO 81501
GPS: Zone 12, 710962 E, 4326741 N, elev. 1396m
30306 51383NO0 42d8W

4mi
"_';'km

4

45
Appleton
iy ol AT hcaln
71 Clifton
: nas——T] ]
Roseuale Grand Junction
; Orchard Masa
141
DGIade park Whitewater
"II Kantah
o
4 et
by, i
Civigs B JEridgepor
Brﬁhghtnno

K 2003 MapQuest.com, Inc.; @ 20023 GDT, Inc. }




REGIONAL MAP (5 - 30 miles)
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REGIONAL MAP (5 - 30 miles)
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SITE MAP (1/4 - 1 mile)
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SITE MAP (1/4 - 1 mile)
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