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EXECUTIVE SUMMARY

The Grand Junction air toxics monitors were originally established as a par280h2002Pilot Study
for the National Air Toxics Trends Sites (NATTS). Tietwork was created by the Environmental
Protection Agency (EPA) in an effort to gather data that were suitable for identifying trends in air toxics
concentration |l evel s. Grand Junction wasSimmene of t he
that time,and as the population of the Grand Junction area has gtlesvBPA has reconsidered, and decided
that the site is more indicative of urban concentrations, and has changed the designation of the site from rural
to urban.

Most of the cormpounds detected at Grand Junction in@8de 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 sources. These include formaldehyde, benzene, toktbgkenzene, xylenes, and styrene.
Chloroflourocarbons are also present, including chloromethane, dichlorodifluoromethane,
trichlorofluoromethane, and trichlorotrifluoroethane. Polycyclic aromatic hydrocarbon compounds
naphthalene, phenanthrene and apéthene are frequently detected.

This report has twappendices. Appendix,A iDocument ation for Grand Junct.i
Trends Monitoring LocationsSi t e Maps and Photographso provides inf
monitoring sites discusden this report.AppendixB A Air Toxi cs Summar y: Compou
Cancer and Nogancer Risks Over vi ew of Sources and Health Effects,
of the compounds monitored. dtdocumentdiscusses the chemical formugmurcesand uses of each
compound.ltal so profiles potential health effects, such &
cause birth defects, and whether it damages target organs in the body.

INTRODUCTION
Background

The NATTS Network collea 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 lisi7db® air
pollutants, also knen as hazardous air pollutants4Ps). These are pollutamthat 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 demdegtheir immune systesndamaged
etc. Most air toics originate from mobile sourcésuch asars, trucksandbuses or stationary sources
(such as factories, refineries, and power pJanBome air toxiceancome from indoor sources as wgdr
examplecleaning solventsr building materialks

Since it is not practicabr possibleto monitor for each of the & ompounds, the EPA developed a subset
of HAPs that have the greatest impact on the patsidthe environment. For the purposes of the NATTS
Study, 62 HAPsre monitored Thirty-three ofthesar e on t he f Ulhdremaining®P Li st . o
compounds were choséased omisk factors that were developed by the EPA. From the list of 62
compounds, a Acoreodo list of 19 toxic airThpsel |l utants
compounds are considered to be fApriority compoundso
relative ranking performed by the EBAThey are referredtoashe A Met hod Quality Object
An al y fTeesecompounds can beeenin Tablel.

'Technical Assistance Document for the National Air Toxics
Agency. Revision 3, October 2016
https://www3.epa.gov/ttnamtil/files/ambient/airtox/NATTS%20TAD%20Revision%203_FINAL%200ctober%202016.pdf

2 Ibid.
3 Ibid.
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Tablel. 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. Thisesigeiresir toxics to
determine the success of the National Air Toxics Strategy in reducing the U.S. population exposure-to cancer
causing substances in the air. Thinalry testis a comparison of mean concentrations of compounds for the
first three year$20042006) versus the mean concentrations for successive-yieaeperiod$20072009,
20102012, etc.)starting from 2004 and continuing to the presdta collectd beyond the initial six year
study scope will be used for trending analyses.

This report presents data from January@®itough December 281 It is separated into sections covering
the various compounds of interest. Sections 3, dn&6 discuss th compounds monitored as a part of this
study. Section3, 8 and9 compare the PM, PM, 5, and meteorological data collected as a part of the regular
monitoring conducted in Grand Junction by the Colorado Department of Public Health and Environment
(CDPHE) to show compliance witthe national ambient air quality standards (NAAQS). Each section begins
with summary statistics for the compounds analyipédwed bythe percentage of samples in which each
chemical was detected. Summary graphs of certaipoands are presentedt is important to note here
that sampling for hexavalent chromium was discontirinelline 2013lue to an extremely low detection rate
in addition tothe lack of any apparent sources in the vicinity. Historical data for this aomdpran be found
in prior yearso®6 NATTS reports.

Site Information

The NATTS Study at Grand Junctionllectssamples at two separate locations. Tlegesites (Powell
and Pitkin sitesgare in close proximity to one anothéfhe Powell site is located dop 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 the roof of a small shelter, near ground
level, at @815-1/4 Pitkin AvenueThe particulaténetalssamplers are located on the Powell Building, and the
carbon monoxide analyzer, air toxics samp{®®C/carbonyl/PAH) and meteorological tower are located at
the Pitkin site.Due to the different sampling heights, staff at Regidih &f the EPA suggested the sites be
separately catalogued in the national air mamigpdatabase [AQS ID€80770017 (Powell), and 080770018
(Pitkin)]. Documentation regarding these sites, including maps, photographs, and aerial views, is asailable
Appendix Bin this document The sites are located on the southern end oddlentownarea in an areaf
commercial/light industrial land use.

CARBONYLS

Summary Statistics

The carbonyls discussed in this section are the group of organic chemat¢aisrttain gunctional group
composed of aarbon atom double bonded to an oxygen atom. The generalized symbol for the carbonyl
groupisR-C=O,wher e t he ARO i s s o nihirteericdmpoundswere measured foriso u nd .
studyin 2016. A listing of these compounds, as well as a summary of the collectedsdgtiawn inTable2.
Of thethirteencarbonyl compounds analyzed for, two are included omredatory monitorindjst of 19
coreHAPs. They areshown in bold typén Table2. In 2012,2-butanonevas added to the carbonyl
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analyses It has preiusly been analyzed for via P A BlethodTO-15. It was moved to thethodTO-
11Alist becaus¢he TO11A methoalogy provides better results at lower levels for this compound. The
previous y e avethodiTOv1adraindicated wittbamasterisk

Carbonylsampling was attemptexh an everysixth-day basisn 2016, in accordance with 1t
national sampling $edule. This should have yieldé#l samples during 2@l Six sample were either
missed or had to be voided due to site equiprpeotilemsor operator errorsFourof those samples were
made ugor on alternatedates, for a total of®samplegecovereduringthe year. This data recovery rate of
97% exceeds the EPA goaf over 85% sample recovery.

The annual mean concenfoats for each carbonyl compound, from 2004 througlt628rke listed inTable

2. The annual means wer edectael cctud avt adlalfiofhbe sampephl aocnien g  a |
methoddetection limit(MDL). This is an accepted conservative technique for calculatimgsh values
when some of the samples were |l ess than the | aboratc

the ambient air in Grand Junction are formaldehyde, acetone, and acetaldehyde. Ttheathgrounds
measured in this study occutirat concentration levels significantly below those of the top three compounds.
Since 2004, the annual average concentrationsmémy ofthe carbonyl compounds have droppdthe 205
averagesre similar to th015 averages

All of the carbonyls, exqa for isovaleraldehyde and 2¢bmethylbenzaldehydevere present igreater
than10% of the sampletaken. During the pilot phase of this study in 202002, 2,5dimethylbenzaldehyde
was detected 34 percent of the time. That number dropped to 4.8 pe@@dh,jrand the compound has not
been detected since 2006.

Isovaleradehydehas not been detected sirR@#.Q Note that the true annual meai 2,5
dimethylbenzaldehydend isovaleraldehydmay be well below the numtsreported in the tabldue to the
fact thatthesecompound were notdetectedandone half of the detection limit was used for the estimated
concentration of the nedetects. Actual concentrations could have been at lower levels than these estimates.

It should be noted hetbatthere was a shift in the data processing methods for this report. In previous
years, data was presented for compounds that were present in at least 90% of the samplesitakéna st y e ar ¢
report, as well athisone (anduturereportg, the data pesented will be from compounds that were present in
at least 10% of the samples takéfthile this move did not havereticeableeffecton the carbonyl data (as
all but3 compounds were detected in all samples tgkiedid allow for inclusion of morefahe VOC
compounds discussed in later sections. For purposes of consistency, this ndetd€i¥n criteriorwas
applied to all carbonyl, VOC, metal, and SVOC data sets.

(3]



Table 2. 2016 Sampling Statistics and Annual Averages

2016 3

CAS 4of | 2016 Annual Averages fg/m°)
Compound Number | ND's | % ND | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
2,5Dimethylbenzaldehyde| 5779942 | 55 | 100% | 0.08 | 0.06 | 0.02 | 0.03 | 0.03 | 0.00 | 0.01 | 0.01 | 0.01| 0.01 | 0.01| 0.01 | 0.01
2-Butanone 78933 0 0% | 2.56* | 0.43* | 1.23* | 0.99* | 0.98* | 1.03* | 1.46* | 1.08* | 0.54 | 1.35 | 0.46 | 0.48 | 0.57
Acetaldehyde 75-07-0 0 0% | 1053| 539 | 425 | 503 | 448 | 2.89 | 195 | 243 | 285| 3.76 | 2.76 | 1.58 | 1.76
Acetone 67-64-1 0 0% | 18.39| 11.08 | 9.69 | 12.45| 12.35| 557 | 5.13 | 492 | 546 | 6.38 | 4.63 | 4.50 | 4.81
Benzaldehyde 10052-7 0 0% 111 | 095 | 145 | 141 | 13 034 | 031 | 041 | 039 | 141 | 0.16| 0.28 | 0.20
Butyraldehyde 12372-8 0 0% 091 | 1.18 1 1.06 | 092 | 0.35 | 0.34 | 0.39 | 0.33| 066 | 0.3 | 0.26 | 0.35
Crotonaldehyde 123739 0 0% 0.67 | 0.62 | 0.5 0.57 | 055 | 0.22 | 0.2 0.16 | 0.16 | 0.24 | 0.16 | 0.19 | 0.21
Formaldehyde 50-00-0 0 0% 345 | 383 | 494 | 494 | 5.04 | 401 | 2.74 | 274 | 298| 6.41 | 3.86| 3.08 | 2.72
Hexaldehyde 66-25-1 0 0% 056 | 043 | 046 | 043 | 052 | 012 | 0123 | 01 | 011| 052 | 0.1 | 0.15 | 0.17
Isovaleraldehyde 590-86-3 55 | 100% | 0.04 | 0.07 | 0.15 | 0.08 | 0.08 | 0.01 | 0.01 | 0.00 | 0.01| 0.01 | 0.00| 0.01 | 0.01
Propionaldehyde 123386 0 0% 039]| 0v5]| 074| 073 | 091 | 0.39 | 0.35 | 0.35 | 0.34| 0.43 | 0.32| 0.29 | 0.36
Tolualdehydes NA 2 4% 061| 063 | 111 | 098 | 0.77 | 018 | 0.19 | 0.19 | 0.18| 0.4 | 0.11| 0.15 | 0.11
Valeraldehyde 11062-3 0 0% 0.18 | 0.71 | 059 | 0.06 | 052 | 015 | 0.11 | 0.08 | 0.09 | 0.28 | 0.09 | 0.09 | 0.12

ND = Not Detected
Bold = MQO Core Analyte

Italic = Less than 90% detection ra{20042014), less than 10% detection rate (2015 forward)
* = Results obtained by different analytical method
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Graphs

The summary data for carbonyl compounds measured duritta28 graphed ifrigurel. The
compounds in these graphs are ordered by rankingaWeingeconcentationsfrom highest to lowestThe
graphs show thatcetone, formaldehydand acetaldehydead the highesinnual averages with values of
481+ 1.80,2.72+ 0.61, and1.76 + 0.59 micrograms per cubic meter, respectiveljhemaximafor acetong
acetaldehydeand formaldehydebserved in 206 werelessthan their respective maxima in Z201The error
bars indicate the standard deviation of20d6a nnual aver age for each compound

In comparisonthe nationalaverage concentratios 2014 for acetoneformaldehydeand acetaldehyde
forallair toxics monitoring sites participawdedd?2 in the
+0.79, 2.25+ 1.66, and0.974+ 0.618micrograms per meter cubed, respectivélyThe nationaldata reports
for 2015 and 205 have not yet been released at the time this report was written.
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Figure 1.  Annual Mean and Maximum Carbonyl Concentrationsfor 2016
Carbonyl Concentrations by Date 2016
= Acetone == Formaldehyde Acetaldehyde
<’§12
£
B 10
c
c 8
8 6\ A A A
/ \
g 4
(e}
g N L~ N
e g e85 88888888¢888 8888 E g
O O O O O O O 0O O O O O O 0O O O O o OO o o o © o o o
S S S A S A A N S A N A I A O A A R N X
K 9 ® 08N 95 8 d 8 & O K dF @ O 3 6~ S F 3 A
S8 J s @2 Q@ Jd 9 dd g g Oy doesd g dodgd
— N [SP IS BN R Fo I ) © M~ [ce) mmaa::‘—qﬁ

Figure 2. Carbonyl Sample Day Comparisons for 206

& 2 8 National Monitoring Programs Annual Report (UATMP, NATTS, CSATAM). US EPdbruary2017.
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Figure2 shows the concentrations filte acetone, formaldehyde, and acetaldelegaiepoundsn
chronological order for 2@L It is difficult to make conclusions regardisgasonal variatioat this ée
during the year Generally,more formaldehyde is formed photochemically during the summer period of
higher solar radiation. Formaldehyde plays a role in the formation of ozone, a chemioalitiiypeaks
during the summerThe data does shotlie maximumformaldehydeconcentration was observed July 29
2016.

Figure3is a graph of the weekday versus weekend average carbonyl concentratidi® iB&th d the
carbonyl compounds exhibited very similar weekday and weekend aveageimethylbenzaldehyde,
propionaldehyde, butyraldehydmdisovaleraldehydehave weekday and weekend average concentrations
that are equal, becau®ir concentrations amaerely half the value of their respective MDLs for the entire
year, since they were nafetectable irall samples.Formaldehydeacetoneacetaldehyde?-butanone, the
tolualdehydesandhexaldehydall haveweekdayaverages that are slightly higher than thesekend
counterparts The error bars indicate the standard deviation of the 2016 annual average data set for each
compound.

Weekend vs. Weekday Carbonyl Concentrations 2011
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Figure 3.  Weekday vs. Weekend Carbonyl Concentration$ 2016
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Figure 4.  Carbonyl Annual Averages 2004 2016
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Concentration (ng/mg)

Grand Junction Carbonyl Annual Averages 2004 2016
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Figure 5.  Carbonyl Annual Averages 2004 2016, ctd.
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Figure 6.  Carbonyl Annual Averages 2004 2016, ctd.

Figure4 throughFigure6 are graphs of the annual average carbonyl contemtsaat the Grand Junction
site, for 2004 through 2@1 The overall trendrom 2004through 201lappears to be that the carbonyl
concentrations are decreasing for most compoubdsing 2011and2012 the annual averag®uocentrations
were very similarwith slight increases or decreagsessomecompounds.The averages in 2018ere the
highest since 200&nddo not followthe overalldecreasing trend of the data. Thipassiblydue to a large
wildfire in the Grand Junction area during the summe0df3. The 2014and 2015averages are lower than
the 2013 averageshe 2015 averages, however, are slightly higher than their 2014 counterparts for several
compounds.The 2016 averages are again slightly higher than the 2015 averages for many of thencismp

The NATTS program was initially established to monitor thee8r average concentrations of air toxics
compounds, with the thought that successiye&r averages would show at least a 15% drop in
concentration valueskigure7 throughFigure9 below show the 3 year average concentrationgleven of
the thirteen carbothgompounds. 2/Dimethylbenzaldehye and isovaleraldehydgear averages were not
calculated as the compounds have not been detected for many yearsyeBhedrages are takieom
2004 through 2006, 2007 through 2009, 2010 through?22@hd 2013hrough2015. The 2016 average is
included on the graphs for comparative purpo$gsnerally, the 3/ear average concentrations decreased
from 2004 to 2012.The 2013 through 2015 averages decreased for only one compeluténdne The

remaining averageacreased, or stayed the salagely as a result of the contribution from the 2013 data
which was heavily influenced by the wild fires that year.
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Quality Assurance/Quality Control
Blanks

Field blanks were collected twelve times per year by attaching a blank sample casttitgsampler
briefly, and then removing it. The purpose of these blanks was to assess contamination that might exist in the
cartridge media, sample installation, or shipping. Most cartridges had very small amounts of formaldehyde,
acetaldehyde, acetorend propionaldehyde. Detailed information regaydield blank 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 yeara 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 veeexcDetailed information regarding
precision results is available upon request.

VOLATILE ORGANIC COMPOUNDS

Summary Statistics

Volatile organic compound (VOC) data collected at the Grand Juricimwellstation from January
through December 26 are presented in this section. There vE8&OCs analyzed for this study. The list
of these VOCs and the number of times each was detected in samples during the studyrisTaiirg.

The compounds in bold tymee MQO Core AnalytesThese are the same VOCs collected by all of the sites
participating in the national air toxics studyOCsare typicallysampled on an eveswixth-day basis, for a
total of 6l possiblesampledaysin 2016. In all, 61 samples were attempted, witR sampleghat were

missed owoidedfor various reasonsind10 samples that were made, dpr a97% sample recovery rate

Table 3. VOC List with 2016 Detection Rates

# of % of Time
Detections | Detected in

Compound CAS Number | in Samples Samples
1,2,4Trimethylbenzene 95-63-6 59 100%
1,3-Butadiene 106990 59 100%
Acetonitrile 75-05-8 59 100%
Acetylene 74-86-2 59 100%
Benzene 71-43-2 59 100%
Bromomethane 74-83-9 59 100%
Carbon Disulfide 75150 59 100%
Carbon Tetrachloride 56-23-5 59 100%
Chloroform 67-66-3 59 100%
Chloromethane 74-87-3 59 100%
Dichlorodifluoromethane 7571-8 59 100%
Dichloromethane 75-09-2 59 100%
Dichlorotetrafluoroethane 76-14-2 39 100%
Ethylbenzene 100-41-4 59 100%
m,p-Xylene 100-01-6 59 100%
n-Octane 111-65-9 59 100%
o-Xylene 95-47-6 59 100%
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# of % of Time
Detections | Detected in
Compound CAS Number | in Samples Samples
Propylene 11507-1 59 100%
Toluene 108-88-3 59 100%
Trichlorofluoromethane 75694 59 100%
Trichlorotrifluoroethane 76-131 59 100%
1,3,5Trimethylbenzene 108-67-8 58 98%
Methyl Isobutyl Ketone 10810-1 58 98%
Styrene 100-42-5 58 98%
Acrolein 107-02-8 54 92%
Tetrachloroethylene 127184 51 86%
1,2-Dichloroethane 107-06-2 49 83%
1,1,1Trichloroethane 71-55-6 43 73%
Chloroethane 75-00-3 35 5%%
Dibromochloromethane 124-48-1 25 42%
Vinyl chloride 75014 23 3%
Bromochloromethane 74-97-5 19 32%
Ethyl tertButyl Ether 637-92-3 19 32%
Chlorobenzene 108-90-7 16 27%
p-Dichlorobenzene 106-46-7 16 27%
1,1-Dichloroethene 75354 13 22%
Hexachlorel,3-butadiene 87-68-3 11 19%
Methyl Methacrylate 80-62-6 11 1%
Methyl tertButyl Ether 163404-4 11 1%
Trichloroethylene 79-01-6 9 15%
1,2-Dichloropropane 78-87-5 7 12%
Bromodichloromethane 75-27-4 7 12%
trans1,2-Dichloroethylene 156-60-5 7 12%
1,1,2,2Tetrachloroethane 79-34-5 5 8%
o-Dichlorobenzene 9550-1 4 7%
1,1-Dichloroethane 7534-3 3 5%
m-Dichlorobenzene 541-73-1 3 5%
Bromoform 75252 2 3%
tert-AmylMethy! Ether 994-05-8 2 3%
1,2-Dibromoethane 106934 1 2%
Ethyl Acrylate 140885 1 2%
1,1,2Trichloroethane 79-00-5 0 0%
1,2,4Trichlorobenzene 120-82-1 0 0%
Acrylonitrile 107131 0 0%
Chloroprene 126-99-8 0 0%
cis-1,2-Dichloroethylene 156-:59-4 0 0%
cis-1,3-Dichloropropene 1006101-5 0 0%
trans-1,3-Dichloropropene 1006102-6 0 0%

ND = Not Detected
Bold = MQO Core Analyte

Italic = Less tharl0% detection rate
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In 2016, there weret3 compounds detected in at lea886 of the samples taken, while2015, there were
38 that metthe sameriterion Eight of ttbse 43VvOC compounds are on the core list of 19 HA®be
monitored by NATTS stationsAll of the eightcorecompounds were detected in greater th@#h of the
samples taken in 2681 Table4 is an alphabeticalisting of the43 compoundsnost frequentiydetected in
2016. Boldedcompounds are on the list of 19 core HAPs.

Table 4.

VOCs Detected in GreaterThan 10% of 2016 Samples

10% Detection Rate

1,2,4Trimethylbenzene

Carbon Tetrachloride

Methyl Methacrylate

1,1,1Trichloroethane

Chlorobenzene

Methyl tertButyl Ether

1,1-Dichloroethene Chloroethane n-Octane
1,2-Dichloroethane Chloroform o-Xylene
1,2-Dichloropropane Chloromethane p-Dichlorobenzene
1,3,5Trimethylbenzene Dibromochloromethane Propylene
1,3 Butadiene Dichlorodifluoromethane Styrene
Acetonitrile Dichloromethane Tetrachloroethylene
Acetylene Dichlorotetrafluoroethane Toluene
Acrolein Ethyl tertButyl Ether trans1,2-Dichloroethylene
Benzene Ethylbenzene Trichloroethylene
Bromochloromethane Hexachlorel,3-butadiene Trichlorofluoromethane
Bromodichloromethane m,p-Xylene Trichlorotrifluoroethane

Bromomethane

Methyl IsobutylKetone

Vinyl chloride

Carbon Disulfide
Bolded compounds are on the list of 19 core HAPs

There weresevencompounds that were not detected at all durints2@hich isa decreas&om theten
nondetectcompoundsn 2015. There werd 3 compoundshat were detected in five perceat lesspf the
sample in 2A6. This isa decreasérom 2015, wherel9 compounds were detected in five percemtless of
the samplesMany compounddetected less than ten percent of the timechiefly emitted bgtationary
sources. It appears that these source types are not present in the immediate vicin®yafdhinction
station.

Table5 summarizes the annual meamcentrations for each of tl8 VOCs measured during the study
from 2004 through 2 Compounds that have bolded values are MQO Core Analytes. Compounds with
italicized values were detected in less th@% of the samples for the yedt.should be nted here that there
was a shift in the data processing methods for this report. In previous years, data was presented for
compounds that were present in at least 90% of the samples taken. For this (and future) reports the data
presented will be from conopinds that were present in at least 10% of the samples taken. This move had a
noticeable effect on the VOC data by including more compounds into the discussion. For purposes of
consistency, this new 10% detection criterion was applied to all carbong, W®tal, and SVOC data sets.

The annual means were cdalet wlcdtoe d alafiodthespripbDiL.m g ea | |
This is an accepted conservative technique for calculating annual values when some of the samples were less
thante | abor at or y 0 sAsa besult of thiy technigue nlee avenage and maximum
concentrations are the same if the compound was never detécyedr to year variation of theverage
concentrations for thesmndetectcompoundswill be seen due to the reevaluation of the MDLs annually.

The compounds are listed in alphabetical orddrere are several things to note about this table. First, the
acetonitrile values for all of 2004, and the first theenela-half months of 2005 ere voided due to a
contaminatiorproblemin the samphg equipment Acrolein was not analyzed until 2005, and carbon
disulfide was added to the list of analytes in 2006. Removed from tliis 281 2were the compounds of
chloromethylbenzene, and mgtlethyl ketone (MEK). MEK was added to the carbonyl analysis.
Chloromethylbenzenkasneverbeendetected in greater thd0% of samples.
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Table 5.

VOC Data Summary 2016

Annual Average VOC Concentrations frg/m°)

Analyte 2004 | 2005 | 2006 | 2007 ] 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
1,1,XTrichloroethane 0.14 0.15 0.12 | 0.10 | 0.09 0.09 0.09 | 0.07 | 0.05 | 0.05 | 0.05 0.04 0.04
1,1,2,2Tetrachloroethane| 0.17 0.16 0.05| 0.06 | 0.03 0.01 0.03 | 0.08 | 0.06 | 0.09 | 0.05 0.06 0.10
1,1,2Trichloroethane 0.22 0.15 0.02 | 0.05| 0.02 0.01 0.04 | 0.07 | 0.06 | 0.05 | 0.06 0.05 0.05
1,1-Dichloroethane 0.10 0.07 0.01 | 0.03| 0.01 0.01 0.03 | 0.02 ] 0.03 | 0.03 | 0.04 0.03 0.02
1,1-Dichloroethene 0.10 0.09 0.03 | 0.05| 0.01 0.01 0.02 | 0.02 | 0.03 | 0.02 | 0.03 0.02 0.05
1,2,4Trichlorobenzene | 0.67 0.58 0.06 | 0.15| 0.11 0.02 0.07 | 0.213 | 0.08 | 0.09 | 0.20 0.19 0.13
1,2,4Trimethylbenzene | 1.21 1.01 0.81 ] 0.64| 0.50 0.47 052 | 0.70 | 059 | 0.44 | 0.43 0.33 0.28
1,2-Dibromoethane 0.19 0.16 0.07 | 0.05| 0.03 0.01 0.04 | 0.07| 0.07 | 0.06 | 0.06 0.07 0.08
1,2-Dichloroethane 0.12 0.10 0.03 | 0.04 | 0.02 0.02 0.03 | 0.04| 0.08 | 0.07 | 0.08 0.07 0.07
1,2-Dichloropropane 0.16 0.12 0.08 | 0.05 | 0.02 0.01 0.05 | 0.0O5] 0.04 | 0.04 | 0.04 0.04 0.04
1,3,5Trimethylbenzene | 0.41 0.33 0.25] 0.21 | 0O.16 0.15 0.19 | 0.23 | 0.23 | 0.16 | 0.15 0.10 0.10
1,3-Butadiene 0.21 0.20 0.20 | 0.16 | 0.15 0.17 0.14 | 0.14 | 0.18 | 0.15 | 0.17 0.13 0.10
Acetonitrie VOID | 17.182*] 0.59 | 1.70 | 6.61 124 | 20.33 | 0.54 | 6.03 158 | 5.65 | 2847 | 1.17
Acetylene 2.26 2.05 1.80 | 1.46 | 2.02 2.05 155 | 1.38 | 1.44 1.26 1.31 1.26 0.95
Acrolein m=n 0.81 0.62 | 0.63 | 0.68 1.02 137 | 0.74] 1.09 | 0.82 1.13 1.06 0.81
Acrylonitrile 0.11 0.07 0.09 | 0.04| 0.13 0.14 0.04 | 0.07| 0.03 | 0.17 | 0.51 0.06 0.03
Benzene 2.25 1.95 1.85| 146 1.62 1.93 141 | 1.33 | 1.28 | 0.99 | 0.99 0.88 0.69
Bromochlopmethane 0.24 0.16 0.05 | 0.05| 0.02 0.01 0.04 | 0.02 ]| 0.04 | 0.04 | 0.04 0.04 0.11
Bromodichbromethane | 0.13 0.12 0.02 | 0.06 | 0.02 0.01 0.06 | 0.08 | 0.07 | 0.06 | 0.07 0.06 0.06
Bromoform 0.31 0.22 0.09 | 0.08 | 0.03 0.01 0.05 | 0.13 | 0.10 | 0.11 | 0.08 0.09 0.12
Bromomethane 0.11 0.08 0.04 | 0.05| 0.06 0.06 0.08 | 0.04| 0.11 | 0.08 | 0.10 0.25 0.05
Carbon Disllfide ---- -=-= 851 | 871 1094 | 13.61| 1.19 | 1.50 | 1.42 | 3.02 7.59 0.51 0.03
Carbon Tetrachloride 0.52 0.49 0.59 | 0.53 | 0.68 0.66 053 | 0.54 | 0.67 | 058 | 0.58 0.60 0.61
Chlorobenene 0.09 0.07 0.01 | 0.03 | 0.02 0.02 0.03 | 0.05| 0.06 | 0.04 | 0.04 0.04 0.05
Chloroethane 0.14 0.09 0.03 | 0.03 | 0.03 0.04 0.02 | 0.02 | 0.03 | 0.02 | 0.03 0.08 0.07
Chloroform 0.10 0.11 0.08 | 0.09| 0.11 0.12 0.09 | 0.09 | 0.09 | 0.11 | 0O0.11 0.10 0.11
Chlorometlane 1.27 1.32 121 | 122 1.42 1.47 134 | 127 | 1.24 1.15 1.22 1.35 1.25
Chloroprere 0.09 0.07 0.04 | 0.03 | 0.02 0.01 0.02 | 0.01| 0.02 | 0.02 | 0.03 0.02 0.02
cis-1,2-Dichloroethylene | 0.12 0.09 0.03 | 0.04 | 0.01 0.01 0.07 | 0.02 | 0.04 | 0.03 | 0.03 0.03 0.03
cis-1,3Dichloropropene | 0.11 0.08 0.03 | 0.04 | 0.02 0.01 0.03 | 0.05| 0.03 | 0.03 | 0.05 0.04 0.05
Dibromochbromethane | 0.30 0.20 0.04 | 0.06 | 0.02 0.02 0.04 | 0.09 | 0.07 | 0.07 | 0.06 0.06 0.09
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Annual Average VOC Concentrations (rg/m°)

Analyte 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Dichlorodifluoromethane | 3.07 3.18 278 | 270 | 2.79 3.22 290 | 2.76 | 2.57 2.54 2.54 2.57 2.62
Dichloromehane 0.49 0.43 041 ] 0.38 | 3.43 1.96 || 91.65| 1.31 | 40.12 | 15.89 | 40.28 || 83.49 | 0.84
Dichlorotdrafluoroethane | 0.11 0.12 0.12 | 0.12 | 0.11 0.14 0.13 | 0.13 | 0.12 | 0.12 0.12 0.12 0.22
Ethyl Acnjate 0.12 0.11 0.02 | 0.03 | 0.04 0.01 0.02 | 0.04| 0.03 | 0.03 | 0.04 0.02 0.06
Ethyl tertButyl Ether 0.10 0.10 0.02 | 0.02 | 0.01 0.04 0.02 | 0.02 | 0.02 | 0.06 | 0.16 0.05 0.05
Ethylbenzee 1.20 1.36 0.66 | 0.61 | 0.47 0.53 051 | 0.62 | 0.69 | 0.48 | 0.45 0.39 0.30
Hexachlorel,3-butadiene | 0.85 0.99 0.07 | 0.19 | 0.09 0.01 0.06 | 0.19 | 0.12 | 0.14 | 0.15 0.18 0.22
m,p-Xylene 3.73 4.62 229 | 2.05| 1.53 1.70 155 | 1.97 | 2.10 1.45 1.35 1.03 0.90
m-Dichlorobenzene 0.21 0.17 0.01 | 0.05| 0.05 0.02 0.03 | 0.10| 0.07 | 0.08 | 0.05 0.07 0.07
Methyl Isdbutyl Ketone 0.27 0.18 0.21 | 0.17 | 0.17 0.15 0.17 | 0.16 | 0.17 | 0.15 | 0.17 0.15 0.15
Methyl Methacrylate 1.29 0.79 0.26 | 1.34 | 0.49 0.05 0.05 | 0.05| 0.06 | 0.07 0.06 0.06 0.06
Methyl tett-Butyl Ether 0.13 0.12 0.01 | 0.02 | 0.01 0.01 0.02 | 0.02 | 0.02 | 0.03 | 0.05 0.03 0.02
n-Octane 0.33 0.34 0.24 | 0.24 | 0.20 0.23 0.30 | 0.37 | 0.42 | 0.29 0.28 0.21 0.19
o-Dichlorobenzene 0.12 0.15 0.02 | 0.05| 0.05 0.02 0.03 | 0.10 || 0.06 | 0.07 0.05 0.07 0.08
o-Xylene 1.55 1.97 0.83 | 0.73 | 0.56 0.60 055 | 0.72 | 0.79 | 0.53 | 0.53 0.49 0.34
p-Dichlorobenzene 0.18 0.14 0.09 | 0.07 | 0.04 0.07 0.04 | 0.09 | 0.08 | 0.06 | 0.05 0.08 0.07
Propylene 1.41 1.32 1.11 | 0.91 | 0.88 1.01 0.88 | 0.86 | 0.95 | 0.79 0.84 0.72 0.64
Styrene 219 1.05 0.37 || 0.58 | 1.26 0.63 257 | 1.45| 2.96 1.91 3.47 | 16.47 | 0.87
tert-AmylMethyl Ether 0.15 0.13 0.03 | 0.03 | 0.03 0.03 0.03 | 0.03 | 0.03 | 0.03 | 0.03 0.02 0.04
Tetrachloroethylene 0.31 0.27 0.34 | 0.32 | 0.33 0.43 0.40 | 0.26 | 0.32 | 0.27 0.23 0.15 0.13
Toluene 5.58 5.53 406 | 4.22 | 2.91 3.82 3.23 | 401 | 3.66 2.96 2.91 3.18 1.83
trans1,2-Dichloroethylene| 0.10 0.09 0.04 | 0.03| 0.01 0.01 0.03 | 0.02| 0.03 | 0.02 0.03 0.03 0.03
trans-1,3-Dichloropropene| 0.12 0.10 0.02 | 0.04 | 0.02 0.01 0.03 | 0.06 | 0.04 | 0.04 | 0.05 0.05 0.06
Trichloroethylene 0.13 0.12 0.05 | 0.06 | 0.03 0.11 0.06 | 0.09 | 0.14 | 0.05 | 0.05 0.05 0.05
Trichlorofluoromethane | 2.17 1.63 152 | 146 | 151 1.71 1.60 | 1.52 | 1.59 1.45 1.33 1.39 1.49
Trichlorotrifluoroethane | 0.78 0.81 0.76 | 0.83 | 0.68 0.85 0.72 | 0.75| 0.66 | 0.63 | 0.61 0.63 0.63
Vinyl chloride 0.05 0.05 0.01 | 0.03| 0.01 0.01 0.02 | 0.01| 0.01 | 0.01 0.02 0.01 0.04

2004 NOTE: Acetonitrile VOID due 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 ra(2004-2014), less than 10% detection rate (2@dPpresent
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In general, the concentrations fromlB@&ompared well with the 2% data. However, sme compounds
did showaverage concentrations that wsignificantlydifferentthantheir 2015 values. For instance,
dichloromethaneacetonitrile and styrenshowedmuchsmallerannual average concentrations in tdan
in 2015. In 2016, their respective annual averagecentrations wer8.84+ 0.75,1.17+ 2.43, and 0.8#
0.87ng/n?, while in 2015 they wer83.49+ 214.8, 28.47 + 54.95 and 16.47 4.41ng/nt. The 204
National Monitoring Programs Annual report, written by Eastern Research Group for the EPA, shows the
averages for these compounds tdlBe€2+ 232.1, 26.36- 98.22, and 0.3@ 1.10ny/nT, respectively. The
largechangein concentrationarises from significantly elevated concentrations of these compaunds
several sampldays in 2015 Elevated dichloromethane concentrations were also sé&fithand2012. At
this point in time ithas not been determinadat is causing thedeghly variableconcentrations

Graphs

Figure10throughFigurel3are graphs showg the 24 hour maximupand annual mean concentrations
for each of thet3 compounds that were detected in greater @& of the samples i2016 These graphs
are ordere@lphabetically and by the number of carbons they contitie compounds with the five largest
annual average concentrations dighloradifluoromethanetoluene trichlorofluoromethane, chloromethane,
and acetonitrile Their values ar@.62+ 0.32 1.83+ 0.92, 1.49+ 0.17, 1.25+ 0.26, and1.17 + 2.43
micrograns per meter cubedespectively In comparison, th2013 national averages for tlsame

compoundsre0.504+ 0.034 0.414+ 0.57Q 0.244+ 0.056 0.595+ 0.125 and15.7 58.5micrograms per
meter cubed, respectively
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Figure 10. VOC Annual Averageand Maximum Concentrations 206
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Carbon Disulfide
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Figure 16. VOC Concentrations by Date 2086, ctd.
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Figurel4throughFigure19 show the concentrations of th8 compounds detected in greater than 10% of
the samples taken. The graphs are broken down by compound type (alkane, haloalkane, alkene, aromatic,
etc.) and th data is listedh chronological order There ardwo gaps in th016 datafrom samples that were
missed or voided The remaining sampleoncentrations tended to trend well with each otlSmme of the
compounds do show a seasonalation in their ®oncentrations The variation is more evident in the alkene,
alkyne, and aromatic compounds than in the alkaiesre are several compounds tHabw this seasonal
variability in Figure18. VOC concentrations are typically higher in the summer due to the higher
temperatures, and longer availability of ultraviolet rays for the photolytic prézessur

Figure20throughFigure23 graphically illustrate the weekday versus weekend VOC concentrations in
2016 for the43 compounds The compounds amgainseparated into four groups: alkanes, alkenes, alkynes,
and aromats. The alkane compounds have carbon atoms with only singls.b®hd alkenebave carbon
atoms with double bonds, and the alkynes have triple bonds. The aromatics are ring s{rigtireszeng
with other substituents bonded to the ring.

In 2016, weekday concentrations far of the43 compounds were larger thaancentrationsaptured
duringthe weekendgampling This is expected, as many of the compounds emitted are associated with
automobile emissions, and traffic in the area usually deeseasthe weekends. There weseveral
compounds with larger weekend averages, howeSateenof the43 compounds had higher weekend
concentrations than weekday concentratiohise remaining compounds had weekday and weekend averages
that were equal. This mmost likely attributableo the practice of substitutingf onehalf the value of the
MDL for the nondetect and less than MDL sample values.
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Figure 20. VOC Weekday vs. Weekend Comparison for CHalo-Alkanes
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Weekday vs. Weekend VOC Concentrations for C2C8 Alkanes and HaleAlkanes
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MQO Core Analyte VOC Concentrations 20042016
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Figure 24. MQO Core Analyte VOC Concentrations 2004 2016
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Figure 25. MQO Core Analyte VOC Concentrations 2004 2016, ctd.

Figure24 andFigure 25graph the annual average concentrationtt@tight VOCs that are a part of the
mandatory monitoring subset of 19 HAPShe benzene and Hiutadiene graphs show a downward trend
since 2004.Theremaininggraphsdo not appear timdicate agenerakrend in concentration values since
2004. Figure 26andFigure 2graphically illustratehow the 3year average concentratioofsthe eight MQO
Core Analyte VOC#ave trended since the Pilot Stuzganin 2004 Also included in those graphs are the
2016 annual average values for comparison purposes.
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MQO Core Analyte 3-Year Average Concentrations
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Figure 26. MQO Core Analyte 3 year Average VOC Concentrations 2004 2016
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Figure 27. MQO Core Analyte 3 Year Average VOC Concentrations 2004 2016

Quality Assurance/Quality Control

Blanks

The volatile organic compound sampling methodlags sampling in stainless steel canisters with
specially treated interior surfaces. The canisters amsed. After a full canister is analyzed, it is pumped
out repeatedly to a high vacuum. This procedure cleansthdarext use. Periodicallynecanister from
each cleaning batch issted to make sure the method is performing adequately. The test caniiiied
with ultra-pure air and then analyzedf it shows no contamination, the batch is released for use. If
contamination is foundhe entire batch is sent through the cleaning process for a second time. The canisters
arrive inthe field closed, and undexr vacuum o020 to 30 inches ahercury Therefore, field blanks are not

used inthis method. Thenethod blank canister test isnformedat the laboratay prior to shipping to the
field.

[21]



Precision of Sample Results

On sixrandomsampling dateper yeay a second canister was sampled simultaneously with the primary
sample. These additional samples, known as duplicatescoléeted in order to assess the precision
(repeatability)of the canister sampling method. In general, repeatability for the two collocated samples was

acceptable 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 Junction National Air Toxics Trends Site added a sampler for polycyclic aromatic
hydrocarbon (PAH) compounds. A good definition of these chemials i

Polycyclic aromatic hydrocarbons (also known as polynuclear aromatic hydrocarbons) are composed
of two or more aromatic (benzene) rings which are fused together when a pair of carbon atoms is

shared between them. The resulting structure is a moletieevall carbon and hydrogen atoms lie

in one plane. Naphthalene (g, MW = 128.16 g), formed from two benzene rings fused together,

has the lowest molecular weight of all PAHs. The environmentally significant PAHs are those
molecules which contain twe.g., naphthalene) to seven benzene rings (e.g., coronene with a

chemical formula gH;»; 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 anaxiger
number, chemistry, and position of substituents on the basic ring sy&enrce: Ambient Water

Quality Criteria for Polycyclic Aromatic Hydrocarbons (R#) Ministry of Environment, Lands and

Parks, Province of British Columbia. By N. K. Nagpzih.D., Water Quality Branch, Water
Management Division, British Columbia, Canada, Ministry of Environment, February, 1993).

In 2016, 61 PAH samples werpossible. Of thosé1, threewere either missed or invalidated by the lab for

errorsduring the analycal process All threewere made up, for a total 61 out of61 sample{100%

sample recovery rate). Twertywo compounds were measured for this study. The list of these compounds

and the summary of the collected data are showralte6 andTable7. All of the 22 compounds analyzed

for weredetected irmorethan10% of the sampletaken. Benzo(Kk)fluoranthenevas found to have the
lowest detection rate, with on§2%
Fourteercompounds were detected in every sample taéiis is an increase from the 28lwhere only
thirteencompounds were present in all samples taken.

of the

Table 6. PAH Sample Summary Data 206

sampl es

% of Time

CAS # Detections | Deteciedin

Compound Number in Samples Samples
9-Fluorenone 486-25-9 61 100%
Acenaphthene 83-32-9 58 95%
Acenaphthylene 20896-8 53 87%
Anthracene 120-12-7 61 100%
Benzo (a) anthraceng, 56-55-3 61 100%
Benzo (a) pyrene 50-32-8 61 100%
Benzo (b) fluorantheng 20599-2 61 100%
Benzo (e) pyrene 192:97-2 61 100%
Benzo (g,h,i) peryleng| 191-24-2 61 100%

[22]
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% of Time

CAS # Detections | Detectedin

Compound Number in Samples Samples
Benzo (k) fluorantheng 207-08-9 32 52%
Chrysene 218019 61 100%
Coronene 191-07-1 61 100%
Cyclopenta[cd]pyrene|| 2720837-3 46 75%
Dibenz (a,h) anthracer| 53-70-3 45 74%
Fluoranthene 206-44-0 61 100%
Fluorene 86737 52 85%
Indeno(1,2,3cd)pyrene| 193-39-5 59 97%
Naphthalene 91-20-3 61 100%
Perylene 198550 48 7%
Phenanthrene 85-01-8 61 100%
Pyrene 129000 61 100%
Retene 483-65-8 61 100%

ND = Not Detected

Bold = MQO Core Analyte

Table7 summarizes the annual mean concentrations for each PAH measured during the study, from 2008
through 2086. Any compounds that were detected in less tHa# ofthe samples takesince 2015%re

italicized to show thetheir averages are dependenttheir respective MDL valuedzrom 2008 through

2014 the italicized results indicate compounds that were detected in less than 90% of the sampliés taken.
should benoted here that there was a shift in the data processing methods for this report. In previous years,
data was presented for compounds that were present in at least 90% of the samples taken. For this (and
future) reports the data presented will be frampounds that were present in at least 10% of the samples
taken. While this move did not have a noticeable effect on the carbonyl or PAH data, it did allow for
inclusion of more of the VOC compounds discussed in earlier sections. For purposes ofroynsistenew

10% detection criterion was applied to all carbonyl, VOC, metal, and SVOC data sets.

Bolded compounds are listed among those on the list of 19 core HAPs to be monitored. The annual means

wer e

| aboratoryds

closest average concentration, whicplignanthreneat 105 nanograms per meter cubed.

calcul at ed-dey erce withamwmHallofthasarhpl®h.oThis is an accepted
conservative technique for calculating annual values when some of the samples were less than the
Napht hal ene had
value ofjust over73 nanograms per meter cubed in 80T his ismore tharsevertimes greater than the next

ability to

det ect .

Table 7. PAH Annual Average Values 2008 2016

2008 2009 2010 2011 2012 2013 2014 2015 2016

Average | 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?) (ng/m?)
9-Fluorenone 1.53 2.67 2.34 2.13 2.74 2.42 2.09 2.26 1.68
Acenaphthene 8.41 11.34 7.30 10.54 20.5 8.07 7.17 8.29 5.67
Acenaphthylene 2.12 3.68 2.50 2.22 2.28 2.51 1.33 1.17 0.99
Anthracene 0.63 1.65 0.89 0.77 0.83 0.82 0.66 1.28 0.46
Benzo (a) anthracene 0.20 0.39 0.25 0.26 0.22 0.31 0.22 0.26 0.18
Benzo (a) pyrene 0.18 0.33 0.20 0.22 0.18 0.24 0.19 0.24 0.17
Benzo (b) fluoranthene| 0.36 0.72 0.50 0.48 0.41 0.56 0.44 0.31 0.32
Benzo (e) pyrene 0.19 0.39 0.24 0.23 0.19 0.25 0.22 0.22 0.19
Benzo (g,h,i) perylene 0.26 0.43 0.28 0.25 0.21 0.26 0.25 0.23 0.20
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2008 2009 2010 2011 2012 2013 2014 2015 2016

Average | Average | Average | Average | Average | Average | Average | Average | Average

Analyte (ng/m®) | (ng/m°) | (ng/m?) || (ng/m®) | (ng/m°) | (ng/m?) | (nhg/m®) | (ng/m?) (ng/m?)
Benzo (k) fluoranthene 0.10 0.21 0.14 0.14 0.12 0.14 0.12 0.09 0.07
Chrysene 0.35 0.68 0.49 0.48 0.42 0.54 0.41 0.48 0.42
Coronene 0.15 0.23 0.13 0.11 0.09 0.10 0.12 0.12 0.11
Cyclopentajcd]pyrene 0.16 0.19 0.10 0.13 0.12 0.11 0.07 0.18 0.11
Dibenz (a,h) anthracenel 0.06 0.06 0.03 0.05 0.04 0.03 0.02 0.05 0.03
Fluoranthene 2.52 3.79 3.30 3.35 3.55 3.36 2.60 5.48 411
Fluorene 5.15 9.20 6.44 7.67 12.6 6.89 5.75 7.34 4.58
Indeno(1,2,3cd)pyrene 0.21 0.37 0.24 0.23 0.19 0.25 0.25 0.20 0.17
Naphthalene 112 189 147 158 204 137 100 90.3 73.6
Perylene 0.07 0.08 0.09 0.07 0.06 0.04 0.03 0.04 0.03
Phenanthrene 12.0 17.9 13.9 14.0 18.7 13.3 11.1 22.1 10.5
Pyrene 1.81 2.87 2.28 2.19 2.20 2.30 1.79 3.01 2.12
Retene 0.67 1.37 1.04 0.85 0.77 1.06 0.74 0.71 0.62

Bold = MQO Core Analyte
Italic = less than 90% detection rag®08i1 2014

Graphs

Chronological gaphs of the concentration dditet the PAH compoundsre shown irFigure28 through
Figure31. Naphthalene is the most variable, with concentrations ranginglffa2o 247 nanograms per
meter cubed. Naphthalene had the largest annual average concentration, followed by phenanthrene, with
values 0f73.6+ 37.6 and10.5+ 5.76 nanograms per meter cubedspectively In comparison, thBlational
Monitoring ProgramNIMP) nationad averages for these compounds in20kre66.5+ 56.65 and9.51 +
14.68nanograms per meter cubed, respectifely.

Overall, the PAHcompoundconcentrations tended follow the same general trendlany of the
compoundshowed larger concentratiorduringthe summer monthsrhis is likely due tasmoke in the area
caused by regionddrest fires as well as mobile source emissions from the incomplete combustion products
of motor vehicles SeverabtherPAH compound®xhibited adifferentvariation,with larger concentrations
in the winter months, and lower concentrations in the summer monthsal3disakes sense, since the
primary source of many PAHSs in air is the incomplete combustion of wood and RAgHs are a product of
combustion from comon sources like automobiles, webdrning stoves and furnaces, cigarette smoke, etc.
The natural sources of PAHs include volcanoes, forest fires, crude oil, and shale oil.

6 fi 2 ®National Monitoring Programs Annual Report (UATMP, NATTS, CSATAM). US EPébruary2017.

7

8 Ibid.
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Select PAH Concentrations by Date 2016
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Figure 28. PAH Concentrations by Date 2056

Select PAH Concentrations by Date 2016
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Figure 29. PAH Concentrations by Date 2086, ctd.

Select PAH Concentrations by Date 2016
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Figure 30. PAH Concentrations by Date 208, ctd.
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Select PAH Concentrations by Date 2016
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Figure 31. Select PAH Concentrations by Date 2@, ctd.

Grand Junction Weekend vs. Weekday PAH Concentrations 2011
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Figure 32 PAH Weekend vs. Weekday Concentrations 2@L
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Figure 33. PAH Weekend vs. Weekday Concentrations 2@] ctd.
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Figure32 andFigure33 are graphs of the weekemdrsusweekday concentrations for all tR\H
compoundsn 2016. The weekday averages were larger than the weekend valdishiatthree

compounds phenanthrene,-Bluorenone, and anthracengll threeof thosecompounds were detected in all
samplegaken The values for naphthalene are off the chart with ekday average af3.9nanograms per
meter cubed, and a weekend averagé3odnanograms per meter cubechich are both lower than their
respective 208 values Figure34throughFigure37 are graphs of the annual average concentratioradlfor
the PAHcompounds The graphs show thaeverabf theannual averageompound concentratiomgve

increased since 2012, while others have decreasesinained fairlyconstant
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Figure 34. Naphthalene Annual Average Concentrations 2008 2016

PAH Annual Average Concentrations, 2008 2016
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Figure 35. PAH Annual Average Concentrations 2008 2016
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Figure 36. PAH Annual Average Concentrations 2008 2016, ctd.
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Figure 37. PAH Annual Average Concentrations 2008 2016, ctd.

Figure38 shows the 3year average concentrations for the metals compounds that are on the MQO Core
Analyte list naphthalene and benzo(a)pyrefide data indicate a downward trend from the start of

sampling. As mentioned previously, PAH sampling began four years after the start of the NATTS project, so
the 3year averages are calculated using different years than the VOCs, carbonyls, etc.
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MQO Core Analyte 3-Year Average Concentrations
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Figure 38. MQO Core Analyte 3-Year Average Concentrations

VI.

Quality Assurance/Quality Control

Blanks

Periodically, the | aboratory analyzes a fAblank, 0o

extra analysis is to determine if there was any contamination of the filter aogingfacturing, or during
laboratory processing. In 261the laboratory analyzedfif i | t er bl anks, 0 filters
Several compounds were detected at very low levels in many of the filter blaiddlank concentrations

were averagd, and subtracted frothe sample concentrations before annual averages were calculated.
Results of the blank filters are available upon request from CDPHE.

Precision of Sample Results

Precision air samples were not ratrthis sitein 2016. Assessingrecision requires a collocated sampler at

the site, and the NATTS group chose to take precision samples at other locations in the nationwide network.

PM1o METALS

In 2014, CDPHE switched to a differendtatawerent r act
found to have various errors due he tcontracted laboratonpt following correct procedures for establishing
the method detection limits (MDLs)Thereportedconcentrations for some of the metals rely heavily on the
MDL values, as ondalf the value of the MDL is substituted for the concentration in instances where the
metal is not detected during the analysisor i s detected but . Betabssiwvasal ue
impossible to go back and calculate the MDLs being used faréwiousdata, a new MDL study was
performed by the lab in 2014he values obtained as a resultledt studyareused for the analysis of 2010
2013 metals data, in an effort to keep from | osi

In previous years,rdaimony 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 were dropped from the list opoamdsto be recalculatedAny data
associated with those two compourfioisthe years 2010 through 2013 lassequentlpeen removed

[29]

or

whi

is |

ng ¢



Summary Statistics

In 2016, as in past yearsnetals were sampled on the every sixth day schedule, for a toflatafrples
attempted. Of thos&l samplesonewasmissed or voidedeaving a total 060 samples collecte®8.4%6
sample recovery)Table8 shows the percentage dktsamples in which each metal wigsectedincluding
those that werdetected bubad a concentration value that weowthe MDL value for that compound
Somecompounds were detected manyof the sample dates, but at concentrations that were Esshéir
respective MDL. For instance, chromium was detected in all of the sampleshakiaig, an average @55
ng/nt (using the raw data). However, the MDL for chromiurd.B3ng/nt. Therefore, a value equal to ene

half the MDL (2.32ng/nT) was substituted in place of the listed raw value as a conservative, reliable estimate
compoundds

of the

al so be

attri

but ed

concentration.
any certainty. Although there is a peak on the graphegpiibper time indicating that it is chromiumg¢duld
nstrument
compound.The fact that the chromium average in the blank samples taken throughoidrtheageearthe
raw average of the samples@8ng/nt for blanks versu&.55ng/nt for samplesyupports this

t o

Si

noi se

nce

t he

as

it i s

Therewere a total ofl0 actual nordetect valueor the entire metals data set in B0IThese nordetect
valuesare attributable to three ggounds beryllium, cobalt, and nickelBeryllium was listed as nodetect
for oneof those40 samplescobaltfor 35, andnickel for four Both mercury and chromium were detected in
all samples taken, but at levels belowitiespectiveMDLs. Merculy, however, did meet the minimum

10% sample detection rate with seven values that were measured above the MDL.

Table 8. Metals Detection Rates, 208
# of Times % of Time
Detected in | Detected in
Compound CAS Number Samples Samples
Antimony 744036-0 60 100%
Arsenic 7440382 60 100%
Beryllium 744041-7 59 98%
Cadmium 7440439 60 100%
Chromium 744047-3 0 0%
Cobalt 7440484 25 42%
Lead 743992-1 60 100%
Manganese 743996-5 60 100%
Mercury 743997-6 7 12%
Nickel 744002-0 56 93%
Selenium 7782492 60 100%

Bold = MQO Core Analyte

Table9 summarizes the annual mean concentrations for each of the metals measured during, theratudy

2004 through 208. The compounds that are listed in bold type are on the list of 19 core HFfes

italicized compounds are those that were detected in les&@p&iof the samples takednnual means were
calculated by using orlealf of the detectiotimits in place of the nowletectand less than MDlsamples.In
instances where subtractingethlank value made the resulting concentration less than zero the data were
treated amon-detectsamples.Non-detectsample values are those that were listed\#30 by the lab, or
those mentioned aboveResults show that manganegasthe compound wit the highest annual average
The other metals were present at lower concentratidie data for antimony and chromium from 2010

t hrough

2013

has
for more compoundthan are required by the NATTS technical assistance document. As such, there are new

been

removed

due

t o

l ab

i ssues

compounds that have been added to the analytical suite. CDPHE has no data for these c@mpotods

2014.
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Table 9.

Metals Data Summary 206

Antimony | Arsenic | Beryllium | Cadmium | Chromium | Cobalt | Lead | Manganese| Mercury | Nickel | Selenium
Year | (ng/m® | (ng/m® | (ng/m® | (ng/m® (ng/m® | (ng/m® | (ng/m® | (ng/m* | (ng/m®) | (ng/m® | (ng/m®
2004 0.36 0.27 0.08 0.05 1.86 ---- 491 13.0 ---- 0.63 -
2005 1.34 2.13 0.91 0.35 31.7 e 4.01 12.0 - 0.91 ----
2006 1.47 2.88 0.59 0.26 13.1 -—-- 4.33 15.0 ---- 1.19 -
2007 0.99 4.22 0.68 0.24 16.8 ---- 4.26 15.2 ---- 1.44 -
2008 1.08 2.43 0.19 0.14 8.75 ——-- 2.48 14.7 ---- 1.43 ——--
2009 0.54 0.87 0.13 0.23 8.83 ---- 2.09 8.70 o 0.88 ——--
2010 ---- 1.32 0.14 0.20 ---- ---- 2.05 8.34 ———- 1.80 ——--
2011 ---- 0.67 0.14 0.21 ---- ---- 2.79 8.82 ---- 2.11 -—--
2012 -—-- 0.57 0.13 0.13 -—-- ——-- 3.03 10.8 ---- 2.26 —---
2013 o 0.37 0.08 0.11 ---- ---- 2.75 7.89 - 2.64 ——--
2014 0.96 0.30 0.02 0.08 7.86 0.17 2.64 9.39 0.02 0.57 0.71
2015 0.73 0.31 0.01 0.06 5.96 0.12 2.09 7.09 0.01 0.55 0.68
2016 0.83 0.36 0.01 0.06 2.32 0.10 1.65 7.04 0.01 0.54 0.63

Bold = MQO Core Analyte

Italic = less than90% detection rat&0042014, less than 10% detection rate 264 present
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Graph

The annual average metals concentrationgjaehed irFigure39. The figure shows that manganesed
leadwere the metals with the largesterageconcentrationshaving values of.04 and2.32 nanograms per
meter cubed, respectivelyVhile theconcentratioafor chromium beryllium, and mercurgreshown for
comparative purposes, it is important to note thét tredues aredependent only otheir respectivéviDL s,
astheywererarely, if everdetected at levels higher than that.comparisonthe NMP national average
concentrations fomanganese and lead2014 were8.02+ 9.10and2.93+ 3.15nanograms per meter cubed,
respectively’ Figure 39andFigure 40indicatethat most of the metals were at low concentration levels
throughout the yearThere does not appear to be any seasonal trending in the metals values based on the
2016 data. Manganeséas the largest amount of variability in the concentration valuesdedowith values
ranging from0.57 to over 19.8nanagrams per meter cubed
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Figure 40. PM,Metals Concentrations by Date 206
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PM,,Metals Concentrations by Date
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Figure 41. PMy,Metals Concentrations by Date 20&, ctd.
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Figure 42 PMMetals Weekend versus Weekday Comparison 26
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Figure 43. PM o Metals Annual Average Concentrations 2004 2016
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Annual Average Metals and Particulate Concentrations 20042016
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Figure 44. PMMetals Annual Average Concentrations, 2004 2016, ctd.

Figure42is a chart of the weekend versus weekday concentratiotisef PM, metals. All of the
compound$iad weekend averages that wegeial to oless than the weekday averagegshromiumand
mercurywerenot detectecften meaning the concentration values are heavily dependent on their MDL
values resulting in egalweekendandweekday concentrimins Figure43 andFigure44 are graphs of the
annual average concentratid@9041 2016) for each of the PM metds. The graphsppear tshow a
general downward trend in the concentration valuesfomyof the metals A calculation of the Jear
averages from 2004 to 2006, 2007 to 28,0 to 2012and 2013 to 2015hows a decrease in
concentrationggoing fram the first 3year average to the lasty8ar averagefpr mostcompounds These
can be seen iRigure45 andFigure46. Also included in those figures are the 2016 annual averages for
comparison purposes.
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Figure 45.  3-Year Average Metals Concentrations
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VII.

MQO Core Analyte 3 Year Average Metals Concentrations
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Figure 46.  3-Year Average Metals Concentrations (ctd.)
Quality Assurance/Quality Control
Blanks

Periodically, the laboratory analyze$iad | aonukused, filter for metalsThe purpose of this extra
analysis is to determine if there was any contamination of the filter during manufactbeirmample
setup/tear down or transport proasser duringlaboratory processingin 2016, there were six blank
samples taken arahalyzed by the lab. The concentration values seen in the blank samples were found to be
less than their respective MDL vagjeso no blank corrections were made to the data set.

Precision of Sample Results

Once per month secondarygampler was musimultaneously with the primary sampleThese additional
samples, known as duplicates, were collected in order to assess the precision (repeatabiliygtadthe
sampling method. In general, repeatability for the two collocated samples was dedeptéle compounds
that were detected in greater tHf¥ of the samples takennformation regarding precision and accuracy
results is available upon request to the Air Pollution Control Division.

PM1o

Sample Statistics Summary

The Colorado Departmenf Public Health and Envirament operates sampddor particulae matter 10
microns or less in diameter (Rjlat the Grand JunctionPowell station. These samplers serve to indicate
the status of Grand Junction regarding the National Ambier@Aality Standards (NAAQS) for P
Results of the statewide particul ate n8&AintQeality monit or i
Data Reporto by t he Ailmr2016 d24 daruplesveraatte@uead,tand@2lwerd® i vi si on.
collectad on the primary samplebringingthefinal data recovery rate @8%. The duplicate sampler was in
operation for founf themissed samples.
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Table 10.

PM o Averageand Maximum Concentrations 206 i 2016

PM o, Concentrations
3rd Day 6th day
Average | Maximum | Average | Maximum
Year | (mg/m®) | (mg/m®) | (my/m®) | (ng/m®)
2004 29 102 29 102
2005 26 198 25 62
2006 30 98 30 66
2007 30 85 29 69
2008 30 116 30 84
2009 25 68 26 68
2010 22 155 19 57
2011 18 41 18 39
2012 22 77 20 44
2013 19 55 20 48
2014 18 46 19 46
2015 15 37 14 34
2016 15 37 15 35

Table10 lists the averagand maximuntoncentrations obserdeat the Grand Junction site from 2004
through 208, for boththe every thirddayand every sixth dagamples The averages are similar fhethird
and sixth day sampling, and dee lowerthanthe 24-hour standard level 050 micrograms per meter cubed.
The maximum value observed in Zd&as37 micrograms per meter cubethe maximums are similar for
some years, but quite different for others. To date, the highest concentration obseri/88 miasograms

per meter cubed in 2005.

Graphs

The graphs in this section will cover data for the NATTS sampling calendar (every sixth day). Any data

discussed will be derived from the every sigtyvalues. Figure47 is agraph of the P} concentration
data recorded every sixth sampling dd)e graphdoes not appear indicateany seasonal variatidn

2016.
Grand Junction Trends 2016 --- PM,
40 *** Air Toxics sampling days (every 6th day)***
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Figure 47. PM., Concentrations by Date 2016 (every 6" Day)
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PM,,Weekday vs. Weekend Concentrations, 201/
mWeekday = Weekend
& 30.0

EZS.O
c 20.0
15.0
10.0 -

m3

Concentratio

o
o
1

0.0 -

PM10
Figure 48. PM;, Weekend vs. Weekday Comparisor2016(every 6" day)

Figure48is agraph of the weekend versus weekday concentrations feg dtMhe evergixth day
sampling scheduleThe weekday averagel@éger than the weekend average. ;pPildominated by suréz
disturbance of earth materiaks.§.,street sand, windblown dysttc). The PM,levels are subject to change
due to daily weather conditiongigure49is a gaph of the annual average RMoncentrations from 2004
through 208, for the everysixthday sampling periadFigure50is a graph of th@4-hourmaximum PM,
concentrations from 2004 through B)1or the eversixth day sampling periodThe maximum P
concentrations observed in each year are used forarisop to the NAAQS in this graph.
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Figure 49. PMjoAnnual Average Concentrations 2004 2016
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Figure 50. PMj, Annual Maximum Concentrations 2004i 2016
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VIILI.

Quality Assurance/Quality Control
Blanks

Blank filters are collected for the purposes of determining any bias in the sampling setup, removal,
transport, or laboratory weighing processes. Data from these field blanks is available on request.

Precision of SampleResults

Collocated samples were ronce every sixth dayalf as frequently as the primary samples were run.
This is done in an effort to validate the collected data. There is good agreement between the primary and
collocated sampler concentrationsiformation regarding precision and accuracy results is available upon
request to the Air Pollution Control Division.

PM3 s

Sample Statistics Summary

The Colorado Department of Public Health and Environment operates saifoplparticulate matter 2.5
microns or less in diameter (BN at the Grand JunctidnPowellstation This sampler serv&to indicate
the status of Grand Junction regarding the National Ambient Air Quality Standards (NAAQS).fer PM
Results of the statewide particulate matter tnomir i ng net wor k ar e 168AirQuoality s ed
Data Reporto by the Air Pollution Control
air toxics in Grand Junctiodue tothe availability ofa PM, 5 speciatiorsampler which gives insight into air
toxics in particulate mattedt should be noted here, however, that the speciation sampler pigvaested
in Grand Junction was removed, anditheenda20@ned t o

addition thefilter-based monitor was removed in May of 2016 due to the addition of a continuous particulate

monitor, the GRIMM. The PM s data discusseih this sectioris based orthe gravimetricfilter datafrom
2004 through 201,5nd the continuous data geaied in 2016. The datibes not include any speciated
results. In 2016, 366 daily averagesverepossible and363werecalculatedon thedaily sampling schedule,
giving a99% sampling rate.

t

Table 11. PM,sAverage Concentrations 208-2016

3rd day 6th day 98" oile
Average | 1*'Max | Average | 1°'Max Max

Year | (my/m’) | (my/im’) | (mg/m®) | (mg/m®) | (mg/m’)
2004 10.4 36.3 10.4 31.6 31.6
2005 8.4 19.0 7.9 18.2 18.0
2006 9.7 28.5 9.8 28.5 24.0
2007 9.5 30.7 9.0 30.7 26.0
2008 9.1 27.8 8.9 27.8 25.0
2009 9.8 59.1 10.5 59.1 41.0
2010 9.0 43.3 8.4 43.3 37.0
2011 7.1 23.9 6.8 23.9 22.0
2012 7.3 28.3 7.2 28.3 24.0
2013 8.8 42.2 8.6 40.3 40.0
2014 6.3 21.7 6.3 20.9 16.0
2015 5.4 22.2 5.5 22.2 19.0
2016 6.4 35.9 6.4 22.0 21.0
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Table11 lists the annual averagedfirst maximumPM, 5 concentrations at the Grand Junction sibes
2004 through2016, for both every third day and every sixth day samplifibere is very little difference
between the averages for the two sampling schedules, and they are less ¢hamti@nnual standard level
of 12 micrograms per cubic metePM, s emissions are generated dyriculture, and theombustion of
automobie fuels, coal, wood, etcas well as by secondary formation from other available atmospheric
compounds. Table11 alsolists the 98' percentile maximum values for 2004 through @01

To meet the primary P)4 national standard, the three year average of the annual mean concentrations
must be less than 12 micrograms per cubic meter.désignvalue for this site i§.4 micrograms per meter
cubed, thus the primary standard is met. To meet the secondagnRiibnal standards, the three year
average of the annual mean must be less than 15 micrograms per cubic meter, and the 3 year average of the
98" percentile value mst be less than 35 micrograms per meter cubedselalues for this site a4 and
19 micrograms per meter cubed, respectivelinerefore, the secondary standards are met.

Graphs

A graph of thedaily concentration values fdine every sixth day sapling subsets shown inFigure51.
The data appear to indicdtet the PM s concentrationsvere seasonably variable. Concentrations appear to
be more consistent during the summer months and vary more during the wintles wizen there is more
smoke in the air fromagriculturalandhousehold wood burning.

Grand Junction Trends 2016--- PM, 5
*** Air Toxics sampling days (every 6th day)***
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Figure 51. PM, s Concentration by Date,2016 (every 6" day)
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Figure 52. PM, s Weekend vs. Weekday Comparisor2004-2016 ( every 6" day)
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Figure52 shows how the weekend versus weekday average concentrations comp2déGaynthe every
6" day sampling schedulesigure53 shows the annual average concentrations fos fdt 2004 through
2016. Overall, he average trend appears to be decreasing.

PM, sAnnual Average Concentrations, 2004 2016
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Figure 53. PM,sAnnual Average Concentrations 2087 2016

Quality Assurance/Quality Control
Precision of Sample Results

No collocated samples were run for PMas there is currently only one RMnstrument available to place
at the Grand Junction site.

METEOROLOGY
A meteorologicatower at thePitkin shelter site measures wind speed, wind direction, relative humidity,
and temperature. The P®wind rose is shown belowm Figure54. The fAarmso of this

percentage of the time that the wind blew from each direction. The shading on each arm indicates the wind
speedsassociatedvith each direction. Eaabf the concentric rings, moving outward, signgian additional

1.6 percent of theime. For exampleabout? to 8% of the winds are from theast Wind speeds in the
rangesf 0.5 to 2.1 meters per second (n@s the most frequent.

The wind rose shows that winds follow a daily pattern typicaivef valleys. At night, the winds come
from thesoutheastuarter, flowing down river During the day, heating of the air causes flow reversals, and
flow comes from the northwest.

A look at the highest concentrations days for each pollutant indicated that some days showed maxima for
more than one air pollutanMany of these dates are in the fall or winter periathich indicatespossible
locd temperature inversions afichited ar mixing, thus allowingpollutants of all types to build up in the
area.
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Figure 54. Wind Rose for Grand Junction 2016

X. DATA CORRELATIONS AND DISCUSSION

The data presented below are the results of several correlation compagiseesrthe particulate
concentrationsind various 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 primarysources (motor vehicle emissions, and incomplete combustion), or can be formed secondarily
via atmospheric photoxidation reactiond” 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. Particulates are a
mixture of solid particles and liquid droplets found in the air. Of interestsimarchers are two different
classes of particulates: @se (having a diameter of 10 micrometers or less), and fine (having a diameter of
2.5 micrometers or lesskine particles are small enough to be inhaled deep into the lungs, and cause serious
hedth 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 data was performed with bothdrenB MM s
annual average data sés 2004 through 2016The results of the correlation are presentetiable 12.

“Wang et al ., fiSeasonal Variation and Source Apportionment of At mc
Aerosol and Air Quality ResearchQ: 559 570, 2010.http://aaqr.org/VOL10_No6_December2010/5_AAQR07-OA-0059_559
570.pdf
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Table 12.  Correlation Coefficient Values for Carbonyls-Particulates

Analyte r-PMy | r-PMsg
2,5Dimethylbenzaldehyde 0.62 0.42
2-Butanone (MEK) 0.45 0.65
Acetaldehyde 0.71 0.63
Acetone 0.81 0.62
Benzaldehyde 0.74 0.58
Butyraldehyde 0.81 0.53
Crotonaldehyde 0.83 0.57
Formaldehyde 0.49 0.50
Hexaldehyde 0.70 0.56
Isovaleraldehyde 0.79 0.51
Propionaldehyde 0.75 0.42
Tolualdehydes 0.84 0.57
Valeraldehyde 0.52 0.31

Bold = MQO Core Analyte

Nine of thethirteencarbonyl compounds tended to correlate well withthefMdta havi ng #fAr o val u
0.7 or larger Thetolualdehydesshowh e strongest corr 684a®neofhetwoi t h an Ar
MQO Core Analytecarbonyls, acetaldehyde, didlow someorrelation with the aurse particulate
concentrations There was little correlation between any of the carlsoargd the fine particulate
concentrations2-Butanonehad t he hi ghest 1 65 Agaoh ditbdow darbdnylse gr oup a
wi t h Aggeeater thdn wreequal to 080 the PM, correlation is shown ifrigure55.

The final graph presented in this section is a snapshot of the chemicalimakéhe carbonyls group from
2004 through 208. Figure56 shows the percentage each carbonyl compound contributed to the overall total
carbonyl concentration from year to ye@cetone, acetaldehyde, and formaldehgidarlydominate the
carbonyl concentrations, comprising nearly 80% of the overall concentrations from year to year.

PM,,and Carbonyl Concentrations 2004 2016
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Figure 55. PM 4,1 Carbonyl Concentration Comparison
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Figure 56. 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 numb&®6fmolecules can evaporaie
sublimatefrom a liquidor solid form and enter 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 upsnbset oB7compouids that were detected in greater théfo of the
samples takesince 2004and the MQO Core Analytes that did not meet that criteridre MQO Core
Analytesare bolded in the table below.

Table13is a listing of the correlation coefficients (r) for each of3fi&/OC compound data sets, with
both PM 5, and PM, data set$or 2016 For the VOG PMy, correlation,1,1, - Trichloroethae, acetylene,
benzeneandcarbon disulfidecorrelated fairly well with theoarseparticulate concentrationgith correlation
coefficient valus of 0.81,0.81,0.84, and 083, respectively Figure57 is a graph of thearbon disulfide,
benzeneacetyleneand PMy annual averageoncentrationfrom 2004 through 20 The 1,1,1
trichloroethane concentrations were not included in thehgaaphe values were so low compared to the other
compounds that the graph shows up as a straight line at the bottom of the graph.

Table 13. VOC i Particulate Correlation Coefficient Values

Compound PMg PM, 5
1,1,1Trichloroethane 0.81 0.71
1,2,4Trimethylbenzene 0.63 0.52
1,2-Dichloroethane -0.17 -0.22
1,3,5Trimethylbenzene 0.58 0.49
1,3-Butadiene 0.69 0.57
Acetonitrile -0.45 -0.43
Acetylene 0.81 0.76
Acrolein -0.54 -0.29
Acrylonitrile -0.06 -0.14
Benzene 0.84 0.81
Bromomethane -0.48 -0.50
Carbon Disulfide 0.83 0.73
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Compound PM1o PM2s
Carbon Tetrachloride -0.06 -0.02
Chloroethane 0.14 0.11
Chloroform -0.13 -0.02
Chloromethane 0.16 0.19
Dibromochloromethane 0.22 0.17
Dichlorodifluoromethane 0.54 0.65
Dichloromethane -0.58 -0.47
Dichlorotetrafluoroethane -0.46 -0.32
Ethyl tertButyl Ether -0.16 -0.23
Ethylbenzene 0.50 0.38
Hexachlorel,3-butadiene 0.25 0.12
m,p-Xylene 0.54 0.40
Methyl Isobutyl Ketone 0.61 0.54
Methyl Methacrylate 0.69 0.48
n-Octane -0.07 -0.07
o-Xylene 0.47 0.33
p-Dichlorobenzene 0.33 0.27
Propylene 0.70 0.63
Styrene -0.53 -0.57
Tetrachloroethylene 0.64 0.79
Toluene 0.59 0.49
Trichloroethylene 0.21 0.26
Trichlorofluoromethane 0.46 0.62
Trichlorotrifluoroethane 0.68 0.70
Vinyl chloride 0.62 0.49

Bold = MQO Core Analyte

Italic = Did not meet detection requirements

Acetylene and Benzene Concentrations
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Figure 57. VOC i PM, Concentration Comparison
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The VOCi PM; s correlationalsoshowedseveralcompound with relatively strong correlation Benzene
correlated well with the fine particulate matter concentrations, showing a positygerof 081. Acetylene
and carbon disulfide also showed some correlation with the fine particulate matteryalities 0f0.76, and
0.73, respectively In addition 1,1, *richloroethane, tetrachloroethylene, and trichlorotrifluoroethane also
showed a slight correlation with PM2.5 havingalues of 0.71, 0.79, and 0.70, respectively. Those
compounds are not includedkigure56 as their concentration values were so low that they appear as
straight lines when graphed with benzene, acetylan@ carbon disulfideFigure58 shows theannual
average concentratiofsr benzeneacetylene, carbon disulfidandPM; .
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Figure 58. VOC i PM, s Concentration Comparison

The chemical makep of the VOCcompounds tends to be much more variable from year talyaarthe
carbonyl compounds. This is especially tfolethe C1 through €carbon chainsf the VOCs, whicltan be
seen inFigure59. The graplshows data from 2@0through2016. The year to year variability is easily seen.
Carbon disulfide was not sampled for during the 2004 and 2005 campaigns, but was added in 2006. It was a
major component of the VOCeIf2006 through 2009, but $imot been a major contributor since 200%9e
data from2010, 2012, 201,2014,and 205 show a shift to dichloromethane as a large component of this
VOC group, comprising 50 to 75 percent of the C1through C2 VOC composition.
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Figure60 shows the chemical composition of thg tBough ® carbon chain compounds. These
compounds tend to show a more consistent rogkiEom year to year, as opposed to the lighter end alkanes
of the ClandC2 chains. It should be noted that this grouping contains straight chain alkanes, as well as
aromatic compoundslt seems likely that the major source for theSgl@ough ® compounds is from
motor vehicle traffic, due to the consisteathur e of t he chemical makeup, and
road. In 2015, styrene concentrations dominated the mix, comprising more than 60% of the matrix. This is a
large jump from previous years.

VOC Composition for C3 through C9 Compounds
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Figure 60. Total VOC Composition for C3 through C9 Compounds
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PAH Correlations and Sample Composition

Polycyclic Aromatic Hydrocarbons are often found naturally in the environment, but are alsnadan
They can enter the air through the incomplete combustion of fuelsaaipaige. They are a concern because
of their toxicity andpersistence in thenvironment Table14 lists the correlation coefficient valsdor each
of the PAH compoundwith PM, s and PM, data sets for 2016All but oneof the compounds sholittle to
no correlation with the Plyy values This is reasonable, since Rk largely from geologic sources.

This particular set of compounds did tend to treetterwith the fine particulate matter concentrations.
All but twocompounds showed positive correlations with the, Pébncentrations The strongest correlation
between the PAH and PMconcentrations was seen wiabenapthylene A correlation coefficient of Q0
was obtained for this compoun®AHSs can exist in liquid or solid phases, so their positive relationship with
the smallest diametgrarticles, which develop from gaseous condensaisagsily explainedPAHs and
PM, s are also both direct combustion productie compoundwith corrdation coefficient valuethat are
greater than 05are graphed ifrigure61.

Table 14. PAH i Particulate Correlation Coefficient Values

PAH correlations r-PMyg r-PM,s
9-Fluorenone -0.04 0.29
Acenaphthene 0.21 0.13
Acenaphthylene 0.65 0.90
Anthracene 0.17 0.42
Benzo (a) anthracene 0.23 0.59
Benzo (a) pyrene 0.28 0.59
Benzo (b) fluoranthene 0.41 0.77
Benzo (e) pyrene 0.30 0.64
Benzo(g,h,i) perylene 0.53 0.78
Benzo (K) fluoranthene 0.49 0.78
Chrysene 0.08 0.54
Coronene 0.57 0.70
Cyclopenta[cd]pyrene 0.58 0.58
Dibenz (a,h) anthracene| 0.77 0.59
Fluoranthene -0.57 -0.35
Fluorene 0.11 0.18
Indeno(1,2,3cd)pyrene 0.44 0.71
Naphthalene 0.41 0.57
Perylene 0.63 0.71
Phenanthrene -0.12 -0.03
Pyrene -0.19 0.14
Retene 0.35 0.77

Bold = MQO Core Analyte
Italic = Detected in less thah0% of samples taken
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PM, sand PAH Annual Average Concentrations 2008 2016
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Figure 61. PAH T PM, s Concentration Comparison

Figure62is a graph showing the percentage contribution e&tine PAH compound® the total PAH
concentration. Clearly, naphthalene is the dominant compound of the gomgstently making up more
than60% of the PAH compositianThe composition of the PAH group does not appear to vary much from
year to year.This may imply thaPAH sources are consistent over time.
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Figure 62 PAH Chemical Composition 2008 2016

Metals Correlations and Sample Composition

The metals in this group asampledvia a PMy filter based monitor. Six of the metals samld for are
listed asViQO Core Analyes. The correlation coefficient®r the metalcompoundghaving enough data to
correlate)with the two different particulate classes are showhable15 for 2016 Manganesand lead
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concentrations correlated well with the RMoncentrations, havingwalues of 0.90 and 0.71, respectively
There were no significant correlations between @frthe metals compounds and the RMoncentrations
This suggests thakelectmetals may be coming from geologic crustal, rather tdoambustion or secondary
formation sources Nickel sources include various metal alloys, electroplating, motor vehibkeust, and
geologic crustal materiaf. A graph of the PN}, lead,and manganese concentrations is sedfigare63.

Table 15. Metalsi Particulates Correlation Coefficients

Analyte r-PMqq r-PM, g
Antimony 0.21 -0.09
Arsenic 0.68 0.41
Beryllium 0.57 0.31
Cadmium 0.46 0.36
Chromium 0.32 0.10
Cobalt
Lead 0.71 0.51
Manganese 0.90 0.57
Mercury
Nickel -0.04 0.08
Selenium

Bold = MQO Core Analyte
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Figure 63. Metalsi PM;q Concentration Comparison

Figure64is a graph showing the percentage contribution of each of the individual metals compounds to
the overall total. The concentrations vary somewhat from year to year, but not as much ahtbagbl@
compounds of the VOC sectioifit. should be noted here that although the chromium concentrations appear to
make up a large portion of the metals composition, the compound was never detected at levels above the
MDL in 2016.

M http://scorecard.goodguide.com/chemipadfiles/html/nickel.html
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Metals Composition 2004 2016
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Figure 64. Metals Chemical Composition 2004 2016

SUMMARY AND CONCLUSIONS

The National Air Toxics Trends Study in Grand Junction for&2§Howed similar results to prior years.
The highest carbonyls in air were formaldehyde, acetaldehyde, aont@ceA correlation analysis was run
between the particulate concentrations and the carbonyl concentratiopscoRbéntrations tended to
correlate with many of the carbonyl compounds. A correlation value (tBéfras obtained when
comparingannual averagEM,,to the tolualdehydesoncentrations. This value was the highest obtained for
the PMg-carbonyl correlation. A comparison of the PMoncentrations with the carbonyls showed at
butanonecorrelated the best, bbad a moderateorelationcoefficient value of @5. Many of the carbonyls
showed no correlation at all with the PMralues.

Thirty-severnvolatile organic compounds are ubiquitous, having been detecédeimst 0% of the air
samplegaken in2016. From 20@ to 2016, the makeup of the C1 ta2@roup was highly variable, with
large concetmations of carbon disulfie from 2006 through 2008nd moderate concentrations in 2011, 2013,
and 2014 There were alstarge concentrations of dichloromethane in 2(4@1 2 2013, 2014and 205.
The G through ® group showed more consistency in the constituent concentrations freinto22016, with
the exception of styrene, which showed a marked increase in concentration from 2014 20"
dropped again in 2016 Correlations with particulate tlashowed that carbon disulfideenzeneand
acetylendracked most closely with the Byconcentréions, with rvalues 0f0.83, 0.84, and 081,
respectively.Benzenecorrelated best with the fine particulate concentratitiavingan rvalue of 081

The highest polycyclic aromatic hydrocarb@asicentrationsvere naphthalene, acenapehe, and
phenanthrenejoneof which correlated well witl?M; concentrations The compounds that did correlate
well with the fine partialate mattewereacenaphthylenebenzob)fluoranthenebenzo(g,h,i )perylene,
benzo(k)fluoranthenend retenewith r-values of 0, 0.77, 0.78, 0.78, and0.77, respectively. Severabf
the other PAH compounds also correlasethewhatvith PM, s values Their rvalues werat or neathe
0.70 cutoff.

For the metals, lead and manganese showed the highest average concenlatigiasmiese had the
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highest correlation value with thease particulate matter at9. It is important to note here that nyaof
the metals concentrations rely heavily on their respective MINane of the metal compounds showed any
correlation with fine particulate matter.

In general, it appears that the concentrations of many of the compounds of interest ang dinppithe
inception of the NATTS program in Grand Junction. The study will continue iR, 281one of the major
goals is to run the site long term, for comparison of the mean concentrations for each pollutant during the first
three years to the meafws successive three year intervals. Calculation of the three year average
concentrations to date has shown a decrease in the majority of the concentrations of the compounds of
interest.
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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 some prevalent 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 IntegratégskRnformation System (IRIS), Agency for Toxic 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 (NIQ&td) the California Air
Resources Board (CARB).

CARBONYLS

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

ACETALDEHYDE

Acetaldehyde is a hydearbon with the formula CY¥CHO. It is 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 intermedide isynthesis of other chemicals, such as acetic
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 industdestatdehyde, as do the
perfume and 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 prodydiationary internal combustion engines and 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 emissionsgdfbjovarious industrial
emissions.

Although it is used in industry, the California Air Resource Board believes that the largest sburces
acetaldehydé@ outdoor air are combustion and production from photochemical reactions (CARB Acetaldehyde Fact
Sheet). Acetaldehyde itself can break down in these complex 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 @hmucous membranes. It can paralyze the respiratory muscles, act as a narcotic to prevent
coughing, and speed up pumping of the heart. Exposure can lead to headaches and sore throat. (Kirk Othmer, Vol 1,
page 107). It should be noted that most of tiesdth effects have been observed in factory workers, who are
exposed to acetaldehyde concentrations thousands of times greater than those occurring in outdoor air.
Acetaldehyde is believed to be a probable human carcinogen, leading to cancer of gmel bszat.
Acetaldehyde has been shown to cause birth defects in animals, but no human research is available. (CARB
Acetaldehyde Fact Sheet).

EPA6s Technology Transfer Network Air Toxic Website
effects ofacetaldehyde. According to this source, the primary acute effects of acetaldehyde are irritation of the eyes,
skin, and respiratory tract in hams. At higher exposure levasythema, coughing, pulmonary edema, and
necrosis may happen. Chronic toxictymptoms in humans resemble those of alcoholism.
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The EPA has established a Reference Concentration (RfC) for inhalation exposure to acetaldehyde based
on degeneration of the olfactory epithelium in rats. No information is available on the reproduodtive
developmental effects of acetaldehyde in humans. Animal studies data indicate that acetaldehyde may be a potential
developmental toxin. EPA has classified acetaldehyde as a Group B2, probable human carcinogen, based on
increased incidence of nasahtors in male and female rats and laryngeal tumors in male and female hamsters after
inhalation exposure.

The California Air Resources Board observed an annual mean of 1.33 ppb acetaldehyde inidestate
network during 1996 (CARB Acetaldehyde Fact &heThe mean observed in this Grand Junction study, 3.2 ppb, is
a bit above the California data, but acetaldehyde in Grand Junction occurs at levels typical of large urban areas.
Acetaldehyde levels are a national problem related primarily to the msetor 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, the burning of wood,
paper, cotton, plastic, and tobacco. It can also be released through industrial use. It is found naturally in emissions
of some vegetables and volcasoe

According to the ATSDR Medical Management Guideljnelsaled crotonaldehyde is highly toxic. Itis
irritating to the upper respiratory tract even at low concentrations. Crotonaldehyde vapor is heavier than air.
Therefore, higher levels of crotddahyde vapors would be found nearer to the ground. The mechanism of toxicity
of crotonaldehyde 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, velgthigh concentration exposure, people may become
sensitized to crotonaldehyde. Except for rare cases of sensitization, no health effects have been reported in humans
exposed to relatively low concentrations of crotonaldehyde. No studies have hegthistuaddress reproductive
or developmental effects of crotonaldehyde in humans. The compound 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 EPA IRIS has classified crotonaldehyde as a possible carcinogen based on the fact that there is no
human data, but an increased incidenceepfiic tumors in male rats. The possible carcinogenicity of
crotonaldehyde is supported by genotoxic activity and the expected reactivity of croton oil and aldehyde. The EPA
IRIS, however, has not derived a cancer toxicity value for the compound. ThEIERAT (Health Effects
Summary Tables) has established an oral cancer toxicity value for crotonaldehyde. The Agency for Research on
Cancer has determined that crotonaldehyde is not classifiable as to its carcinogenicity to humans.

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

FORMALDEHYDE

Formaldehyde is a hydrocarbon compound with the formula HCHO. It exists in the atmosphere as a
colorless gas with a pungent odor. It is used in the manufactureafbumaldehyde resins which are used in
particleboard and plywood products. Therefore, high levels of airborne formaldehyde can also be found in indoor
air as a result of release from various consumer products such as building materials and ho rimgy$uigither
source of formaldehyde in indoor air is smoking. It is also employed in chemical manufactyivaymofceuticals,
herbicides, and seal ants. Textile finishes, such as u
Othmer, Vo 11, pages 245246).

EPAG0s 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 inclde power plants, manufacturing facilities, 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 tleeninant source for much of the year. 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 complemxeproducing atmospheric reactions 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 inhalation 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 cavityi 3ppH, it may cause
the eyes to tear. Otheffects observed in humans from exposure to high levels of formaldehyde are coughing,
wheezing, chest pain, and bronchitis (EPA6s Technology
believed to be carcinogenic to humans. However, the banlgaickly break 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 compiauitsl ieritant
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 establiahethalation Reference 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 effédcess 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 statisticallgignificant 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 inhalatipasexe. Please see EPA IRIS for a detailed discussion
on the carcinogenicity of formaldehyde.

ATSDR states that typical levels of formaldehyde in urban air are200ppb. ATSDR cites
concentrations of 0.2 ppb for rural areas, at@ighb for suburbaareas (ATSDR Toxicological Profile for
Formal dehyde) . The mean | evel observed in Grand Junct
range.

VOLATILE ORGANIC COMPOUNDS

Volatile organic compounds commonly present included h@tadiene, benzene, 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 compoundwtite formula @He. It exists in the atmosphere as a colorless gas
with a sweet odor. It is used in chemical manufacturing of medicines, detergents, explosives, shoes, dyes, leather,
resins, paints, plastics and inks (CARB Fact Sheet on Benzene) sl igrakent in gasoline.

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,
benzeneeacts with hydroxyl (OH 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 stantdpbinlike many of the compounds discussed
here, benzene is a proven human carcinogen. It damages thddrimawy capacity of the body, leading to anemia
or leukemia. Like the other volatile organic compounds, breathing large amounts can causeléghtdss
headache, vomiting, 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 with laboratory animals suggest ie&izene 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 hadegnabout whether levels of 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 establied a Reference Concentration for inhalation exposure to benzene based on decreased
l ymphocyte count in an occupational epidemiologic stud
for all routes of exposure by the EPA IRIS based on the isedeimcidence of leukemia 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 suburbanT@Bé&s TAxicological
Profile for Benzene). The Grand JunctioRowell site mean of 0.7 ppb observed in this study is somewhat lower.

1,3BUTADIENE

1,3-Butadiene is a hydrocarbon compound with the formuyldsCIt exists in the atmosphere as a caes!
gas with an odor 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).

Accordingto the California Air Resources Board, most emissions eb(itadiene come from combustion
of fuels in diesel and ggzowered motor vehicles. Other sources that they list include petroleum refining, tire wear,
residential wood heating, and forest firBsibber and chemical production plants also have emissions. Breathing of
cigarette smoke is another source oftiLBadiene exposure (ATSDR Fact Sheet)

1,3-Butadiene is of concern toxicologically because it is characterized as carcinogenic to husadranba
the new EPA 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 that, headache, drowsiness, 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 helétsi problems. Other 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 exastidganair. However, EPA
considers that the levels of 1hBtadiene 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 exposurbutadi@ne based on
ovarian atrophy in mice. The EPA has characterizeddt8diene as carcinogenic to humans by inhalation based
on the following total evidence: sufficient evidence from epidemiologic studies showing increased lymphohema
topoietic cancex and leukemia; tumors 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 concef®aippb 1,3utadiene,

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 mdtteahloride, is a chlorinated
hydrocarbon with the formula CLl 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 quncEitesat.

Carbon tetrachloride has a long atmosphericlifelf so it can travel to the higher reaches of the atmosphere and

damagethe art h6s ozone | ayer . -damaging qualites, mbossuses of karboni tdtrgchlaaided o0 z 0 |
have beebanned. It is still in 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 $uwamy for Carbon Tetrachloride). 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 carborrigratido
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 lightheadedrmsa, convulsions, double 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 hatlaffeptang with birth defects.
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 tetrachloridealERA has established a
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
cacinogen) based on 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 tista®yi for
Carbon Tetrachloride). The 0.08 ppb annual mean observed at Grand Juiioell is at the same level.

TETRACHLOROETHYLENE

Tetrachloroethylene, also known as perchloroethylene, is a chlorinated hydrocarbon with the formula
CCl. Itexst s in the atmospherel ialsed gdaer (NI OG2K Ro dilcétl 0@ wif ¢
Hazards, Tetrachloroethylene). The primary uses of tetrachloroethylene are as a dry cleaning solvent, metal
cleaning solvent, or for chemical production. &ehloroethylene 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 from degreadiggileaning, 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 concentrations of tetrachloroethylene
has central nervous system effects including lightheadedness, coma, convulsions, double vision, intoxication, and
death. It also can cause vomitingn animal studies, it had effects on the liver and kidney. It also is an irritant to
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 animdiest suggest that tetrachloroethylene exposure may
lead to leukemia (NIOSH Registry of Toxic Effects of Chemical Substances Information for Tetrachloroethylene).
Tetrachloroethylene has been associated with liver and kidney cancer in animals.

The ATSIR has established a Minimal Risk Level (MRL) based on nervous system effects in humans. It
is important to note that EPA is currentlyeealuating the toxic potential of tetrachloroethylene, including its
carcinogenicity, and therefore no relevant infiation is available in IRIS. In the interim, EPA recommends the use
of CalEPA 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 leukemialénand female rats. EPA is currently
working to revise the toxicity assessment for tetrachloroethylene.
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The California Air Resources Board has monitored tetrachloroethgtesm@umber of locations within
their state, and found a mean value of 0.019 ppb during 1996 (California Air Resources Board Toxic Air
Contaminant Identification List Summary for Tetrachloroethylene). The annual mean at Grand JuPatiet
was 0.05 pb. These levels are greater than the netwadie mean value for California. However, this compound
was detected less than half the time.

1,3,5TRIMETHYBENZENE AND 1,2,4TRIMETHYLBENZENE

1,3,5trimethylbenzene and 1,2tdmethylbenzene are isomearthe hydrocarbon formulag8;,. In pure
form they are colorless liquids. They are used in chemical manufacturing of medicines, detergents, dyes, paints and
inks. Trimethylbenzenes are a large component of distilled petroleum. They are also asedirss additives.

The largest sources of trimethylbenzenes in ambient air are likely to be automobiles, gasoline service
stations, refineries, and chemical plants. In ambient air, trimethylbenzenes havéfa bblkess than a day (EPA
OPPT Chemial Summary For 1,2;:Frimethylbenzene).

Health effects of trimethylbenzenes are similar to those of benzene. It damages theditomdcapacity
of the body. Like the other volatile organic compounds, breathing large amounts can cause lightreadednes
headache, vomiting, convulsions, coma and death. It also irritates the skin and eyes, exerting a drying effect. Long
term exposure can lead to cough, reduced lung capacity, and bronchitis. However, these health effects are usually
seen in workplacesyhere levels are thousands of times higher than those in outdoor air. It is not known whether
these compounds are carcinogenic. Some animal experiments suggest that they may cause bone formation problems
for a developing fetus (EPA OPPT Chemical Sumnfraoy1,2,4Trimethylbenzene).

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 JunctioPowell site had a mean value of 0.09 ppb. As the EPA citation
is for 1988, it is likely that concentrations have gone down in recent years.

METALS

Arsenic and manganese are discussed below. Levels of Isad/eth 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 naturahBiodyltin the e
exists in the atmosphere as partate matter, in compounds formed from combination with other atoms such as
oxygen, chlorine, and sulfur (ATSDR Public Health Statement for Arsenic). In the past, arsenic was used as a
pesticide for orchard crops. Today, the chiefuse is in chromaegp@mr ar senat e ( GtCrAgatuded t o
wood, to preserve it from decay in marine eginound usage. It is also used in metal alloy, gfaaking, and
electrical semtonductors.

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

Ar s e ni cybhas led o iksiugeiag a poison. Orally ingesting large amounts can be fatal. The effects of
inhalation are similar to the oral effects. Arsenic disturbs the gedestinal system, leading to abdominal pain,
vomiting, and diarrhea. It affects thentral nervous system, leading to nerve damage in the legs and arms. It can
damage the liver and kidney. Arsenic also has effects on the skin, causing dark patches (hyperpigmentation), and
skin cancer. Arsenic also irritates the eyes, lungs, and skieseTéffects have been observed in situations of
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occupational exposure that are significantly higher than concentrations seen in outdoor air. Exposure can lead to
effects in the blood, such as anemia.

EPA has not established a Reference Concentraticar§enic. The Cal EPA has established a chronic
reference level based on the developmental effects in mice; and other target organs included the cardiovascular
system and nervous system. Arsenic exposure is known to cause lung cancer. EPA ctassiiieis &roup A,
the known human carcinogens, based on an increased lung cancer mortality in multiple human populations exposed
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 meandewsf 0.0003ug/m3 at Grand JunctionPowell site falls
below the cited rural range. It is likely that national levels of arsenic have decreased in recent years.

M ANGANESE

Manganese is a metal that occursymbal&iMoor ladxistssin i n t he e
the atmosphere as particulate matter, in compounds formed from combination with other atoms. Manganese is
used as an additive in metal processing and steel production. It is also used in ceramics, matches, glass, dyes,
bateries, 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 disease prevention in crops such
as fruits, vegetables, andtton.

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

Manganese is considered an essential micronutrient in the human body. The body tends to regulate
manganese concenti@ts, 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, coughd &ronchitis. Manganese may damage the central nervous
system. The disease known as fAmangani smo, which resul
nervous system damage. Individuals with manganism have alika$éice, depression, unntrollable laughter,
and lethargy. The central nervous system effects include trouble with tremors, balance and walking that is similar to
t hat of Parkinsonds disease. Centr al nervous system d
manganism. Examples are decreases in visual reaction time, hand steadinesshand egerdination.
Manganese also affects the gadhtestinal tract and the kidneys. However, it should be noted that these health
effects have been observed in wogkesith longterm 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 manganese as Group D, unclassifiable as to camin@gtential. 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 function in humans in occupational exposure studies.

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

of 0.0212 g/ m3 total manganese (CARB Fact Sheet on Ma
Junction is below the California average.
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National Institute for Occupational Safety and HealtliNIOSH) Pocket Guide to Chemical Hazards.

Arsenic. Web Addressittp://www.cdc.gov/niosh/npg/npgd038.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 Effects a€hemical Substances
(RTECS).

Arsenic, dated October 2002. Web Addrdgip://www.cdc.gov/niosh/rtecs/cg802¢8.htmll
Manganese, dated October 2002. Web Addiggs://www.cdc.gov/niosh/rtecs/008d8678.html

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

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

Occupational Safety and Health Administratiof. OSHA) A OSHA Comments from the Jan
Rule on Air Contaminants Projecto. (Rule remanded by ¢

Manganese Fume. Web Addreggtp://www.cdc.gov/niosh/pel88/743D6.html
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http://www.cdc.gov/niosh/ipcsneng/neng0013.html
http://www.cdc.gov/niosh/ipcsneng/neng0232.html
http://www.cdc.gov/niosh/npg/npgd0038.html
http://www.cdc.gov/niosh/npg/npgd0379.html
http://www.cdc.gov/niosh/rtecs/cg802c8.html
http://www.cdc.gov/niosh/rtecs/008d8678.html
http://www.state.nj.us/health/eoh/rtkweb/rtkhsfs.htm
http://www.cdc.gov/niosh/pel88/7439-96.html

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 1 _Powell Building
650 South Avenue, Grand Junction, CO 81501
GPS: Zone 12, 710962 E, 4326741 N, elev. 1396m
3°0306 51303N0 42d8W

AQS ID: 08-077-0018 Site NameGrand Junction i_Pitkin Shelter
645 Y, Pitkin Avenue, Grand Junction, CO 81501
GPS: Zone 12, 710962 E, 4326741 N, elev. 1396m
3°0306 513N 420 W
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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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SITE MAP (1/4 - 1 mile)
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SITE MAP (1/4 - 1 mile)
AIRS ID: 080770018 Site NameGrand unct_ikon i Pitkin (shelter
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SITE MAP (1/4 - 1 mile)
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AQS ID: 080770017 Site NameGrand Junction 1 _Powell Building
Photo Date10/16/2013

LookingNORTH

Looking NORTHEAST
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AQS ID: 080770017 Site NameGrand Junction i Powell Building
Photo Date10/16/2013

Looking EAST

Looking SOUTHEAST
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AQS ID: 080770017 Site NameGrand Junction i Powell Building
Photo Date10/162013

Looking SOUTH

i %.' T
vy X

TS g

S

Looking SOUTHWEST

(74



AQS ID: 080770017 Site NameGrand Junction i Powell Building
Photo Date10/16/2013

LookingWEST
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AQS ID: 080770017 Site NameGrand Junction i Powell Building
Photo Date10/16/2013
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AQS ID: 08-077-0018 Site NameGrand Junction 1_Pitkin Shelter
Photo Date04/242017

LookingNORTH

LookingNORTHEAST
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AQS ID: 080770018 Site NameGrand Junction i Pitkin Shelter
Photo Date04/24/2017

Looking EAST
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AQS ID: 080770018 Site NameGrand Junction i Pitkin Shelter
Photo Date04/24/2017

Looking SOUTH
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AQS ID: 080770018 Site NameGrand Junction i Pitkin Shelter
Photo Date04/24/2017

LookingWEST

LookingNORTHWEST
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