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DISCLAIMER

* The contents of this presentation reflect the
views of the contractor, who is responsible for
the accuracy of the data presented herein. The
contents do not necessatrily reflect the views of
the U.S. Environmental Protection Agency.

» This presentation does not constitute a standard,
specification, or regulation. The United States
Government does not endorse products or
manufacturers. Trade or manufacturers' names
appear herein only because they are considered
essential to the object of this document.
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Motivation

* Anderson Study in 1996 found
higher aldehyde concentrations
in Boulder than Denver

« Qil & natural gas production
activities in neighboring
counties increased and began
to pose potential health risks

 Denver Metro Area (DMA)
experiences high ozone
concentrations and is currently S o, DS
designated as non-attainment (www.colorado.edu)
for failing to meet the 8-hr ozone
NAAQS set by the EPA




Successful Partnerships

« BCPH, University of Colorado, & EPA Region
8 collaborated to form project team that
collected one year of detailed air toxics
measurements

* A number of students were trained &
educated on measuring air quality; two of
which now work at EPA

* Public Health staff gained valuable
monitoring knowledge and experience and
provided valuable information to residents
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Public Health to Monitor Air Quality in
Boulder County

Aprl 2006 - Bowider, ©O — Boulder County Public
Health (BCPH), will begin monitaring forty air
toxics at five locations throughout the county
beginning this winter, thanks to a grant from the

U 5. Ervironmental Protection Agency. The last
monitoring study in Boulder County, conducted in
1996, provided monitoring of just three air toxins at
one Denver and two Boulder County locations

This previous study found that concentrations of
the pollutants studied were significantly higher in
Boulder than in Denver. The study's authors
believed that formation of secondary pollutants
from chemical reactions caused by sunlight might
be leading to an even greater number of toxins
being formed as the pollutants were dispersed by
wind and weather patterns along the Front Range.

"Because Boulder County sits at the point where
the heavily urbanized City of Denver and the rural
wilderness of the Rocky Mountains meet, a
complex air quality environment is created that
can intensify organic trace gases,” said Pam
Milmoe, BCPH Air Quality Coordinator. "This
study will help us to continue to better understand
and assess local air guality and develop
management strategies.”

The study is in collaboration with researchers at
the Mechanical Engineering Department and an
analytical Iaboratory at INSTAAR (Institute of
Arctic and Alpine Research) at CU Boulder.
Sample collection will be performed over 24 hours

M Locations

Monitoring Locations

=

Select map to enlarge

Understanding Air Toxics
and Pollutant Sources
(PDF 1722 KB)

2005 Community-Scale
Alr Toxics Monitoring
SGrant Proposal (PDF 180
WE)

Air Quality Program,
3450 Broadway, Boulder,
CO, 80304
(303) 441-1564
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5 Sampling Locations
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Project Objectives

Delineate concentrations of local scale
VOCs, carbonyls, & ozone

Develop a baseline reference for longer-term
measuring

Evaluate and improve ambient air quality
exposure & community-scale dispersion
models

Aid in air quality management strategies in
Boulder County & Denver DMA NAA
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What Did We Do?

Mar 1, 2007 — Feb 24, 2008
Sampling

24hr integrated sample every 6"

* VOCs (27) day @ each location

. Carbonyls (8) Eight consecutive 3hr sar_nples
_J every 6" day @ one location

In-Situ Measurements

« Ozone . .
continuous, 5 minute avg

« Meteorological Data 1



Air Toxics Monitored

« VOCs (EPA Method TO-15)

— benzene, toluene, ethylbenzene, xylenes,
hexane, & styrene

« Carbonyls (EPA Method TO-11A)
— formaldehyde, acetaldehyde, & acrolein

* Ozone (40 CFR, Part 50 App. D)
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Sampling Instrumentation




Overall Data Completeness

VOCs Carbonyis Ozone
"’850/0 "’940/0 "’950/0

Includes 3-hour and 24-hour samples
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Percent of Samples Detected

Carbonyls VOCs

formaldehyde n-butane
acetaldehyide n-pentane
acrolein hexane
toluene
acetone

. octane
propionaldehyde

ethylbenzene
crotonaldehyde m&p-xylene

butyraldehyde o-xylene
henzaldehyde nonane

15



24-hr VOC Duplicates

Analyte # of samples A
n-butane 35
trans-2-butene 10

cis-2-butene 5 14
1_2-butadiene 0 4
1-pentene T 29
2-methyl-1-butene T 19
n-pentane 33 21
cis-2-pentene 3 12
Z2-methyl-2-butene B 19
2_2_dimethylbutane 0 Fi
J-methylpentane 27 33
2-methyl-1-pentene 5 39
hexane 33 24
trans-2-hexene 0 11
cis-2-hexene 1
benzene 35
23 -dimethylpentane 5
heptane 31 22
2_3_4A-trimethylpentane 2 37
toluene 34 23
J-methylheptane 8 11
octane 24 28
ethylbenzene 29 49
m&p-xylene 34 36
styrene 8 20
o-xylene 23 51
nonane 23 36
Overall Median 26
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24-hr Carbonyl Duplicates

Analyte # of samples Average RPD
formaldehyde 12 / 6.3 \
acetaldehyde 12 \ 69 )

acrolein 12 D=

acetone 12 (55 )
propionaldehyde 12 350
crotonaldehyde 12 43.2
butyraldehyde 12 146
benzaldehyde 12 349
Overall Average RPD 21.6%
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Eight 3-hr samples vs. 24-hr
samples

Average Absolute RPD of Eight 3-hr Samples vs. 24-hr

Samples
n Absolute RPD ( %)
formaldehyde 40 102 h
acetaldehyde 4() 20 2
acetone 40) 193
Average RPD of Eight 3-hr Samples vs. 24-hr Samples
n RPD (%)
n-butane 39 12.0 j—
n-pentane 39 232
J-methylpentane 39 48 2
hexane 39 32.5
heptane 39 36.8
toluene 39 30.3
octane 39 66.2
ethylbenzene 39 49 3
m&p-xylene 39 37.4
o-xylene 39 78.6 18
nonane 39 75.8




Seasonal Averages: VOCs

24hr Seasonal VOC Averages: All Sites
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24-hr n-butane

24-hr n-butane: All Sites

25.00

20.00 + Boulder
1600 u Langmaont

# Lyans
10.00 A . : :
* *a 2 Mot Ridge

5.00 -

l m B I‘.. oy
' South Boulder
:‘ili [ 1] .. gn }: }:}:‘ P ‘.'.' ¥
0.00 "‘l‘-ﬂuﬁﬂnﬁh'ﬂx x‘ﬂxﬁ}f ﬂ E*' b Ji_-%x,ﬁi‘i:;?r:_
2127 411307 BI12107 8T 10M0/07 128007 2ITiNg

Date

2
:
g
2
X
s

Overall, VOC concentrations were not seasonally dependent



Seasonal Averages: Carbonyls

24hr Seasonal Carbonyl Averages: All Sites
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24-hr Formaldehyde

24-hr Formaldehyde: All Sites
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Carbonyl concentrations were greatest in summer months



Eight 3-hr vs. 24-hr
Formaldehyde: Longmont

Comparison of Eight 3-hr vs. 24-hr Formaldehyde: Longmont 10/15
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The sum of the eight 3-hr samples compared fairly well to the
one 24-hr sample collected during the same period *



Ozone Correlation Matrix

Correlation Matrix: 1-hr Ozone Values

Niwot South

Boulder Ridge Boulder

Longmont Lyons

Boulder

Longmont

Lyons

Niwot Ridge
South Boulder

The Niwot Ridge background site had the lowest correlation

values when compared to the Front Range sites
24



Seasonal 1-hr Ozone

Averages

NR Monthly 1-hr Ozone Averages

Aqdd

Aug Sep Oct Nov Dec Jan Feb

Jul

Mar  Apr May Jun

BO Monthly 1-hr Ozone Averages

Julb Aug Sep Oct Nov Dec Jan Feb

Mar Apr May Jun

25

Seasonal variations at Boulder & Niwot Ridge



Weekend vs. Weekday
Analysis

 Compared weekend
vs. weekday
samples for VOCs,
carbonyls, and
ozone to better
understand the
impact of mobile
source traffic

Weekend vs. Weekday 24-hr Median Concentrations

(in ppbV)

Boulder Niwot Ridge
Weekday | Weekend | Weekday | Weekend
formaldehyde | 213 210 (.96 067
acetaldehyde | 055 081 0.36 0.28
h-butane 249 3.32 029 0.39
toluene 121 095 0.11 0.11
mé&p-xylene 0.58 044 0.06 0.06
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Weekend vs. Weekday Ozone

Annual 1-hr Ozone Medians at Each Site

(in ppbV)
: : South
Boulder Longmont Lyons Niwot Ridge Boulder
Wknd | Wkdy | Wknd | Wkdy | Wknd | Wkdy | Wknd | Wkdy | Wknd | Wkdy
280 | 249 | 284 | 273 | 390 | 380 | 466 | 459 | 396 | 383

Weekend vs. Weekday: BO 1-hr Ozone Mixing Ratios
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1996 & 1999 EPA NATA
for Formaldehyde

1996 Estimated County Median Ambient Concentrations 1999 Estimated County Median Ambient Concentrations
Formaldehyde — COLORADO Counties Formaldehyde — COLORADO Counties

[

Distribution of U.5. Ambient Concentrations o | |
Highset In L. Ga1 Distribution of U.S. Ambient Concentrations
o5 1.8 Highset In LS. 8.9
Parcentile o 085 Sapnty Median Amblent Pollutant Concentratian es - 1.51 . ) .
s a8t (micrograms / cubic meter ) Percentile oo v County Median Ambient Pallutant Concentratian
&3 0.3 Souree: LS. EP4 /a0 5 uge b Mmierograms / cubic meter )
Leweet In .. 0.25 NATA Mafional—Semle Al Toxics Assessrnd 25 .37 Source: LS EPA / O80F
Lorset In LS. 0.001 8 1999 N&TA Mational—Senle Ar Toxics Assessrme

(www.epa.gov/nata/mapconc.html)

1996 NATA: 0.61-0.85 upg/m3 1999 NATA: 1.22-1.51 ug/m3
2007-2008 Boulder County Median: 1.50 pg/m?
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DDEH 2005-2006 Air Toxics Study: 24-hr Median Concentrations

(in ppbV)
Auraria Swansea Palmer Vanderbilt
formaldehyde 3.86 7.79 5.28 243
acetaldehyde 11.38 11.90 10.12 3.06
acrolein 0.07 0.07 0.07 0.07
benzene 0.89 1.06 0.70 0.54
toluene 242 3.33 1.51 2.11
m&p-xylene 1.55 2.34 1.14 1.23
o-Xylene 0.89 1.21 0.62 0.58
BCPH 2007-2008 Air Toxics Study: 24-hr Median Concentrations
(in ppbV)
Niwot South
Boulder Longmont Lyons Ridge Boulder
formaldehyde 2.14 142 1.18 0.94 1.27
acetaldehyde 0.90 0.76 047 0.34 0.56
acrolein 0.05 0.04 0.02 0.00 0.02
benzene 0.95 0.77 0.55 0.68 0.57
toluene 1.98 047 0.15 0.11 0.20
m&p-xylene 0.57 0.19 0.08 0.06 0.10
o0-xylene 0.17 0.06 0.03 0.00 0.03

DDEH 05-06 vs. BCPH 07-08

Overall, BCPH values were less than the Denver Study
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CDPHE 2006 Summer Study

Median Carbonyl Concentrations: June & July

O Formaldehyde
B Acetaldehyde
O Acetone
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BCPH values were also less than the 2006 CDPHE data



Source Apportionment

« Pairwise correlation analysis

* Principal Components Analysis (PCA)

31



24-hr Carbonyl Correlation
Matrix: Boulder Site
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Low correlation values were likely a quantification issue




24-hr VOCs Correlation

Matrix: Boulder Site
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Acetaldehyde vs.
Formaldehyde

Acetaldehyde vs. Formaldehyde: 24hr Mixing Ratios
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Acetaldehyde & formaldehyde correlated well at all sites



n-pentane vs. n-butane

n-pentane vs. n-butane: 2dhr VOC Mixing Ratios
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Strong VOC correlations suggest similar emission sources



Source Profiles

Table 1. Source profiles used in CMB modeling

Hydroxyl radical
rate constant
{(Carter, 1992)

Roadway (n=9)
ppbC % of TNMOCY
(Lonneman et al., 1991}

Gasvap (n=16)
ppbC % of TNMOCT
{Lonneman et al., 1991)

cm? molecule " 's™'  Average SD. Average SD.
Sum of 38 species 57.60 60.53
1 Ethylene 8.45x 10712 4,55 0.47 001 0.01
1 Acetylene 7.80 x 10~ 13 3.94 0.65 0.01 0.02
1 Iso-butane 236 x10~12 1.17 0.26e 4.66 1.19
256 % 1012 431 n73 19 33 217
% n-pentane 4.11 x 10~ 12 2.80 0.28 8.53 0.60
= m o s o 8-66 =59 Ebl—
} 3-methylpentane 577 x 10712 1.49 0.05 2.18 0.28
1 Methylcyclopentane/ 8.11 x 10~ 12 1.56 0.07 1.37 0.07
2, 4-dimethylpentane
1 Benzene 1.29 x 10~ 12 2.86 0.19 0.88 0.13
1 Cyclohexane/ 7.56 x 10712 1.09 0.05 0.67 0.11
2-methylhexane
12, 2, 4-trimethylpentane 3.72x 10712 2.62 0.22 .66 0.32
12, 3, 4-trimethylpentane 872 x 10712 1.00 0.10 0.17 0.07
T Ethylbenzene 709 % 10712 1.34 0.03 0.10 0.01
m :c =11 m KT B | n‘ : 3 KWk Ts]
* m/p-xylene 1.90 x 10— 11 4.54 0.14 0.29 0.04
o-xylene/n-nonane T37Tx1g = T.96 U000 U.I1 .01
§ 1-butene 3.11 x 10~ 1.25 0.09 1.16 0.7
§ Trans-2-butene 6.30 x 10~ 1 0.43 0.03 1.82 0.50
§ Cis-2-Butene 5.58 x 1011 0.35 0.03 lLe2 0.38
§ 1-pentene 311 x 10! 0.41 0.03 1.32 0.19
ik — i i i ——

(Lin et al., 1994)
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Potential Pollution Source
Based on PCA Results

(based on variance)

Potential Pollution Source Rank by Site
1st 2nd 3rd
Boulder Mobile Source Second_a "y Evaporative
Formation
Longmont Evaporative Second_ary Mobile Source
Formation
Lyons Secondg Y Evaporative Mobile Source
Formation
Niwot Ridge Second_a "y Mobile Source Evaporative
Formation
South Boulder Mobile Source Evaporative Second_a Yy
Formation
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Dispersion Modeling

« AERMOD & MOBILE6.2 models used

* Pollutants included in model
— Formaldehyde
— Acetaldehyde
— BTEX
— Hexane
— Diesel PM

38



Predicted 2006 n-butane with 2007
Boulder Observed n-butane (ppbV)

yyyy

n-Butane 2005
<VALUE >

Mo-0.06
Bo0.07-0.12
[Jo.13-0.18
[J0.19-0.24
[Jo.25-0.3
[J]0.31-0.36
Bo0.37-0.42
M0.43-0.48
B 0.49 - 0.54

Inventories underpredict n-butane direct emissions *°



Dispersion Model Results

Obs Obs AERMOD Obs AERMOD
Butane n AERMOD Pentane Pentane Hexane Hexane
Site avg Butane avg avg avg avg avg
Boulder Fire Station 2.95 0.002 1.35 <.001 0.71 0.04
Longmont 4.48 0.09 1.66 0.02 0.62 0.01
Lyons 1.24 0.001 0.46 <.001 0.21 0.005
South Boulder 1.20 0.001 0.44 <.001 0.21 0.005

« AERMOD generally under predicts by a

factor of 2—10 in Denver-Boulder Region

* Using local/rural met measurements would
improve modeled results
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Photochemical Modeling

* OZIPR model used to model formation
of ozone and secondary pollutants

* Run from May - August 2007 with
observed data

« Overall, OZIPR generally overpredicted
acetaldehyde concentrations by a
factor of 3
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Comparison of OZIPR Predictions
& Observed Ozone at Lyons, CO

Ozone July 23, 2007

0.1
g 0.08 *-—é
_%- 006 fx
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© 002
0

600 800 1000 1200 1400 1600 1800

Hours
—&— Model Lyons

Ozone was simulated reasonably well on most days *



Comparison of OZIPR Predictions &
Observed Formaldehyde at Lyons, CO

Formaldehyde July 23, 2007

\\
R TN (i e e = S S S S
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O =N WhH OO N O®
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Lyons —e— Model A —a&— Model B

Formaldehyde predictions were much closer for Model B



Summary

Delineate concentrations of local scale
air toxics

Develop a baseline reference for
longer-term measuring

Evaluate and improve air quality
exposure and dispersion models

Guide air quality management
strategies in Boulder County & DMA
NAA
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Conclusions

* Overall carbonyl & VOC concentrations
In 07-08 were lower than those in the
Anderson Studies and other FR studies

- Carbonyl concentrations peaked in the
summer months, suggesting increased
photochemistry

« VOC concentrations were relatively
stable and were not seasonably variable
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Conclusions

 From PCA results, mobile source
exhaust, natural gas condensate
emissions, and meteorology are
significant pollution source

 Ozone values varied from site to site,
but increased significantly in summer

« Ozone values occasionally exceeded the
former/current 8-hr NAAQS values
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Recommendations

* Increase sampling frequency for
weekend vs. weekday analyses

» Use higher resolution sampling
durations for source apportionment

» Use analytical equipment capable of
quantifying additional natural gas
markers

» Get EPA assistance with AQS uploads
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