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ABSTRACT

Chemical Mass Balance (CMB), Positive Matrix Faation (PMF), and
Principal Component Analysis (PCA) were appliedreestigate the major sources of
Windsor ambient Volatile Organic Compounds (VOCH)e annual average total VOC
concentrations declined from 2005 to 2006. Sumnugrcentrations were higher than
winter in both years. All three models results aaded that vehicle-related sources were
the major contributors regardless of season in lgetrs. Other major sources included
Commercial Natural Gas and Industrial Refinery imter; Architectural Coatings in
summer. PMF provided profiles other than the tamses for CMB: Adhesive & Sealant
Coatings. PCA provided additional emitters: Adhesand Sealant Coatings and Auto
Paintings. Spatial patterns of source contributindicated that there was a high
correlation between the high All Vehicle, IndudtriRefinery, and Commercial Natural

Gas emissions with the Huron Church Road measursmen
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CHAPTER 1
INTRODUCTION

1.1 Background

Air pollution from transportation, industries, anther sources causes unbalance
of the atmosphere in terms of the chemical comjpositAir pollutants are harmful to
living things (Environment Canada, 2013). Air ptdiots are grouped into four categories.
They are: criteria air contaminants, persistentoig pollutants (POPs), heavy metals,
and toxic pollutants. There is overlap betweend®x@and the pollutants in the other three
categories. Criteria air contaminants include Sutp@xides (S¢), Nitrogen Oxides
(NOy), Particulate Matter (PM), Volatile Organic Compds (VOCs), Carbon Monoxide
(CO), and Ammonia (NkJ (Environment Canada, 2013). Many air pollutiomlems
including smog and acid rains are caused by theepe or the interactions of the

criteria air contaminants.

VOCs are organic compounds that produce vapoumaitnrtemperature and
pressure (Environment Canada, 2013). VOCs come fobath indoor and outdoor
sources. Indoor sources include the manufacture umed of everyday products and
materials. The outdoor sources include transportathe oil and gas industry, the use of
paints and solvents, home firewood burning etc {®nwment Canada, 2014). The
reactive VOCs are primary precursors to the foromatof ground-level ozone and
particulate matter in the atmosphere. Ozone andaRMhe main ingredients of the smog
that have serious effects on living things. Theltheeffects of VOCs include eye, nose,
and throat irritation; headaches, coordination ,loegisea; damage to organs including

liver, kidney, and central nervous system; and easter (Environment Canada, 2014).



Windsor, Ontario is polluted by various ambient @atlution sources. There are
automobile industries including a Ford Engine Rlamd a Chrysler Assembly Plant.
Huron Church Road is the corridor connecting tcaffom Windsor to the busiest trade
route in North America, the Ambassador Bridge. $kaundary pollution is another
major source because Windsor is located in thehedrsof Detroit, Ml, and Ohio.
Residents in Windsor may suffer the polluted aimbhg from Detroit and Ohio. In order
to address the air quality related problem causedansboundary pollution, Canada and
the USA unveiled an international agreement betw@anada and United States known

as the Border Air Quality Strategy (BAQS) (Enviroemh Canada, 2003).

The pollutants from the emitters include PM, N@nd VOCs (Wheeler et al.,
2011). Studying the ambient VOCs helps to undedstand address the air pollution in
Windsor. In order to control the VOCs levels, itasicial to understand the emission

sources contributing to the ambient VOC:s.

Receptor models are useful for understanding th¢ormsources of VOCs.
Receptor models were developed to utilize the aumaton measured at the receptor
sites to determine the contributions of potent@irses (US EPA, 2011). The common
receptor models include Chemical Mass Balance (CNIB} EPA, 2014a), Positive
Matrix Factorization (PMF) (US EPA, 2014a), Unmid§ EPA, 2014a), and Principal
Components Analysis (PCA) (Mathworks, 2014). Thevmus studies show that the
receptor models have been applied to source apporént in many places. The
examples were application of PMF at Egbert, Ont@vilasenko et al., 2009); PMF in
rural sites of British Columbia (Jeong et al., 2Q08CA in urban areas of Dalian, China

(Wang et al., 2009); CMB in Windsor, Ontario (Teempl007).
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Many studies conducted VOC source apportionmentrialtiple years. However,
few of them compared the source contribution irfiedént seasons due to the lack of
measurement data or other reasons. Few studiesedpplree receptor models and
compared the sources of different models, perhapstal the lack of source profiles in
the study region, lack of time, or other reasorsarhing the seasonal variation of the
source contribution helps to understand the caminbhs of major sources in different
seasons. Using different receptor models helpsdémtify the potential sources not

provided by other models.

Few researchers studied the variation of ambienC¥@evels and the source
contributions from different sources in differeetasons of one year, and same season of
two different years. Few studies conducted VOCgmapportionment by using three

receptor models, and comparing their results.

VOC concentrations in both winter and summer inry2805 and 2006 in
Windsor were obtained in a study called “Windsont®io Exposure Assessment”
(WOEAS) (Wheeler et al., 2011). There were ten VQ¥0sarce profiles of Windsor
prepared by Templer (2007). The CMB results of 2@@%e obtained by Templer (2007).
Therefore, these studies were prerequisites fawiogr out VOCs source apportionment

by using different receptor models.

1.2 Objectives

The overall objective is to study the seasonalat@m of the ambient VOCs
levels and source contributions in year 2005 ar@28nd annual variation in winter and

3



summer, respectively from 2005 to 2006 in Wind€uwtario. By applying three receptor
models, additional sources with low contributionthe VOCs levels other than the ten

sources in Templer (2007) were expected to be foline specific objectives are:

1) Compare the ambient VOC concentrations of th&ewriand summer in years
2005 and 2006, respectively, to see if there was®®l trend; compare the annual

concentration of year 2005 and 2006 to see theanrand from year 2005 to 2006.

2) Run the CMB model with the VOCs concentratiotadat winter and summer

2006 to find out the major VOCs contributors

3) Compare the source contribution results of wiated summer in 2006 with

that of 2005 from CMB model to see if the majormees in the same season were similar.

4) Use ArcGIS 10.1 software to compute the spasialirce contribution
distribution maps for each of the ten sources &tke spatial trends of different sources

emissions.

5) Use the PMF model to analyze the potential ssurof VOCs and the
corresponding contributions for both winter and men 2006. Identify the factors from
the factor profiles based on the knowledge of sewttaracteristics, literature reviews,
and the potential sources in Windsor. Compare thecgs in winter and summer to see

the commonalities and differences.

6) Use the PCA model to analyze the potential sssuaf VOCs for both winter
and summer 2006; identify the sources based on ledge of source characteristics,

literature reviews, and the potential sources imd&or; compare the sources in winter



and summer to see the commonalities and differences

7) Compare the sources input to CMB with those tified by PMF, and PCA to
see the common sources and the additional souxamasHMF or PCA over and above the

source profiles for CMB.



CHAPTER 2
LITERATURE REVIEW

2.1Volatile Organic Compounds

VOC are any organic compounds that can produce wapmder room
temperature and pressure (Environment Canada, 2818umber of individual VOCs
including benzene and dichloromethane have beeasssd to be toxic under the
Canadian Environmental Protection Act (1999) (Emwiment Canada, 2013). Some
highly toxic VOCs cause serious health problemduniog eye, nose, and throat
irritation; headaches, loss of coordination, nauystsmage to liver, kidney, central
nervous system, and even cancer. The level of ¢aéirheffect depends on the extent of

the exposure to the VOCs (US EPA, 2013).

Many VOCs react with sources of oxygen moleculehsas NQ and CO in the
atmosphere in the presence of sunlight, and froourgi-level ozone. Ozone is a
constituent of photochemical smog. The outdoor V@fissions are regulated by US
EPA (US EPA, 2013b) in United States, and Enviromm€anada in Canada

(Environment Canada, 2014).

The sources of VOCs include transportation, solvesg, industrial source,
commercial fuel, and biogenic emission from decidutrees. In 2012, VOC emissions
in Canada reached 1768 kilotonnes (kt). The larg€sts contributor was the oil and gas
industry, with 34% (606 kt) of national emissionghe use of paints and solvents
contributed 18% (323 kt) of national emissions,ldwked by the off-road vehicles,

representing 14% (253 kt) of national emissionss/{iémment Canada, 2014).



2.2 Receptor Models

Receptor models help decision makers to controMB€ emissions. Different
models have different functions. CMB is used foalaating the source contributions
when the potential sources profiles in an areakamvn. PMF and PCA are used for
providing source profiles and their correspondiongtdbutions. Similar as PMF, Unmix
utilizes with the concentration put into the motteprovide the profiles with the relative
contributions, and a time-series of contributiodS (EPA, 2014). There is a non-negative
constraint for both source composition and contrdns of Unmix, same as PMF. Unlike
PMF or PCA, Unmix provides source profiles for gveample, because Unmix assumes
that for each source, there are some samples noveay little or no contribution from
that source (Norris et al., 2007). This restrictamik from identifying the infrequent or
small sources (Kotchenruther and Wilson, 2003).

The fundamental of the receptor models is solvilrggrhass balance equations as

equation (1):

Cik:Z]Ll Fij X Sjit ey 1)

where(;;, is the concentration of the element i measuredampde kiF;; is the mass
fraction of the element i in source j for CMB anBli® and loading of element i in factor

j for PCA; Sj; is the contribution of the source j at samplekG@MB and PMF, and score
of source j at sample k for PCA; aagl is the residuals between model calculation and

measured data;, is input data for all three models; is input data for CMB, but



output for PMF and PCAS;, ande;, are outputs for all three models.

2.2.1 Chemical Mass Balance

CMB is applied to provide the source contributidriree sources when the source
profiles in an area are known. The inputs incluggsurements of species concentration
and source profile. Outputs include source contidiouof each source. Source profiles
are expressed as fractional abundances of comnopenpy in different emissions. To get
the source profiles, the obtained samples fromefit emitters should be analyzed to
determine the properties. The properties are tloemalized (scaled) to some common
property in the emissions from all sources by cotivg the measurements into ratio of
fractional abundances. The sum of the percentagedfidual species in a profile should
be 100%. The species with high fractional abundamdbe only measured species in the

source could be identified as species markershfoetission (Watson et al., 2004).

Preparation of the source profiles is time consgnaind costly. A more common
method is to apply the available source profileswkver, users must be cautious when
choosing the source profiles. The potential souatekthe source profiles compositions
for one place may not fit another. The source f@sfshould be a group of sources
instead of several single emission sources. Thdlit@arity” happens when there are
two or more similar source profiles. Two or more BMquations are redundant and the
eguations cannot be solved. This could cause ameeaontribution high; while another
negative. In order to avoid this problem, similauce profiles should be grouped as one

category (Watson et al., 2004). Source profile ttade normalized into a common



property that CMB model can accept. CMB protocaloramends using the sum of the
55 Photochemical Assessment Monitoring StationsMBAtarget hydrocarbons as the
common normalization standard for source profid&tson et al., 2004). The source
contribution output could be positive or negativalues. The negative source

contributions could be replaced with zero in thetgmocessing.

CMB solves the equations on sample basis. It pesvithe source contribution

solutions for each sample as output.

There are six fundamental assumptions for CMB madelin CMB protocol

(Watson et al., 2004). They are:

1) The composition of the source profiles will not sba in the process of

transportation between sources and receptors

2) There is no chemical reaction between the compounds

3) Every potential source to the pollution at receites in the area is identified

and characterized.

4) Each identified source is independent with the igthe

5) The number of the compounds is larger than th&tesources.

6) The uncertainties of the measurements are randamd, with normal

distributions.

For assumptions 1 and 2, the chemical compositiocompounds measured at

receptor sites should reflect the composition & #mission from sources. This is



because CMB apportions the measured compoundstsadirces following the given

proportion in the source profiles. CMB derives thest combination of the source
contribution at each site to explain the measurdésnand the source profiles. This could
be hardly achieved in reality because some reacheenicals would react with others or
decay in the process of transportation. For assom@tand 4, CMB assumes that there
is no other source other than the provided souroélgs in the area. Each source has
nothing to do with the others. As a matter of fatttere could be more sources
contributing to the receptors. The least squarédisa requires random and uncorrelated
uncertainties of the measured concentrations. Heweiie accurate distribution of the

errors is hard to obtain.

The variance weighted least squared solution wadieapto solve the mass
balance equations to find out the best solutionS;pfexplaining the concentration
obtained at the receptor sites (Watson et al., RO0#% variance weighted least squared

solution is described in equation (2) (Watson gt2404):

J 2
(eir—=2j=1 FijSik)

Vik

] ()

X7 = () haal

_ ]
Wherevik - O-eikz + Zj:l(Sik)ZO-Fijz

Whereaeik2 is one standard deviation of the measured coratésrir of compound in
samplek andcrpl.j2 is one standard deviation of the fraction of coommsi in sourcej.

The effective variancey;,, is constantly adjusted as thig is refined.
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Source contribution estimate, t-statistics (Tsta®;square, Percent Mass

Accounted (Mass %), and Chi-square are providedhey model to estimate model

performance. Table 2.1 shows the meaning and thettaf each measure.

Table 2.1CMB Performance Measures (Watson et @04 @

Output Abbreviation | Description Target
Source Contribution| SCE Calculated concentration of the source0
Estimate emission
t-Statistic Tstat SCE/Std Err. Higher the better. >2.0
R-square R Variance in ambient species 0.8-1.0

concentrations explained by the

calculated species concentrations.

Range from 0 to 1.0. Higher the better.
Percent Mass % Mass Ratio of total calculated concentratioi00 £+ 20%
Accounted and total measured concentration at

sample.
Chi-square v A large CHI SQUARE (>4.0) means | 0-4.0

that one or more calculated species
concentrations differs from the
measured concentrations by several
uncertainty intervals.

2.2.2 Positive Matrix Factorization

The fundamental of the PMF model is decomposingtirmof speciated sample

data into two matrices—factor contributions anddagrofiles. “Positive” refers to the

non-negative source composition and contributiotpwatuconstraints. The factor profiles

provided from PMF needs to be interpreted basekinomvledge of the potential sources
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in the study areas.

PMF model requires two input files including amliieoncentrations and their
uncertainties. Two types of uncertainty files aceepted: sample-specific and equation-
based. The sample-specific uncertainty providegsstsimate of the uncertainty for each
sample of each species. The dimension of the spagiicertainty is the same as the
concentration values. Another way to obtain coneioin uncertainty is using equation

(3) (Vedantham and Norris, 2008):

Uncertainty=§ x MDL, if concentratiosemethod detection limit (MDL) (3)

Uncertainty=/ (uncertainty percent X concentration)2+(MDL)2

, if the concentrationMDL

PMF solves the mass balance equation (equationy 19vbry species of each
sample, and provides one profiles, and the sousog&ributions of each source in every
sample. The source contribution was given in theesarder of factors. PMF operation
consists of three steps; they are base model wtstbap run, and the Fpeak run. The
follow up runs are based on the best run estimatetie previous one. Model is run
multiple times as specified, and the best run ngllselected automatically based on the Q

(Robust) value of each run.

There are three kinds of outputs including Base ehoglsults, Bootstrap model
results, and the Fpeak model results. The baseresunlts include factor profiles

containing species mass proportion in differentdes; factor loadings for computing the
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factor contributions, and residuals of the caladatoncentrations for each species of

samples.

The performance measures for PMF are shown in Baseutputs. The value of
Q (robust), Q (true), and whether each run is coyae were shown in a table. The best
Goodness-of-fit run will be automatically markedwboldface in the Base Run report.

Details of each output are listed in Table 2.2.

Table 2.2 Performance measures of PMF

Name Description Target

Q(robust) Goodness-of-fit parameter calculatedwekoh outliers, | The lowest
defined as samples for which the scaled residugeater| among all
than 4. runs

Q(true) Goodness-of-fit parameter calculated idiclg all points,| <=1.5

defined as samples for which the scaled residugieater| times
than 4. Q(true) is greater than 1.5 times Q(rohuslirate | Q(robust)
that peak events may be disproportionately
influencing the model.

Convergence Whether the run converged or not Yes

Model outputs consist of factor profile tables,téacprofile bar charts and pie
charts by compounds. Factor contribution files aontables, scatter plots, and G-space
plots. The model performance was analyzed basdteoresiduals histogram charts, the
observed and predicted scatter tables and chaatmastics (e.g. Q Robust in table), and

G-space plots.
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Both scaled and before scaled residuals are providePMF model outputs.
Scaled residuals are between +3 and -3 on a ha&stogvhen they are normally
distributed. Any skewed or bimodal residuals intkcdahat the model calculated
concentration does not reproduce the observed ntatiens well. The observed and
predicted scatter plots show the one on one limkthe model calculated concentration
regression. The big bias between the predicted taadobserved concentration also
indicate the model does not reproduce the measutemi&ta well. Observed and
predicted time series is also on a line chart. @lagnostics table consists of the Q
(Robust), Q (True), converged or not (Yes/No), namiif steps of run. Both Q (Robust)
and Q (True) indicate the goodness-of-fit paramefer(Robust) is calculated after
excluding the samples with scaled residuals grehagar 4, whereas Q (True) is calculated
including all samples. The lowest Q (Robust) waghlhghted to indicate the best
goodness-of-fit run. The large range of the Q (Rtpamong all runs is the implication
of the poor stability between different runs. Aggate contribution shows the boxplots of
annually contribution of each factor. G-space pludws the scatter plots of factor versus
another factor. The desirable plot has all scattestsibuting all over the space in between
X and Y axis, while the poor one always shows tleaicedges, indicating that the two
factors are not independent with each other. Clmgngine number of factors could

eliminate this problem.

The poor performance of measurements is the intgitaf poor input dataset
reproduction. A second run is necessary. The mag@bduction performance may be
improved by changing the characteristics of spewi#is poor performance to “weak” or

“bad”, or using a different factor number (NorrisdaVedantham, 2008).
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2.2.3 Principal Component Analysis

PCA is used for proving the principal componentst txplain majority of the
variance of the input measurements. PCA only reguaoncentration measurements as
inputs. The outputs consist of coefficients contajrioadings of each variable in every
measurement, eigenvalues for each component, eariearplained in percentage by
descending order, and score. Each principal comyoisea linear combination of the
variables with loadings and scores (Joliffe, 200€pefficients” profile consists of the

factor loadings.

Both loadings and scores have positive and negatiees. Each component
represents a new dimension of the measurement adaustructed in a dimension of
number of variables. Loadings represent the projeatf the component vector on the
variable axis. When the measurements of variahlesrathe same units, the different
signs of the loadings of variables indicate théed&nces of the variables. The component
is interpreted as the factor that reveals the miffees among the variables with different
signs. The higher the absolute loadings are, thatgr the impacts the variables have on
determining the components. When the absolute nggdof the variables are close to
zero, the impact of the variables on the componéatsmall. Similar to PMF, the
components should be interpreted by users basethe@roadings of variables, the

knowledge of source characteristics, and the piaiesdurces in the area.

The source contribution of each component to e@eltiss at a given sample is
calculated by multiplying the value of score of gmment at the given sample with the

loading of the component on the species. The suramat the source contribution of a
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given component to every species at a given sadgslees the source contribution of the
component to the sample. The mean of the summasioieg all samples derives the
average source contribution of a given componehe measurement of samples is
reproduced by using the loadings and the scorddgmoZ score is applied when there
are not enough components with eigenvalue grelaéer one, or the input measurements
contain different units. Z score could be usedangform the original data by using the
standard deviation and the mean value of the Viasah a dataset. There could be more
components with eigenvalues greater than one aftelying Z score. However, Z score
is not recommended to be applied as some of theacteasistics of the original data
would be lost. It is impossible to reproduce theaswgements at samples when Z score is
applied. This is because reproduction of the measents requires the raw scores of data;
however, Z score is a relative value, not an aleolalue. For example, a low Z score of
a data does not mean a low raw score, insteadggests that the raw score is among the

lowest within that specific group (Gravetter andiMé&u, 2013).

Eigenvalues indicate the amount of the variancelagxgd by each provided
component. Singular value decomposition (SVD) theois used to find out eigenvalues.
The components were ordered by eigenvalue of thtorig from high to low. Most

studies chose one as eigenvalue cut off.

The components could be rotated in order to retaal relationship between
variables and components to the greatest exterfioutit changing the relationship
between the components. The rotation methods d¢oasisrthogonal rotation which
assumes that the given components are uncorrebatddyblique rotation. The orthogonal

rotation consists of equamax, orthomax, quartinged varimax rotations. The oblique
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rotation assumes that the factors are correlatied.nost widely used is varimax rotation

(Brown, 2009).

2.3VOC Source Characteristics

Source profiles are input for CMB and outputs fddHPand PCA. It is important
to understand the potential sources of Windsorafimand their chemical compositions.
There were ten CMB sources profiles prepared byplem(2007) for Windsor in year
2005. These source profiles could be applied ifehe no major road or industries built
or out of operation compared with year 2005. The deurces were Gasoline Exhaust,
Diesel Exhaust, Liquid Gasoline, Gasoline Vapoudustrial Refinery, Architectural
Coatings, Commercial Natural Gas, Liquid PetroleGas, Coke Oven, and Biogenic
Emission. The source profiles consist of 55 nonkhawe¢ hydrocarbons (NMHC) of
PAMS, and other species summed as one species gemaed as other. The full source

profiles are listed in Appendix A.

There are various compounds in different emissi@urces. Among the
compounds, some of them are the ground-level opoeeursors. Among those species,
55 NMHC are the target species of Photochemicaégsaent Monitoring Sites (PAMS).
Most comprehensive VOC data derives from the PANIBe sum of the 55 PAMS
species are recommended to be the common normatizstandard for source profiles

(Watson et al., 2004).
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Gasoline exhaust, diesel exhaust, liquid gasolmesoline vapour were all
vehicle-related sources. Gasoline and diesel anetypes of fuel derived from crude oll.
The crude oil consists of up to 50% paraffins, 4A%pthenes, and 3% aromatics
(Simanzhenkov and Idem, 2005). Gasoline is the ymbdf distillation, cracking, and
treatment of crude oil refinery (Simanzhenkov awi@ni, 2005). Finished gasoline
consists mostly of hydrocarbons and additives wagbproximately 150 separate
compounds. Additives are used to improve the perémice and stability of the gasoline
(ATSDR, 2014). Energy is produced by burning hydrbons. The hydrocarbons in
gasoline are mostly with chain length between 4l2ocarbon atoms (New Zealand
Ministry for the Environment, 2014). Table 2.3 slsote detailed chemical composition

of typical gasoline (ATSDR, 2014).
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Table 2.3 Gasoline Composition (weight %) (ATSDRB12)

n-alkanes| % | Branched | % | cycloalkanes| % | olefin | % | aromatics %
alkanes
Cs(e.g.n- 3 G (e.g. 2.2 | G(e.q. 3 | G(e.qg.| 1.8| Benzene 3.2
pentane iso- cyclohexane hexene)
butane)
Cs (e.g. n-| 11.6| Cs (e.g. 15.1| C; (e.q. 1.4 toluene 4.8
hexane) iSo- cyclo
pentane haptane
C;(e.g.n-| 1.2 | G(e.q. 8 Gs (e.g. 0.6 xylene
haptane iso- cyclo octane
hexane)
Co(e.g.n-| 0.7 | G (e.q. 1.9 ethylbenzeneg 1.4
nonane) iso-
haptane)
Ci10-13 0.8 | G(e.g. 1.8 Cs-benzenes| 4.2
(e.g. n- iSo-
decane, octane)
undecane
dodecane
G 2.1 Cs-benzenes| 7.6
Cio0.13 1 others 2.7
Total 17.3 32 5 1.8 30.5

According to ATSDR (2014), branched alkanes andnata@s accounted for most

proportion of gasoline with 32% and 30.5%, respetyi Species n-alkanes also account

for significant amount with 17.3%. The anti-knoaddéives include oxygenates such as

ethers—methyl tertiary-butyl ether (MTBE), aromditidrocarbons and aromatic amines.

The aromatic hydrocarbons include toluene, xyleme benzene. The aromatic amines

include m-toluidine, p-toluidine, p-tert-butylam&, technical

pseudocumidine,

n_

methylaniline, and cumidines; and organometallimpounds (carbonyls) such as methyl

cyclopentadienyl manganese tricarbonyl, iron pertaanyl, and ferrocene (Groysman,
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2014). The deflagration in the internal combustemgine could be adversely impacted
by autoignition, leading a phenomenon called “eadinock”. The anti-knock additives
provide high engine combustion ratio (octane ratsggthat the gasoline combustion is at
high efficiency. Diesel contains mostly hydrocarbamth chain length between 8 to 17
carbon atoms including octane, decane, undecadaja@rane (New Zealand Ministry for
the Environment, 2014). Unlike gasoline engineselieengine does not rely on additives
because the hydrocarbons of diesel are heaviemane stable. Larger hydrocarbons can
be compressed to a high degree, creating high t&tye that allows effective

combustion (Kraus, 2011).

Gasoline exhaust and diesel exhaust were producfsieb combustion. The
complete combustion of hydrocarbon results in carbioxide (CQ) and water (KHO);
incomplete combustion results in CO and hydrocasbé&mong the hydrocarbons in the
incomplete products, some of them are the evaperainburned hydrocarbons; the
others are hydrocarbons transformed from the onegasoline into another forms.
Incomplete combustion could easily occur on hydrdogas with higher amount of
carbon atoms when the oxygen supply is not eno&gh.example, same amount of
molecules of aromatics need more molecules of axypan isoalkanes do under the
same environment conditions. One molecule of bexz@tuene, and xylene require 7.5,
9, and 10 molecules of oxygen, respectively; whereme molecule of isopentane/n-
pentane requires only 6.5 molecules of oxygen. Tlarematics may not achieve
complete combustion as isoalkanes do when the sammunt of oxygen supply is
provided. This happens particularly during the eihbperation on idling or cold start.

The oxygen catalyst has not reached the operasioipdrature (Nordin et al., 2011).
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Gasoline exhaust consists of 71% nitrogen, 14%, Q% water, and 1-2% of CO,
hydrocarbon, and 0.1% NJATSDR, 2014). Harley and Kean (2004) investigaieel

chemical compositions of non-methane organic car@dOC) emitted from motor
vehicles from 1991 and to 2001. Table 2.4 shows pbecentage of the NMOC

percentage in gasoline exhaust profile.

Table 2.4 Composition of motor vehicles NMOC enaasi (weight %) (Harley and Kean,

2004)

(a) Hydrocarbons in tunnel emissions (weight %)

Species 1991 | 1994, 1993 1996 1997 1999 2Q0Average
n-alkanes 9 9 9 9 9 9 9 9.0
isoalkanes 28 23 24 26 25 29 29 | 26.3
cycloalkanes 5 3 4 5 7 5 5 4.9
alkenes 18 18 17 18 17 15 17 (171
aromatics 35 39 37 27 27 29 23 | 31.0
acetylene 4 5 5 4 5 5 9 5.3
oxygenates | O 0 0 7 6 3 3 2.7
carbonyls 0 3 3 5 4 5 5 3.6
Total 100 100 100 100 100 100 100 100
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(b) Aromatics hydrocarbons in tunnel emissions @ivebo)

Species 1991 1994 | 1995| 1996| 1997| 1999| 2001 | Average
benzene 6 6.5| 6 4 4 5 4 5.1
toluene 8 10 10 9 8.5 10 9 9.2
m and p xylene 7 75| 6 5 55 65 5 6.1
o-Xxylene 2 25| 2 2 2 1 3 2.1
ethylbenzene 1 15 2 1 1 1 1 1.2

Cyraromatics (1,2,4- | 13 11 11 65| 75| 85| 7 9.2
trimethylbenzene,
1,3,5-trimethylbenzene,
1,2,3-

trimethylbenzene)

According to Harley and Kean (2004), the compositiof hydrocarbons in
gasoline exhaust consists mostly of aromatics €8),.@ollowed by 26.3% iso-alkanes,
17.1% alkenes, and 9.0% n-alkanes. Thus, aromatidgso-alkanes are expected to be
the dominant species with proportion of approxinyaB®% in gasoline exhaust. Toluene,
Cy aromatics, and xylenes are most abundant aronsimses in gasoline exhaust. The

percentage of aromatics is slightly higher thanisbalkanes are.

Diesel exhaust consists of 67% nitrogen, 12%,0Q% water, 10% oxygen, and
only 0.3% of Sulfur dioxide, particulate matter,dngcarbon, and CO (Volkswagen,
2014), and 0.1% NE Few detailed diesel exhaust VOCs compositioaviailable. It
consists of 75% of saturated alkanes includingkarads, iso-alkanes, and cycloalkanes;
and 25% aromatics. The alkanes range fragiés to CisHog(Diffen, 2014). Thus, there
are less aromatic in diesel than in gasoline exhéagproximately 31.0%). Heavier

alkanes with chain length 10 to 15 carbon atomspeeies markers for diesel exhaust.
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Liquid gasoline and gasoline vapour are two unbdimehicle emission. They
consist of the evaporative species from gasoliresoline vapors are the releases of the
fuel vapour from the engine and the fuel systeninduwehicle operation. Liquid gasoline
is the migration of the fuel vapour from the evagtive canister, from leaks, and from
fuel permeation through joints, seals, and polym@omponents of the fuel system
during the vehicle is resting (Harley and Kean,£00he resting losses process may due
to the diurnal temperature changes where the tanhperrises during the day; hot soak
due to the high temperature after the engine i$ down for a short period (US EPA,
1994). In study of Harley and Kean (2004), compaosibf NMOC in liquid gasoline and

gasoline vapour were detected. Table 2.5 showpdlmentage of species in the profiles.
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Table 2.5 Composition of NMOC in evaporative gaseljweight %) (Harley and Kean,
2004)

(a) Composition of NMOC in Liquid Gasoline

Species 19951996 | 1999| 2001 2001 Average
(Berkeley)| (Sacramento

n-alkanes 9 6 7 9 9 8
isoalkanes 31 39 29 38 32 33.8
cycloalkanes | 7 11 5 11 11 9
alkenes/dienes9 2 15 2 5 6.6
aromatics 41 27 29 27 28 30.4
oxygenates 1 12 3 10 12 7.6
Others 2 3 5 3 3 3.2

(b) Composition of NMOC in headspace vapour (Haded Kean, 2004)

Species 19951996 | 1999 2001 2001 Average
(Berkeley)| (Sacramento
n-alkanes 23 16 20 20 20 19.8
isoalkanes 56 54 55 58 48 54.2
cycloalkanes | 5 5 5 6 6 54
alkenes/dienes 11 5 2 6 5 5.8
aromatics 3 2 2 1 1 1.8
oxygenates 2 18 16 9 20 13

According to Harley and Kean (2004), the liquid @ase samples were collected
at service stations. The components were identbfiedas chromatography on a Hewlett
Packard Model 5890 II GC equipped with dual flanmization detectors. The
components analysis was done by using DB-1 capiltaiumn, with co-eluting peaks
resolved on a DB-5 column. The composition of hpade vapour was calculated by

using vapor-liquid equilibrium theory for non-ideathanol-gasoline mixtures. Briefly,
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the molecule fraction of different species in vapphase is proportional with the liquid-

phase molecules fraction with coefficient of speci@apour pressure. In other words,
given the same amount of molecules of speciesgimdiphase, the higher the species
vapour pressure is, the more amounts of molecukespecies present in vapour phase

(Harley and Kean, 2004).

The composition of the liquid gasoline is similaittwgasoline with 33.8% iso-
alkanes, 30.4% aromatics, 9% cycloalkanes, and 8kames. Thus, isoalkanes and
aromatics are the main species in liquid gasolineheadspace vapour, isoalkanes
accounted for over half of the total NMOC with S%2followed by 19.8% n-alkanes.
Gasoline vapour consists mostly of isoalkanes. T$hisecause the vapour pressure of
isopentane (77 kPa, 20°C) is much higher thandhtite abundant aromatics in gasoline
including benzene (10.1kPa, 20°C), toluene (2.7, BRaC), and xylene (0.9 kPa, 20°C)
(CAMEO Chemicals, 2014). According to the vapouldy equilibrium theory for non-
ideal ethanol-gasoline mixtures, the amount ofntleéecules of isopentane is much larger

than that of the aromatics (Harley and Kean, 2004).

Petroleum refining is a series process of separationversion, and treatment.
The hydrocarbons are separated by fractionatiaetrimospheric and vacuum distillation
towers. Conversion is transforming the existing rogdrbons into other forms of
hydrocarbons. The air pollutants emitted from refynprocess includes particulate matter
(PM), metals, ammonia, CO2 (US EPA, 2011), sulptiioxide, NO2, CO, hydrogen

sulphide (H2S), PAHs, and hydrocarbons (Kraus, 2011
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The “Proposed Risk Management Approach for Petroland Refinery Gases”
initiated by Health Canada and Health Canada c@upihe main composition of

petroleum and refinery gases. The results arallistdable 2.6.

Table 2.6 Major components of the petroleum anitheéey gases (Government of Canada,
2013)

*55 PAMS species

methane cyclopentane cyclopentadiene
ethane* cyclopentene ethyne (acetyleng)*
propane* 1,2-propadiene benzene*
n-butane* 1,2-butadiene methanethiol
n-pentane* 1,3-butadiene ethanethiol
2-methylpropane (isobutane) *  1,2-pentadiene hyeinagulphide
2-methylbutane 1-cis-3-pentadiene ammonia
ethylene* 1-trans-3-pentadiene hydrogen
1-propene* 1,4-pentadiene nitrogen
1-butene* 2,3-pentadiene carbon dioxide
2-butene* (cis-2-butene and | 3-methyl-1,2-butadiene| carbon monoxide
trans-2-butene)
2-methylpropene (isobutylene) 2-methyl-1,3-butadien

(isoprene) *

The major gases of petroleum refinery emission sit@wn in Table 2.6. The
PAMS species emitted from petroleum refinery aleaeé, propane, n&iso-butane, n-

pentane, ethylene, 1l-propene, 1-butene, cis-2-buterd trans-2-butene, iso-butene,

acetylene, isoprene, and benzene.
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Coal is processed to become coke (pure carborfjeatdke oven batteries (US
EPA, 2013). Coke oven emissions are a mixture @ tar, coal tar pitch, volatiles,
creosote, PAHs including benzo(a)pyrene, benzacghes chrysene, and phenanthrene;
and metals. Coal tar volatiles include benzenejetwd, and xylend®JS EPA, 2013).
Coke Oven gas contains hydrogen, methane, ethaBe, D, ethylene, propylene,
butylene, acetylene, hydrogen sulfide, ammoniagery and nitrogen (U.S. Government,

2011).

According to (Totten et al., 2003), liquid petratelwgas refers to the mixture of
ethane, propane, and butane that can exist undgeshpressure at ambient temperature.
The butane/propane mixture is commonly used as (fletten et al., 2003). Propane
accounted for at least 90% in the liquid petrolegas (U.S. department of Energy, 2013).
This is because liquid petroleum gas tank is alwayder pressure at normal operating
temperature above the boiling point of 42 and propane can be used from 2@Q@o 45
°C; while and butane from €@ to about 110C. Thus, propane is more robust and

reliable compared to butane.

Commercial natural gas consists mostly of meth&a84f, followed by ethane
(2.5%), propane (0.2%), n&iso-butane (0.06%), peesa(0.02%), nitrogen (1.6%), GO
(0.7%), hydrogen sulphide (trace), water (trace)bfitige, 2014). Ethane, propane are

the major NMHC in the Commercial natural gas.

Adhesives, painting and surface coatings are mnexifr solids suspended in
solvent or diluent (water). The solvents mainly sishof VOCs (Lambourne and Strivens,

1999). The solids bond to the substrate and theesblwill then evaporate. The
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composition of the adhesives, painting and surfa@sings depends on the solids, the
substrate on which it is going to attach, and theddions of the use (Lambourne and

Strivens, 1999).

Architectural and industrial are two main uses oftngs. The solvents in
architectural coatings contain mostly VOCs inclgditoluene, styrene, and xylene
(Lambourne and Strivens, 1999). Architectural cugdi are applied under ambient
temperature where the paint dries by atmospheigtation or the evaporation. The small
polymer particles are expected to form as dispersiavater or an organic solvent so that
a solid coating could be attached on the surfatés dccurs when the temperature is
above the polymer's glass transition temperatuogvéver, adding the solvents
containing VOCs could lower this property when temperature is below the transition
point. Industrial coatings include automotive pgjrdan coatings, coil coatings, furniture
finishings and road-marking paints (IHS GlobalSp2@14). Many industrial finishing
processes are under heat. The ‘thermosetting’ peymmixed with alkyd combined with
amino resin were often used in industrial coatimycpsses. However, the composition of
the industrial coatings is more diverse in termthefrequirements and factory conditions

(Lambourne and Strivens, 1999).

Adhesives consist of sticky solids that make piexfasaterial stick together. One
of the polymer-solvent systems is polychloropremsridbuted in solvents mixed with a
ketone or an ester, an aromatic and aliphatic loadlbmn. The aliphatic hydrocarbon
could be selected from naphtha, hexane, heptap&gree; methyl ethyl ketone, benzene,
xylene, and toluene (Wypych, 2000). Among the cositpon of solvent in the polymer-

solvent systems, naphtha, hexane, heptane, metmll leetone, benzene, xylene, and
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toluene are VOCs.

Biogenic emissions are released from trees andoshithey consist of isoprene
and monoterpenes such aspinene andp-pinene (Lewandowski et al., 2013). The
species are commonly found in mid-latitude regimetuding Canada (Bonn et al., 2004).
The concentration of isoprene is higher in sumnsethare is much more leaves on the

deciduous trees.

2.4 VOCs Sour ce Apportionment Studies

241 CMB Studies

CMB has been applied to VOC source apportionmeptaoes all over the world.

Table 2.7 lists six studies applying CMB to VOC smuapportionment.
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Table 2.7 CMB VOCs source apportionment application

L ocation Sampling Sour ces Results
Seoul, Korea| Using 2-h integrated Vehicle Exhaust, Vehicle Exhaust (52%) was
(Na and SUMMA canister Solvent Use, Gasoline | the main source of VOCs in
Kimb, 2007) | collecting 18 Evaporation, Liquefied | Seoul, followed by solvents
samples from Sep. 8 Petroleum Gas, and | (26%). Vehicle Exhaust is
to Sep. 13, 1998 in | Liquefied Natural Gas | high in the morning and
the morning, evening, and low in the
afternoon, and afternoon. The contribution o
evening. Gasoline Evaporation and
Solvent Usage is high in the
afternoon and evening and
low in the morning.
Delhi, India | There were 360 four Diesel Internal Diesel Internal Combustion
(Srivastava et hourly samples Combustion Engines, | Engine was the dominant
al.,2005) collected at 15 Composite Vehicle, source. Vehicular Exhaust ar

locations during
August 2001-July
2002. The
measurements were
taken during 8 am tg

Evaporative Emissions
Auto Repair,
Degreasing and Dry-
Cleaning, Natural Gas
Combustion, Sludge,

12 am, and 17 pm to Consumer Products

21 pm once a month.

Evaporative Emissions are
another two main
contributors.
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Table 2.7 —

continued 1

Helsinki and
Ja‘rvenpaa’,
Finland
(Hellean et
al., 2006)

Using evacuated
stainless steel
canisters (6 L). The
24-hour
concentration
measurements were
conducted in
Helsinki in
February, May, and
September of 2004
on 16 different days
and in Ja'rvenpa’a”
in November and
December of 2004
and in January of
2005 on 10 different
days.

Traffic-Related, Wood
Combustion,
Commercial Natural
Gas, Biogenic
Hydrocarbon, Dry-
Cleaning

Major source in urban site
were traffic. At the residentia
site, Liquid Gasoline, and
Wood Combustion made
higher contributions than
traffic sources. Biogenic

compounds such as isopreng

also has significant
anthropogenic sources such
Wood Combustion. Those
compounds sometimes can |
mistaken for traffic-related
compounds (e.g.,
Benzene).

as

e

Urban area of

Hourly data of

Urban

Vehicle Exhaust contribution

Dunkerque, | 53 VOCs measured| Sources: Urban in urban was 40%-55%. In
French continuously during | Heating, Solvent Use, | industrial area, it was around
(Badol et al., | 1 year. There were | Natural Gas Leakage, | 60% and could reach 80%.
2008) 7000 samples Biogenic Emissions, | The Vehicle Exhaust
collected. Gasoline contribution varies from 55%

Evaporation and in winter down to 30% in

Vehicle Exhaust seven| summer.

industrial sources:

Hydrocarbon Cracking,

Oil Refinery,

Hydrocarbon Storage,

Lubricant Storage,

Lubricant Refinery,

Surface Treatment and

Metallurgy.
Metropolitan | Hourly Gasoline Vapour, Vehicle Exhaust, Gasoline

area of
Saitama in
Tokyo, Japan
(Morino et
al., 2011)

concentration of &
Cg non methane
hydrocarbons
(NMHCs) were
measured throughot
year of 2007. More
than 6000 data wereg
obtained.

Petroleum Refinery,
Light-Duty Gasoline,
Super-Light-Duty
Gasoline, Diesel
itVehicle, Liquefied
Natural Gas, Liquefied
Petroleum Gas, and
Paint Solvent

Vapor, Liquefied Natural Gas

and Liquefied Petroleum Gas

and other evaporative source
contributed 14%-25%, 9%-
16%, 7%-10%, 49%-71%,
respectively. This value agre
with the emission inventory

2S

except the LPG.
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Table 2.7 - continued 2

Windsor,
Canada
(Templer,
2007)

SUMMA canister
was set up in the
backyards of 51
Windsor households
for 24-h air sample
collection for five
consecutive days
from January to
March and from July
to August of year
2005.

Diesel Exhaust,
Gasoline Exhaust,
Liquid Gasoline,
Gasoline Vapour,
Commercial Natural
Gas, Liquefied
Petroleum Gas,
Industrial Refinery,
Coke Oven,

Architectural Coatings,
and Biogenic Emission

For the summer samples the
major contributors were
gasoline exhaust, gasoline
vapour, architectural coatings
and to a lesser extent
industrial refineries, diesel
exhaust and commercial
natural gas. For the winter
samples the major
contributors were commercia
snatural gas, gasoline exhaus
industrial refineries and
gasoline vapour. Spatial
patterns of high and low
source contributions were
more apparent for the winter

\*2J

—  —

samples.

According to the six papers, CMB was applied fovestigating the ambient

VOCs in Europe, North America, and Asia. The daiection period ranged from a

week to one year; and the number of samples cellednged from 16 to thousands.

Among the sources in the review, Diesel Exhaussothi@e Exhaust, Liquid Gasoline,

Gasoline Vapour, Coke Oven, Architectural CoatinBmgenic Emissions, Liquefied

Petroleum Gas, and Industry Refinery were the ssumtcluded in this paper. The other

sources were Liquefied Natural Gas, Auto RepaigrBasing and Dry-Cleaning, Wood

Combustion, Sludge, Consumer Products, Hydrocaxacking, Hydrocarbon Storage,

Lubricant Storage, Surface Treatment and Metalluayyd Lubricant Refinery. The

review showed that vehicle-related sources werendjer VOC contributors in all VOCs

source apportionment studies listed in Table 2 YOC contributions from sources

could vary during a day, and during different tiofea year, according to Korea (Na and
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Kimb, 2007), Badol et al. (2008), and Templer (2007

242 PMF Studies

There were 17 papers found involving the VOCs saagportionment by using

PMF model, among them, nine papers included thecequrofiles from PMF. They are
Wang et al. (2013), Cai et al. (2010), Wei et 2014), Song et al. (2008), Morino et al.
(2011), Sauvage et al. (2009), Lam et al. (2018pgnYet al. (2009), Song et al. (2007),
and Chan et al. (2011). Out of the source profitesiine papers, there were three
Gasoline Exhaust profiles, two Liquid Gasoline pesf, three Diesel Exhaust profiles,
three Gasoline Vapour profiles, eight paint andv&al profiles, seven Liquid Petroleum
Gas profiles, six Petrochemical sources profiles, ane Commercial Natural Gas profile.
Coke Oven was not observed in any of the nine gafddre source profiles prepared in
Templer (2007) were also included. The additiorfzcges other than the 55 PAMS
species of CMB model were put at the end of eadfilpr The source profiles in
concentration units were converted into percentéje.percentage of the species in each
profiles were ranked in descending order. TablesBd@vs any species with percentage of
6% or more in order to reveal the potential spearskers in different profiles. The

complete source profiles of each paper are listéppendix B.
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Table 2.8 Gasoline Exhaust profiles from PMF invppas studies

(a) Previous studies 1

Song et al. (2008) Yuan et al. (2009) Yuan et al. (2009) Templer (2007)
(location 1) (Location 2)
species Per | species Per | species Per | species Per
cent cent cent cent
(%) (%) (%) (%)
acetylene | 16.8| toluene 18.3 benzene 30.5 other 4.6
propane 12 isopentane 15/2 toluene 2(.3 toluene 0.7
isopentanel 11.9 benzene 9.1 isopentane 10.5 isoEent 6.9
ethane 11.7| pentane 8.7 2-methylhexane 7.7 ethylenes.5
ethylene 9.9 hexane 7.7 pentane 41 m and p-4.1
xylene
butane 8.4 | 2-methylpentane 5.4 butane 4 acetylene.7 3
toluene 6.6 | 3-methylpentane 4.7 3-methylpentane 3.2,2,4- 3.5
trimethylpe
ntane
isobutane | 6.2 | 3-methylhexane 4.1 hexane 3 benzene .3 |3
(b) Previous studies 2
Gasoline Exhaust (Wang et al., 2013)
Car 1 Species Mass | Car 2 Species| MassCar 3 Species MassAverage
per per per
cent cent cent
(%) (%) (%)
ethylene 12.8 ethylene 11.4  ethylene 11.2 11.8
toluene 11.1 toluene 10.6 toluene 1211 11.3
benzene 9.1 benzene 9.4 benzene 8.0 8.8
isopentane 6.7 isopentane 7.4 isopentane 5.8 6.6
propylene 5.4 alkyne ethyne¢ 6.3 1,3-dimethylbenzebel

According to the Gasoline Exhaust profiles in Taldé, species including

isopentane, toluene, and benzene are the commaiespearkers (Song et al., 2008;

Yuan et al., 2009; Templer, 2007; Wang et al., 30%pecies such as acetylene (Song et

al.,2008; Wang et al., 2013) and ethylene (Sorg.£2008; Templer, 2007; Wang et al.,
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2013), are another two species markers. Toluenebandene were expected to be the
species markers according to the vehicle emissiodysof Harley and Kean (2004).
Ethylene is another significant species markerdasoline exhaust. There were three

Liquid Gasoline profile literature reviews. Thewdisted in Table 2.9.

Table 2.9 Liquid Gasoline profiles from PMF in pi@ys studies

Liquid/evaporated/exhaustEvaporated and Liquid Gasoline (Templer,
gasoline (Song et al., Liquid Gasoline 2007)
2008) (Yuan et al., 2009)
Species Per cent Species Per cent Species Per cent
(%) (%) (%)
isopentane 21.8 butane 21.1 toluene 14.9
acetylene 18.5 isopentand 9.5 m and p-xylene 9.8
ethylene 11.6 isobutane  14.6 isopentane 9.4
pentane 6.3 propane 8.7 pentane 6.3
toluene 5.8 benzene 8.1 other 4.6
MTBE 4.6 pentane 7.2 2-methylpentane 4.3

According to the Liquid Gasoline profiles in Tali2e9, species n&isopentane
(28.1%, 26.7%, and 15.7%) is the common speciekandor Liquid Gasoline (Song et
al., 2008; Yuan et al., 2009; Templer, 2007). Tok€5.8%, 4.5%) is another species
marker according to Song et al. (2008) and Tem{®607). The large proportion of
isopentane and toluene agree with the study ofeidaahd Kean (2004). In Harley and
Kean (2004), the isoalkanes and aromatics are tamirthnt species classes with
isoalkanes percentage slightly outweighing aromsatihere were five Diesel Exhaust

profile literature reviews. They are listed in T@2l.10.
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Table 2.10 Diesel Exhaust profiles from PMF in poes studies

(a) Previous studies 1

Lam et al. (2013) Yuan et al. (2009) (Location| Nuan et al. (2009)
Location 2
Species Per | Species Per cent | Species Per cent
cent (%) (%)
(%)
toluene 19 toluene 11.9 isopentarir.1
butane 15.6 isopentane 9.9 isobutane  15.7
hexane 11.5 m and p-xylene 7.8 propange 14.9
propane 10.9 benzene 7.1 pentang 10.1
acetylene 9.2 1,2,4- 6 toluene 9.6
trimethylbenzene
isobutane 6.9 decane 5.9 1-butene 8.6
ethylbenzene 6.4 propane 5.2 butane 7.9
ethylene 5.6 hexane 5.2 iso-butene 6.8

(a) Previous studies 2

Song, et al. (2007) Templer (2007)
Species Per cent Species Per cent
(%) (%)
ethane 0.2 m and p-xylene 10
acetylene 0.2 other 9.2
ethylene 0.1 ethylene 8.9
decane 0.1 1,2,4- 6.8
trimethylbenzene
isopentane 0.1 undecane 4.8
benzene 0 toluene 4.1
propane 0 3-ethyltoluene 3.8
toluene 0 propylene 3.6

According to the Diesel Exhaust profiles in Tabld® the species including
decane (5.9%, 10%) (Yuan et al., 2009; Song, £2@07) and undecane (4.8%) (Templer,

2007) accounted for big proportion of Diesel Exhiausfile. Isopentane (17.1%, 10%) is
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rich in Diesel Exhaust profile (Yuan et al., 20@&ng, et al., 2007). Aromatics including
toluene (19%, 11.9%, and 4.1%) (Lam et al., 2018rvYet al., 2009; Templer, 2007), m
and p-xylene (10%) and 1,2,4-trimethylbenzene (6%émpler, 2007; Yuan et al., 2009)
are species markers. Species decane, undecanel,adtrimethylbenzene could
differentiate Diesel Exhaust from Gasoline Exhadstere were four Gasoline Vapour

profile literature reviews. They are listed in T@@l.11.

Table 2.11 Gasoline Vapour profiles from PMF inyioes studies

Morino et al. (2011)] Morino et al. (2011)| Lam et al. (2013) Templer (2007)
Location 1 Location 2
Species Per centSpecies Per | Species Per centSpecies Per cent

(%) cent (%) (%)

(%)

butane 47.6 isopentanet2.8 butane 36.6 isopentan28.5
isobutane| 33.3 butane 23.3 propane  20.8 butane 23.8
propane | 9.5 pentane 15.6 isobutane 19.6 pentapne 2 12.
toluene 9.5 isobutang  11.7 ethylene 11.1 tolueng 4 4.

Species n&iso-isopentane (Morino et al., 2011; Tem2007) and n&iso-butane
(Morino et al., 2011; Lam et al., 2013; TemplerQ2Pare species markers for Gasoline
Vapour. Other species markers including propane tahtene accounted for relatively

lower amount of the total percentage

There were eight Paint and Solvent related soyraefdes literature review. They
are listed in Table 2.12. Among all the nine Paimil Solvent-Related source profiles, the
interpretation results from Cai et al. (2010), Ywaral. (2009), Song et al., (2007), and
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Templer (2007) indicated that toluene, m and pxgleethylbenzene, and o-xylene were
considered as the species markers of the PaintcesurThis agreed with the
characteristics of Paint sources discussed in@ei3. Aromatics accounted for much

larger fraction of the total mass compared withreogpecies.

Table 2.12 Paint and Solvent related sources psofibom PMF in previous studies

(a) Previous studies 1

Paint solvent usage (CaiAdhesive & Solvent (Lam et | Paint & varnish
et al., 2010) sealants (Lam et | al., 2013) (Lam et al.,
al., 2013) 2013)
Species Per | Species Per | Species | Per | Species Per
cent cent cent cent
(%) (%) (%) (%)
toluene 194 isopentane 25.2 butane 178 acety|ete?

m and p-xyleng 17.2 isobutane  22.7 acetyleh8.2 ethane 18.6
ethylbenzene 14.1 pentane 14.6 propanhe 11.4 butand4.3

propane 13.9 propane 12.7] isoprene  10|2 propane 14
isopentane 5.9 butane 11.1 isobutan®.? ethylene | 9.3
o-xylene 5 toluene 6 ethyleng 9.2 isobutane 6.4

(b) Previous studies 2

Paint and Industrial Coating location Paint and Industrial Coating location 2
1 (Yuan et al., 2009) (Yuan et al., 2009)

Species Per cent (%)Species Per cent (%)
m and p-xylene 23.6 m and p-xylene 24.3
ethylbenzene 15.3 toluene 20.8
toluene 14.9 benzene 17.2
isobutane 8.6 ethylbenzene 16.8
o-xylene 7.4 o-xylene 9.3

butane 6.1 isopentane 2.4
benzene 5.7 butane 2.1
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(c) Previous studies 3

Paint (Song et al., 2007) Architectrual Coatingsnipler, 2007)
Species Per cent (%)Species Per cent (%)
m and p-xylene 0.3 other 66.9
ethylbenzene 0.1 toluene 25.9
o-xylene 0.1 o-xylene 2.9

toluene 0.1 m and p-xylene 2.7
pentane 0.1 2,4-dimethylpentane 1.1
r-pinene 0.1 ethylbenzene 0.5
benzene 0.1 benzene 0.1

There were eight Liquid Petroleum Gas profile tere reviews. They are listed
in Table 2.13. The eight Liquid Petroleum Gas seywofiles indicated that the most
abundant species were propane, 18% in Song €2@08), 23.9% in Yuan et al. (2009),
38.4% Yuan et al. (2009), and 90.6% in Templer @0@ther minor species include
n&iso-butane (Cai et al., 2010; Song et al., 20Q&n et al., 2009), ethane (Morino et al.,
2011; Lam et al., 2013), ethylene (Song et al.,8208nd propylene (Song et al., 2008;
Templer, 2007). There were species including isefeitand propylene with comparable
percentage with that of propane based on the raviéhis does not agree with the 90%
of propane in Liquid Petroleum Gas reported in kdgBetroleum Gas composition by
U.S. department of Energy (2013). There could Wéerénces between the source

profiles and source composition.
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Table 2.13 Liquid Petroleum Gas profiles from PMFprevious studies

(a) Previous studies 1

(Gasoline,LPG/LNG LPG (Song et al., liquefied natural gas and
Leakage) Cai et al. (2010) | 2008) liquefied petroleum gas (LPG)
Morino et al. (2011)

Species Per centSpecies Per cent Species Per cent (%)
(%) (%)

isopentane 21.8 propane 17.9 ethane 69.1

butane 12.2 isobutane 16 propane 10.6

isobutane 10.3 butane 14.2 butane 5.3

propane 7.1 1-butene 12.2 toluene 5.3

methylenechloride | 4.6 ethylene 7.1 acetylene 4.3

propylene 4.2 propylene 7.1 benzene 2.7

(b) Previous studies 2

LPG usage & consumerLPG location 1 (Yuan et | LPG location 2 (Yuan et

product propellant al., 2009) al., 2009)

(Lam et al., 2013)

Species | Percent | Species Per cent (%) Species Per cent
(%) (%)

toluene 38.1 propane 23.9 propane 38.4

ethane 16 isobutane 224 butane 21.2

acetyleng 12.5 butane 15.8 isobutang  17.2

benzene | 6.2 toluene 9.6 isopentafeb

propane | 6 isopentane 6.3 pentane 5.9

ethylene | 3.8 hexane 3.5 benzene 5.4
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(c) Previous studies 3

LPG (Song et al., 2007) LPG (Templer, 2007)
Species Per cent (%)Species Per cent (%)
propane 0.2 propane 90.6
isobutane | 0.2 propylene 5.1

butane 0.1 ethane 4.1
1-butene 0.1 isobutane 0.2
ethylene 0.1 ethylene 0
propylene | 0.1 acetylene 0

There were six Petrochemical sources profile litgemreviews. They are listed in
Table 2.14. The n&iso-butane (Cai et al., 2010; plem 2007) and n&iso-pentane (Cai
et al.,, 2010; Chan et al., 2011; Templer, 2007)oacted for large proportion of the
Petrochemical source among all source profiles.nfatics including toluene and
benzene were also species markers for Industryn&gfiCai et al. (2010); Song et al.
(2008); Chan et al., (2011). Species 2,4-dimetmthoee (Cai et al., 2010) and 2,3-

dimethylbutane (Chan et al., 2011) were the spenskers for petrochemical sources.
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Table 2.14 Petrochemical sources profiles from RiMjprevious studies

(a) Previous studies 1

Petrochemical sources | Petrochemical sources Petrochemical sources

Location 1 (Cai et al., Location 2 (Cai et al., 2010)| (Song et al., 2008)

2010)

Species Per Species Per Species Per
cent cent cent
(%) (%) (%)

propylene 13 2,4- 12 m and p-xylene | 20.9

dimethylpentane

isobutane 9 3-methylpentane 8.5 ethylene 17.4

butane 8 1-hexene 8 toluene 12.8

benzene 7.8 butane 7 ethylbenzene 9.1

3-methylpentane 7.5 pentane 7 o-xylene 8.7

isopentane 6 isopentane 6.5 acetylene 6

toluene 6 benzene 4.8 propylene 4.9

(b) Previous studies 2

Petrochemical sources | Petrochemical sources Templer (2007)

Location 1 (Chan et al., | Location 2 (Chan et al., 2011)

2011)

Species Per | Species Per| Species Per
cent cent cent
(%) (%) (%)

pentane 10 hexane 10  other 36.3

2,3- 10 pentane 10 butane 22.9

dimethylbutane

m and p-xylene 5 2,3-dimethylbutane 10  isobutane 6 9.

toluene 5 3-methylhexane 8 pentane 6.4

NO- 5 styrene 8 propane 3.7

coarse particles 5 toluene 8 hexane 2.9

There were three Commercial Natural Gas profilégy are listed in Table 2.15.
Both source profiles from Song et al. (2008) anohpker (2007) showed that ethane was

the dominant NMHC species in Commercial Natural @adth 38.5% in Song et al.

42



(2008); and 68.9% in Templer (2007). Thus, the gmes of approximately 35% to 69%
of ethane indicates that the source being ComnmeNadural Gas. This conclusion

agreed with the major NMHC in Commercial NaturasGethane, followed by propane.

Table 2.15 Commercial Natural Gas profiles of NMf#&@n PMF in previous studies

Song et al. (2008) (Using sourgeSong et al. (2007) Templer (2007)

profiles of Song et al. (2007)

Species Per cent | Species Per cent | Species| Per cent
(%) (%) (%)

ethane 38.5 ethane 38.5 ethane  68.9

acetylene 9.5 acetylene] 9.5 propari.1

toluene 9.4 toluene 9.4 butane 3.1

243 PCA Studies

There were six papers showing the PCA source psofihmong them, five did
not apply Z score or not mentioned (Duan et alQ&G5uo et al., 2007; Huang et al.,
2012; Wang et al., 2006; Lai et al., 2013); while bther one applying Z score (Chang et
al, 2015). Only the species with loadings equafjr@ater than 0.5 were listed in the six

papers. Table 2.16 lists the five solvent sourcdilps of PCA.

43



Table 2.16 Solvents profiles from PCA in previousiges

(a) Previous studies 1

Solvent usage/LPG
Location 1 (Guo et al.,

Solvent usage/LPG Location

(Guo et al., 2007)

2Solvent usage/LPG
Location 3 (Guo et al.,

2007) 2007)
Species Loadings Species Loadings Species Load
o-xylene 0.9 o-xylene 0.92 1,2,3- 0.86
trimethylbenz
ene
m-xylene 0.89 m-xylene 0.87 1,2,4- 0.85
trimethylbenz
ene
ethylbenzene 0.88 1,3,5- 0.86 1,3,5- 0.82
trimethylbenzene trimethylbenz
ene
p-xylene 0.88 p-xylene 0.85 propene
1,2,3- 0.84 ethylbenzene 0.84 iso-butane
trimethylbenze
ne
1,2,4- 0.81 1,2,4- 0.83 n-butane
trimethylbenze trimethylbenzene
ne
toluene 0.76 1,2,3- 0.72 toluene
trimethylbenzene
1,3,5- 0.73 toluene 0.64 ethylbenzene
trimethylbenze
ne
n-butane 0.59 propene m-xylene
propene 0.57 iso-butane p-xylene
iso-butane 0.53 n-butane o-xylene

a4

ings



(b) Previous studies 2

Solvent Usages (Huang et al.,

Solvent-related (Duan et al.

2012) 2008)

Species LoadingsSpecies loadings
1,2-dichloroethane 0.98 xylenes 0.78
trichloroethene 0.96 trimethylbenzene3.78
chloroform 0.95 n-hexane 0.76
1,1,2-trichloroethane 0.94 ethylbenzene 0.75
1,2-dichloropropane 0.94 i/n-butane 0.53
cyclohexane 0.92 % variance 9.25
isopentane 0.9 Eigenvalue 1.3
1,1-dichloroethene 0.88

trans-1,2- 0.88

dichloroethene

pentane 0.87

hexane 0.86

chloromethane 0.86

chloroethene 0.86

1,1-dichloroethane 0.85

2,2-dimethylbutane 0.83

2-butanone 0.83

2-methylpentane 0.81

2,3-dimethylbutane 0.8

dichloromethane 0.8

cis-1,2-dichloroethene | 0.79

3-methylpentane 0.78

isobutane 0.73

cis-2-pentene 0.73

1-pentene 0.72

carbon disulfide 0.72

acetone 0.72

1-hexene 0.58

toluene 0.58

2,2, 4-trimethylpentane| 0.5

%Total variance 33.29

Eigenvalue 21.97
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Among all the source profiles in Table 2.16, thenomon species with high
loadings include m, p-xylenes (Guo et al., 2007aet al., 2008), o-xylene (Guo et al.,
2007), ethylbenzene, trimethylbenzenes (Guo e2@Q7; Duan et al., 2008), and toluene
(Guo et al.,, 2007; Huang et al., 2012). Toluene a@®ng the top species with high
loadings, but lower than the other top species.ithadthl species with high loadings

included n&iso -butane (Guo et al., 2007; Huanglgt2012; Duan et al., 2008).

As there was no percentage of species in the psofirovided by PCA, the
approach of identification of PCA is different frothe profiles provided by PMF.
However, the acknowledged abundant species in rdiffe sources are consistent
regardless from PMF or PCA. For PCA, the specieskena in PMF profiles are
expected to have high loadings in the componetite@same source. In adhesive Sealant
Coating profiles, other than the aromatics inclgdim and p-xylenes, o-xylene,
ethylbenzene, trimethylbenzenes, and toluene, leeaad heptane are expected to have

high loadings as well (Wypych, 2000).

The auto painting source profile of PCA is listadTable 2.17. Among the source
profiles in Table 2.17, the auto painting profifeem Huang et al. (2012) indicated that
the aromatics species including n-ethyltoluene,zbea, toluene, ethylbenzene, xylene,
and propylbenzene had the highest loadings. Speeatbyltoluene and propylbenzene
differentiate Auto Painting from Adhesive and Saal&oatings, and Architectural

Coatings.
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Table 2.17 Auto Painting profiles from PCA in prews studies

Species (Huang et al., 2012) Loadings
m/p-xylene 0.88
p-ethyltoluene 0.85
o-ethyltoluene 0.84
o-Xxylene 0.83
ethylbenzene 0.82
m-diethylbenzene 0.82
m-ethyltoluene 0.8
p-diethylbenzene 0.8
toluene 0.78
n-propylbenzene 0.76
3-methylheptane 0.7
n-octane 0.66
benzene 0.65
%Total variance 16.39
Eigenvalue 10.82

Six Industrial Refinery profiles of PCA from litdtae review are listed in Table
2.18. Among all the Industrial Refinery source pesf of PCA in Table 2.18, there were
some common high loading species; they were alkeredsding 1-butene (Guo et al.,
2007; Huang et al., 2012), cis/trans-butene (Huetngl., 2012), propene (Chang et al.,
2009; Guo et al., 2007), and ethylene (Guo eaD6). Other species with high loadings
in Industrial Refinery profiles include propane (et al., 2006), ethane (Chang et al.,
2009), heptane (Huang et al., 2012; Guo et al.6R0fhd aromatics including toluene,

benzene (Chang et al., 2009; Guo et al., 2006)stymdne (Chang et al., 2009).
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Table 2.18 Industrial Refinery profiles from PCAgrevious studies

(a) Previous studies 1

Petrochemical Plants and Solvent
Usage (Chang et al., 2009)

Industrial source Location
1 (Guo et al., 2007)

Industrial source

Location 2 (Guo et al.,

2007

Species Loadings Species Loadings Sp)ecies Loadings
styrene 0.85 1-butene 0.84 iso-butene  0.92
propene 0.74 iso-butene 0.8 1-butene 0.84
benzene 0.62 propene 0.7 propene 0.75
ethane 0.53

toluene 0.48

variance of explained % 4.56

Eigenvalue 2.01

(b) Previous studies 2

Oil refineries and storage leaks| Industrial emissions 1 (Guo etndustrial emissions 2 (Guo et
(Huang et al., 2012) al., 2006) al., 2006)
Species Loadings Species Loadings Species Loadings
propene 0.96 ethylbenzene 0.89 ethylbenzene 0.9
1-butene 0.86 o-xylene 0.86 tetrachloroethene 0.86
2-methoxy-2-methyl4 0.85 p-xylene 0.84 n-hexane 0.85
propane
trans-2-butene 0.84 m-xylene 0.81 n-heptane 0.85
cis-2-butene 0.82 tetrachloroethene 0.79 toluene 82 0.
1,3-butadiene 0.77 n-hexane 0.78 ethyne 0.66
isoprene 0.76 n-heptane 0.76 n-octane 0.65
2-methylheptane 0.65 benzene 0.69 iso-butane 0.57
trans-2-pentene 0.65 n-octane 0.64 benzene 0.57
butane 0.55 ethyne 0.58 n-butane 0.56
heptane 0.52 iso-butane 0.56 iso-pentane 0.55
1-hexene 0.5 toluene 0.56 propane 0.52
%Total variance 24.8 ethene 0.53 ethene
Eigenvalue 16.37 n-butane 0.51 o-xylene

propane 0.5 m-xylene

iso-pentane p-xylene

% of variance 68.99 % of variance 8.72

Eigenvalue 15.18 Eigenvalue 1.83
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There were two Liquid Petroleum Gas profiles fro@AHiterature reviews. They
are listed in Table 2.19. According to the Liquidt®leum Gas source profiles in Table
2.19, the loadings of propane and n&iso-butane weeehighest. The loadings of other
species including ethylene, n&iso-pentane, and atms were also high on Liquid

Petroleum Gas (Guo et al., 2006; Chang et al., 2009

Table 2.19 Liquid Petroleum Gas profiles from P@Arevious studies

liquefied petroleum gas Commercial/domestic

(Chang et al., 2009) LPG/NG use (Guo et al.,
2006)

Species Loadings Species Loadings

isobutane 0.86 n-butane 0.76

n-butane 0.85 propane 0.72

ethene 0.83 iso-butane 0.71

cyclohexane 0.71 propene 0.61

propane 0.7 % of variance 6.53

n-pentane 0.62 Eigenvalue 1.44

n-hexane 0.5

o-Xxylene 0.49

ethane 0.47

toluene 0.47

m and p-xylene | 0.47

n-heptane 0.44

ethylbenzene 0.44

isopentane 0.43

benzene 0.43

n-octane 0.42

3-methylpentane| 0.41

% of variance 7.27

explained

Eigenvalue 3.2
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Two Gasoline Exhaust source profiles of PCA aredisn Table 2.20. According
to the Gasoline Exhaust source profiles in TabR)2the common species with high
loadings in Gasoline Exhaust profile were 2,2 ,féthylpentane, iso-butane, and n-
pentane. Other high loading species include etleylempentane, n-heptane, 2,3-

dimethylbutane, 1-butene, benzene, propene, 2-ipetitane.

Table 2.20 Gasoline Exhaust profiles from PCA ievious studies

Lai et al., 2013 (Summer) (Autumn)

Species LoadingsSpecies Loading
2,2,4-trimethylpentane| 0.96 n-heptane 0.98
iso-butane 0.84 n-hexane 0.91
ethylene 0.81 2,2, 4-trimethylpentange  0.84
n-hexane 0.72 2,3-dimethylbutane 0.8
n-pentane 0.68 1-butene 0.8
benzene 0.45 iIso-butane 0.73
ethane 0.42 benzene 0.67
m and p-xylene 0.42 propene 0.62
n-heptane 0.32 2-methylpentane 0.54
acetylene 0.31 isoprene 0.53
2-methylpentane 0.29 o-xylene 0.49
1-butene 0.27 3-methylpentane 0.42
isoprene 0.2 acetylene 0.42
n-butane 0.19 n-butane 0.36
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Table 2.20 - continued

iIso-pentane 0.14 ethylene 0.25
propene 0.12 n-pentane 0.23
n-propane iso-pentane 0.23
2,3-dimethylbutane n-propane 0.17
3-methylpentane m and p-xylene 0.14
toluene toluene 0.12
o-xylene ethane

%Total variance 10.99 %Total variance 12.82
Eigenvalue 2.42 Eigenvalue 2.82

Two Diesel Exhaust profiles are listed in Tablel2 &ccording to Diesel Exhaust
profile in Lai et al. (2013) in Table 2.21, the cmion species with high loadings included
propene, styrene, benzene, and 2-methylpentanendirtiese species, the loadings of
propene, benzene were higher than that of 2-methgpe. Other species with high

loadings but not as high as the species mentiobedeancluded toluene, m and p-xylene,

ethane, 1-butene, n-propane, acetylene, n-heade?,2,4-trimethylpentane.
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Table 2.21 Diesel Exhaust profiles from PCA in poe¢ studies

Lai et al. (2013) Summe Lai et al. (2013) winter
Species LoadingsSpecies Loadings
propene 0.96 o-Xylene -0.15
toluene 0.92 styrene 0.85
m and p-xylene 0.89 benzene 0.82
ethane 0.8 n-heptane 0.77
styrene 0.75 propene 0.73
1-butene 0.7 3-methylpentane 0.54
benzene 0.7 2,2, 4-trimethylpentane  0.53
n-propane 0.67 Iso-pentane 0.49
o-xylene 0.66 2,3-dimethylbutane 0.39
acetylene 0.65 isoprene 0.19
2-methylpentane 0.44 toluene 0.16
n-butane 0.41 ethane 0.13
ethylene 0.38 2-methylpentane 0.12
iso-pentane 0.37 ethylene 0.12
iIso-butane 0.36 %Total variance 12.07
n-hexane 0.32 Eigenvalue 2.66
isoprene 0.27

3-methylpentane 0.2

n-pentane 0.17

%Total variance 14.5

Eigenvalue 3.19
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Two Gasoline Evaporation profiles of PCA are listedrable 2.22. Based on the
profiles in both Guo et al. (2007) and Wang et(2006), the loadings of n&iso-pentane
were the highest among all the species. The oftesias with high loading consisted of
n&iso-butane (Guo et al., 2007), and toluene (Watgal.,, 2006). The Gasoline
evaporation profile in Wang et al. (2006) explaomsy 4.67% per cent of the variance of
the measurements, indicating the insignificanctisfsource. The sources explaining the

remaining 95.33% variance were not shown.

Table 2.22 Gasoline Evaporation (Liquid Gasoline/@iae Vapour profiles from PCA
in previous studies

Gasoline evaporation (Guo et al., Gasoline evaporation (Wang et al.,
2007) 2006)
Species Loadings Species Loadings
n-pentane 0.77 iIso-pentane 0.98
iso-pentane 0.72 n-pentane 0.77
n-butane 0.57 toluene 0.77
iso-butane 0.55 Variance Explained (%) 4.67
Eigenvalue 1.03

There was a research applying CMB, PMF, and PCAatsa 14 ambient VOCs
source apportionment of from 1980 to 1984 in Nevs&g U.S. (Anderson et al., 2002).
Table 2.23 shows the source profiles and theiresponding source contributions of
CMB model, PMF factors and contributions, and PCén@pal components with

loadings and contributions. The source contributsowithin the range of uncertainty.
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Table 2.23 Source profiles and source contribut{@mglerson et al., 2002)

(a) Source profiles and source contributions fokiB model (Mass Percentage %)

Species Automobile | Insecticide | Deodorizers | Dry Tap Tailgas
Exhaust cleaning | Water | Scrubber
benzene 25 0 0 0 0 58
carbon 0 0 0 0 20 0
tetrachloride
chlorobenzene 0 0 0 0 0 37
chloroform 0 0 0 0 22 0
1,4- 0 0 100 0 0 5
dichlorobenzene
1,2- 0 0 0 0 0 5
dichlorobenzene
ethylbenzene 15 0 0 0 0 0
styrene 5 0 0 0 0 0
tetrachloroethylen¢ O 0 0 100 19 0
1,1,1- 0 95 0 0 20 0
trichloroethane
trichloroethylene 0 0 0 0 19 0
o-xylene 20 0 0 0 0 0
m and p-xylene 40 5 0 0 0 0
Source 43% +19% | 19%+ 19% 13% +20% 9%+11%5%=* | 2% + 3%
contributions (%) 10%
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(b) Factors and contributions from PMF model (Mpsscentage %) (Anderson et al.,

2002)
Factor 1 | Factor 2 | Factor 3 | Factor 4 | Factor 5 | Factor 6

benzene 60 0 0 0 0 1
carbon 3 0 0 0 0 1
tetrachloride
chlorobenzene 1 0 0 0 0 0
chloroform 13 0 1 0 0 1
1,4- 1 0 0 100 0 0
dichlorobenzene
1,2- 1 0 0 0 0 0
dichlorobenzene
1,2-dichloroethane 2 0 0 0 0 0
ethylbenzene 3 20 1 0 0 1
styrene 6 1 0 0 0 0
tetrachloroethylen¢ 2 0 0 0 95 1
1,1,1- 1 0 96 0 5 10
trichloroethane
trichloroethylene 1 0 0 0 0 85
o-xylene 1 20 1 0 0 0
m and p-xylene 6 60 1 0 0 0
Source 21%= 32%= 20%= 13%+ 9%+ 5%z 8%
contributions (%) | 14% 19% 18% 21% 10%
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(c) Principal Components and loadings from PCA (&msdn et al., 2002)

PC1 PC2 PC3 PC4 PC5
benzene 0.28 0.02 0.05 0 0.03
carbon -0.01 0.01 0.04 0.03 0
tetrachloride
chlorobenzene 0.02 0 0.01 0 0
chloroform 0.1 -0.01 0 0 0
1,4- 0.04 0.01 0.18 0.95 -0.09
dichlorobenzene
1,2- 0 0 0 0.03 0
dichlorobenzene
1,2-dichloroethane| 0 0 0.02 0 0
ethylbenzene 0.06 0.26 0.02 0.02 0.01
styrene 0.1 0.01 -0.01 -0.01 -0.02
tetrachloroethylene 0.06 0.01 0.03 0.03 0.48
1,1,1- 0.16 0.02 0.58 -0.1 0.19
trichloroethane
trichloroethylene -0.01 0.01 0.04 -0.01 0.33
o-xylene 0.04 0.18 0 0 0.02
m, p-xylene 0.15 0.48 0.04 0 0.06
Source 33%=+ 17%+20% | 28%+ 25% 13%+27% 8%+ 15%
contributions (%) | 28%

The Automobile Exhaust profiles in CMB profiles stst of abundant benzene,
ethylbenzene, and xylenes. There was large prapodf benzene in profile 1 of both
PMF and PCA, respectively. The second profile achbl®MF and PCA were dominated
by ethylbenzene and xylenes. The first two profilese both identified as Automobile
Exhaust. There was abundant 1,1,1-trichloroethané,1,4-dichlorobenzene in profile 3
and profile 4 in PMF and PCA, respectively. Accaglito the CMB source profiles,
profile 3 and profile 4 could be Insecticide andoDerizers, respectively. There was a
factor in PMF that was dominated by trichloroetimgeFactor 5 in PCA was rich on both

trichloroethylene and tetra-chloroethylene. Thetgbations of the two source® the
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total VOCs concentration are small (5%+8%, and 83841 Table 2.23 (a) shows that

none of the source profiles in CMB had large prépar of trichloroethylene,

trichloroethylene, or tetra-chloroethylene. ThudjAFPand PCA provided small sources

with low source contributions other than the siyrses of CMB (Anderson et al., 2002).

The source and contributions from different modeéslisted in Table 2.24.

Table 2.24 Source profiles of different models aadrce contribution estimates (SCE)
(Anderson et al., 2002)

Major compounds | CMB PMF PCA

Profile SCE (%)| Profilel SCE Profile | SCE

(%) (%)

benzene, Automobile | 43+14
ethylbenzene, Exhaust
xylenes
benzene 1P 21+14  1PA 33+28
ethylbenzene, 2P 32+19 | 2PA 17120
xylenes
1,1,1-trichloroethane Insecticide  19+19 3P 20£18PA3 28125
1,4-dichlorobenzene| Deodorizer$3+20 4P 13£21 | 4PA 132
tetrachloroethylene Dry 9+11 5P 9+10

Cleaning
trichloroethylene 6P 518
trichloroethylene, 5PA 8t15
tetra-chloroethylene
carbon tetrachloride, Tap Water | 15+10
chloroform,
tetrachloroethylene,
1,1,1-trichloroethane
trichloroethylene
benzene, Tail Gas 2+3
chlorobenzene Scrubber
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According to Table 2.24, there were four commonrses of all three models.
They were Automobile sources, Insecticide, Deodwsizand Dry Cleaning. The source
contribution of Automobile Exhaust calculated fr&@WvB (43%) and from PMF (53%)
indicated that Automobile Exhaust was the majortigontor among all the other sources.
Neither PMF nor PCA identified Tail Gas Scrubbethwiow contribution source included
in CMB profile. Both PMF and PCA provided profile§ an additional source Tap Water
which was not included in CMB profiles. PMF and P@#vided most of the sources in
CMB model. They both provide additional sourceshwdw contributions (Anderson et
al., 2002). The errors of source contributionsrsfekcticide, Deodorizers, Dry Cleaning,
and Tail Gas Scrubber from CMB model; Deodorizerd Bry Cleaning from PMF; and
Deodorizers from PCA exceed the SCE values. Thgelarrors indicate the great
uncertainties of the source contribution estimafetose sources. When the errors of the
source contribution are larger than the sourceritution, the source identification is

difficult.

2.5 Comparison of the CMB, PMF, and PCA

Each receptor model has advantages and disadvantagsed on the review of
fundamentals of each receptor model and source rippment applications, the

advantages and disadvantages of each of threetoecepdel are listed in Table 2.25.
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Table 2.25 Advantages and disadvantages of CMB,,R¥ié& PCA

CMB PMF PCA
Advantages | *  Straight e Thereis noneed to * Thereisno
forward to prepare the source need to prepare
analyze the profiles. the source
source e Can choose the number, profiles.
contributions of required sources. * Easyto prepare
from model * Model provides scatter the input data
outputs. plots, bar charts, linear | * Providing
regression, and pie chants  sources in
for visualizing the addition to the
reliability of input data, compiled
model performance in profiles

terms of the stability, the
calculations, the outputs
and the reliability of the
outputs at both data
preparation and results
stages.

Providing small sources

with low contributions
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Table 2.25 - continued

Disadvantages

The process of
source profiles
preparation
could be tedious
and time
consuming.
The negative
source
contribution in
the source
contribution
estimation is
hard to explain.
The results
highly rely on
the sources
profiles. If the
source profile
does not fully
explain the
species
composition at
the receptor
sites, the model
may not provide
actual results.

The process of

source identification

could both be
tedious.

The number of
Components is
not selectable.
The source
contribution
could not be
computed if Z
score is used.
Source
identification
could be tedious
and time
consuming.
The source
identification
highly rely on
the species
markers
loadings. Once
the species
markers are not
included in
measurements,
model would
not provide the
associated
source profiles.
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CHAPTER 3
METHODOLOGY

3.1 Data collection and preparation
3.1.1 Data collection

The ambient VOCs monitoring sites were selectetUbiersity of Windsor and
Health Canada. The air samples of year 2005 anfl 2@®de collected by Health Canada
and University of Windsor. The results of CMB of0®0were used in this study. There
were 49 sites, 47 in winter and 45 in summer, rethpay in the year 2006. Among the
47 sampling sites in winter 2006, four of them diot do in summer; instead, two
additional households were recruited for summerpdiain The 24-h air samples of year
2005 and 2006 were collected by using 6-L SUMMAistms set up in the backyards of
residential households in Windsor for five conseeutdays at each site. The VOCs
concentration measured at National Air Pollutiom/illance Program (NAPS) during
the period overlapped with the sampling dates imdtudy were also included.

The NAPS program provides the long term air quatifgrmation across Canada.
It had 286 measurement sites in 203 communitieatéac in territory in year 2013
(Environment Canada, 2013). The site located aleGeland South St., Windsor collects
24-h samples every six days (Environment Canada3)20rhe monitoring equipment
and methodology are similar with Templer’s studer@ipler, 2007). There were eight
samples in winter and eight in summer, respectivelyasured on dates that overlapped
with those of this study. All 16 samples were im&d in this study. The NAPS sampling
dates of winter and summer for 2006 are listedahbld 3.1. The collected VOC samples

were sent to the Environment Canada laboratorgrialysis.
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Table 3.1 Sampling dates of winter and summer af 2806

Date of sampling NAPS sampling dates overlapped with this study

Winter | Jan. 28to Mar. 18" | Jan. 28 Jan. 29, Feb. 18, Feb. 18, Feb. 22°,
Mar. 20" to Mar. 24" | Feb. 28, Mar. 8", Mar. 24"

Summer| July 3%to Aug. 28" | Jul. 4", Jul. 18", Jul. 23°, Jul. 28", Aug. 3% Aug.
9" Aug.18", Aug. 2£'

In 2005, sampling sites were set up in the baclsyafdb1 residential households
(Figure 3.1) in Windsor. The 24-h air samples @iitm were conducted for 5
consecutive days during winter and in summer 200 sampling sites of both years

2005 and 2006 are shown in Figure 3.

Windsor sampling sites of year 2005 and 2006

City of Detroit

= 2005 sample sites
+ 2006 sample sites
* Landmarks

Windsor boundary|

1 — —— Kilometers

Figure 3.1 Sampling sites for 2005 and 2006
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3.1.2 Data processing

In winter and summer of both years, 240 samplesvptainned to be deployed.
However, the actual number of the deployed sampéesless than 240. Not all analyzed
samples were included for analysis. The numbedained samples, deployed samples,

the samples included in analysis, and the retgpeedent are listed in Table 3.2.

Table 3.2 Sampler retrieval and retention ratggesr 2005 and 2006

Year | Season Samples Samples ]EQrCIUded Retained
planned deployed analysis (%)
Winter | 240 239 201 84
2005 | Summer| 240 228 225 99
Annual | 480 467 426 91
Winter | 240 232 214 92
2006 | Summer| 240 228 214 94
Annual | 480 460 428 93

There were 84% and 99% samples included in anatygi®f the total deployed
samples in winter and summer 2005, respectivelye Thar 2005 annual retained
percentage of year 2005 was 91% (Templer, 200A)edm 2006, 92% and 94% samples
were retained in winter and summer, respectiveig the annual retained rate was 93%.
Overall, the retained rate in summer was highen that of winter; and higher in year

2006 compared to year 2005.

Not all sites obtained the samples for all five sEcutive days. Table 3.3 shows
the percentage of sites with different number (13,24, and 5) of samples obtained in

each season, and year 2006.
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Table 3.3 Percentage of sites with different nundfesamples obtained in each season
and annual of 2005 and 2006

(a) Year 2006

Number of samples | Winter (%) | Summer Annual
obtained at one site (%) (%)

5 66 76 72

4 28 20 24

3 2 2 2

2 4 0 2

1 0 0 0

(b) Year 2005

Number of samples | Winter (%) | Summer Annual
obtained at one site (%) (%)

5 71 87 79

4 13 11 12

3 9 2 6

2 2 0 1

1 5 0 2

There were 66% and 76% sites with five samplesiimtew and summer of year
2006, respectively. For year 2006, 72% sites obthiive samples. There were 28% and
20% sites with four samples collected in winter anchmer, respectively. There were 24%
sites with four samples in the year 2006. The pdege of the sites with three samples
was 2% in both seasons of year 2006. There were#8ttes with only two samples
obtained in winter 2006. There was no site with oneero samples obtained in either
season. All samples were retained for further aiglyhis was to keep as many samples

as possible, following (Templer, 2007).
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There were 71% and 87% sites with five samplesimtew and summer of year
2005, respectively. There were 12% sites obtaifonig samples in year 2005, followed
by 6% sites with three samples, 1% with two samphesl 2% with only one sample.
There were 91% sites obtaining five or four sampleslicating that the samples
represented the overall VOC concentrations in WondBhe samples of year 2005 were

all retained for the further analysis.

The collected air samples were sent to the Envieorial Technology Centre,
Environment Canada for analysis. Among the 188 Va@@ayzed, only the 112 NMHC
species were included in this study, leaving thieeot76 excluded from this study.
However, in this case, some species markers in@usliEK for Coatings were excluded.
Among the 112 NMHC species, only 55 PAMS species components of the source
profiles, according to the CMB protocol (Wastorakt 2004). Thus, the 57 species other
than the PAMS were summed as one species hame@rftiThere were 32 species
(Table 3.4) named as “fitting species” participgtim CMB model calculation. The
fitting species are species with low reactivitydare the species markers in one or more
source profiles. The only exception is isoprendt &ms high reactivity but serve as the

only species marker for Biogenic Emissions.
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Table 3.4 55 PAMS species and fitting species (edhkith *) (Templer, 2007)

: Fittin . Fittin
PAMS Species Speci& PAMS Species Specii
acetylene * methylcyclopentane *
benzene * 2-methylhexane *
n-butane * 3-methylhexane *
1-butene 2-methylheptane *
c-2-butene 3-methylheptane *
t-2-butene 2-methylpentane *
cyclohexane * 3-methylpentane *
cyclopentane * 2-methyl-1-pentene
n-decane * n-nonane *
1,3-dimethylbenzene n-octane *
1,4-diethylbenzene n-pentane *
2,2-dimethylbutane * 1-pentene
2,3-dimethylpentane * c-2-pentene
2,3-dimethylbutane * t-2-pentene
2,4-dimethylpentane * n-propane *
ethane * propene
ethene n-propylbenzene
ethylbenzene styrene
2-ethyltoluene 1,2,3-trimethylbenzene
3-ethyltoluene 1,2,4-trimethylbenzene
4-ethyltoluene 1,3,5-trimethylbenzene
n-heptane * 2,2 4-trimethylpentane *
n-hexane * 2,3,4-trimethylpentane *
isobutane * toluene *
isopentane * n-undecane *
isoprene * m and p-xylene
iso-propylbenzene o-xylene
methylcyclohexane *

The concentrations of each of the 47 and 45 siw@mter and summer 2006 were
averaged as one sample. The weekly mean, standaratidn, skewness, kurtosis, and
number of the obtained samples at each site wapuieah and listed in Supplementary

Information. The general statistics including meatgndard deviation, coefficient of
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variance, minimum, maximum, median, interquarté@ge, skewness, and kurtosis of
each compound among all the sampling sites in 28&6 were computed by using
Minitab 16 (Minitab, 2010). The results are listed Appendix C. The eight samples
measured at the NAPS site in each season weregakes one sample for winter and
summer, respectively, in order to not overemphtmssample in this location (Templer,

2007).

The method detection limit (MDL) of each measurpécses is listed in Appendix
D. MDL is the minimum concentration that can be swad and reported with 99
percent confidence that the concentration is greéhen zero. The concentration cannot
be detected accurately if the actual concentrasi@yual or below this value. The species
with concentrations below the MDL and the perceatagwinter and summer 2006 are
listed in Table 3.5. For CMB, any concentrationowelMDL was replaced with the
species MDL value; for PMF, the seven species mteviand three in summer having 60%
or more samples below MDL were excluded from ingaita. For PCA, all species were

kept for the initial run.
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Table 3.5 Percentage of the species concentragiionviVIDL

(*Fitting species)

Winter 2006 Summer 2006

Species Per | Species Per
cent cent
(%) (%)

iso-propylbenzene 100 trans-2-butene 100

1-hexene/2-methyl-1-pentene 100 iso-propylbenzene 896

1-pentene 100 1-hexene/2-methyl-1-pent  66.7

trans-2-butene 100 1,3-diethylbenzene 48.9

1,3-diethylbenzene 100 1-pentene 24.4

2,2-dimethylbutane* 89.4 cis-2-butene 22.2

1,4-diethylbenzene 74.5 styrene 8.9

cis-2-butene 31.9 1,4-diethylbenzene 6.7

styrene 23.4

cis-2-pentene 14.9

1,2,3-trimethylbenzene 4.3

1-butene 2.1

n-propylbenzene 2.1

trans-2-pentene 2.1

isoprene* 17

3.2 Receptor Model Simulation

The receptor models source apportionment in thislystwvas based on some

assumptions. They are:

1) The measurements obtained at each of the 49 gmiteftnter and summer 2006, and
51 sites in winter and summer 2005 represented/@€s levels in city of Windsor,
respectively. This is because the sampling sitas wet up all over the Windsor city.

2) The chemical composition of species at receptasgieflected the emission source

composition.
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3) The species markers for every potential source weleded in the measurements.
For CMB, the species markers account for a larggpgtion of the profile, this
assumption makes sure the -calculation is correct PMF/PCA, the high

percentage/loadings of species markers help tdifgehe potential source.

3.2.1 CMB Source Apportionment

The concentrations measured at receptor sitesytamtees of the concentration,
and the source profiles are required as input€MB. The uncertainty for the CMB was
assumed to be 15% of the concentration of eachiespdollowing CMB protocol
(Watson et al., 2004), because there were no mezhsrrors provided for this study.
CMB is sensitive to uncertainty because CMB usésceVe variance weighted least
squares solutions. The solution gives greater emibe to the species with lower
uncertainties in both source contributions andwated concentration than to the ones
with higher uncertainties. Thus, the measured taiceies for species were preferred.
However, 15% of the concentration was used duéeaddack of measured errors in this

study.

The ten source profiles compiled in Templer (20@@ye used as CMB input in
this study. This study assumed that those ten esuiere the only VOC emitters in
Windsor, and any pollutants measured at receptes siere emitted from one or more of
the ten sources. The species markers for evergaougre included in the measurements.
The outputs include the source contribution estsig/m’), indicating how much each

source contributes to the ambient VOCs concentrafitne performance measures at
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each sampling site were also provided. Table 316 the model inputs and outputs for

CMB.

Table 3.6 Inputs and outputs for CMB

Inputs Outputs

Ambient concentration Source contribution estimates from each
Dimension: winter 56 species 48 | source at each site (winter 10 souscé®
sampling sites; summer 56 specid$ | sites; summer 10 source46 sites)
sampling sites
10 source profiles Contribution of the speciesaghesite
Calculated total concentrations at each site
Uncertainty of ambient concentratignPerformance measures:
15% of the concentration % Mass at each site
Chi-Square

t-Statistic

R-Square

Any negative contributions were replaced with “Zeraesulting in the
corresponding amount of total calculated conceintnahcrease for samples. On average,
the model overestimated the concentrations in wintéh 5.4%, whereas in summer with
31.2% year 2006. In year 2005, CMB model underedgtohthe concentration with 2.8%;
while overestimated in summer with 16.7%.This coufluence the season trends of
source contributions. Thus, each of the sourceribotion estimate values for winter and
summer in both years were scaled to the measudeds/alrhe contribution from each
source in the sample was assumed as overestinmatbe isame level, and scaled back
with the same percentage. The scaling was doneafdr receptor site, year and season by

following the equation (4) as:
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. .total measured concentration of sample
Scaled concentration=Calculated concentratien - . P (4)
total calculated concentration of sample

In order to study the contribution from the vehiodated sources, the sum of
source estimate contribution of Diesel Exhaust,olias Exhaust, Liquid Gasoline, and
Gasoline Vapour were named as “All vehicles”. Thecpntage of the contribution of
each source including the All-Vehicle among all wwurces was computed for both

seasons of year 2005 and 2006.

The averages, medians, standard deviation, andogfécient of variation of the
source contribution from each of the ten sourcesfouwr seasons were computed,
respectively. The percentage of the source cortobwf each source among the site

concentrations was calculated for both seasonsaf 3005 and 2006.

3.2.2 PMF Source Apportionment

PMF assumes non-negative source compositions amiitmdions. PMF model
requires species concentration and the uncertaimiseinput data, and provides factor
contributions and the factor profiles as the owplitis suggested by PMF manual that
the species with 60% or more samples having coratént below MDL need to be
excluded from the input dataset (Norris and Vedamth2008). This is because species
with large portion of concentrations below MDL cduhffect apportionment of other
species because PMF model needs to take the spatiiebelow MDL concentrations
into considerations. Thus, model will not likely poovide the species with large amount
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of unreliable concentrations with reasonable resélnong the 55 PAMS species, seven
and three species (Table 3.5) had 60% or more ssmyth concentrations below MDL
in winter and summer, respectively. Among the sewpecies in winter, 2,2-
dimethylbutane is a fitting species. It was keptrfiodel simulation to be consistent with
CMB model inputs. The other six species were exadud he three species in summer

were all excluded.

The equation-based uncertainty file included spegiames, MDL and the
uncertainty. The uncertainty 15% of concentratidrewthe concentration is greater than
the MDL; whereas the uncertainty is 5/6 MDL whee toncentration is less or equal

than the MDL. The equation was described as:

Uncertainty= 5/6xMDL, if concentratior< MDL,

Uncertainty=/ (uncertianty percent X concentration)? + (MDL)Z,

if concentration>MDL (5)

The concentration and the uncertainty were put tihetoPMF model for the input
data analysis. Species with noticeable step chaogegtreme events were checked on
the concentration time series. The noticeable stegnges indicate the changes of
sampling or analytical methods. As the samplingvinter and summer took place three
months apart, there was little chance for samplimganalytical methods dramatic
changes to happen. There were five extreme evEloisever, they were kept because

they reflect the real concentration spatial pattersll samples were kept for model
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simulations for both winter and summer 2006.

Model was run with the concentration of 50 spe@ad 53 species and their
uncertainties for winter and summer, respectivMgdel simulation set-up is listed in

Table 3.7.

Table 3.7 PMF model inputs and outputs of year 2006

Items Set-up

Inputs 1) Species concentration data in winter(50 speel&s
sites) and summer (53 specid$ sites)2006, separate
runs

2) Equation-based uncertainties

Runs (number) 20

Factors (number) 13

Seed (Random/fixed Fixed: 25
number)

Extra modeling Did not apply

uncertainty

(Up to 25% beyond 159
of concentration)
Species characteristics| Strong
(Strong, Weak or Bad)
Outputs 1) Factor profiles

2) Factor loadings

3) Diagnostics

4) Residuals

5) Observed and predicted plots
6) Aggregate contribution

7) G-space plots

o

The default value of the number of runs is 20. mmber of factors for PMF was
specified as 13 because PMF was expected to igehtée sources in addition to the ten

sources used in CMB. By defining the number of rassl3, it was assumed that there
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were 13 potential sources in Windsor. Howeverhi$ imodel set up changes, the results
could be different from the ones derived from 18rses. Fixed seed 25 was used as
suggested in the PMF demo to ensure the outputs tine separate runs are exactly the
same. The extra modeling uncertainty could be thtced to add the same percentage
uncertainty to all species beyond the provided tac#ies in inputs when the runs are

not stable. It was not used in this study becahedritial solution was stable. For the

initial run, all species’ characteristics were kftstrong. The model performance in terms

of species reproduction is shown the diagnostics.

3.2.3 PCA Source Apportionment

PCA with Varimax rotation was conducted by usingtlsla 2013 (Mathworks,
Inc., 2014) for both winter and summer 2006. Theexe 20 principal components
requested, because PCA was expected to exploréomddifactors other than the ten
sources prepared for CMB. Any components provide@®GA with eigenvalue equal or
greater than one were retained for the varimaxtiostain order to keep as many

principal components as possible. The inputs ampudsi are listed in Table 3.8.
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Table 3.8 Inputs and Output of PCA

Winter Summer
I nput Concentration matrix of winter 200§ Concentration matrix of summer 2006
with 51 species with 52 species
Dimension: 51 speciegl8sites dimension: 52 specie<l6 sites
Output | Loading matrix with coefficients Loading matrix with coefficients
dimension: 2@Components56 dimension: 20 Component§6
species species
Principal Component score Principal Component score
dimension: 20 Component§6 dimension: 20 Componemt§6
species species
Latent i.e., the eigenvalues Same as winter
dimension: X20 Components
Percentage of variance explained bySame as winter
each Component dimensionx20
Components

Among the components with eigenvalue greater thme there were only 14, and
15 compounds with absolute factor loadings gret@n 0.1 in any of the components in
winter and summer, respectively. More componenth wigenvalues greater than one
with more than one high loadings species were dggeio show up. Thus, the data was
transformed by using the Z score function. The datdrix was normalized by using
mean and standard deviation of each column of thixn(Mathworks, 2014). The mean
and the standard deviation used to calculate theore for each species are based on the

values from all sampling sites. The individual Di&is different from each site.

In winter, there were 4 non-fitting species inchglil,3-diethylbenzene, 1,4-
diethylbenzene, iso-propylbenzene, and others dithinot have loadings greater than
0.25 in any components. Among these four compourd3;diethylbenzene, 1,4-

diethylbenzene, iso-propylbenzene were with a lggeentage of concentration below
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MDL, 100%, 74%, and 100%, respectively as showrTable 3.5. Thus, they were
excluded from the inputs as they may not help olae® the variance of the dataset. In
summer, there were six non-fitting species inclgdid,3-diethylbenzene, 1,4-
diethylbenzene, 1-butene, ethylene, iso-propylbee@zeans-2-butene with loadings less
than 0.25 in any components. However, ethylenedspecies marker for Diesel Exhaust
in the source profiles used in CMB, thus, it waptkdmong the other five species, the
percentage of the below MDL concentration of isopytbenzene, and trans-2-butene
was 68.9% and 66.7%, respectively as shown in TalleThe five non-fitting species

with the exception of ethylene were excluded friwn summer 2006 input to PCA.

3.3 Factor/Component Inter pretations

PMF and PCA provide factors and components as souafiles, respectively.
Factors consist of the mass percentage of the egppe€omponents are a linear
combination of variables with loadings and sconesh@ components (Mathworks, 2014).
As the profiles given by the two models are in tditferent forms, it is beneficial to

summarize the interpretation approaches for thefvicually.

3.3.1 PMF Factor Interpretations

According to study by Harley and Kean (2004) in tea 2, the vehicle-related
sources could be differentiated by the proportibdifferent species classes including n-

alkanes, isoalkanes, cycloalkanes, alkenes, arcsnabxygenates, carbonyls, and
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unidentified species in the profiles. Among theheigasses, oxygenates, carbonyls, and
unidentified species were not included in this gtuid this study, there is an species class:
isoprene. Thus, the species were classified inko spiecies classes, and the sum

concentrations of each class were calculated. Tablésts the species in each class.

Table 3.9 The species classification of six classes

aromatics isoalkanes n-alkanes
toluene isopentane butane
benzene isobutane decane
1,2,4-trimethylbenzene 2-methylpentane ethane
3-ethyltoluene 3-methylpentane heptane

m and p-xylene 2,2 ,4-trimethylpentane hexane
1,3,5-trimethylbenzene 3-methylhexane nonane
2-methylhexane 2,3,4-trimethylpentane octane
4-ethyltoluene 2,3-dimethylbutane pentane
2-ethyltoluene 3-methylheptane propane
1,2,3-trimethylbenzene 2-methylheptane trans-2drute
n-propylbenzene 2,3-dimethylpentane undecane
o-xylene 2,2-dimethylbutane

ethylbenzene 2,4-dimethylpentane

styrene

1,4-diethylbenzene

1,3-diethylbenzene

iso-propylbenzene
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Table 3.9-continued

alkene cycloalkane isoprene
ethylene methylcyclohexane isoprene
propylene cyclopentane

1-butene cyclohexane

trans-2-pentene methylcyclopentane
cis-2-butene

cis-2-pentene

1-pentene

1-hexene/2-methyl-1-pentene

trans-2-butene

Based on the literature review, a flow chart for P&burce identification was
created to identify sources, these steps werewellio 1) Group species into n-alkanes,
isoalkanes, aromatics, cycloalkanes, alkenes, eép@prand acetylene category. The
species in each class has been listed in Table23.9Adding up the percentage of the
species in each species class. The identificatioogglures are compiled in the flow chart.
Figure 3.2 and Figure 3.3 show the identificatioacedures of sources from PMF. The
component with highest absolute loading of ethaneray the factors was identified as
Commercial Natural Gas. The component with highastolute loading of isoprene

among the factors was identified as Biogenic Erarssi

It should be noted that the identification procedbas not been tested with the
published paper to verify if it applies to the smurprofiles. There could be large

uncertainties of the identification results.
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Gasoline Exhaust consists mostly of aromatics @a),.0ollowed by 26.3% iso-
alkanes. Species including ethylene, toluene, sopentane were the species markers of
Gasoline Exhaust (Wang et al., 2013; Templer, 200@n et al., 2009; Song, et al., 2007).
Thus, if the percentage of the total isoalkanes armnatics is the highest, and the
aromatics account for larger proportion than isaals; meanwhile, ethylene, acetylene,
toluene, xylene, and isopentane accounted for tmgqution, it indicates that the source
could be Gasoline Exhaust. Isoalkanes and aromedicll be the second and the third

places if they are not the most abundant two spexdtésses in any profiles.

Liquid Gasoline consists mostly of 33.8% iso-alkarend 30.4% aromatics
(Harley and Kean, 2004). Therefore, if the percgataf the total isoalkanes outweighs
aromatics do, and the aromatics account for highgportion, the source could be Liquid

Gasoline.

In Gasoline Vapour profile, iso-alkanes account34r2% of the profile (Harley
and Kean, 2004). Isopentane is a specie markdésdsoline Vapour (Morino et al., 2011,
Templer, 2007). If the percentage of isoalkandkastop one abundant species with 28.5%
to 42.8%, this profile could be Gasoline Vapour i{eia and Kean, 2004). If there is no
profile with isoalkanes as top one species clagsptofile with the highest percentage of

isopentane among all profiles could be GasolineoMajas well.

The Diesel Exhaust profile consists of large praparof undecane (Templer,
2007) and decane (Yuan et. al, 2009; Song, e2@0D7). Thus, if a profile contains large
proportion of undecane and n-decane, the sourdel beuDiesel Exhaust. If there is no

profile containing decane or undecane with pergg&2 or more, the profile with the
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highest percentage of either of them could be Dieskaust as well.

According to Lambourne and Strivens (1999), tolyetyrene, and xylene are the
species markers for the Architectural Coatings. Stdies of Cai et al. (2010), Yuan et al.
(2009), and Song et al. (2007), and Templer (2006dicated that toluene and xylene
accounted for 10% to 25%, and 17% to 30%, respagtiTempler (2007) indicated that
toluene and xylene are two most abundant speciedrahitectural Coatings profile.
Study of Song et al. (2008), Yuan et al. (2009)) aempler (2007) indicated that
propane is the most abundant species in LiquidoRetm Gas profile, followed by

species including n&iso-butane and propylene.

According to Wypych (2000), the common PAMS VOC qasition of Adhesive
and Sealant Coatings is hexane, heptane, xyleneehe, and toluene. The study of Lam
et al. (2013) indicated that Adhesive and Sealantati@gs consists of 25.2% of
isopentane, 22.7% of isobutene, 14.6% of pentah@24 of propane, and 6% of toluene.

Thus, those species are the species markers fashdhand Sealant Coatings.

According to the report from Government of Can&i200), hexane is widely use
in a variety of products as a extraction solvenfioiod processing, and as solvent-carrier
in adhesives, sealants, binders, fillers, lubrisamairious formulation components, fuel
components, laboratory reagent and solvent. Acogrth the National Pollutant Release
Inventory and Air Pollutant Emission Summaries danehds Datasets (2006) reported by
Environment Canada, n-hexane is the speciated chénaf facility ADM Agri-
Industries-ADM Windsor, categorized as Grain ants&xd Milling sector. In Windsor,

hexane and its isomers, 2-methypentane, 3-methypen2,3-dimethylbutane, and 2,2-
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dimethylbutane are the only pollutants of this liaci ADM Agri-Industries-ADM

Windsor is the only facility emitting hexane. Fetudies including source profiles with
n-hexane being the top one species were foundeldretr the source profile of Solvent
Used for Oil Seed Extraction consists of hexane iémdsomers, 2-methypentane, 3-

methylpentane, 2,3-dimethylbutane, and 2,2-dimétitgne.

In Industrial Refinery profiles, the percentageaofl butane could be 7% to 22.9%
(Cai et et al., 2010; Templer, 2007). The studfaf et et al. (2010), Song et al. (2008)
indicated that propylene accounted 4.9% to 13%efprofile. Toluene accounts for 5%
to 12.8% in Industrial Refinery profiles accorditagstudies of (Cai et et al. (2010); Chan
et. al. (2011), and Song et al. (2008). The studfe€ai et et al. (2010), Chan et. al.
(2011), and Templer (2007) indicated that pentawewents for 6.6% to 10% of Industrial
Refinery profiles. Coke Oven profile consists ofualant benzene, toluene, xylenes,
ethane, ethylene, propylene, butene, acetyleneHRS 2013; U.S. Government, 2011)
and 1,2,4-trimethylbenzene (US EPA, 1994). The eores of 35% to 69% of ethane,
followed by up to 10% of other species includinggane, acetylene and aromatics
indicates that the source being Commercial Nat@a$ (Song et al., 2008; Templer,
2007). Biogenic VOCs emissions are released frarastrand shrubs. They consist of
isoprene and monoterpenes suclu-gsnene and-pinene, commonly found in forested

areas (Lewandowski et al., 2013).
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The sources with the same names identified fromtevimnd summer were
compared to see the commonalities and differentésea chemical compositions. The
sources were expected to be similar because the in@ustries, streets, and facilities in
Windsor did not have major changes from winter umsier. However, there could be
slight differences between the chemical composstioh factor profiles in winter and
summer as the volatility and reactivity of diffetehOCs vary at different levels when

temperature changes.

For all sources identified from winter and summactér profiles, the same
sources were placed next to each other, and tlugespgccounted for 6% or more in each
source in winter and summer were listed in descendirders. The species and their

percentage were compared to see the similaritig¢shanvariations.

3.3.2 PCA Factor Interpretations

Based on the profiles interpretations in studie€long et al. (2009), Duan et al.
(2008), Huang et al. (2012), Wang et al. (2006} hai et al. (2013), Solvent has high
loading of m, p-xylenes, o-xylene, ethylbenzeneéthylbenzenes, toluene, and hexane.
Study of Lambourne and Strivens (1999) indicatead thluene, styrene, and xylene are
the main content of solvent used for Architectu€altings. Thus, toluene, styrene, and

xylene have high loadings in Architectural Coatings

According to Wypych (2000), Adhesive and Sealantatibgs are rich on
aromatics including toluene, benzene, and xylend; aiphatic hydrocarbon including
hexane, heptane. Thus, toluene, benzene, xyleranbeand heptane have high loadings
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in Adhesive and Sealant Coatings profile. Auto Baimas high loadings of aromatics
species including n-ethyltoluene, benzene, toluetigylbenzene, xylene, propylbenzene

(Huang et al., 2012).

Industrial Refinery has high loadings of alkeneduding 1-butene (Guo et al.,
2007; Huang et al., 2012), cis/trans-butene (Huztreg., 2012), propylene (Chang et al.,
2009; Guo et al., 2007; Huang et al., 2012), ainylehe (Guo et al., 2006). Species
including propane (Guo et al., 2006), ethane (Cretrag., 2009), heptane (Huang et al.,
2012) and toluene (Chang et al., 2009; Guo et28D6), benzene (Chang et al., 2009;
Guo et al., 2006), and styrene (Chang et al., 2@09)d also have high loadings in

Industrial Refinery profile.

The loading of propane, n&iso-butane is the higlmstLiquid Petroleum Gas.
Ethylene, n&iso-pentane, and aromatics also hayk loadings in Liquid Petroleum Gas
profile (Guo et al., 2006; Chang et al., 2009). &¢® 2,2,4-trimethylpentane, iso-butane,
and n-pentane, 2,3-dimethylbutane, n-heptane, daeutpropylene (Lai et al., 2013; ),
ethylene, benzene (Lai et al., 2013; Song e2@08; Templer, 2007; Wang et al., 2013),
and 2-methylpentane (Yuan et al., 2009; Lai et2413) were loading high on Gasoline

Exhaust.

Diesel Exhaust has high loadings on propylene,eatyr(Lam et al., 2013),
benzene (Lam et al., 2013; Yuan et al., 2009)o%adld by 2-methylpentane, toluene
(Lam et al., 2013; Yuan et al. (2009), m and p-rgl€Lai et al., 2013; Yuan et al., 2009),
ethane, 1l-butene, n-propane (Lai et al., 2013; leinal., 2013; Yuan et al., 2009),

acetylene (Lai et al., 2013; Lam et al., 2013; Soeg al., 2007), and 2,2,4-

86



trimethylpentane (Lai et al., 2013; Yuan et al.020 According to studies Guo et al.
(2007) and Wang et al. (2006), profiles of Gasolmeaporation including Liquid

Gasoline and Gasoline Vapour have high loadingsn&iso-pentane, and toluene.
Biogenic Emission contains high loadings of isopréhempler, 2007; Lewandowski et
al., 2013). The identification procedures of PCA ahown in Figure 3.4. The Italic font
in the Figure stands for the species with high ilegsl in components. The component
with highest absolute loading of ethane among #logofs was identified as Commercial
Natural Gas. The component with highest absolwddiig of isoprene among the factors
was identified as Biogenic Emission. The componeith highest absolute loading of

propane among the factors was identified as Lif@ttoleum Gas.
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Figure 3.4 PCA sources identification
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The sources with the same names identified fromewniand summer, were placed
next to each other, and compared to see the conitiemaand differences of their
profiles. Although many previous studies chose #&s5the loading cut off for source
identification; however, species with loadings dquagreater than 0.26 in one or more
components were used for source identificationhia study. This was to keep four or
more species for source identification. The spem#és loading equal or greater than 0.26
in each component were ranked in descending ordéhe species and their

corresponding loadings were compared.

Compare with the identification procedure of PMFCA relies more on the
species markers of each source because only thmdsaof the species were provided as
outputs. PCA finds the components explaining theawae of the majority of the

measurements.

3.3.3 Procedures of Comparison of CMB, PMF, and PCA Results

The sources of PMF and PCA were compared with éhesburces prepared for
CMB, respectively in the same season and both seasbe identified factors from PMF
and components from PCA were compared mutuallyslagen and both seasons to see if
there were any commonalities and differences. Tall@ lists the detailed comparison

procedures.
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Table 3.10 Procedures of comparison among soufcesiB, PMF, and PCA

Table
generation

Listing the sources of PMF as the number of thers tha largest
that of all three models, the contribution from keasource by
concentration and mass percentage, and the totdélncalculatec
contribution.
Placing the sources of CMB next to the same ormes #MF, leave
the units blank if any sources only belonged to PMFE not to
CMB.

Placing the sources from PCA next to the same ssurom CMB
or PMF or both, leave the units blank if any soarde not belong
to any of CMB or PMF.

Summarizing the common sources of all three modelgach
season.

PMF vs. CMB

To see if all the ten sources prepared for CMB weotuded in
PMF for each season, if not, explain the poteméiasons behind it
Checking out the major sources from PMF based ensthurce
contribution in each season; compare them withah&MB to see
the commonalities and the differences.

To see if there are additional sources other tharan for CMB.
To see if there is any commonalities in two seasons

PCAvs. CMB

To see if all the ten sources prepared for CMB weotuded in
PCA for each season, if not, explain the poteméasons behind it.
To see if there are additional sources other tharteén for CMB.
To see if there is any commonality in two seasons.

PMF vs. PCA

Summarizing the common sources of the two modelsaoh
season.

Comparing the sources in addition to that of CMBvad models in
each season, to see if there is any commonality.

To see if there is any commonality in both seasons.
Analyzing the advantages and disadvantages of RMRPEA.

3.4 Spatial Trends of Source Contribution by CMB

In order to study the spatial distribution of tleisce contribution from different

emission sources in winter and summer 2006, Arc33 (ESRI Canada, 2014) was

applied to generate the concentration maps. Invéstance Squared Weighted

Interpolation method was applied to generate thpsminverse Distance Weighted uses

the measured values surrounding the predictiortitotdo predict the locations without
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measurements. The measurements take place clodést prediction location give more
influence on the prediction than those further awidye input data includes coordinates

of each measurement location, and the correspormaingentrations.

Table 3.11 ArcGIS inputs

Inputs
The coordinates of sites and CMB source contriloistip
in winter and summer 2005 and 2006

The map of every source was generated separately
Method: Inverse Distance Weight Interpolation
Power (The higher the power is, the lower the
measurements in distance would have on the predicte
locations): 2 (Default)

Neighborhood (How many measurements in
surroundings are considered in prediction of the
unmeasured locations): Maximum 15; Minimum 10
Windsor mainland shapefile

Essex streets shapefile of

The total measured concentration at site; total Giiiéleled source contributions
(Without scaling) were plotted. Those sources dte/dhicle, Commercial Natural Gas,
Industrial Refinery, and Architectural Coatingsviinter and summer 2005 and 2006.
CMB source contributions of Liquid Petroleum Gaswinter 2005 and 2006, and
Biogenic Emissions in summer 2005 and 2006 wer plistted. In total, there were 24
maps of spatial distribution of contributions frahfferent sources in two seasons of both

2005 and 2006. Table 3.11 shows the inputs of ABcGl
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There were similarities among the maps of diffeismirces observed in each of
the four seasons. The similarities could be dughéocorrelations among the sources. In
order to study the correlations among differentrsesi in the same season, correlation
matrices of the contribution from different souresesre generated by using Minitab 16
software (Minitab, 2010). The absolute values afealation coefficient equal or greater
than 0.8 and less or equal to 1 indicate a strefionship between the two variables;
greater than 0.5 and less than 0.8 indicate a rateleelationship between the two
variables; and less or equal to 0.5 and equal eatgr than zero indicate a weak
relationship between the two variables. The totaasured VOC and the source
contributions results of All Vehicle and all thentsources obtained from CMB were used

for computing the internal relationships among gaain of them.
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CHAPTER 4
RESULTSAND DISCUSSIONS
4.1 Ambient Concentration Analysis
The mean concentration of the 56 VOCs and the tiHC VOC concentrations
and 56 VOCs (55 PAMS species and other) in wintersummer of year 2005 and 2006
are shown in Table 4.1. The ratio of winter and si@nconcentration in each of the two
years, in the same season but different yearsthrendoncentration ratio of year 2006 and

2005 in same season are listed in Table 4.2.
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Table 4.1 The mean concentration of the speciedl shmpling sites in winter and
summer of year 2005 and 2006 (*fitting species)

Species MDL | Winter | Summer| Annual | Winter | summer| Annual
(ng/nt) | 2005 2005 2005 2006 2006 2006

(ug/m) | (o/mT) | (ng/m) | (Rg/T) | (g/mT) | (kg/nT)

1,2,3- 0.04 0.05 0.24 0.15 0.07 0.18 0.12

trimethylbenzene

1,2,4- 0.06 0.25 1.25 0.75 0.32 0.84 0.58

trimethylbenzene

1,3,5- 0.04 0.08 0.38 0.23 0.09 0.22 0.16

trimethylbenzene

1,3- 0.04 0.02 0.04 0.03 0.04 0.04 0.04

diethylbenzene (<MDL)

2011,4- 0.08 0.06 0.13 0.10 0.08 0.14 0.11

diethylbenzene (<MDL)

1-butene 0.15 0.30 0.29 0.30 0.24 0.30 0.27

1-hexene/2- 0.08 0.05 0.06 0.06 0.08 0.08 0.08

methyl-1-pent (<MDL) | (<MDL)

1-pentene 0.06 0.04 | 0.07 0.06 0.06 0.08 0.07
(<MDL)

2,2,4- 0.04 0.26 0.31 0.29 0.17 0.25 0.21

trimethylpentane

2,2- 0.07 0.07 0.12 0.10 0.07 0.15 0.11

dimethylbutane

2,3,4- 0.02 0.10 0.10 0.10 0.06 0.09 0.07

trimethylpentane

2,3- 0.01 0.12 0.22 0.17 0.09 0.24 0.17

dimethylbutane

2,3- 0.04 0.15 0.22 0.19 0.10 0.16 0.13

dimethylpentane

2,4- 0.02 0.07 0.10 0.09 0.05 0.09 0.07

dimethylpentane

2-ethyltoluene 0.04 0.07 0.30 0.19 0.08 0.19 0.14

isopentane 0.06 2.49 4.51 3.50 1.99 4.17 3.08

2-methylheptane 0.03 0.09 0.11 0.10 0.06 0.13 0.10

2-methylhexane 0.02 0.31 0.46 0.39 0.23 0.36 0.29

2-methylpentane 0.05 0.64 1.06 0.85 0.49 1.26 0.87

3-ethyltoluene 0.03 0.18 0.73 0.46 0.19 0.46 0.32

3-methylheptane 0.02 0.09 0.16 0.13 0.07 0.12 0.09

3-methylhexane 0.04 0.33 0.51 0.42 0.24 0.42 0.33

3-methylpentane 0.06 0.54 0.82 0.68 0.44 0.86 0.65
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Table 4.1 - continued

4-ethyltoluene 0.02 0.09 0.36 0.23 0.09 0.23 0.16
acetylene * 0.00 2.09 0.71 1.40 1.18 0.54 0.86
benzene * 0.04 1.04 0.86 0.95 0.85 0.80 0.82
butane * 0.18 4.39 3.28 3.84 3.69 231 3.00
cis-2-butene 0.04 0.06 0.07 0.07 0.05 0.06 0.05
cis-2-pentene 0.01 0.03 0.06 0.05 0.02 0.05 0.p4
cyclohexane * 0.02 0.09 0.11 0.10 0.07 0.13 0.10
cyclopentane *0.02 0.11 0.23 0.17 0.09 0.28 0.18
decane * 0.02 0.11 0.55 0.33 0.11 0.34 0.23
ethane *0.00 8.20 3.72 5.96 4.47 3.24 3.85
ethylbenzene 0.04 3.19 1.46 2.33 0.37 0.74 0.p5
ethylene 0.00 0.42 0.75 0.59 1.68 1.19 1.44
heptane * 0.09 0.24 0.32 0.28 0.18 0.34 0.26
hexane *0.07 1.10 0.91 1.01 0.64 1.00 0.82
isobutane * 0.11 1.53 1.34 1.44 1.26 1.34 1.30
isoprene * 0.02 0.04 0.59 0.32 0.03 0.64 0.34
iso-propylbenzene 0.04 0.02 | 0.05 0.04 0.04 0.04 0.04
(<MDL)
m and p-xylene 0.07 1.10 2.17 1.64 1.08 2.18 1.63
methylcyclohexane| % 0.02 0.09 0.12 0.11 0.07 0.13| .100
methylcyclopentane * | 0.02 0.29 0.35 0.32 0.18 0.38 0.29
nonane *0.02 0.09 0.19 0.14 0.08 0.17 0.12
n-propylbenzene 0.04 0.07 0.24 0.16 0.07 0.16 201
octane *| 0.04 0.12 0.26 0.19 0.09 0.16 0.12
o-xylene 0.04 0.35 0.70 0.53 0.32 0.67 0.49
pentane * 0.06 1.38 2.77 2.08 1.31 2.83 2.07
propane *0.16 4.03 3.97 4.00 3.29 3.59 3.44
propylene 0.09 0.56 0.52 0.54 0.46 0.47 0.46
styrene 0.04 0.05 0.07 0.06 0.05 0.06 0.05
trans-2-butene 0.33 0.07 | 0.08 0.08 0.33 0.33 0.33
(<MDL) | (<MDL)
trans-2-pentene 0.02 0.06 0.14 0.10 0.04 0.12 800
toluene *10.07 4.31 5.96 5.14 2.67 5.34 4.00
undecane 1 0.03 0.10 0.31 0.21 0.12 0.40 0.26
Total PAMS 34.61 35.25 35.00 24.41 32.24 28|32
other 1.20 2.79 2.00 1.07 3.00 2.04
Total NMHC 35.81 38.04 37.00 25.48 35.24 30/36

96



Table 4.2 The season and year concentration rditiinQ species)

Winter/Summer Winter/Summer Annual Winter Summer
Year 2005 Year 2006 2006/2005| 2006/2005| 2006/2005
1,2,3- 0.2 0.4 0.8 14 0.7
trimethylbenzene
1,2,4- 0.2 0.4 0.8 1.3 0.7
trimethylbenzene
1,3,5- 0.2 0.4 0.7 1.2 0.6
trimethylbenzene
1,3- 0.5 0.9 1.3 1.8 1.1
diethylbenzene
1,4- 0.5 0.6 11 14 11
diethylbenzene
1-butene 1.0 0.8 0.9 0.8 1.0
1-hexene/2- 0.8 0.9 1.4 1.6 14
methyl-1-pent
1-pentene 0.6 0.8 1.1 15 1.1
2,2,4- 0.8 0.7 0.7 0.6 0.8
trimethylpentane
2,2- 0.6 0.5 1.1 1.0 1.2
dimethylbutane
2,3,4- 1.0 0.7 0.7 0.6 0.9
trimethylpentane
2,3- 0.5 0.4 1.0 0.8 1.1
dimethylbutane
2,3- 0.7 0.6 0.7 0.7 0.7
dimethylpentane
2,4- 0.7 0.5 0.8 0.7 0.9
dimethylpentane
2-ethyltoluene 0.2 0.4 0.7 1.2 0.6
isopentane 0.6 0.5 0.9 0.8 0.9
2-methylheptane 0.8 0.5 1.0 0.7 1.2
2-methylhexane 0.7 0.6 0.8 0.7 0.8
2-methylpentane 0.6 0.4 1.0 0.8 1.2
3-ethyltoluene 0.2 0.4 0.7 1.0 0.6
3- 0.6 0.6 0.7 0.7 0.7
methylheptane
3- 0.6 0.6 0.8 0.7 0.8
methylhexane
3- 0.7 0.5 1.0 0.8 1.0
methylpentane
4-ethyltoluene 0.3 0.4 0.7 1.0 0.6
acetylene 2.9 2.2 0.6 0.6 0.8
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Table 4.2 - continued

benzene 1.2 1.1 0.9 0.8 0.9
butane 1.3 1.6 0.8 0.8 0.7
cis-2-butene 0.9 0.8 0.7 0.8 0.8
cis-2-pentene 0.5 0.4 0.7 0.7 0.9
cyclohexane 0.8 0.6 1.0 0.8 1.2
cyclopentane 0.5 0.3 1.1 0.8 1.2
decane 0.2 0.3 0.7 1.0 0.6
ethane 2.2 1.4 0.6 0.5 0.9
ethylbenzene 2.2 0.5 0.2 0.1 0.5
ethylene 0.6 1.4 2.4 4.0 1.6
heptane 0.8 0.5 0.9 0.7 1.1
hexane 1.2 0.6 0.8 0.6 1.1
isobutane 1.1 0.9 0.9 0.8 1.0
isoprene 0.1 0.0 1.1 0.7 1.1
iso-propylbenzene 0.4 11 1.0 2.0 0.8
m and p-xylene 0.5 0.5 1.0 1.0 1.0
methylcyclohexane 1 0.8 0.5 0.9 0.8 1.1
methylcyclopentang 0.8 0.5 0.9 0.6 1.1
nonane 0.5 0.5 0.9 0.9 0.9
n-propylbenzene 0.3 0.4 0.7 1.0 0.7
octane 0.5 0.5 0.7 0.7 0.6
o-xylene 0.5 0.5 0.9 0.9 1.0
pentane 0.5 0.5 1.0 0.9 1.0
propane 1.0 0.9 0.9 0.8 0.9
propylene 1.1 1.0 0.9 0.8 0.9
styrene 0.7 0.8 0.9 1.0 0.9
trans-2-butene 0.9 1.0 4.1 4.7 4.1
trans-2-pentene 0.4 0.4 0.8 0.7 0.8
toluene 0.7 0.5 0.8 0.6 0.9
undecane 0.3 0.3 1.3 1.2 1.3
total PAMS 1.0 0.8 0.8 0.7 0.9
others 0.4 0.4 1.0 0.9 1.1
total NMHC 0.9 0.7 0.8 0.7 0.9
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The annual concentration of PAMS species decrefassd35.1g/m® in year 2005
to 28.31g/m® in year 2006. Concentration of 112 NMHC declinednf 37ug/m® to
30.4ug/m°. Between the two seasons, The averaged ambientsVil®@ls averaged
among all sites increased from winter to summeln W8 out of 55 PAMS species in year

2005, and 52 out of 55 in year 2006, so did thal tdMHC in both years.

Among the species that decreased from winter tonsemnacetylene had winter
concentrations more than doubled that of the sumifoerethane, the winter/summer
ratios was 2.2 and 1.4 in 2005 and 2006, respaygtiThe concentrations of benzene,
butane, and hexane were slightly higher in wintatig: 1.2-1.3). These five compounds
are all fitting species. Thus, the contributionsofirces that have any of the above listed
compounds as major species could decrease fronemtimtsummer of both 2005 and
2006. Non-fitting species ethylbenzene decreasmd Wwinter to summer (ratio: 2.2) only
in year 2005; ethylene (ratio: 1.4) only in yeaf@0For annual averaged concentrations
of summer and winter, 50 out of 55 PAMS speciegdsed from year 2005 to 2006, also
did total NMHC. The exceptions included non-fittimpecies 1,3-diethylbenzene, 1-
hexene/2-methyl-1-pent, fitting species undecanid &D05/2006 ratio of 1.3-1.4; and
non-fitting species ethylene, trans-2-butene witfhhratios of 2.4 and 4.1, respectively.
All five species increased from 2005 to 2006 fothbseasons. The concentration of
several species increased in one season but dedraaanother. However, their annual
concentration still decreased from year 2005 to62(QD,2,3-trimethylbenzene, 1,2,4-
trimethylbenzene, 1,3,5-trimethylbenzene, 2-ethyéine) or didn’'t change between the
two years (2-methylheptane, 2-methylpentane, cyxahe, cyclopentane, and iso-

propylbenzene).
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4.2 CMB Source Apportionment Results

421 Performance Measures

According to the CMB Protocol, the PAMS speciesuticaccount for 80% or
more of the ambient NMHC in urban areas (Watsoal.et2004), to be high enough to
represent the total NMHC species. In this studg, rdnge of the percentage of PAMS
species among all NMHC species was 82%to 98% in 3@@6, and the mean value was
95%. Thus, the concentrations of the 55 PAMS specielld represent that of the total

NMHC species concentration.

Samples with performance measures out of rangdisiesl as Tables 4.3 and
Table 4.4. For winter output, Chi-Square of 13 skesmvas greater than 4; there were 2
samples with Mass percent greater than 120%; Rreqi& samples is out of range (0.8-
1). For summer output, only one sample was fourtd @hi-Square greater than 4; all 45

samples were found with mass percent lower thafal2dd higher than 80%.

Table 4.3 Number of performance measures out @eramwinter 2006 out of 47 sites

SCE<O | Tstat <2 | Tstat <1.5 | Tstat <1
Tu_MchHD 0 0 0 0
Exh_Linl 0 7 2 0
WA LIQ 18 a7 46 43
WA VAP 0 0 0 0
CNG 0 0 0 0
LPG 0 5 3 2
Ind_Ref 0 1 0 0
Coke Ovn 0 1 0 0
Arc_Coat 0 17 3 1
Biogenic 0 29 3 1

100



Table 4.4 Number of performance measures out @eramsummer 2006 out of 45 sites

SCE<Q | Tstat <2 | Tstat<1.5 | Tstat <1
Tu_MchHD |0 0 0 0
Exh_Linl 0 8 3 2
WA LIQ 4 36 33 28
WA VAP 0 1 0 0
CNG 0 0 0 0
LPG 0 9 3 1
Ind_Ref 0 2 1 1
Coke Ovn 5 44 33 19
Arc_Coat 0 24 4 1
Biogenic 0 0 0 0

There were 18 out of 47 and 4 out of 45 sampled wiggative source
contribution from Liquid Gasoline in winter and son@r, respectively. There were 18 out
of 45 samples with negative source contributioosfiCoke Oven in summer 2006. The
negative contributions of Liquid Gasoline indicatbdt it may have collinearity with the
other sources. Liquid Gasoline was also observeld 48 out of 47; and 28 out of 45
samples with Tstat values less than one in wimtidrsssammer, respectively. There were 5
out of 45 samples with Tstat values of Coke Ovess lhan one. The majority of Tstat
lower than one indicated that most of the contrdyuestimates outputs were not reliable
because their uncertainties were even higher tharsource contribution values. CMB
model overestimated summer ambient concentration Rercent Mass (%) of 45 over

120%. CMB outputs are listed in Appendix F.
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4.2.2 Comparison of Source Apportionment Results from Different Seasons and

Years

The source contribution estimates and the soupogribution mass percentage
results for winter and summer in both years arevehim Table 4.5. The average source
contributions ig/m°) and their mass percentage were calculated. Tieeljséed in Table

4.5.

Table 4.5 Source contribution estimates and peagenfor year 2005 and 2006

(a) Year 2005 source contribution estimates (g/m

Source Summer Winter
. cV . cV

Mean| Median| SD (%) Mean| Median| SD (%) S/W
Diesdl 51 | 3.3 6.6| 130.82.0 | 1.4 21| 107.225
Exhaust
Gasoline 07 |95 42| 439| 82| 57 84 102.9.2
Exhaust
Liquid 20 |11 27| 139618 |13 16| 939| 1.1
Gasoline
Gasoline 98 |85 57| 57.7| 62| 5.0 43 705 1
Vapour
Commercial &
Notural Gas | 43| 42 1.6| 36.6| 103 9.0 4% 435 04
Liquefied
Petroleum |25 | 2.4 1.0| 394 21| 18 12 578 1P
Gas
Industrial | 5 ;| 55 23| 421| 74| 54 65 8858 0F
Refinery
CokeOven |12 | 1.2 0.7] 549] 24| 20 14 s58F o0
Architectural | ;- | g 42| 543 37| 33 22 578 24
Coatings
Biogenic 05 |03 05| 88.0| 0.0/| 0.0 0.0 958 13.1
Emissions
All vehicles | 26.5 | 24.2 113424 | 181 | 144 | 131724 | 15
Total
calculated 48.2 44.0 1.1
mean
Annual
calculated 46.1
mean

102



(b) Year 2006 source contribution estimate (|fy/m

Source Summer Winter
. cV . cV

Mean| Median| SD (%) Mean| Median| SD (%) S/IW
Diesdl 61 |54 31| 506! 21| 1.9 08 355 2.
Exhaust
Gasoline 66 | 6.4 25| 377 51| 48 20 416 1.
Exhaust
Liquid 25 | 1.2 29| 1154 05| 02 10 20449
Gasoline
Gasoline 83 |71 39| 470| 50| 49 18 352 1.
Vapour
Commercial
Notural Ges | 34 | 33 08| 226| 54| 53 00 16.8 O.
Liquefied
Petroleum | 2.0 | 1.3 33| 1620 20| 21 0.8 395 1.
Gas
Industrial | 55 | 4 g 31| 56.3| 54| 52 17 307 1.
Refinery
CokeOven |08 | 0.7 06| 685| 1.7 | 1.7 0B 194 o.
Architectural | o o | 4 g 33| 59.8| 33| 31 16 48D 1.
Coatings
Biogenic 05 |04 04| 754| 00| 00 00 208 17.
Emissions
All vehicles | 235 | 21.0 | 82| 347 127 125| 4l1 3206 1
Total
calculated 41.2 30.5 14
mean
Annual
calculated 35.8
mean
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(c) Year 2005 mass percentage estimate (%)

Source Summer Winter

Mean| Median SD cv Mean| Median| SD cv S/IW

(%) (%)

Diesdl 101 | 7.7 03 923| 44| 38 2l6 588 2.
Exhaust
Gasoline 202 | 221 6.2 30.8 173 166| 41 237 1
Exhaust
Liquid 40 |23 4.9 122444 |43 35 79.9| 1.0
Gasoline
Gasoline 19.8 | 195 59 209/ 137 129| 35 25/6 1
Vapour
Commercial |9, | gg 20 323| 247 254 | 45 188 O
Natural Gas
Liquefied
Petroleum 54 | 5.4 1.8 341| 49| 45 18 372 1.
Gas
Industrial 11.7 | 11.5 40 34.4| 161 157 34 2111 0
Refinery
CokeOven |27 | 28 12| 450 56| 56 11 202 o.
Architectural | 159 | 155 | 5d 316 89| 91 31 348 1.
Coatings
Biogenic 11 |08 09 844 01| 01 olo 37.1 13.
Emissions
All vehicles |54.2 | 530 | 6.d 11.1| 39.7 382 | 47 117 1
Total
Caloulated 100.0 100.(
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(d) Year 2006 mass percentage estimate (%)

Source Summer Winter
. cV . cV

Mean | Median SD (%) Mean | Median| SD (%) S/IW
Diesdl 149 | 141 | 46 31.d 71| 68 22 307 21
Exhaust
Gasoline 166 | 168 | 53 319 16.2| 16.3 37 228 10
Exhaust
Liquid 56 |35 55 989 16 | 04 26 166/7 35
Gasoline
Gasoline 201 | 203 | 53 262 16.2| 156 39 240 12
Vapour
Commercial | g g 8.6 2.6/ 289 180| 181 216 147 05
Natural Gas
Liquefied
Petroleum 44 |38 38| 867 68 | 6.4 26 384 OF
Gas
Industrial 13.2 | 131 35 269 17.8/ 17.8 314 189 0|7
Refinery
Coke Oven 2.2 2.1 15 67.0 56 | 56 10 184 oh
Architectural | 457 | 955 | 38 208 106 105| 36 338 1[2
Coatings
Biogenic 14 | 1.0 13 939 01| 01 00 17.1 143
Emissions
All vehicles |57.2 | 569 | 6.8 12.d 410 410| 50 122 14
Total
coloulated 100.0 100.0
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There were similarities in the same seasons ofyears, and also both years. The

discussion of the results is listed in Table 4.6.

Table 4.6 Discussion of the source contributiossilis for winter and summer in both
years

Year 2005 Year 2006

Gasoline Exhaust and Gasoline Vapour | Gasoline Exhaust, Gasoline Vapour,
were the common dominant emission and Industrial Refinery were the
contributors in both seasons (20.2%, common dominant emission

19.8 % respectively in summer, and contributors in both seasons (16.6%,
17.3 %, 13.7 % respectively in winter). | 20.1% and 13.2% respectively in
summer, and 16.2%, 16.2% and 17.8%
respectively in winter).

Architectural Coatings (15.8%) was Diesel Exhaust (14.9%) and
another main emission source in summef,Architectural Coatings (12.7%) were
and Commercial Natural Gas (24.7%) andanother two main contributors in
Industrial Refinery (16.1%) were the summer; Commercial Natural Gas
dominant contributors other than Gasoling(18.0%) was another dominant
Exhaust and Gasoline Vapour in winter. | contributor in winter.

The percentage mass of Commercial The percentage mass of Commercial
Natural Gas, Industrial Refinery and CokgNatural Gas, Liquefied Petroleum Gas,
Oven in winter were higher than the ones Industrial Refinery and Coke Oven in
summer. winter were higher than the ones in
summer.

In summer, over half of the emission came&same as 2005
from all vehicles (54.2%), while in winter,
less than half of emission came from them
(39.7%).
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According to Table 4.6, Gasoline Exhaust, Gasollapour, Commercial Natural
Gas and Industrial Refinery were the biggest VOQ4ters in winter of both two years.
Over half of the VOCs concentration was attribuieall vehicles in summer (54% and
57% for year 2005 and 2006, respectively), whilevinter, less than half of emission
came from them for both two years (38% and 41%Yyé&ar 2005 and 2006, respectively).
The percentage mass of Commercial Natural GasstnduRefinery and Coke Oven in
winter were higher than the ones in summer for beth years. Gasoline Exhaust,
Gasoline Vapour and Architectural Coatings wererttaan emission sources in summer
in both two years. Diesel Exhaust and Architect@ahtings were other two big emitters
in summer for year of 2006. The much anticipatedydacontributions from diesel
Exhaust did not show in the results. This coulddbe to the lack of measurements and

source profile of PAHs and Sulfur Dioxide, the gpsanarkers of Diesel Exhaust.

4.2.3 Spatial Trends of the Source Contribution

The spatial trends of total measured VOC conceaatrst source contribution of
All Vehicle, Industrial Refinery, Architectural Cwags, Liquid Petroleum Gas, and
Biogenic Emission in winter and summer of each @2 and 2006 were generated by

using ArcGIS 10.1 software (ESRI Canada, 2014).r€kalts are shown in Figure 4.1.
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Windsor, ON Winter 2005 - Industrial Refinery N
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Windsor, ON Winter 2005 - Architectural Coatings
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Figure 4.1 Source contribution spatial maps in @005



The maps of winter 2005 reveal spatial distributmnsource contribution of

sources. They are:

e The spatial trend of the total measured ambient \@ORcentrations was similar with
that of All vehicle. The high concentration was @bed near the northern part of
Huron Church Road.

The concentration of VOC emitted from All vehicldsdustrial Refinery, and the
Commercial Natural Gas was high near the northarb gf Huron Church Road. This
could be caused by heavy traffic on the Huron Ciniroad.

The concentration of Commercial Natural Gas wah mghe western Windsor regions
and along Riverside Drive. This could be causedti®y VOC emission from the
industries in Detroit.

The concentration in the southern part of Windsas Wow with the exceptions of Site
27 near the southern Huron Church Road, and Siteeaf the middle section of E.C.
Expressway of Commercial Natural Gas, Site 27 tleasouthern Huron Church Road,
and Site 29 near the middle of the 401 Highway mf#ectural Coatings.

The correlation results showed that total measM®@s was correlated with all the
other 11 sources with the exception of Liquid Gemol(r= 0.112; p= 0.454). All
vehicle was correlated with Diesel Exhaust (r= 9;59= 0), Gasoline Exhaust (r=
0.926), and Gasoline Vapour (r= 0.900; p= 0), dhdther 6 sources (r=0.478 to 0.804;
p=0.001) other than vehicle-related sources. Amihreg 15 pairs of the six sources
other than vehicle-related sources, 14 pairs wenelkated. Architectural Coatings and

Biogenic Emission were not related, with the caggint of 0.243 and p value of 0.1.
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Windsor, ON Summer 2005 - Total measured VOC concentrations «
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Figure 4.2 Source contribution maps in summer 2005
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The maps of summer 2005 reveal spatial distributbisource contribution of

sources. They are:

e The spatial trend of the total measured ambient \@ORcentrations was similar with
that of All vehicle. The high concentration was @bed near the northern part of
Huron Church Road. There were slight differencesveen the trend of total VOC
concentrations and the vehicle in summer 2005. higk total VOC concentration at
site 40 near E.C. Row Expressway was not reflegtethe one of model calculated
vehicle-related. This may due to the model onlylaxed 37.1% of the concentration
at this site. Model overestimated the concentragiosite 10 and site 14, leading the hot
spots at northeastern corner of Windsor.

¢ High concentration was observed near the northarhgé Huron Church Road for All
vehicles, Industrial Refinery, and the CommerciatiMal Gas.

e The high concentration at site 14 and site 10 enrtbrtheastern area of Windsor were
caused by the model overestimate.

e The concentration in the southern part of Windsas fow with the exceptions of Site
12 and Site 32 near the E.C. Expressway of Indugtefinery; and Site 12 near the
intersection of Huron Church Road and E.C. Expragsef Commercial Natural Gas.
The low concentration was due to that there is mleds residents, commercial
activities or industries. The airport is also l@zhtn this area.

e The correlation results showed that total measiwé&fts was correlated with All
vehicle (r= 0.736; p=0), Gasoline Vapour (r= 0.6p%0), and Architectural Coatings
(r= 0.551; p=0) with moderate correlation coeffite The correlations of total

measured VOCs with Gasoline Exhaust (r= 0.481; @3D. and Commercial Natural
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Gas (r= 0.334; p=0.023) were weak. . Diesel Exhaugjuid Gasoline, Liquid
Petroleum Gas, Industrial Refinery, Coke Oven, &mogenic Emission were not
correlated with total measured VOCs. All vehiclesvg#rongly correlated with Gasoline
Vapour (0.874), moderately correlated with Gasolx@aust (0.575) and Architectural
Coatings (r= 0.781; p= 0), Liquid Petroleum Gas @324; P= 0.028); weakly with
Commercial Natural Gas (r=0.429; p=0.003). ,. Amamg six sources other than the
vehicle-related sources, Industrial Refinery wagetated with Liquid Petroleum Gas
(r= 0.366; p= 0.012), and Coke Oven (r= 0.298; p348). Commercial Natural Gas
was correlated with Coke Oven (r= 0.369; p= 0.05B2y Architectural Coatings (r=
0.378; p= 0.01). Architectural Coatings was cotedlawith Liquid Petroleum Gas (r=

0.335; p=0.023). However, all of them were weak.
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Windsor, ON Winter 2006 - Commercial Natural Gas N
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Windsor, ON Winter 2006 - Liquid Petroleum Gas
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Figure 4.3 Source contribution maps in winter 2006

The maps of winter 2006 reveal spatial distributmnsource contribution of

sources. They are:

e ient VOC concentrations was similar with that ot ®»&hicle. The high concentration
was observed near the northern part of Huron Chidozd.

e The concentration of VOC emitted from All vehiclmdustrial Refinery, and the
Commercial Natural Gas was high near the northarbhgf Huron Church Road. This

could be caused by heavy traffic on the Huron ChlRoad. The concentration of

Commercial Natural Gas was also high.

e There was hot spot at site 18 near the east seati&nC. Expressway of All Vehicle.

This could be caused by the traffic associated wignsportation of goods and
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employees of Ford Essex Engine Plant. The high exunation was shown in the
southeastern part of Windsor (at the airport),@ltih no measurement was taken at the
airport. This was because by using Inverse Distaleghted Interpolation method,
the software predicts the concentration with thesneements at the neighbors of the
predicted site. The high concentration measuresit@atl8 gave the great influence on
the prediction of the southeastern area.

The concentration in the southern part of Windsas vow with the exceptions of Site
5 near the E.C. Expressway of Industrial refinerg Architectural Coatings. The low
concentration was due to that there is much lesglerts, commercial activities or
industries. The airport is also located in thisaafEhe high concentration of those sites
was caused by model overestimation.

The correlation results showed that total measuoetentration were correlated with
all sources with the exception of Liquid Petrole@as (r= 0.217; p= 0.139). All
vehicle was related with all four vehicle-relatedisces and all the other 6 sources with
the exception of Liquid Petroleum Gas (r= 0.128;008386). Among the 15 pairs of the
six other than vehicle-related sources, 10 pairsewelated. The relation observed
between Industrial Refinery and Coke Oven (r= 0;2850.049) was weak. There was
no relations between Commercial Natural Gas andidi¢etroleum Gas (r= 0.21; p=
0.15), Liquid Petroleum Gas and Industrial Refindf/218; p= 0.137), Liquid
Petroleum Gas and Coke (r= 0.204; p= 0.164), Lidqettoleum Gas and Architectural
Coatings (r= -0.212; p= 0.148), or Liquid Petrole@as and Biogenic Emission (r= -

0.066; p= 0.655).
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Windsor, ON Summer 2006 - Industrial Refinery

N
WJ%E
Concentration (ug/m3) s
S
BNO.15-2.1 &\@;&
B21-36 _'a@x?\\\\‘ﬁ&
— _ RN L Al S
S e e (S0, VR ‘\\\\ i
P R U Sy, TR R
7 PR ‘\_\\“\\“=\\ AR :
7.8-98 \\?“::%\‘\\\{{\‘\\‘{\\Q\;\\‘\‘;}k&; T ““\\‘\‘\3{\&\}‘%\}{\‘\ D AR
9.8-13 &, MR TR e LT B
13- 16 \\‘3‘3%:{\\}\1&\‘\‘%\ T
16 - 21 N :

T
LR \\\};,,“\‘&
IR R el S,
DR\ o
S,

Ty )
l.-\\‘\‘“‘-"i\”s’t\\\ TR
o 3 T
R SRR
!.’4’9‘3\, R g
2 ol

7 &\‘\

A
L e T
e R
Sy A % &
“:\‘\‘\%\\\\%\\'\\}\}.\)‘{‘\:\‘E =

ik qut

R

0 1

A
s
A &\\\

—:2_4*(ilometers
Windsor, ON Summer 2006 - Commercial Natural Gas N
W#E

Concentration (ug/m3) s
Hl25-31 {.\‘“
BEl3.1-35 ‘“‘___ﬁﬁﬁ\\ =
— TR

=G, 5 R . o N Vi o y

41-45 e ‘\‘3%\\{& R Y

45-49 B R S

49-55 & ChTcRe R R

T

55-62 SR e
Elc2-72 T TR e
7264 o TR e N

L= 3 ..‘{\{\ 3 7

SR
N \\ \\‘,’a—a\ o
""’?”,
LA

.
ey
el
\\\\ ‘¥‘§

5 i
\\\\ské\‘a\\\\w-\

_:_4Kilom eters

122



\Windsor, ON Summer 2006 - Architectural Coatings N

Concentration (ug/m3) s
El23-38
Bl3s-48
N48-55
55-59
59-66
66-76
7.6 -9.1
91-1 3
— >

|0
A = i
iy e
e \\\‘\‘\\\\\\\‘\\\\\\’6‘}“_\
ey ol
\\\\‘\\\ W
\\\ 5 %\\\ 5
AN
S R
el

0 1 2

— —KilOM eters

Windsor, ON Summer 2006 - Biogenic Emissions N
e
Concentration (ug/m3) S

Hl0.21-0.28

A Tl
o028 -0.32 R é&\‘\‘{\‘{\‘:‘\‘%ﬂ =
B032-035 A e
A A
0.35-0.39 e SR
0.39-0.46 S S & F
o o e R
0.46 — 0.57 SR e s N
0.57-0.75 AR < "“"“\‘{\‘\\\‘}%‘?‘g‘:‘\‘{?’»' il i
i . A i \\\\“—,!‘ ﬁ‘ A + 3 i

AT B e ‘}s‘s\“\““ SR

g
e R
(AT W
g’ ) il

A
AN R
U Nl
S
w

4Kilom eters

Figure 4.4 Source contribution maps in summer 2006
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The maps of summer 2006 reveal spatial distributbisource contribution of

sources. They are:

* The spatial trend of the total measured ambient \@@Gcentrations was similar with
All Vehicle. The high concentration was observedhie surrounding areas of Windsor
Engine Plant, and the Chrysler Canada-Windsor AbBeRlant for both All vehicle
and Architectural Coatings. The reason of the ahiele could be the result of the
traffic associated with the transportations of go@thd employees. The similar high
concentration patterns of Architectural Coatingsildobe due to the automotive
paintings.

e The concentration in the southern part of Windsasvow as there is much less
residents, commercial activities or industries. @hport is also located in this area.

e The correlation results showed that total meascmeaentration was related with all
the other 11 sources with the exception of CommakNatural Gas (r= 0.209; p= 0.164)
and Coke Oven (r= -0.081; p= 0.593). All vehicleswalated with all four vehicle-
related sources, and Architectural Coatings (r850; p= 0), although the correlation
was weak. Liquid Petroleum Gas was moderately @ae@ with Industrial Refinery
(r= 0.675; p= 0), and weakly with Arch (r= 0.464; f.001). Industrial Refinery was
weakly correlated with Architectural Coatings (r429; p= 0.003).

The spatial trend of the total measured ambient \@OQcentrations was similar
with All Vehicle for winter and summer 2005 and BOGor winter and summer 2005 and
winter 2006, the high concentration was observexd tiee northern part of Huron Church
Road. For summer 2006, the high concentration wasrged in the surrounding areas of

Windsor Engine Plant, and the Chrysler Canada-Véindssembly Plant. Total measured
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VOCs concentration was correlated with All vehifdeall four seasons.

High concentration was observed near the northarb gf Huron Church Road
for All vehicles, Industrial Refinery, and the Cormaroial Natural Gas for winter and
summer 2005, and winter 2006. This could be caulmetieavy traffic on the Huron
Church Road. The high concentration of Industryif@efy may due to the Industrial
sources on the other side of Detroit River. TheV&hicle was related with Commercial
Natural Gas and Industrial Refinery in winter anchsner 2005 and winter 2006 with the
exception of Industrial Refinery in summer 2005. swmmer 2006, the high
concentration was observed in the surrounding avédindsor Engine Plant, and the
Chrysler Canada-Windsor Assembly Plant for both X#hicle and Architectural
Coatings. The high vehicle concentration could desed by the traffic associated with
the transportations of goods and employees. Thdasifmgh concentration patterns of
Architectural Coatings could be due to the autowmsopaintings in the Windsor Engine

Plant and Chrysler Canada-Windsor Assembly Plant.

The overall concentration in the southern part ahd¥or was low. The low
concentration was due to that there is much lesglents, commercial activities or

industries. The airport is also located in thisaare

For the Biogenic Emission in summer 2005 and 200@h concentration was
observed in southwestern area of Windsor. Regiowinfdsor, Ontario on the Google
Map and Goolge Earth indicates that the trees weremost concentrated in this area
compared to the others. Also, the Ojibway Prainavincial Nature Reserve is located in

the southwestern Windsor. The deciduous trees tyensi higher compared with
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elsewhere of Windsor. The concentration of middkaaof Windsor was observed high
with the exception of the north middle in summef20The concentration was not as
high as that of in southwestern area. The reasontid concentration was not high in

this area for year 2005 was still unclear.

The low concentration was observed on in southeasti®ng with the eastern
part of Windsor. It is because there was much tesss than anywhere else. The
concentration along the west end of the city wah hihowever, the density of trees was
very low, this may due to that there were limitedoaint of measurement sites nearby.
The Inverse Distance Squared Weighted Interpolatias applied in this study. The
prediction was influenced by the measurements @& s#urroundings. Thus, the
concentration in the west end of the city wouldsimilar as that of the nearest area,
northwestern and southwestern areas.The concentr@tiiquid Petroleum Gas was high
near the northern part of Huron Church Road fortevinof both 2005 and 2006. In winter
2005, the concentration decreased from westerntareastern area. The total measured
VOCs concentration and All Vehicle were both catetl with Liquid Petroleum Gas. In
winter 2005, the high concentration was observe@astern area. The area with the
lowest concentration was middle part of Windsoriting the total measured VOCs

concentration nor All Vehicle were correlated wlilquid Petroleum Gas.
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4.3 PMF Sour ce Apportionment Results
4.3.1 Performance measures

The scaled residuals of all species in both wiated summer 2006 were in the
range of -3 and 3, indicating that the model repoed the measurements of every
species in each sample well. The range of the Quét) among all 20 runs for winter was
84.2 to 85.5 with the difference of 1.6%. In sumntiee range was 226.5 to 226.7 with a
change of 0.08%, indicating a stable performante Best runs of PMF model outputs

for both winter and summer 2006 are listed in Agjpers.

4.3.2 PMF factor profilesinterpretations

The 56 species were classified into six groups. gpexies classification is listed
in Table 3.9 in Chapter 3. The sum percentage cif ggoup in winter 2006 is listed in

Table 4.7, followed by the source identificatiosuks.
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Table 4.7 Sum percentage of six classes in eachf@tér for winter 2006

Factor

aromatics isoalkanesg

lisoalkanes;

aromatics|
(larger
one)*100%

alkene

alkane

isopreneg

cycloalkane

Factor 1
Liquid
Gasoline

24.9

30.4

18.1

7.1

35.2

0.1

0.9

Factor 2
Gasoline
Exhaust

17.1

13.1

-23.4

12.5

55.3

0.2

1.8

Factor 3
Architectural
Coatings

49.9

9.9

-80.2

3.4

35.7

11

Factor 4
Gasoline
Exhaust

40

21.5

-46.3

6.2

21.1

0.2

1.8

Factor 5
Gasoline
Vapour

16.7

21.6

22.7

2.7

58.3

0.1

0.6

Factor 6
Adhesive &
Sealant
Coatings

32.9

-84.8

9.9

45.5

0.2

0.8

Factor 7
Industrial
Refinery

4.9

23.3

79.0

9.9

56.9

0.1

0.7

Factor 8
Liquid
Petroleum
Gas

20.7

9.4

-54.6

10.4

54.2

0.1

1.2

Factor 9
Diesel
Exhaust

7.7

20.6

62.6

2.3

67.8

15

Factor 10
Coke Oven

27.5

8.8

-68.0

11.2

43.5

0.1

0.6

Factor 11

Undetermined

18.4

25

26.4

1.6

49.4

4.5

Factor 12
Gasoline
Exhaust

16.4

18.1

9.4

15.6

38

0.1

Factor 13
Commercial
Natural Gas

6.9

9.8

29.6

10.8

63.7

0.7
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The source identification was done from Gasolirlateel sources to the other
sources. Thus, the source with percentage of ianakkand aromatics being top one and
two or two and three were identified. The most alaunt compound class was alkanes in
all 13 factors with the exception of Factor 3 anacter 4. In Factor 3, aromatics
accounted for 49.9% of the total concentrationjofeéd by alkanes (35.7%) and
isoalkanes (9.9%). However, the percentage of aiosnautweighed that of isoalkanes

80%. Thus, Gasoline Exhaust was ruled out for Fa&to

Factor 4 was identified as Gasoline Exhaust at@uand acetylene accounted
for 16.8% and 9.3% of total concentration, respetyj according to the studies of
Harley and Kean (2004), Wang et al. (2013), Yuanle{2009), Song et al. (2008), and
Templer (2007). Although the differences betwe@alisanes and aromatics were nearly
50%, Factor 4 was still identified as Gasoline ExdtaThis is because Factor 4 was not
Architectural Coatings. N&iso-pentane (12.1% anf%8). were the dominant species
other than aromatics. N&iso-pentane are speciekarmafor Gasoline Exhaust (Harley
and Kean, 2004; Song et al., 2008; Yuan et al.9208mpler, 2007; Wang et al., 2013),
Gasoline Vapour (Harley and Kean, 2004; Morino let 2011; Templer, 2007), and
Liquid Gasoline (Song et al., 2008; Yuan et alQ20Templer, 2007). However, Factor 4
was not Gasoline Vapour or Liquid Gasoline as teecgntage of aromatics (40%)
outweighs the isoalkanes (21.5%). Factor 4 wadnthistrial Refinery, as there is large
proportion of butane and né&iso-pentane account Higher portion than toluene in
Industrial Refinery, according to the studies of &aal. (2010) and Templer (2007). Thus,

Factor 4 was identified as Gasoline Exhaust.
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Among all 13 factors, the percentage differenceswéen aromatics and
isopentane of Factor 1, 2, 5, 11, 12, and 13 wese than 30%. According to Harley and

Kean (2004), they could be Gasoline Exhaust, Diegbhust, or Liquid Gasoline.

There were more aromatics than isopentane in Factbv.1% aromatics; 13.1%
isopentane). Gasoline Exhaust species markerseettyyand xylene accounted for 7%
and 4.9% of total concentration, respectively. Adany to studies of Harley and Kean
(2004), Wang et al. (2013); Yuan et al. (2009); gen al. (2008) and Templer (2007),
ethylene and xylene are species markers for Gasdixhaust. Thus, Factor 2 was
identified as Gasoline Exhaust, although Factora$ wdentified as Gasoline Exhaust.
Factor 4 is not Commercial Natural Gas althougramthaccounted for 22.1% of the
profile. This is because Factor 4 is not the peofibnsists of most ethane among all
profiles. Factor 4 is not Industry Refinery althbulpe percentage of butane was high
(19.2%). This is because another species markesaéntane (Cai et al., 2010; Chan et
al., 2011; Templer, 2007) for Industry Refinerymut have high percentage in Factor 4.

Thus, Factor 4 was identified as Industry Refinery.

The differences between the percentage of isoatkamel aromatics were less
than 30% in Factor 11 (26.4%) and Factor 12 (9.4Baktor 11 consisted of 23.5%
hexane. There was 87.6% of the hexane apportian€ddtor 11. Therefore, there could
be large uncertainty of Factor 11. Therefore, Fadtb was undetermined. Factor 12
included 15.6% alkene; and species markers ethy(@2e5%), ethane (18%), and
acetylene (5.7%). Thus, Factor 12 was identifiebasoline Exhaust. Although Factor 2
was identified as Gasoline Exhaust, Factor 12 westified as another Gasoline Exhaust.

It was not Industrial Refinery as it was not rich n&iso-butane or n&iso-pentane.
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Species n&iso-butane and n&iso-pentane are spe@esers for Industrial Refinery (Cai
et al., 2010; Chan et al., 2011; Templer, 2007¢tdfal2 was not Commercial Natural
Gas either, although it contains 18% ethane, spaecakers for Commercial Natural Gas.
This is because ethane accounts for 35% or moxgommercial Natural Gas profile
(Song et al., 2008; Templer, 2007). Thus, Factowa2 considered as Gasoline Exhaust
in spite of the amount of aromatics (16.4%) waghdly lower than that of isopentane

(18.1%).

Isoalkanes are the most abundant species clasgeaswline Vapour and Liquid
Gasoline (Harley and Kean, 2004). None of factarsorsg 1, 5 or 13 consisted of
isoalkanes as the top one species class. Factod Factor 5 consisted of the highest
amount of isopentane (11.2%; 11.6%) among the X3oFa According to studies of
Morino et al. (2011); Templer (2007) and Harley dtelan (2004), Gasoline Vapour
consists of less aromatics than Liquid Gasolinem@ared with Factor 1, Factor 5
contained less aromatics, thus, Factor 5 was fiehtas Gasoline Vapour. Factor 1
contained 30.4% and 24.9% isoalkanes and aromaéispectively. It was identified as

Liquid Gasoline.

Species markers for Diesel Exhaust, decane andcandeaccounted for the
highest amount of total concentration in FactoR®%; 1.6%) among all factors. The
proportion of alkanes (67.8%) was the highest anahtihe profiles; and the percentage
of aromatics (7.7%) was the second lowest amonghall profiles. There was also
significant amount of ethane (15.9%) and n&iso-pent(18.2%) in Factor 9. According
to the studies of Lam et al. (2013); Yuan et &00@) and Song et al. (2008), Factor 9 was

Diesel Exhaust.
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Factor 3 consisted of 46.1% toluene. Accordingttidies of Cai et al. (2010) and
Lam et al. (2013), Factor 3 was identified as Atettural Coatings dominated aromatics.
Factor 13 was considered to be Commercial Natuasl & it consisted of 27.2% ethane,
followed by lower amount of propane (26.7%), acng (7.9%), and ethylene (7.9%).
Factor 6 consisted of 17.7% m and p-xylene, folldky 14.1% hexane. According to

studies of Lam et al. (2013), Factor 6 was AdheSigalant Coating.

Factor 8 was identified as Liquid Petroleum Gas(Set al., 2008; Morino et al.,
2011; Yuan et al.,, 2009; Templer, 2007) as propaceounted for 18.7% of total
concentration, followed by 12.1% butane. Factor & wndustrial Refinery becuase
butane and né&isopentane accounted for large amoutit 21.6% and 17.9%,
respectively. There was also lower amount of beeZ8r5%) in Factor 7. Thus, Factor 7
was identified as Industrial Refinery. Factor 10sveansidered as Coke Oven because it
consisted of 23.1% ethane, 18.5% toluene, 12.4%nkut8.6% ethylene and 8.4%

acetylene, which are the species markers of ColenOv

For summer 2006, the species were also classifiaal Six groups. The sum
percentage of each group of winter 2006 is listedable 4.8, followed by the source

identification results.
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Table 4.8 Sum percentage of six classes in eachf@Mér for summer 2006

Factor

aromatics

D

isoalkane

s Jisoalkan
aromatics|/
(larger
one)*100%

easlkene

alkane

isoprene

cyclog
kane

al

Factor 1
Liquid
Gasoline

19.1

29.9

36.1

7.9

30.9

2.2

Factor 2
Coke Oven

36.2

14.6

-59.7

7.6

25.6

Factor 3
Commercia
| Natural
Gas

22

7.9

-64.1

17.2

35.8

55

1.8

Factor 4
Liquid
Petroleum
Gas

8.7

9.1

4.4

6.3

63.3

2.9

Factor 5
Gasoline
Exhaust

28.2

17.9

-36.5

5.6

38.6

Factor 6
Biogenic
Emission

27.3

17.1

-37.4

23.9

13.3

2.2

Factor 7
Industrial
Refinery

28

20.5

-26.8

2.8

43.1

0.9

0.5

Factor 8
Gasoline
Vapour

20.5

34.6

40.8

2.2

34.2

2.9

Factor 9
Diesel
Exhaust

34.6

19.5

-43.6

2.2

36.2

Factor 10
Gasoline
Exhaust

32.6

28.7

-12.0

4.1

26.6

0.1

Factor 11
Architectur
al Coatings

66.3

17.7

-73.3

1.7

7.2

2.9

Factor 12
Gasoline
Vapour

10.8

32.9

67.2

32.8

2.8

2.8

Factor 13
Adhesive
and Sealant
Coatings

41.3

25.8

-37.5

5.8

22.4

3.7
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Among the profiles of summer 2006, Factor 10, Tt} &3 consisted of aromatics
and isopentane as the most abundant species. Tfaeedces between the per cent of
aromatics and isopentane in Factor 11 and 13 erde&@P. The amount of aromatics in
Factor 10 was 32.6%, slightly higher than isopeat@8.7%). According to Harley and
Kean (2004), Gasoline Exhaust consists of highepgntion of aromatics compared to
isoalkanes. Thus, Factor 10 could be Gasoline Esthdinere were 11.1% isopentane,
8.4% m and p-xylene, and 5.2% toluene in FactorAt@ording to Song et al. (2008),
Yuan et al., (2009), and Templer (2007), isopentameand p-xylene, and toluene are
species markers of Gasoline Exhaust profile. TRastor 10 was identified as Gasoline

Exhaust.

Toluene and m and p-xylene accounted for significamount of total
concentration of Factor 11 with 35.1% and 14.3%peetively. The aromatics species
accounted for 66.3% of total concentration of Fatth According to studies of Cai et al.,
(2010), Lam et al. (2013), aromatics are the legpdipecies in Architectural Coatings
profile. Thus, Factor 11 was considered as Architet Coatings. Factor 13 consisted of
significant amount of aromatics including 12.9%utgle, 9.1% xylene, and also 10.6%
hexane, which are typical compounds emitted frorheésive and Sealant Coatings (Lam

et al., 2013). Thus, Factor 13 was identified abesive and Sealant Coatings.

Factor 8 and 12 were both dominated by isoalkanégspercentage of 34.6% and
32.9%, respectively. Isopentane in both Factord@Factor 12 took 22.2% and 16.3% of
total concentration, indicating that Factor 8 ar&dcbuld both being Gasoline Vapour.
Factor 12 consisted of low amount of aromatics§%), indicating that Factor 12 was

Gasoline Vapour. Factor 8 was identified as GasoVapour although Factor 12 was
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Gasoline Vapour. Factor 8 was not Gasoline Exhasstpecies markers including
ethylene or acetylene was not rich in this profffactor 8 was not liquid Gasoline
because the difference between the aromatics aatkanes (40.8%) was much higher

than 30%. Thus, Factor 8 was identified as GasMagaour.

Decane and undecane were most abundant in Facteith94% and 3.8%,
respectively among all factors. The amount of atorag34.6%) was higher than that of
isoalkanes (19.5%). According to studies of Lamale{2013); Yuan et al. (2009); Song
et al. (2008), decane and undecane are specieemarkDiesel Exhaust profile. Thus,
Factor 9 was Diesel Exhaust. Ethane was most abtisgacies in Factor 3 with 28.5%
of total concentration, followed by lower amount ather species with less than 10%
including m, p-xylene (8.5%), and acetylene (5.4%)us, Factor 3 was Commercial

Natural Gas.

Factor 4 was dominated by propane with 44.2% afl ttbncentration, indicating
that Factor 4 being Liquid Petroleum Gas. Factarofisists of significant amount of
isoprene (13.3%). Hence, it was Biogenic Emissibactor 1 consisted of 29.9%
isoalkanes, followed by 19.1% aromatics. Thus, ¢fatt was Liquid Gasoline. There
were 17.9% isopentane, followed by 13.6% toluend-actor 1. Thus, Factor 1 was

identified as Liquid Gasoline.

Factor 7 was considered as Industrial Refineryt asntained arge proportion of
isobutene (11.9%) and isopentane (7.2%), followetbiver amount of toluene (11.9%),
and m and p-xylene (8.9%). According to studie€af et al. (2010), Song et al. (2008),

Chan et al. (2011), and Templer (2007), n&iso-beatand isopentane are the leading
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spicies in Industrial Refinery. Factor 2 was rich b,2,4-trimethylbenzene (11.1%),
followed by ethane (9.7%), isopentane (8.0%), amdre (4.4%). Both ethane and 1,2,4-
trimethylbenzene were considered as species maike@oke Oven emission (US EPA,

2013; U.S. Government, 2011). Thus, Factor 2 wastified as Coke Oven.

Factor 5 was Gasoline Exhaust (Harley and Kean4R@8 aromatics (28.2%)
accounted for higher proportion compared with isdgee (17.9%). Also, toluene (20.2%)
and isopentane (9.9%), species markers of Gas@kieust were rich in Factor 5.
Although Factor 10 was identified as Gasoline Esha&actor 5 was interpreted as
Gasoline Exhaust as well. Factor 5 was not Architeat Coatings as Coating profile
contain mostly aromatics species. The percentageg/lehe, another species maker for
Coatings, was not high either in Factor 5. Factaras not Industrial Refinery, although
species markers including toluene, butane, andaygentane were rich. This is because
the proportion of butane (8.4%), and n&iso-pentédhe2%), respectively were lower
than aromatics toluene (20.2%). Thus, Factor Sidegtified as Gasoline Exhaust. There
could be large uncertainties of the identificatiogsults because the identification

procedure has not been tested.

The sources in both winter and summer and the sarowntributions are shown in
Table 4.9. There were ten sources in both seasamsoline Exhaust, Gasoline Vapour,
Liquid Gasoline, Diesel Exhaust, Commercial Natu@ds, Liquid Petroleum Gas,
Industrial Refinery, Coke Oven, Architectural Cogs, and Adhesive & Sealant
Coatings. Biogenic Emission (2u8/m>; 6.3%) with small contribution was identified in

summer but not in winter. In winter, there wereethrsource profiles identified as
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Gasoline Exhaust; in summer, two were Gasoline BEsthaand two were Gasoline

Vapour.

Table 4.9 List of sources and source contributianginter and summer 2006 from PMF

Winter Concentration | Per | Summer Concentration | Per
(ng/m? cent (ng/m?®) cent
(%) (%)
Gasoline Exhaust| 2.2 6.8 Gasoline Exhaust | 5.6 12.7
(F2) (F5)
Gasoline Exhaust| 2.5 7.8 Gasoline Exhaust | 2.8 6.3
(F4) (F10)
Gasoline Exhaust| 1.9 5.9
(F12)
Gasoline Vapour | 3.1 9.6 | Gasoline Vapour | 3.9 8.8
(F5) (F8)
Gasoline Vapour 3.4 7.7
(F12)
Diesel Exhaust 14 4.3 Diesel Exhaust 3.4 7.7
(F9) (F9)
Liquid Gasoline | 2.5 7.8 | Liquid Gasoline 3.4 7.7
(F1) (F1)
Industrial Refinery 3.8 11.8 | Industrial Refinery | 4.3 9.8
(F7) (F7)
Liquid Petroleum | 2.4 7.5 Liquid Petroleum | 3.2 7.3
Gas (F8) Gas
(F4)
Commercial 3.1 9.6 Commercial Natural 2.6 5.9
Natural Gas Gas
(F13) (F3)
Coke Oven 3.7 11.5 | Coke Oven 2.3 5.2
(F10) (F2)
Architectural 2.5 7.8 | Architectural 3.6 8.2
Coatings Coatings
(F3) (F11)
Adhesive and 1.4 4.3 | Adhesive and 2.8 6.3
Sealant Coatings Sealant Coatings
(F 6) (F13)
Undetermined 1.7 5.3
(Factor 11)
Biogenic Emission | 2.8 6.3
(Factor 6)
Total 32.2 100 44.1 100
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There were three profiles identified as Gasolinbdtrst with total contribution of
20.5% in winter 2006. There two profiles identified Gasoline Exhaust with total
contribution of 19%, and another two identified &msoline Vapour with total
contribution of 16.5% in summer 2006. The contnitmg from all sources increased
from winter to summer with the exception of Comnmr&Natural Gas (9.6% vs. 5.9%)
and Coke Oven (11.5% vs. 5.2%). The surge decrga€oke Oven contribution from
winter to summer may due to the uncertainty ofGloe Oven contribution to the VOC
concentrations. Two vehicle-related sources Gasdixhaust and Gasoline vapour were
the largest contributors in both winter and sum2@06. Gasoline Exhaust contributed
20.5% and 19%, in winter and summer, respectivélgsoline Vapour contributed
3.1ug/m® (9.6%) in winter, 7.8g/m°®(16.6%) in summer. Industrial Refinery was also the
dominant source in both seasons (winter: 11.8%;ns&m9.8%). In winter, Commercial
Natural Gas and Coke Oven were also observed tindo@najor contributors with the
contribution mass percentage 9.6% and 11.5%, régpkc In summer, Architectural

Coatings was another major contributor with massgrgage of 8.2%.

The sources identified in both seasons with spemesunting for 6% or more of
source profiles are listed in Table 4.10. The samece profiles in different seasons were

similar with slight differences.
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Table 4.10 Sources and the species accounted far @86re in profiles in winter and
summer 2006 (pink shade indicates the same speadies same profiles of winter and
summer)

Winter factor | Species Per | Summer factor | Species Per
cent cent
(%) (%)
Factor 1 butane 13.8| Factor 1 Liquid | isopentane 17.9
Liquid Gasoline
Gasoline
toluene 12.4 toluene 13.6
isopentane| 11.2 ethane 9.4
ethane 6.7 pentane 9.1
isobutane | 6.3 other 8.2
butane 7.4
Factor 2 ethane 22.1| Factor 5 toluene 20.2
Gasoline Gasoline
Exhaust Exhaust
butane 19.2 propane 12.8
ethylene 7 isopentane 9.9
propane |6.4 butane 8.4
others 6 other 8.1
Factor 3 toluene 46.1 | Factor 11 toluene 35.1
Architectural Architectural
Coatings Coatings
propane 12.9 mand p- | 14.3
xylene
ethane 11 isobutane 7.5
butane 7.3
Factor 4 toluene 16.8| Factor 10 isopentane | 11.1
Gasoline Gasoline
Exhaust Exhaust
isopentane| 12.1 butane 10.0
m and p- | 10.2 m and p- 8.4
xylene xylene
pentane 9.8 2- 7.2
methylpentan
e
acetylene | 9.3 ethane 6.2
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Table 4.10-continued 1

Factor 5 propane 19 | Factor 8 isopentane | 22.2
Gasoline Gasoline
Vapour Vapour
butane 18.3 pentane 19.9
isopentane| 11.6 butane 7.7
pentane 9.3 toluene 7.3
mandp- |9
xylene
ethane 7.1
Factor 6 ethane 19.2| Factor 13 toluene 12.9
Adhesive and Adhesive and
Sealant Sealant
Coatings Coatings
m and p- | 17.7 hexane 10.6
xylene
hexane 14.1 m and p- 9.1
xylene
ethylene 6.4 isobutane 6.5
3- 6.0
methylpentan
e
Factor 7 butane 21.6| Factor 7 propane 28.2
Industrial Industrial
Refinery Refinery
propane 12.9 isobutane 11.9
ethane 12.5 toluene 11.9
isopentane| 11.1 m and p- 8.9
xylene
ethylene 7.1 isopentane | 7.2
pentane 6.8
isobutane | 6.6
Factor 8 propane 18.7 | Factor 4 propane 44.2
Liquid Liquid
Petroleum Petroleum Gas
Gas
ethane 13.3 ethane 12.9
butane 12.1 other 7.7
ethylene 7.6
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Table 4.10 - continued 2

Factor 9 propane 16.5| Factor 9 toluene 18.7
Diesel Exhaust Diesel Exhaust
ethane 15.9 isopentane 14.1
butane 14.5 pentane 10.
isopentane| 10.8 ethane 9.2
others 7.8 butane 6.9
pentane 7.4 other 6.1
Factor 10 ethane 23.1 | Factor 2 other 11.7
Coke Oven Coke Oven
toluene 18.5 1,2,4- 11.1
trimethylbenze
ne
butane 12.4 ethane 9.7
ethylene 8.6 isopentane 8.0
acetylene | 8.4 3-ethyltoluene 6.0
Factor 11 hexane 23.5
Undeter mined
toluene 11
3- 9.2
methylpent
ane
butane 7.7
2- 6.7
methylpent
ane
ethane 6.4
propane 6.1
Factor 12 ethane 18
Gasoline
Exhaust
ethylene 12.6
others 7.8
Factor 13 ethane 27.2 | Factor 3 ethane 28.7
Commercial Commercial
Natural Gas Natural Gas
propane 26.7 ethylene 12.9
acetylene | 7.9 m and p- 8.5
xylene
ethylene | 7.9
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Table 4.10 - continued 3

Factor 6 isoprene 13.3
Biogenic
Emission
toluene 12.6
other 12.3
isopentane 9.0
Factor 12 isopentane 16.3
Gasoline
Vapour
other 12.8
pentane 11.5
butane 9.4
ethane 7.3

The Liquid Gasoline profiles in two seasons inctitb@itane, toluene, isopentane,
and ethane. In winter profile, butane (13.8%) westbp one abundant species, while in
summer profile; isopentane (17.9%) was the domispaties. Toluene accounted for the
similar proportion with 12.4% and 13.6% in wintarxdasummer profiles, respectively.
The three Gasoline Exhausts profiles in winter wiech on ethane (Factor 2: 22.1%;
Factor 12: 18%), butane (Factor 2: 19.2%), ethykgraetor 2: 7%; Factor 12: 12.6%),
propane (Factor 2: 6.4%), toluene (Factor 4: 16,8%6pentane (Factor 4: 12.1%), m and
p-xylene (Factor 4: 10.2%), and acetylene (Facto®.3%). Butane (Factor 10: 10%;
Factor 5: 8.4%), m and p-xylene (Factor 10: 8.4éthane (Factor 10: 6.2%), toluene
(Factor 5: 20.2%), propane (Factor 5: 12.8%), angentane (Factor 10: 11.1%; Factor 5:
9.9%) were also found with high percentage in GasdExhaust profiles in summer. The
Gasoline Vapour profiles in both seasons were datathby butane, isopentane, pentane,
and ethane. Species m and p-xylene was rich inl@asdapour profiles of winter but

not in that of summer; toluene was abundant in sanbut not in winter.
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The Architectural Coatings profiles were dominabgdtoluene with 46.1% and
35.1% in winter and summer profiles, respectivéty.the profiles of Adhesive and
Sealant Coatings, hexane accounted for 14.1% an@%l0On winter and summer,
respectively. M and p-xylene accounted for 17.79d @rl% in Adhesive and Sealant
Coatings in winter and summer, respectively. Prepaisopentane, and isobutane
accounted for large proportion of the profiles nflustrial Refinery in both winter and
summer. In winter, ethane, ethylene, and pentarre @lso abundant; while in summer,
toluene, and m and p-xylene were rich in IndustRefinery profile. Profiles of Liquid
Petroleum Gas in both seasons were rich on profwinéer: 18.7%; summer: 44.2%),
and ethane (winter: 13.3%; summer: 12.9%). Diesélabst profiles were with large
percentage of ethane (winter: 15.9%; summer: 9.24fane (winter: 14.5%; summer:
6.9%), isopentane (winter: 10.8%; summer: 14.1%, @entane (winter: 7.4%; summer:

10.3%) in both winter and summer.

The profiles of Coke Oven in different seasons wekfferent. In winter profile, it
was rich on ethane, toluene, butane, ethyleneaaatylene; while in summer it was rich
on 1,2,4-trimethylbenzene, ethane, isopentane, Zmthyltoluene. Species including
ethane, toluene, butane, ethylene, and acetyleme sgecies markers of Coke Oven
emission. However, none of the species tolueneanaytethylene, and acetylene was
abundant in summer compared to winter. This cowddbe to the different vapour
pressure of the species markers of Coke Oven,rigadi different source composition
from winter to summer. Commercial Natural Gas seysoofiles in both seasons were
dominated by ethane (winter: 27.2%; summer: 28.7/dlowed by ethylene (winter:

7.9%; summer: 12.9%).
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Overall, the profiles with the same titles idemttfifrom two seasons had a great
agreement in terms of species with large proportieith slight differences. This was
expected as the properties of the sources remaineldanged. The slight variations of
species might be due to the weaker atmosphericngiand slower chemical reactions

caused by lower temperature in winter.

4.4 PCA Source Apportionment Results

4.4.1 Principal Components Results

Species 1,3-diethylbenzene, 1,4-diethylbenzeneprigpylbenzene, and others
were excluded from winter 2006 dataset. SpeciesliefBylbenzene, 1,4-diethylbenzene,
1-butene, iso-propylbenzene, trans-2-butene wectu@ed from summer 2006 dataset.
The species with factor loadings equal or gredian .26 in one component or more for

both winter and summer 2006 are shown in Table. 4.11
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Table 4.11 Components and species with absoluténga equal or greater than 0.26 or
greater in any of the nine components

(The species with absolute loadings equal or grehtin 0.26 were highlighted in pink)

Ul

(a) Winter 2006

PC1 |PC2 |PC3 |PC4 |PC5 |PC6 |PC7 |PC8 |PC9
BZ123M | -0.01 | 0.01 | 0.00 |-0.26 | -0.02 | 0.02 | -0.01] 0.04| o0.02
Bz124M | -0.02 | 0.02 -0.04| -0.35 | 0.02 0.00 | -0.05{ -0.02 -0.02
Bz135M | 0.01 | 0.01 -0.02|-0.31 | 0.03 0.02 | -0.02| 0.00| -0.02
LBUT1E | -0.01 | 0.04 | 0.03 | -0.06/-0.26 | 0.16 | 0.01 -0.05| -0.01
P1E2ME | -0.04 | -0.01| 0.02 -0.03 -043 | -0.04 | -0.13| -0.21| 0.09
PENTE1 | -0.09 | 0.00 0.02 -0.04 -0.50 | -0.11 | -0.12| -0.14| -0.01
PA224M [ 0.38 | 0.03 -0.01| 0.06| 0.04f -0.02 -0.06 0.0p -0.0
PA234M [0.32 | 0.13 -0.04| 0.02 0.07 -0.02 -0.04 0.06 -0.0
PEN24M | 0.09 | 0.11 -0.01, 0.05| -0.083 0.01 o0.08 -0.1 0.41
O_ETOL | -0.01 | 0.01 -0.02|-0.32 | 0.01 0.01 | 0.01 0.01| -0.01
PENA2M | 0.07 |0.41 | -0.08 | -0.03| -0.03] 0.01, 0.01 0.0C -0.02
M_ETOL | 0.04 | 0.01 0.00 | -0.28 | 0.00 | 0.04 | 0.00 -0.04 -0.02
HEP3ME | 0.26 | -0.05 | 0.03 -0.11| 0.02 -0.01 0.07 -0.02  0.00
PENA3M | -0.06 | 0.52 -0.08 | -0.04| 0.01 -0.03 0.000 0.04 -0.04
P_ETOL | 0.04 | 0.00 | -0.01/-0.29 | -0.01 | 0.04 | 0.01 -0.03 -0.02
ACETYL [0.00 | 0.02 -0.04| -0.18/ 0.05/0.34 |045 | -0.02 | -0.01
BENZE 0.07 | -0.04| 0.01| 0.05| -0.040.35 | -0.12 | -0.04| o0.07
N_BUTA | 0.03 | 0.04 | -0.04| 0.02| -0.08 0.01 -0.00.35 | -0.02
C2BUTE | 0.07 | 0.00 | -0.01| 0.08]-0.27 | 0.06 | 0.04 | 0.20| -0.05
C2PENE | 0.05 | 0.00 -0.04 0.02/-0.30 | 0.03 | 0.07 | 0.12 0.01
CYHEXA | 0.07 | 0.12 0.01 | 0.01 0.03| 0.14 -0.1-0.30 |0.30
N_DEC -0.12 | 0.00 | 0.09| -0.24 -0.14-0.25 | 0.08 | 0.11 0.08
ETHANE | -0.17 | -0.05 | 0.04 | -0.10, 0.07 0.04 0.040.38 | 0.20
ETBZ 0.04 | -0.03 055 | 0.03 | 0.02 0.01| 0.00f -0.01 -0.01
ETHENE | -0.08 | 0.04 | -0.04, -0.12 0.100.49 | 0.09 | 0.20 | -0.01
N_HEPT | 0.27 | -0.03 | 0.02 -0.06| -0.02 0.00 0.02 -0.01  0.02
N_HEX |-0.09 {046 |0.27 | 0.03 | 0.05 | -0.06f -0.03 -0.02 -0.04
| BUTA |0.05 | 0.04 | -0.04| 0.06| 0.03] 0.01f -0.10.34 | 0.07
MP_XYL [ 0.05 | -0.02 |0.54 | 0.03 | 0.03 0.03| -0.0y -0.02 -0.01
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(a) - continued

MECYHX | 0.07 | -0.04 | -0.05| -0.16/ 0.06| 0.00/-0.43 | -0.05 | 0.05
MCYPNA | -0.10 | 0.44 | 0.02 0.01 | 0.00 -0.02 0.01y -0.08 0.20
N_PRBzZ | 0.04 | 000 | 0.02|-0.28 | -0.01 | -0.01| 0.05| 0.00 -0.02
N_OCT 0.13 | -0.05| -0.02-0.25 | 0.04 | -0.15| -0.17| -0.05 0.02
O_XYL 0.01 | -0.02 | 0.49 -0.01 | -0.01| 0.04| 0.01, -0.01 0.00
N_PROP | -0.03| 0.05| 0.01 0.05| 0.17 0.1] -0.45 | 0.29 -0.16
PROPE -0.01| -0.01, 0.06 -0.01 -0.0/0.35 | -0.03 | -0.01| 0.00
STYR -0.19 | 0.01 | 0.04| -0.08 -0.130.29 |-0.42 | 0.02 -0.06
T2BUTE | 0.06 | 0.02 -0.01| 0.07|-0.28 | 0.02 | 0.04 | 0.21 -0.06
T2PENE | 0.04 | 0.01 -0.03) 0.01}-0.31 | 0.03 | 0.08 | 0.20| 0.00
TOLUE -0.11 | -0.14 | -0.05| 0.04| 0.04f 0.00 -0.08 0.1} 0.68
N_UNDE | -0.13 | 0.02 | 0.11 -0.20 -0.02 -0.22 0.040.29 0.05
Eigenvalue 31.1 3.9 3.2 2.7 2.3 1.6 1.4 1.3 1.0
Variance | 59.7 7.5 6.2 5.2 4.4 3.0 2.8 2.4 2.0
Explained
(%)
(b) Summer 2006
PC1 |PC2 |PC3 |PC4 |PC5 |PC6 |PC7 |PC8 |PC9
Bz123m |-0.04|-0.3 | -0.01| 0.04| 0.05| -0.00 0.03 -0.07 -0.04
Bz124M |-0.03 [-0.32 | O 0.01| 0.03] 0.0y -0.08 -0.04 -0.p1
Bz135M |-0.05(-0.32| O 0.03| O -0.01 -0.02 -0.04 -0.01
P1E2ME |[-0.03 | 0.01 | O -0.03 -001 O |0.46 | -0.09| -0.11
PENTE1 |-0.04| 0.03 | 0.04| 0.03] -0.04 -0.0.44 | 0.05| -0.19
PA224M | 0.15 | 0.1 0 -0.05-0.31| 0.11 | 0.127| -0.04 0.13
BuU22DM [0.31 | 0.05 | -0.01 -0.07 0.08 0.04 0.08 -0/08 O
PA234M | 0.03 | 0.03 | O 0.03{-0.38| 0.01 | 0.14| -0.01 O
BU23DM [ 0.16 | O 0 0.02| 0.01f 0.08 0.01 -0.21 -0.p4
PEN23M | 0.26 | 0.02 | -0.03 O -0.12 0.01 o0.02 -0.p1 -0Jj02
PEN24M [ 0.15 | 0.04 | -0.02 O -0.06 0.14 0.1p -0..3 -0403
O ETOL |-0.03|-0.31| O 0.02| 0.01f -0.010 -0.00 -0.05 O
IPENTA |0.24 | 0.05| 0.03| 0.15 -0.08 -0.07 -0.06 -0/01 -0.11
HEP2ME | 0.12 | -0.23| 0.04| -0.06 -0.0p0 -0.01 0.06 0.12 -001
HEXA2M | 0.28 | -0.02| -0.01 -0.01 -0.0p -0.01 -0.06 0.02 -01
PENA2M | 0.15 | -0.04| O 0.02f 0.02 0.05 o0.00 -0.22 -0J03
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(b)-continued

M_ETOL -0.02 |-0.31 | 0.01 | 0.02| 0.01] O -0.02 -0.05 O
HEP3ME 0.16 -0.19 | -0.03] O 0 -0.02 0 0.09 -0.08
HEXA3M 0.33 001 | O -0.03 O 002 -003 O 0.01
PENA3M 0.03 -0.09 | O 0.01| -0.05 0.01 O -0.28 | -0.09
P_ETOL -0.01 |-0.3 0.02 | 0.01| 0.02{ 0.0 -0.01 -0.06 0.03
ACETYL 0.06 005 | 0 -0.120 0.14/0.51 | -0.04 | -0.06] 0.03
BENZE 0.05 0.03 0.02| 0.14| -0.1f 0.19 -0.02 0.26 -0)25
N_BUTA 0.13 0.09 0.13| 0.08/ -0.0y -0.06 -0.02 -0.02 -0j23
C2BUTE -0.03 | -0.02 | O 0 -0.09 -0.06 0.06 -0.¢ -0.42
C2PENE 0.02 0.01 -0.03] -0.05 0.12 0.04 0.05 -0.| -0.38
CYHEXA 0.16 -0.04 | -0.08/ -0.19-0.34 | -0.21| -0.11| 0.07 -0.15
CPENTA 0.31 0.03 0.05| 0.1 0.09 0.04 0.02 -0.1 0.18
N_DEC -0.02 | -0.02 | O 053 | 0.L02 | 0.04| O -0.06 0.05
ETHANE -0.07 | 0.08 -0.06/ 0.27 | -0.03{0.45 | O 0.07 | -0.09
ETBZ 0 -0.02 | 0.43 | -0.01| 0.02| 0.02| -0.02 -0.01 o.01
ETHENE -0.06 | -0.01 | 0.03| -0.13 -0.140.5 -0.11 | -0.21| 0.17
N_HEPT 0.37 -0.05 | 0.01| -0.08 O -0.04 0.03 0.05 0.14
N_HEX -0.04 | -0.112 | 0.01| O -0.09 0.04 0.05/-0.31 | -0.04
| BUTA -0.06 | 0.01 |0.46 | -0.06| -0.03 -0.05 O -0.08 0.01
| PREN 0.08 -0.04 | 0.01 | -0.11| 054| 01 0.11 0.28 -0.18
MP_XYL 0.01 -0.03 {041 | O 003| O -0.02| -0.01 O
MECYHX 0.03 -0.3 |0 -0.1 | -0.11| 0.01| o0.01 0.11 0.07
MCYPNA 0.02 -0.05 [ 0.04 | -0.06| 0.02| 0.12| 0.07 -0.24 -0.12
N_NON 0 -0.1 -0.03 | 042 | -0.08 -0.04 -0.027 0.03 -0.05
N_PRBZ 0 -0.28 | 0.01 | 0.04 | 0.01] O 0.01 -0.04 0.02
N_OCT 0.09 -0.26 | -0.01 | -0.02| -0.07| O 0.01 0.13 0.02
O_XYL 0.05 -0.05 1038 | O 007| O -0.01| -0.02 O
N_PENT 0.27 005 (003 [ 019 O -0.06 -0.06/ -0.02 -0.01
N_PROP -0.12 | 0.06 |0.41 | 0.02 | -0.04/ 0.03] 0.06 -0.03 -0.02
PROPE -0.15 | -0.09 [ 0.02 | -0.02| -0.38 0.09| -0.1 0.12 -0.23
STYR 0.07 -0.07 | 0.01 | -0.04| -0.07] 0.3 0.13 0.49 -0.05
T2PENE 0.01 0.01 |[-0.03| -0.05| 0.12| 0.02| 0.04 -0.17 -0.41
TOLUE 0.12 -0.01 | 0.29 | 0.04 | -0.08 -0.01 0.01 0.16 -0.01
N_UNDE 0.02 -0.04 {0.00 | 0.49 | 0.06| -0.03 0.04 0.02 0.0p
OTHERS -0.02 | -0.06|-0.04 | 0.02 | -0.02] -0.06 0.64 -0.01 0.2p
Eigenvalue 27.2 54 |38 3.0 2.0 1.6 1.3 1.2 0.9
Variance 53.4 106 | 7.4 5.9 4.0 3.2 2.6 2.3 1.7
Explained (%)
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There were nine components with eigenvalue grelager one for winter 2006. In
summer, the first eight components had eigenvalpeater than one. The ninth with a
margin eigenvalue of 0.88 was kept as well in otdekeep the number of components
consistent with winter 2006. These nine factorsmnter and summer were rotated,
respectively. By using the species with factor lngd equal or greater than 0.26, four or
more species were used to identify sources. Thae&umhes of the abbreviation of species

name are listed in Appendix G. Full PCA outputslmsted in Appendix H.

PCA was run with all 56 species, using Z score \aniimax rotation for winter
and summer 2006. There were nine components rdtdoreboth winter and summer
2006. The results of winter and summer were venyilar with that of with species
exclusion. However, in summer, component 8 and 9 daamninated by only styrene and
others, respectively. With exclusion of the fiveesies in summer 2006, the loadings of
styrene, 3-methylpentane, benzene, hexane, anceisowvere high in component 8. The
loadings of others, cis-2-butene, cis-2-pentemasti2-pentene were high in component 9.
However, the different number of species used ademaputs could bring uncertainties
to the components identifications. The results k@efspecies exclusion are listed in

Appendix I. PCA was also run without using Z scdine, results are listed in Appendix J.

4.4.2 Winter Factor I nterpretation

The nine principal components in winter 2006 welentified. Table 4.12 shows the

results and the species with loadings of 0.26 eatgr in any component.
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Table 4.12 Principal components of winter 2006 laadings 0.26 or greater

PC1 (Diesel Exhaust) Loadings | PC 2 (Adhesive and L oadings
Sealants Coatings)

2,2,4-trimethylpentane 0.38 2-methylpentane 0.41

2,3,4-trimethylpentane 0.32 3-methylpentane 0.52

3-methylheptane 0.26 hexane 0.46

heptane 0.27 methylcyclopentane 0.44

PC 3 (Architectural Loadings | PC4 (Auto Painting) L oadings

Coatings)

ethylbenzene 0.55 1,2,3-trimethylbenzene -0.26

hexane 0.27 1,2,4-trimethylbenzene -0.35

m and p-xylene 0.54 1,3,5-trimethylbenzeng  -0.31

o-xylene 0.49 2-ethyltoluene -0.32
3-ethyltoluene -0.28
4-ethyltoluene -0.29
n-propylbenzene -0.28

PC5 (Industrial Loadings | PC6 (Gasoline L oadings

Refinery) Exhaust)

1-hexene/2-methyl-1- -0.43 acetylene 0.34

pentene

1-pentene -0.5 benzene 0.35

cis-2-butene -0.27 propylene 0.49

cis-2-pentene -0.3 styrene 0.35

trans-2-butene -0.28 decane 0.29

trans-2-pentene -0.31

1-butene -0.26

PC7 (Undeter mined) Loadings | PC8 (Commercial L oadings
Natural Gas)

acetylene 0.45 butane 0.35

methylcyclohexane -0.43 cyclohexane -0.30

propane -0.45 ethane 0.38

styrene -0.42 isobutane 0.34
propane 0.29
undecane 0.29

PC9 (Liquid Gasoline) L oadings

2,4-dimethylpentane 0.41

cyclohexane 0.3

toluene 0.68
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Component 1 was likely to be the Diesel Exhaustcahtained abundantgC
alkanes including 2,2,4-trimethylpentane (0.388,£trimethylpentane (0.32), and 3-
methylheptane (0.26); and; @lkanes heptane (0.27) (Lai et al., 2013). Acecaydo the
studies of Huang et al. (2012); Duan et al. (20@)p et al. (2007); Lam et gR013),
Component 2 was Adhesive Sealant Coatings idedtibg heavy loadings of 3-
methylpentane (0.52), hexane (0.46), methylcycltgen (0.44), and 2-methylpentane
(0.41). Species 3-methylpentane was found in gledun shoe manufacturing (U.S.
National Library of Medicine, 2014). Hexane was dis&s an aliphatic solvent in
Adhesive and Sealant Coatings (Wypych, 2000). @®gec2-methylpentane and
methylcyclopentane were also considered as mairedngnt of glues (U.S. National

Library of Medicine, 2014).

Component 3 was considered as Architectural Cositiarg it was influenced
strongly by ethylbenzene (0.55), and m and p-xydg0eb4), o-xylene (0.49). According
to Huang et al. (2012); Duan et al. (2008); and @ual. (2007), those species are
abundant in Architectural Coatings. Component 4 mastified as Auto Paintings. It had
high loadings of 1,2,4-trimethylbenzene (-0.35)gtByltoluene (-0.31), and 1,3,5-
trimethylbenzene (-0.31). According to the SubstarReporting by Toyota Motor
Manufacturing Canada (Woodstock) (2009), 1,2,4¢timglbenzene is a component of
auto paint. According to a report from New York Bement of Environmental
Conservation (2014), 1,3,5-trimethylbenzene is uasda paint thinner. Species n-

ethyltoluene, n-propylbenzene are species margecgrding to Huang et al. (2012).
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Component 5 was considered to be Industrial Refifercause it was rich on
alkenes including 1-pentene (-0.5), cis-2-buter@e2{), cis-2-pentene (-0.3), trans-2-
butene (-0.28), and trans-2-pentene (-0.31). Ssudleang et al. (2009), Guo et al. (2007),
Huang et al. (2012), and Guo et al. (2006) indatdkat Industrial Refinery consisted of
abundant alkenes. The high loadings of Componenbrisisted of propylene (0.49),
benzene (0.35), acetylene (0.34), styrene (0.3&) uadecane (0.29). According to Lai et
al. (2013), Wang et al. (2013), and Song et al0o80propylene, benzene, and acetylene
were the species markers of Gasoline Exhaust. Aoogrito the Technical Factsheet on
styrene by U.S. EPA (2013), styrene is emitted utomobile exhaust. The loading of

decane is moderate, indicating that decane isigoifisant factor on Component 5.

In component 7, the species with high positive llogds acetylene (0.45); and
species with high negative loadings are propand%)0methylcyclohexane (-0.43), and
styrene (-0.42). Component 7 is the source thatdcoeveal the differences between
acetylene with propane, methylcyclohexane, ancesgyiin terms of the contribution to
the source. No profile was found to match the thspecies with positive loadings.
Acetylene points towards Gasoline Exhaust; howesairce could not be determined by

one species. Therefore, Component 7 was undetedmine

Component 8 was Commercial Natural Gas because there high positive
loadings of ethane (0.38), iso&n-butane (0.34 an85)) and propane (0.29). The
negative sign of cyclohexane (-0.30) reflects thfei@nce between the species ethane,
iso&n-butane, and propane with cyclohexane in teraisthe mass fraction in
Commercial Natural Gas. There is no study in theewe showing high percentage of

cyclohexane and low of ethane, iso&n-butane, arpame. According to Guo et al.
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(2007) and Wang et al. (2006), toluene and 2,4-thgihgentane have high loadings in
Gasoline Evaporations. Thus, the high loading kfee (0.68), and 2,4-dimethylpentane

(0.41) indicated that Component 9 was Gasoline anajons.

4.4.3 Summer Factor Interpretation

The nine Principal Components in summer 2006 waeetified. Table 4.13 shows

the results and the species with loadings of Or2fi@ater in each component.
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Table 4.13 Principal components of summer 2006l@adings 0.26 or greater

PC 1 (Gasoline Exhaust) | Loadings | PC 2 (Auto Paintings) | Loadings

2,2-dimethylbutane 0.31 1,2,3-trimethylbenzepe (0.3

2,3-dimethylpentane 0.26 1,2,4-trimethylbenzene 320.

2-methylhexane 0.28 1,3,5-trimethylbenzene -0.32

3-methylhexane 0.33 2-ethyltoluene -0.31

cyclopentane 0.31 3-ethyltoluene -0.31

heptane 0.37 4-ethyltoluene -0.30

pentane 0.27 methylcyclohexane -0.30
n-propylbenzene -0.28
octane -0.26

PC 3(Architectural Loadings | PC 4 (Diesel Exhaust) | Loadings

Coatings/Solvents)

ethylbenzene 0.43 decane 0.53

Iso-butane 0.46 ethane 0.27

m and p-xylene 0.41 nonane 0.42

o-xylene 0.38 undecane 0.49

propane 0.41

toluene 0.29

PC 5 (Biogenic) Loadings | PC 6 (Gasoline L oadings
Exhaust)

2,2,4-trimethylpentane -0.31 acetylene 0.51

2,3,4-trimethylpentane -0.38 ethane 0.45

cyclohexane -0.34 ethylene 0.50

isoprene 0.54 styrene 0.30

PC7 (Industrial Loadings | PC8 (Undetermined) | Loadings

Refinery)

1-hexene/2-methyl-1- 0.46 3-methylpentane -0.28

pentene

1-pentene 0.44 benzene 0.26

others 0.64 hexane -0.31
isoprene 0.28
styrene 0.49

PC9 (Industrial L oadings

Refinery )

cis-2-butene -0.42

cis-2-pentene -0.38

trans-2-pentene -0.41
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In summer 2006, there were 9 principal componehisptane (0.37), 3-
methylhexane (0.33), 2,2-dimethylbutane (0.31), epcopentane (0.31) were rich in
Component 1. According to Lai et al. (2013), heptand 2,2-dimethylbutane have high
loadings in Gasoline Exhaust. According to the repd U.S. National Library of
Medicine (2014), traffic emission is a major souroé 3-methylhexane. Species
cyclopentane is emitted from Gasoline Exhaust (UI&tional Library of Medicine,
2014). The loadings of 2,3-dimethylpentane (0.26methylhexane (0.28), and pentane
(0.27) are moderate, indicating that weak relatigrs between the species and the

source. Thus, Component 1 was identified as Gas@khaust.

Component 2 was identified as Auto-painting becatiseas loading high on
aromatics species including 2-ethyltoluene (-0.338}gethyltoluene (-0.31), 1,3,5-
trimethylbenzene (-0.32), 1,2,3-trimethylbenzen&3@), and n-propylbenzene (-0.28).
Component 3 was identified to be Architectural Gug as it was loading high on
ethylbenzene (0.43), m and p-xylene (0.41), o-xy1€0.38), and toluene (0.29) with
lower loadings of iso-butane (0.46) and propangl(0.According to Huang et al. (2012),
Duan et al. (2008), and Guo et al. (2007), thoseisg had high loadings in Architectural

Coatings.

Component 4 was considered to be Diesel Exhaustadtrich on decane (0.53),
undecane (0.49), nonane (0.42), and ethane (OL27ef al., 2013), indicating that it is
Diesel Exhaust. Component 5 was Biogenic Emissiecabse the loading of isoprene
(0.54) was much higher than the other loadings,42/2methylpentane: -0.31; 2,3,4-
trimethylpentane: -0.38; cyclohexane: -0.34). Towding of isoprene is higher than any

other negative loadings in this component. Thuglayed dominant role in explaining
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the component.

Component 6 was identified as Gasoline Exhaust. gooent 6 was rich on
ethylene (0.50), acetylene (0.51), ethane (0.4, lass related with aromatics styrene
(0.30). According to Wang et al. (2013), Yuan et (&009), Song et al. (2008), and
Templer (2007), ethylene and acetylene were species mafker&asoline Exhaust.
Although Component 1 has been identified as Gasdiirhaust, component 6 was not
any other source. It was not Industrial Refineralikenes including 1-butene (Guo et al.,
2007; Huang et al., 2012), cis/trans-butene (Huetngl., 2012), propene (Chang et al.,
2009; Guo et al., 2007) were not rich in compornit was not Gasoline Vapour or
Liquid Gasoline as the species marker n&iso-pen(@u® et al., 2007; Wang et al., 2006)

was not with high loadings. Thus, component 6 wastified as Gasoline Exhaust.

Component 7 was considered to be Industrial Refineecause the loadings of
species others (0.64), 1-hexene (0.46) and 1-penfém4) are high. According to
Templer (2007), others is the top 1 species in strguRefinery emission. Species 1-
hexene and 1l-pentene are also significant spetitslustry Refinery (Cai et al., 2010;

Huang et al., 2012).

Component 8 consisted of species with high positagings including styrene
(0.49), isoprene (0.28), and benzene (0.26); amttisp with high negative loadings
including hexane (-0.31) and 3-methylpentane (-0.Z2mponent 8 is a source that
could show the percentage difference between hexat&-methylpentane with styrene,
isoprene, and benzene. No profile is found to maheh three species with positive

loadings. 3-methylpentane and hexane could powarnds Diesel Exhaust; however,
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either decane or undecane having high loadingsomgnent 8, and Component 4 was

identified as Diesel Exhaust. Therefore, Compo®enas undetermined.

Component 9 was identified as Industrial Refinesyces-2-butene (-0.42), trans-
2-pentene (-0.41), and cis-2-pentene (-0.38). hmdliRefinery consisted of abundant
alkenes including cis-2-butene, trans-2-pentené cisi2-pentene, according to Chang et
al. (2009), Guo et al. (2007), Huang et al. (20E)d Guo et al. (2006). Although
Component 7 has been identified as Industrial Refincomponent 9 was not any other
source. Component 9 was Gasoline Exhaust as alleeepart of species markers for
Gasoline Exhaust. However, component 9 was not IBasBxhaust as the loadings of
species markers including 2,2,4-trimethylpentase;hbutane, and n-pentane, n-pentane,

n-heptane, 2,3-dimethylbutane, benzene, proper#nwethylpentane were not high.

There were similarities and differences of the esesridentified from PCA
profiles in winter and summer 2006. Table 4.14slsll the sources in both seasons and

the species with loadings 0.26 or greater.
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Table 4.14 Sources from PCA in winter and summe@63®ink shade indicates the same
species with high loadings in the same profilesiofter and summer)

PC6 (Gasoline Loadings | PC1 ( Gasoline Exhaust) L oadings

Exhaust)

acetylene 0.34 2,2-dimethylbutane 0.31

benzene 0.35 2,3-dimethylpentane 0.26

propylene 0.49 2-methylhexane 0.28

styrene 0.35 3-methylhexane 0.33

decane 0.29 cyclopentane 0.31
heptane 0.37
pentane 0.27
PC 6 (Gasoline Exhaust) L oadings
acetylene 0.51
ethane 0.45
ethylene 0.5
styrene 0.3

PC9 (Liquid L oadings

Gasoline)

2,4-dimethylpentane 0.41

cyclohexane 0.3

toluene 0.68

PC1 (Diesd Loadings | PC 4 (Diesel Exhaust) L oadings

Exhaust)

2,2,4- 0.38 decane 0.53

trimethylpentane

2,3,4- 0.32 ethane 0.27

trimethylpentane

3-methylheptane 0.26 nonane 0.42

heptane 0.27 undecane 0.49

PC8 (Commercial L oadings

Natural Gas)

butane 0.35

cyclohexane -0.3

ethane 0.38

isobutane 0.34

propane 0.29

Undecane 0.29
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Table 4.14 — continued 1

PC5 (Industrial Loadings | PC9 (Industrial Refinery) L oadings

Refinery)

1-hexene/2-methyl-1- -0.43 cis-2-butene -0.42

pentene

1-pentene -0.5 cis-2-pentene -0.38

cis-2-butene -0.27 trans-2-pentene -0.41

cis-2-pentene -0.3 others 0.25

trans-2-butene -0.28

trans-2-pentene -0.31

1-butene -0.26
PC7 (Industrial Refinery) L oadings
1-hexene/2-methyl-1-penteng  0.46
1-pentene 0.44
others 0.64

PC 3 (Architectural | Loadings | PC 3(Architectural L oadings

Coatings/Solvents) Coatings/Solvents)

ethylbenzene 0.55 ethylbenzene 0.43

hexane 0.27 isobutane 0.46

m and p-xylene 0.54 m and p-xylene 0.41

o-xylene 0.49 o-xylene 0.38
propane 0.41
toluene 0.29

PC 2 (Adhesive and L oadings

Sealants Coatings)

2-methylpentane 0.41

3-methylpentane 0.52

hexane 0.46

methylcyclopentane 0.44
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Table 4.14 — continued 2

PC4 (Auto Painting) | Loadings | PC 2 (Auto Paintings) L oadings
1,2,3- -0.26 1,2,3-trimethylbenzene -0.3
trimethylbenzene
1,2,4- -0.35 1,2,4-trimethylbenzene -0.32
trimethylbenzene
1,3,5- -0.31 1,3,5-trimethylbenzene -0.32
trimethylbenzene
2-ethyltoluene -0.32 2-ethyltoluene -0.31
3-ethyltoluene -0.28 3-ethyltoluene -0.31
4-ethyltoluene -0.29 4-ethyltoluene -0.3
n-propylbenzene -0.28 methylcyclohexane -0.3
n-propylbenzene -0.28
octane -0.26
PC7 (Undetermined) | Loadings | PC8 (Undeter mined) L oadings
acetylene 0.45 3-methylpentane -0.28
methylcyclohexane -0.43 benzene 0.26
propane -0.45 hexane -0.31
styrene -0.42 isoprene 0.28
PC 5 (Biogenic) L oadings
2,2,4-trimethylpentane -0.31
2,3,4-trimethylpentane -0.38
cyclohexane -0.34
isoprene 0.54
propylene -0.38

Overall, the sources profiles identified in bothasens were very similar.
However, there were differences among the spedibshigh loadings in the same profile
of winter and summer. The relationships betweersgieeies vary from winter to summer
because some species may evaporate or react mane otihers in summer when
temperature is higher. Thus, the components pradvigee PCA were affected by the

variation of species relationships from seasorettsgn. Also, it takes the variance of the
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measurements into consideration when solving tircipal Components. PCA could be
more sensitive to the changes of ratios among timeentrations of different species.
There could be variations to the interpretatioruitesdue to some species could react
more than others in summer.

There were six source profiles identified in bo#asons: Gasoline Exhaust,
Diesel Exhaust, Industrial Refinery, Architectur@oatings, Adhesive and Sealant
Coatings, and Auto Paints. In summer 2006, thereeweo profiles identified as
Gasoline Exhaust, and another two were interpragethdustrial Refinery. Sources like
Liquid Gasoline and Commercial Natural Gas werey anlwinter but not in summer;

whereas Biogenic Emission was only in summer.

The compositions of Gasoline Exhaust identifiedrfr@omponent 6 in summer
and the one in winter were similar. Both of thenrev®ading high on acetylene (winter:
0.33; summer: 0.51), ethylene (winter: 0.49, sumrfes), and styrene (winter: 0.31,
summer: 0.3). For Diesel Exhaust, the high loadipgecies were different in two seasons.
The component in winter had high loadings of 2@methylpentane (-0.4), 2,3,4-
trimethylpentane (-0.3), 3-methylheptane (-0.3)] &aeptane (-0.3). In summer, decane
(0.53), nonane (0.42), and undecane (0.49) hadlbagtings. This could due to that the
heavier alkanes including decane, nonane, and anddtave higher boiling point (151 -
196 °C) and lower vapour pressure (0.4-10 mmHg) thenethylpentane, methylheptane,
and heptane (average boiling point: 98°C; averaggour pressure: 41mmHg) (ALS
Environmental, 2014). Under lower temperature ctiowlj species like trimethylpentane,
methylheptane, and heptane more likely to evapahate decane, nonane, and undecane.

The differences of Diesel Exhaust from PCA indicduat different source profiles may
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be needed in different seasons. However, this reag more study to support.

The Industrial Refinery profiles in both seasonsl égh loadings on alkenes
including 1-pentene, cis-2-butene, cis-2-penteragst2-butene, and 1-hexene/2-methyl-
1-pentene. Architectural Coatings profiles in batbasons had high loadings on
ethylbenzene (winter: 0.55; summer: 0.43), m axglpne (winter: 0.54; summer: 0.41),
and o-xylene (winter: 0.49; summer: 0.38). In thechitectural Coatings profiles of
winter, it was also rich on hexane (0.27), whilessummer, it was rich on toluene (0.29).
Both hexane and toluene are species markers oftctiral Coatings. The boiling point
of hexane is 69°C, and vapour pressure is 132 mriiHg. boiling point of toluene is
110.6°C, and vapour pressure is 22 mmHg (ALS Emwrental, 2014). In winter when
the temperature is relatively low, hexane is mikely evaporate compared with toluene.
Therefore, the impact of hexane on Architecturabi@®ms was greater than that of

toluene. The loading of hexane was higher thandhtdluene.

Adhesive and Sealant Coatings profiles in both meadiad high loadings on
hexane (winter: 0.46; summer: -0.31), and 3-metmigne (winter: 0.52; summer: -0.28).

The auto-painting in both seasons were both rictriorethylbenzenes, and ethyltoluenes.

4.5 Comparison of resultsfrom CMB, PMF, and PCA

The sources of all three models in winter and sumane listed in Table 4.15.

They were compared to see the similarities an@mffces.
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Table 4.15 Source comparison of CMB, PMF, and ROA&inter 2006

CMB Conc Per PMF Conc Per | PCA
(ng/m®) | cent (ng/m) | cent
(%) (%)
Gasoline 5.1 16.7 | Gasoline 2.2 6.8 | Gasoline
Exhaust Exhaust Exhaust
(F2, 6.8%; F4, (PC6, Variance
7.8%; F12, Explained:
5.9%) 3.0%)
Gasoline 5.0 16.4 | Gasoline 3.1 9.6
Vapour Vapour
(F5)
Diesdl 2.1 6.9 | Diesdl Exhaust | 1.4 4.3 | Diesel Exhaust
Exhaust (F9) (PC1, 59.7%)
Liquid 0.5 1.6 | Liquid 2.5 7.8 | Liquid
Gasoline Gasoline Gasoline (PC9,
(F1) 2.0%)
Industrial 54 17.7 | Industrial 3.8 11.8| Industrial
Refinery Refinery Refinery
(F7) (PC5, 4.4%)
Liquefied 2.0 6.6 | Liquid 2.4 7.5
Petroleum Petroleum Gas
Gas (F8)
Commercial | 5.4 17.7 | Commercial 3.1 9.6 | Commercial
Natural Gas Natural Gas Natural Gas
(F13) (PCS8, 2.4%)
CokeOven 1.7 5.6 | CokeOven 3.7 11.5
' (F10)
Architectural 10.8 | Architectural 25 7.8 | Architectural
Coatings 3.3 Coatings Coatings
(F3) (PC3, 6.2%)
Biogenic 0 0.0
Emissions
Adhesiveand |14 4.3 | Adhesiveand
Sealant Sealant
Coatings Coatings (PC2,
(F6) 7.5%)
Undetermined | 1.7 5.3
(F11)
Auto Paintings
(PC4, 5.2%)
Undeter mined
(PC7, 2.8%)
Total 30.5 100 32.2 100
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For winter 2006, there were six common sourcedldheee models. They were
Gasoline Exhaust, Diesel Exhaust, Liquid Gasolimgustrial Refinery, Commercial

Natural Gas, and Architectural Coatings.

The 13 sources from PMF in winter 2006 includedladl ten sources prepared for
CMB model with the exception of Biogenic Emissidrne lack of Biogenic Emission
source profile may be due to that there are fewddeas trees in Windsor, the source of
isoprene in winter. The total calculated sourcetriioutions by CMB (30.5ug/m’), and
PMF (32.2ug/m°) were very similar. Among the 13 sources from PEE&soline Exhaust
(20.5%), Gasoline Vapour (9.6%), Industrial Refin€t1.8%), Commercial Natural Gas
(9.6%), and Coke Oven (11.5%) were the major couators in winter 2006. This was
similar with the dominant sources of CMB resultshahe exception of Coke Oven as
the contribution was only 5.6% of the total concatidbn. The reasons were unclear.
“Adhesive and Sealant Coatings” was an additionatee with low contributions (4.3%)

provided by PMF.

Upon cross-checking sources of PCA and CMB, GasoNMapour, Liquid
Petroleum Gas, Coke Oven, and Biogenic Emissioms wely in CMB but not in PCA.
This may be due to the eigenvalues of those fastere less than one in PCA winter
2006 results, indicating that not enough varianqdagned by these four factors. In PCA
winter 2006 results, component 15 (eigenvalue:)0h22 isoprene with loading of -0.31,
the highest among all 20 components. Thus, compgofBnis Biogenic Emission.

“Adhesive and Sealant Coatings”, Auto Paintingsemsvo additional sources extracted

163



from PCA compared to that of CMB.

There were less sources of PCA (six) overlappett @itiB sources compared
with the sources of PMF (nine). This was expectecabse there were 13 factors from
PMF; whereas only nine with eigenvalue greater tbae from PCA. Both PMF and
PCA provided profiles of “Adhesive and Sealant Gug”. PCA provided additional
source, Auto Paintings. The results from all thmezdels for summer 2006 are listed in

Table 4.16.
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Table 4.16 Source comparison of CMB, PMF, and P&summer 2006

CMB (ng/m®) | Per | PMF (ng/m°) | Per | PCA
cent cent
(%) (%)
Gasoline 6.6 16.0| Gasoline 5.6 12.7| Gasoline Exhaust
Exhaust Exhaust (PC1, Variance
(F5, 12.7%; explained: 53.4%;
F10, 6.3%) PC6, 3.2%)
Gasoline 8.3 20.1| Gasoline 3.9 8.8
Vapour Vapour
(F8, 8.8%; F12,
7.7%)
Diesdl 6.1 14.8| Diesdl Exhaust | 3.4 7.7 | Diesel Exhaust
Exhaust (F9) (PC4, 5.9%)
Liquid 2.5 6.1 | Liquid 3.4 7.7
Gasoline Gasoline (F4)
Industrial 55 13.3| Industrial 4.3 9.8 | Industrial
Refinery Refinery Refinery
(F7) (PC7, 2.6%; PC9,
1.7%)
Liquid 2 4.9 | Liquid 3.2 7.3
Petroleum Petroleum Gas
Gas (F4)
Commercial | 3.4 8.3 | Commercial 2.6 5.9
Natural Gas Natural Gas
(F3)
CokeOven 0.8 1.9 | CokeOven 2.3 5.2
(F2)
Architectural | 5.5 13.3| Architectural 3.6 8.2 | Architectural
Coatings Coatings (F11) Coatings (PC3,
7.4%)
Biogenic 0.5 1.2 | Biogenic 2.8 6.3 | Biogenic
Emission Emission Emissions
(F 6) (PC5, 4.0%)
Adhesiveand | 2.8 6.3 | Auto Paintings
Sealant (PC2, 10.6%)
Coatings
(F13)
Undeter mined
(PCS8, 2.3%)
Total 41.2 100 44.1 100 Undetermined

(PC8, 2.3%)
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For summer 2006, there were five common sourcesigralh three models. They
were Gasoline Exhaust, Diesel Exhaust, Industredlrery, Architectural Coatings, and

Biogenic Emission.

All the ten source profiles prepared for CMB modaetre provided by PMF
model. The total calculated source contributiomflBMF was 44.5g/m®, very close to
41.2ug/m’ derived from CMB model. Gasoline Exhaust (19%), dliae Vapour (16.5%),
Industrial Refinery (9.8%), and Architectural Coas (8.2%) were the major sources
according to PMF results. They were also the bigtrdoutors based on the results of
CMB model. “Adhesive and Sealant Coatings” was @altial source from PMF other

than the ten sources for CMB.

There were five sources of CMB not included in P8durces. They were
Gasoline Vapour, Liquid Gasoline, Liquid Petrole@as, Commercial Natural Gas, and
Coke Oven. Auto Paintings was an additional soupresided from PCA compared to

that of CMB.

In both seasons, Gasoline Exhaust, Diesel Exhdnodtstrial Refinery, and
Architectural Coatings were the common sourceshF Rnd CMB. All sources of CMB
were included in identified sources of PMF in babasons with the exception of
Biogenic because it was not in winter PMF souradfil@s. The total calculated source
contribution from PMF and the seasonal major cbatars were very similar with that of
CMB in both seasons. “Adhesive and Sealant Codtings the additional source of
PMF compared with the ten sources for CMB for batimter and summer 2006.

Gasoline Vapour, Liquid Petroleum Gas, and CokernOwere the common sources of
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PCA and CMB regardless of season. Auto Paintingstiva additional sources other than
the ten for CMB in both seasons. In winter, Adhesand Sealant Coatings was also

identified by PCA as an additional source othenttiee ten sources prepared for CMB.

Gasoline Exhaust, Diesel Exhaust, Industrial Refinend Architectural Coatings
were common sources of all three models regardiéseason. Adhesive and Sealant
Coatings was identified from both PMF and PCA. Eheere more sources from PMF

overlapped with ten sources for CMB than the saifceam PCA regardless of season.
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CHAPTER S
CONCLUSIONSAND RECOMMNDATIONS

5.1 Conclusions

The concentration of 49 out of 55 and 52 out oP3BAS species increased from
winter to summer in years 2005 and 2006, respdygtiVee concentration of 50 out of 55
PAMS species were observed to decrease from 2002066. The total NMHC
concentrations decreased from 2005 to 2006.

Based on the CMB model estimation of ambient VO@sree contribution in
winter and summer 2006, vehicle-related sourcee Wer dominant VOC contributors in
2006 regardless of season. The major sources itew006 were Gasoline Exhaust
(16.2%), Gasoline Vapour (16.2%), Commercial Ndtugas (18%), and Industrial
Refinery (17.8%). The major VOCs contributors imsoer 2006 were Gasoline Exhaust
(16.6%), Gasoline Vapour (20.1%), and Architectu@datings (12.7%). The major
sources were similar in year 2005 (Templer, 200f)s was expected because there was
no major road facilities or industries were buifttorn down, and no major industries
started or out of operations in year 2006 comp#reggtar 2005. Therefore, there were no
dramatic VOC emission changes caused by surgeaserer decrease of traffic or
industries in certain areas. The contribution fr@nesel was expected to be high.
However, the moderate contribution from Diesel Extaccording to CMB results could
be due to the lack of measurements and the conosif important species markers

including PAHs and SO

The spatial trends of All Vehicle, Industrial Rediiy, and Commercial Natural

Gas were similar in winter 2005. The high concditrawas observed near the northern
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part of Huron Church Road. This could be causetdawvy traffic on the Huron Church
Road. All vehicle source contributions were stat#dly correlated with that of all the
other six sources. For Commercial Natural Gasctimeentration was also high along the
riverside. This could be caused by the VOC emis&iom the industries in Detroit. In
summer 2005, high concentration was observed heandrthern part of Huron Church
Road for both All Vehicle and Commercial NaturalsGahis could be caused by heavy
traffic on the Huron Church Road. All vehicle contrations were statistically correlated
with all the other six sources with the exceptioh$ndustrial Refinery and the Biogenic
Emission. In winter 2006, high concentrations niga& northern part of Huron Church

Road were observed for All Vehicles, Industrial iRefy, and Commercial Natural Gas.

All Vehicles was correlated with all the other sigurces with the exception of
Liquid Petroleum Gas. For summer 2006, high comeéinhs were observed in the
surrounding areas of the Ford Windsor Engine Plamd, the Chrysler Canada-Windsor
Assembly Plant, instead of Huron Church Road fol Yhicles and Architectural
Coatings. The high concentration of All Vehicle bibe the result of the traffic
associated with the transportations of goods arul@rees, and the high concentration of
Architectural Coatings could be due to the Autowm®tPaintings. All vehicles were only
statistically related with Architectural Coatingsnda Coke Oven. The overall
concentration in the southern part of Windsor was tegardless of season. This was
because there are much less residents, commettiatias or industries located in those

areas. The airport is also located in this area.

There were 10 and 11 sources identified from facpsovided by PMF in winter

and summer 2006, respectively. The ten common esurc winter and summer 2006
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identified from PMF factors were Gasoline Exha@soline Vapour, Liquid Gasoline,
Diesel Exhaust, Commercial Natural Gas, Liquid #letrm Gas, Industrial Refinery,
Coke Oven, Architectural Coatings, and Adhesive &l&nt Coatings. Among the ten
sources, Adhesive & Sealant Coatings is not irptioéiles for CMB. The ten sources for
CMB were observed in the sources provided by PMth whe exception of Biogenic
Emission in winter 2006. For summer 2006, the totdtulated source contributions by
PMF (44.11g/m®) and CMB (summer: 41,@/m°) were similar. Gasoline Exhaust (winter:
20.5%; summer: 19%), Gasoline vapour (winter: 9.8%mmer: 16.6%), and Industrial
Refinery (winter: 11.8%; summer: 9.8%) were thegbst contributors in both seasons by
PMF, similar with CMB results. Commercial Naturah$5(9.6%) and Coke Oven (11.5%)
were also observed to be the major contributosgimter 2006. In summer, Architectural
Coatings was another major contributor with masseeage of 8.2%, similar pattern
with that of CMB results. PMF provided “Adhesive darsealant Coatings” as an
additional source with low contribution other thiése ten prepared for CMB in summer

2006.

There were eight and six sources identified by RC#inter and summer 2006,
respectively. Gasoline Exhaust, Diesel Exhaust,ustithl Refinery, Architectural
Coatings, Adhesive and Sealant Coatings, and AatotiRgs were the six common
sources in both seasons. There were five souradgding Gasoline Exhaust, Diesel
Exhaust, Industrial Refinery, Architectural Coasngnd Biogenic Emission from PCA
which overlapped with those of CMB. However, PCApded sources other than the ten
for CMB. They were Auto Paintings in both seas@ms “Adhesive & Sealant Coatings”

in winter, although these had low source contrimsi
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5.2 Recommendations

Future study:

* Investigating the meaning of negative source cbution provided by PMF.

* Further studying on how other people identify tloeirse profiles from PMF and
PCA.

* Testing the sensitivity of the PMF and PCA modeithvadditional species markers
to see if the model has a stable performance.

* Using the PMF source profiles results as input ttathe CMB, and running CMB.
Comparing results of CMB with PMF to see if the m&ucontributions are similar
or not.

* Requesting ten factors from PMF and running the Rivtelel again. Comparing
the sources with the ten sources prepared by Ten(pl®7) to see if they are
similar.

* Including source profiles of VOC emitters from Duwetr

* Including other species markers including PAHs BiK to identify the sources.

* Running three models for 2005 data.
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APPENDICES

Appendix A: Ten Source Profiles (Templer, 2007)

Table A.1
: Diesd . Gasoline . Liquid . Gasoline

Species Exhaust Species Exhaust Species Gasoline Species Vapour
m and p-xylene 10 other 24.6 toluene 14.9 isopentan 28.5
other 9.2 toluene 7.7 m and p-xylene 9.8 butane 8 23.
ethylene 8.9 isopentane 6.9 isopentane 9.4 pentane 12.2
1,2,4-

trimethylbenzene 6.8 ethylene 6.5 pentane 6.3 toluene 4.4
undecane 4.8 m and p-xylene 4.1 other 4.6 2-methydme 3.6
toluene 4.1 acetylene 3.7 2-methylpentane 4.3 isoleu 2.7

2,2,4- 1,2,4-
3-ethyltoluene 3.8 trimethylpentane 3.5 trimethylbenzene 3.9 m and p-xylene 2.4
propylene 3.6 benzene 3.3 o-xylene 3.7 other 2.4
o-xylene 3.4 propylene 3 hexane 3.6 hexane 2.2
2,2,4- i
benzene 2.9 2-methylpentane 2.8 trimethylpentane 3.6 3-methylpentane 2
1-butene 2.7 pentane 2.6 benzene 3 benzene 14
ethylbenzene 2.6 butane 2.2 butane 2.8 2,3-dimzitahe | 1.2
, 1,2,4-

2,2-dimethylbutane 2.4 trimethylbenzene 2 3-methylpentane 2.6 trans-2-pentene 1
decane 2.4 3-methylpentane 1.8 ethylbenzene 2.6 2,2,4- 0.9

trimethylpentane
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Table A.1-continued 1

: Diesdl . Gasoline . Liquid . Gasoline
Species Exhaust Species Exhaust Species Gasoline Species Vapour
acetylene 2.3 ethane 1.7 3-ethyltoluene 2.4 o-gylen 0.9
3-methylhexane 2.1 hexane 1.7 2,3-dimethylpentane3 2 cyclopentane 0.8
propane 2 o-xylene 15 2,3-dimethylbutane 2 2,3etlyipentang 0.8
1,3,5-
trimethylbenzene 1.9 2-methylhexane 1.3 3-methylhexane 1.8 1-pentene 0.7
2-methylpentane 1.8 3-ethyltoluene 1.3 2-methylhexa 1.6 ethylbenzene 0.7

2,3,4-
2-ethyltoluene 1.8 methylcyclopentane 1.2 trimethylpentane 1.6 3-methylhexane 0.6
1,2,4-
styrene 1.7 3-methylhexane 1.2 heptane 1.5 trimethylbenzene 0.6
1,2,3- 2,3,4- : _
trimethylbenzene 15 trimethylpentane 1.2 2,4-dimethylpentane| 1.2 cis-2-butene 0.5
1,3,5- ,
pentane 1.4 ethylbenzene 1.1 trimethylbenzene 1.2 cis-2-pentene 0.5
2,2,4- ,
trimethylpentane 1.3 2,3-dimethylbutane| 0.9 4-ethyltoluene 1 2, 4athglpentang 0.5
, 1,2,3-
4-ethyltoluene 1.3 2,3-dimethylpentane 0.9 trimethylbenzene 0.9 2-methylhexane 0.5
isopentane 1.2 heptane 0.8 n-propylbenzene 0.8 amept 0.5
ethane 1.1 trans-2-pentene 0.7 2-ethyltoluene 0.8 | rans{2-butene 0.4
nonane 1 2,2-dimethylbutane 0.7 3-methylheptane 0.7 | 2,2-dimethylbutane| 0.4
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Table A.1- continued 2

: Diesdl , Gasoline . Liquid . Gasoline
Species Exhaust Species Exhaust Species Gasoline Species Vapour
2,4-
n-propylbenzene 1 dimethylpentane 0.7 2-methylheptane 0.6 3-ethyltoluene 0.4
hexane 0.9 1!3’5' 0.7 octane 0.6 cyclohexane 0.3
trimethylbenzene
1-pentene 0.8 methylcyclohexane 0.6 trans-2-pentene | 0.5 2,3,4-trimethylpentane 0.3
3-methylpentane 0.8 4-ethyltoluene 0.6 cyclohexane 0.5 3-methylheptane 0.2
2.’3' 0.8 isobutane 0.5 isobutane 0.3 4-ethyltoluene 0.2
dimethylpentane
butane 0.6 trans-2-butene 0.5 1-pentene 0.3 Iigmsthylbenzeng 0.2
methylcyclopentan¢ 0.6 2-methylheptane 0.5 cis-2-pentene 0.3 2-etludtee 0.2
heptane 0.5 3-methylheptane 0.5 2,2-dimethylbutane 0.3 1-hexene/2-methyl-1-| ;
pentene
1,2,3-
methylcyclohexane 0.4 trimethylbenzene 0.5 methylcyclohexane 0.3 methylcyclohexane 0.1
3-methylheptane 0.4 1-butene 0.4 nonane 0.3 2-finegbyane 0.1
cis-2-butene 0.3 cis-2-butene 0.4 1,3-diethylbeazen | 0.3 octane 0.1
trans-2-pentene 0.3 cis-2-pentene 0.4 | lhexene/2-methyl-1-) , , n-propylbenzene 0.1
pentene
cis-2-pentene 0.3 octane 0.4 iso-propylbenzene 0.2 | 1,2,3-trimethylbenzene 0.1
cyclopentane 0.3 2-ethyltoluene 0.4 trans-2-butene 0.1 ethane 0
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Table A.1-continued 3

. Di : lin : Liquid . Gasoline
Species Exfz?ust Species E)?r?guste Species Grgsoline Species Vapour
2,3-dimethylbutane 0.3 1,4-diethylbenzene 0.4 dmitEne 0.1 ethylene 0
2,4-dimethylpentane 0.3 1-pentene 0.3 undecane 0.1 | acetylene 0
2,3,4-trimethylpentane| 0.3 cyclopentane 0.3 ethane 0 1-butene 0
octane 0.3 n-propylbenzene 0.3 ethylene 0 propylene 0
iso-propylbenzene 0.3 ég:iéﬁgelz-methyl-l- 0.2 acetylene 0 propane 0
isobutane 0.2 cyclohexane 0.2 1-butene 0 isoprene 0
trans-2-butene 0.2 styrene 0.1 propylene 0 methidpgntang 0
L-hexene/2-methyl-1- | , nonane 0.1 propane 0 styrene 0
pentene
cyclohexane 0.2 decane 0.1 isoprene 0 nonane 0
isoprene 0 1,3-diethylbenzene 0.1 cyclopentane 0 o-prigpylbenzene | 0
2-methylhexane 0 propane 0 methylcyclopentade decane 0
2-methylheptane 0 isoprene 0 styrene 0 1,3-dietiibne | O
1,3-diethylbenzene 0 iIso-propylbenzene 0 decane 0 4-digthylbenzene| O
1,4-diethylbenzene 0 undecane 0 1,4-diethylbenzef@e undecane 0
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Table A.1-continued 4

Species Commercial | Species Liquid Species Industrial | Species Coke
Natural Gas Petroleum Refinery Oven
Gas
ethane 68.9 propane 90.6 other 36.3 other 59.3
propane 21.1 propylene 5.1 butane 22.9 benzene 10.5
butane 3.1 ethane 4.1 isobutane 9.6 1,2,3- 4.1
trimethylbenzene
isobutane 2.1 isobutane 0.2 pentane 6.6 2,3-dirpsthtane 3.5
methylcyclopentane 1 ethylene 0 propane 3.7 nonane 3.1
isopentane 0.7 acetylene 0 hexane 2.9 butane 2
pentane 0.7 1-butene 0 toluene 1.9 toluene 2
other 0.5 butane 0 3-methylpentane 1.6 o-xylene 1.4
hexane 0.4 trans-2-butene O benzene 1.6 2,2 Athytpentane| 1.3
2-methylheptane 0.4 cis-2-butene 0 propylene 1.3 canke 1.3
2-methylpentane 0.3 isopentane 0 isopentane 1.3 ndnp-xylene 1.2
2,2,4-trimethylpentane 0.3 1-pentene 0 methylcyahdane 1.3 heptane 1
3-methylhexane 0.2 pentane 0 trans-2-pentene 0.9 metBylhexane 0.9
heptane 0.2 isoprene 0 trans-2-butene 0.8 ethydioenz 0.9
3-methylpentane 0.1 trans-2- 0 2,2-dimethylbutane 0.7 iso-propylbenzene 0.9
pentene
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Table A.1-continued 5

Species Commercial | Species Liquid Species Industrial | Species Coke

Natural Gas Petroleum Refinery Oven

Gas
methylcyclohexang¢ 0.1 cis-2-pentene 0 heptane 0.7 isopentane 0.7
ethylene 0 2,2-dimethylbutane 0 cis-2-butene 0.6 thyheyclohexane 0.7
acetylene 0 cyclopentane 0 1-pentene 0.6 n-propytres 0.7
1-butene 0 2,3-dimethylbutane 0 ethane 0.5 3-atlughe 0.6
propylene 0 2-methylpentane 0 cyclopentane 0.5 apent 0.5
trans-2-butene 0 3-methylpentane 0 3-methylhexane.5 0 hexane 0.5
cis-2-butene 0 1-hexene/2-methyl- cis-2-pentene 0.4 2-methylpentane 0.4
1-pentene
2,4-
1-pentene 0 hexane 0 dimethylpentane 0.4 3-methylpentane 0.4
isoprene 0 methylcyclopentane 0 cyclohexane 0.3 thyllteluene 0.4
2,4- . |
trans-2-pentene 0 dimethylpentane 0 o-xylene 0.3 1,3,5-trimethylbenzene 0.4
cis-2-pentene 0 benzene 0 1’.2'4' 0.3 isobutane 0.3
trimethylbenzene

2,2-
dimethylbutane 0 cyclohexane 0 2-methylpentang 0.2 2-ethyltoluene 0.3
cyclopentane 0 2-methylhexane 0 2,2,4- 0.2 2,2-dimethylbutane 0.2

trimethylpentane
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Table A.1-continued 6

methylcyclohexane 0.1 cis-2-pentene 0 heptane 0.7| sopentane 0.7
ethylene 0 2,2-dimethylbutane 0 cis-2-butene 0.6 thyheyclohexane| 0.7
acetylene 0 cyclopentane 0 1-pentene 0.6 n-propytres 0.7
1-butene 0 2,3-dimethylbutang 0 ethane 0.5 3-atlugdhe 0.6
propylene 0 2-methylpentane 0 cyclopentane 0.5 apent 0.5
trans-2-butene 0 3-methylpentane 0 3-methylhexane .5 0 | hexane 0.5
cis-2-butene 0 1-hexene/2-methylO cis-2-pentene 0.4 2-methylpentane 0.4
1-pentene
1-pentene 0 hexane 0 2,4- 0.4 3-methylpentane 0.4
dimethylpentane
isoprene 0 methylcyclopentane 0 cyclohexane 0.3 thyliteluene 0.4
trans-2-pentene 0 2,4- 0 o-xylene 0.3 1,3,5- 0.4
dimethylpentane trimethylbenzene
cis-2-pentene 0 benzene 0 1,2,4- 0.3 isobutane 0.3
trimethylbenzene
2,2-dimethylbutane 0 cyclohexane 0 2-methylpentane 0.2 2-ethyltoluene 0.3
cyclopentane 0 2-methylhexane 0 2,2,4- 0.2 2,2-dimethylbutang 0.2

trimethylpentane
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Table A.1-continued 7

2,3-dimethylbutane| O 2,3- 0 methylcyclohexane| 0.2 2,4- 0.2
dimethylpentane dimethylpentane

1-hexene/2-methyl- O 3-methylhexane 0 ethylbenzene 0.2 octane 0.2

1-pentene

2,4- 0 2,2,4- 0 2-methylhexane 0.1 2,3,4- 0.1

dimethylpentane trimethylpentane trimethylpentane

benzene 0 heptane 0 2,3,4- 0.1 3-methylheptane 0.1

trimethylpentane
cyclohexane 0 methylcyclohexane O 3-methylheptange .1 0 | 1,2,4- 0.1
trimethylbenzene

2-methylhexane 0 2,3,4- 0 octane 0.1 ethane 0
trimethylpentane

2,3- 0 toluene 0 iso-propylbenzeng 0.1 ethylene 0

dimethylpentane

2,3,4- 0 2-methylheptane 0 ethylene 0 acetylene 0

trimethylpentane

toluene 0 3-methylheptane 0 acetylene 0 1-butene 0

3-methylheptane 0 octane 0 1-butene 0 propylene 0

octane 0 ethylbenzene 0 isoprene 0 propane 0

ethylbenzene 0 m and p-xylene 0 2,3-dimethylbutaife trans-2-butene 0

m and p-xylene 0 styrene 0 1-hexene/2-methyd- cis-2-butene 0

1-pentene
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Table A.1-continued 8

styrene 0 o-xylene 0 2,3-dimethylpentane 0 1-penten
o-xylene 0 nonane 0 2-methylheptane 0 isoprene
nonane 0 | iso-propylbenzene 0 m and p-xylene 0 -Ramsntene
iso-propylbenzene 0| n-propylbenzene 0 styrene 0 -2-pientene
n-propylbenzene 0| 3-ethyltoluene 0 nonane D cycizpe
3-ethyltoluene 0 | 4-ethyltoluene 0 n-propylbenzene 02,3-dimethylbutane
4-ethyltoluene 0 1,3,5-trimethylbenzene 0 3-ethykoe 0 1-hexene/2-methyl-1
pentene
1,3,5-trimethylbenzene | 0| 2-ethyltoluene 0 4-ethyiae 0 methylcyclopentane
2-ethyltoluene 0 | 1,2,4-trimethylbenzene O 1,3,5- 0 cyclohexane
trimethylbenzene
1,2,4-trimethylbenzene| 0| decane 0 2-ethyltoluene @-methylhexane
decane 0 | 1,2,3-trimethylbenzene O decane 0 2-ninetpidne
1,2,3-trimethylbenzene | O 1,3-diethylbenzene ( 1,2,3 0 styrene
trimethylbenzene
1,3-diethylbenzene 0 1,4-diethylbenzene d 1,3-glibmzene 0 1,3-diethylbenzene
1,4-diethylbenzene 0 undecane 0 1,4-diethylbenzene0 1,4-diethylbenzene
undecane 0 | other 0 undecane 0 undecane
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Table A.1-continued 9

Species Architectural Coatings | Species Biogenic
Emission
other 66.9 isoprene 100
toluene 25.9 ethane 0
o-xylene 2.9 ethylene 0
m and p-xylene 2.7 acetylene 0
2,4-dimethylpentane 1.1 1-butene 0
ethylbenzene 0.5 propylene 0
benzene 0.1 propane 0
ethane 0 iIsobutane 0
ethylene 0 butane 0
acetylene 0 trans-2-butene 0
1-butene 0 cis-2-butene 0
propylene 0 isopentane 0
propane 0 1-pentene 0
isobutane 0 pentane 0
butane 0 trans-2-pentene 0
trans-2-butene 0 cis-2-pentene 0
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Table A.1-continued 10

cis-2-butene 0 2,2-dimethylbutane 0
isopentane 0 cyclopentane 0
1-pentene 0 2,3-dimethylbutane 0
pentane 0 2-methylpentane 0
isoprene 0 3-methylpentane 0
trans-2-pentene 0 1-hexene/2-methyl-1-pentene  (
cis-2-pentene 0 hexane 0
2,2-dimethylbutane 0 methylcyclopentane 0
cyclopentane 0 2,4-dimethylpentane 0
2,3-dimethylbutane 0 benzene 0
2-methylpentane 0 cyclohexane 0
3-methylpentane 0 2-methylhexane 0
1-hexene/2-methyl-1-pentene 0 2,3-dimethylpentane (
hexane 0 3-methylhexane 0
methylcyclopentane 0 2,2, 4-trimethylpentane 0
cyclohexane 0 heptane 0
2-methylhexane 0 methylcyclohexane 0
2,3-dimethylpentane 0 2,3,4-trimethylpentane 0
3-methylhexane 0 toluene 0
2,2, 4-trimethylpentane 0 2-methylheptane 0
heptane 0 3-methylheptane 0
methylcyclohexane 0 octane 0
2,3,4-trimethylpentane 0 ethylbenzene 0
2-methylheptane 0 m and p-xylene 0
3-methylheptane 0 styrene 0
octane 0 o-xylene 0
styrene 0 nonane 0
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Table A.1-continued 11

nonane

iso-propylbenzene

iso-propylbenzene

n-propylbenzene

n-propylbenzene

3-ethyltoluene

3-ethyltoluene

4-ethyltoluene

4-ethyltoluene

1,3,5-trimethylbenzene

1,3,5-trimethylbenzene

2-ethyltoluene

2-ethyltoluene

1,2,4-trimethylbenzene

1,2,4-trimethylbenzene

decane

decane

1,2,3-trimethylbenzene

1,2,3-trimethylbenzene

1,3-diethylbenzene

1,3-diethylbenzene

1,4-diethylbenzene

1,4-diethylbenzene

undecane

olo|lo|o|o|o|o|o|C|lo| o @

undecane
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Appendix B: PMF Source Profiles Literature Review

Table B.1 Gasoline Exhaust

Song et al. (2008) Yuan et al. (2009) (location LYuan et al. (2009) Templer (2007)
(Location 2)

Species Per | Species Per | Species Per | Species Per

Cent Cent Cent Cent

(%) (%) (%) (%)
acetylene 16.8 toluene 18.83 benzene 30.5 other 4.6
propane 12.0 isopentane 15|2 toluene 2/7.3 toluene g7
isopentane 11.9 benzene 9.1 iIsopentane 10.5 isoment 6.9
ethane 11.7 pentane 8.7 2-methylhexane 1.7  ethylene 6.5
ethylene 9.9 hexane 7.7 pentane 411 m and p-xylend.1
butane 8.4 2-methylpentane 5.6 butane 4,0 acetylene 3.7
toluene 6.6 3-methylpentane 4.7 3-methylpentane  3.2,2,4- 3.5

trimethylpentane
isobutane 6.2 3-methylhexane 4.1 hexane 3.0 benzene 3.3
benzene 5.2 butane 3.7 iso-butene 2|8 propylene 3
pentane 4.7 2-methylhexane 3.7 isobutane 2.5  2yipeitane | 2.8
MTBE 1.9 isobutane 3.5 1-butene 2.4 pentane 2.6
hexane 1.3 propane 3.2 octane 0.6 butane 2.2
ethylbenzene 0.9 heptane 2.9 m and p-xylene 0.5 4-1,2 2
trimethylbenzene

propylene 0.9 m and p-xylene 2.6 ethylbenzene Q.4-methylpentane | 1.8
o-xylene 0.5 ethylbenzene 1.6 isoprene 0/3 ethane g 1
1-butene 0.4 o-xylene 1.4 o-xylene 0.1 hexane 1.7
2m-propylene 0.3 octane 1.3 propane 01 o-xylene 5 1

184



Table B.1- continued 1

isoprene 0.1 1,2,4-trimethylbenzene 1.2 1,2,3- 2-methylhexane 1.3
trimethylbenzene

2m-1-butene 0.1 isoprene 0.8 1,2,4- 3-ethyltoluene 1.3
trimethylbenzene

2m-2-butene 0.1 nonane 0.5 1,3,5- methylcyclopenta 1.2
trimethylbenzene ne

1,2,4-trimethylbenzene | O decane 0.3 1,3- 3-methylhexane 1.2
diethylbenzene

1-pentene 0 1,2,3-trimethylbenzene 0 1,4- 2,3,4- 1.2
diethylbenzene trimethylpentane

2-methylhexane 0 1,3,5-trimethylbenzene 0 1-hexene/2- ethylbenzene 1.1
methyl-1-pent

2-methylpentane 0 1,3-diethylbenzene 0 1-pentene 2,3- 0.9

dimethylbutane

3-methylhexane 0 1,4-diethylbenzene 0 2,2,4- 2,3- 0.9
trimethylpentane dimethylpentane

3-methylpentane 0 1-butene 2,2- heptane 0.8
dimethylbutane

cis-2-butene 0 1-hexene/2-methyl-1- | O 2,3,4- trans-2-pentene 0.7

pent trimethylpentane

cis-2-pentene 0 1-pentene 2,3- 2,2- 0.7
dimethylbutane dimethylbutane

decane 0 2,2,4-trimethylpentane| O 2,3- 2,4- 0.7
dimethylpentane dimethylpentane

heptane 0 2,2-dimethylbutane 2,4- 1,3,5- 0.7

dimethylpentane

trimethylbenzene
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Table B.1- continued 2

m and p-xylene 0 | 2,3,4-trimethylpentane | O 2-ethyltoluene 0 methylalygexane 0.6
nonane 0 2,3-dimethylbutane 0 2-methylheptane 0 4-ethyltodue 0.6
octane 0 2,3-dimethylpentane 0 2-methylpentane 0 isobutane 5 0
trans-2-butene 0 | 2,4-dimethylpentane 0 3-ethyltoluene 0 trans-24beite 0.5
trans-2-pentene 0 | 2-ethyltoluene 0 3-methylheptane 0 2-methylheptane 0.5
3m-1-butene 0 2-methylheptane 0 3-methylhexane 0 3-methylheptane 0.5
a-pinene 0 3-ethyltoluene 0 4-ethyltoluene 0 1,2,3-trimethyibene 0.5
b-pinene 0 3-methylheptane 0 acetylene 0 1-butene 0.4
limonene 0 4-ethyltoluene 0 cis-2-butene 0 cis-2-butene 0.4
1,2,3-trimethylbenzene 0 | acetylene 0 cis-2-pentene 0 cis-2-pentene 0.4
1,3,5-trimethylbenzene 0 | cis-2-butene 0 cyclohexane 0 octane 0(4
1,3-diethylbenzene 0 | cis-2-pentene 0 cyclopentane 0 2-ethyltoluene 0.4
1,4-diethylbenzene 0 | cyclohexane 0 decane 0 1,4-diethylbenzene 0.4
1-hexene/2-methyl-1-pent 0 | cyclopentane 0 ethane 0 1-pentene 0.3
2,2,4-trimethylpentane 0 | ethane 0 ethylene 0 cyclopentane 0{3
2,2-dimethylbutane 0 | ethylene 0 heptane 0 n-propylbenzene 0.3
2,3,4-trimethylpentane 0 | iso-propylbenzene 0 iso-propylbenzene 0 1-hexems®wyl-1-penteng 0.2
2,3-dimethylbutane 0 | methylcyclohexane 0 methylcyclohexane 0 cyclohexane 0.2
2,3-dimethylpentane 0 methylcyclopentane G metltytpentane | 0 styrene 0.1
2,4-dimethylpentane 0 propylbenzene 0 nonane q neona 0.1
2-ethyltoluene 0 propylene 0 propylbenzene 0 decane 0.1
2-methylheptane 0 styrene 0 propylene 0 1,3-dibnzene 0.1
Total 99.9 100 100
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Table B.2 Liquid Gasoline

Song et al., (2008)

Yuan et al. (2009)

Templer 200

Liquid/evaporated/exhau

UJ
~t

Evaporated and

Liquid Gasoline

gasoline Liquid Gasoline
Species Per Species Per| Species Per
cent cent cent
(%0) (%0) (%0)
isopentane 21.8 butane 21.bluene 14.9
acetylene 18.5 iIsopentane 194 and p-xylene 9.8
ethylene 11.6 isobutane 14.6opentane 9.4
pentane 6.3 propane 8.Y pentane 6.
toluene 5.8 benzene 8.1 other 4.6
MTBE 4.6 pentane 7.2 2-methylpentane 4.3
2m-2-butene 4.0 toluene 4.5 1,2,4-trimethylbenzen¢ 3.9
benzene 3.8 hexane 4.1 o-xylene 3.1
2m-propylene 3.3 m and p-xylene 3.0 hexane 3.
2m-1-butene 2.7 ethylbenzene 216  2,2,4-trimethyhpen 3.6
butane 2.5 3-methylhexane 1.6 benzene 3
propylene 2.1 2-methylpentane 1.1 Dbutane 2.
trans-2-butene 2.1 3-methylpentane 1.1  3-methygrent 2.6
cis-2-butene 1.9 o-xylene 1.0 ethylbenzene 2.
ethane 1.7 heptane 0.Y  3-ethyltoluene 2.
trans-2-pentene 1.7 2-methylhexane 0.5 2,3-dimeémgne 2.3
hexane 1.3 1,2,4-trimethylbenzene 0,2  2,3-dimetligiiee 2
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Table B.2- continued 1

isobutane 1.3 octane 0.2 3-methylhexane 1.8
cis-2-pentene 1.0 decane 0.1  2-methylhexane 116
o-xylene 0.7 isoprene 0.0 2,3,4-trimethylpentane 6 1.
1-butene 0.5 nonane 0.0 heptane 1.5
1-pentene 0.5 1,2,3-trimethylbenzene 0 2,4-dimpdntiane 1.2
isoprene 0.4 1,3,5-trimethylbenzene 0| 1,3,5-trimethylbenzene 1.2
3m-1-butene 0.1 1,3-diethylbenzene 0 | 4-ethyltoluene 1
a-pinene 0.1 1,4-diethylbenzene 0 | 1,2,3-trimethylbenzene 0.9
1,2,4-trimethylbenzene 0 1-butene 0 | n-propylbenzene 0.8
2-methylhexane 0 1-hexene/2-methyl-1-pent 0 | 2-ethyltoluene 0.8
2-methylpentane 0 1-pentene 0 3-methylheptane 0.7
3-methylhexane 0 2,2,4-trimethylpentane 0 | 2-methylheptane 0.6
3-methylpentane 0 2,2-dimethylbutane 0 | octane 0.6
decane 0 2,3,4-trimethylpentane 0 | trans-2-pentene 0.5
ethylbenzene 0 2,3-dimethylbutane 0 | cyclohexane 0.5
heptane 0 2,3-dimethylpentane 0 | isobutane 0.3

m and p-xylene 0 2,4-dimethylpentane 0 1-pentene 3 0]
propane 0 2-ethyltoluene 0 cis-2-pentene 0.3
b-pinene 0 2-methylheptane 0 2,2-dimethylbutane 0.8
limonene 0 3-ethyltoluene 0 methylcyclohexane 0.3
1,2,3-trimethylbenzene 0 3-methylheptane 0 nonane 3 0
1,3,5-trimethylbenzene 0 4-ethyltoluene 0 1,3-distbnzene 0.3
1,3-diethylbenzene 0 acetylene 0 1-hexene/2-mdiipgntene | 0.2
1,4-diethylbenzene 0 cis-2-butene 0 iso-propylbeaze 0.2
1-hexene/2-methyl-1-pent] O cis-2-pentene 0 trabst2ne 0.1
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Table B.3 Diesel Exhaust

Lam et al. (2013) Per Yuan et al. (2009) Per | Yuan et al. (2009) Per
cent | (Location 1) cent | Location 2 cent
(%) (%) (%)
toluene 19 | toluene 11.9 isopentane 17.1
butane 15.6 isopentane 9.9| isobutane 15.7
hexane 11.% m and p-xylene 7.8| propane 14.9
propane 10.9 benzene 7.1| pentane 10.1
acetylene 9.2| 1,2,4-trimethylbenzene 6 toluene D.6
isobutane 6.9| decane 59 1-butene 8.6
ethylbenzene 6.4 propane 5.2 butane 7.9
ethylene 5.6 | hexane 5.2 iso-butene §.79
ethane 4.2 | nonane 5 2-methylhexane 2.4
benzene 3.2| isobutane 4.9 m and p-xylene 1.7
2-methylpentane 2.3 pentane 4.1  ethylbenzene 1.6
heptane 1.2| 2-methylpentane 3/6 octane 1.5
CcO 1.1 | o-xylene 3.6| 3-methylpentane 1|4
m and p-xylene 1 3-methylpentane 3.3 o-xylene 0.7
o-xylene 0.6 | butane 3 benzene 0
pentane 0.3| 3-methylhexane 2.6 isoprene D
1,3,5-trimethylbenzene| 0 heptane 2/6 hexane 0
1,2,3-Trimethylbenzene 0 Octane 25  1,2,3-Trimdéthyrene
Total 99.1| Total 100 | Total 100
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Table B.3 — continued 1

Song, et al. (2007) Per cent (%) Templer (2007) ceat (%)
ethane 0.2 m and p-xylene 10
acetylene 0.2 other 9.2
ethylene 0.1 ethylene 8.9
decane 0.1 1,2,4-trimethylbenzene 6.8
isopentane 0.1 undecane 4.8
benzene 0 toluene 4.1
propane 0 3-ethyltoluene 3.8
toluene 0 propylene 3.6
butane 0 o-xylene 3.4
isobutane 0 benzene 2.9
pentane 0 1-butene 2.7
propylene 0 ethylbenzene 2.6
hexane 0 2,2-dimethylbutane 2.4
o-Xylene 0 decane 2.4
MTBE 0.01 acetylene 2.3
2m-2-butene 0.005 3-methylhexane 2.1
isoprene 0 propane 2
2m-propene 0.004 1,3,5-trimethylbenzene 1.9
limonene 0.004 2-methylpentane 1.8
1-butene 0 2-ethyltoluene 1.8
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Table B.3- continued 2

ethylbenzene 0 styrene 1.7
m and p-xylene 0 1,2,3-trimethylbenzene 1.5
1-pentene 0 pentane 1.4
cis-2-butene 0 2,2,4-trimethylpentane 1.8
cis-2-pentene 0 4-ethyltoluene 1.3
trans-2-butene 0 isopentane 1.2
trans-2-pentene 0 ethane 1.1
2m-1-butene 0 nonane 1
3m-1-butene 0 n-propylbenzene 1
a-pinene 0 hexane 0.9
r-pinene 0 1-pentene 0.8
1,2,3-trimethylbenzene 0 3-methylpentane 0.8
1,2,4-trimethylbenzene 0 | 2,3-dimethylpentane 0.8
1,3,5-trimethylbenzene 0 | butane 0.6
1,3-diethylbenzene 0 | methylcyclopentane 0.6
1,4-diethylbenzene 0 | heptane 0.5
1-hexene/2-methyl-1-pent| 0 | methylcyclohexane 0.4
2,2,4-trimethylpentane 0 | 3-methylheptane 0.4
2,2-dimethylbutane 0 | cis-2-butene 0.3
2,3,4-trimethylpentane 0 | trans-2-pentene 0.3
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Table B.3- continued 3

™~

2,3-dimethylbutane| O cis-2-pentene 0.3
2,3-dimethylpentane cyclopentane 0.3
2,4-dimethylpentane 2,3-dimethylbutane 0.3
2-ethyltoluene 0 2,4-dimethylpentane 0.3
2-methylheptane 0 2,3,4-trimethylpentane 0.3
2-methylhexane 0 octane 0.3
2-methylpentane 0 iso-propylbenzene 0.3
3-ethyltoluene 0 isobutane 0.2
3-methylheptane 0 trans-2-butene 0.2
3-methylhexane 0 1-hexene/2-methyl-1-pentene 0.4
3-methylpentane 0 cyclohexane 0.2
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Table B.4 Gasoline Vapour

Morino et al. (2011) (Gasoline

Morino et al. (2011) (Gasoline

Vapour 1) Vapour 2)

Species Per cent (% Species Per cent (%)
butane 47.6 isopentane 42.8
isobutane 33.3 butane 23.3
propane 9.5 pentane 15.6
toluene 9.5 isobutane 11.7
isopentane 0 benzene 1.9
acetylene 0 hexane 1.9
benzene 0 propane 1.9
ethane 0 toluene 0.8
Total 100 Total 100
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Table B.4- continued 1

Lam et al. (2013) Templer (2007)
Species Per Species Per
cent cent
(%) (%)
butane 36.6 Isopentane 28.5
propane 20.8 butane 23.8
isobutane 19.6 pentane 12.2
ethylene 11.1 toluene 4.4
propylene 4.2 2-methylpentane 3.6
acetylene 3.8 isobutane 2.7
toluene 2.3 m and p-xylene 2.4
ethane 0.6 other 2.4
2-methylpentane 0.2 hexane 2.2
heptane 0.2 3-methylpentane 2
o-Xylene 0.1 benzene 1.4
pentane 0.1 2,3-dimethylbutane 1.2
1,2,4-trimethylbenzene| 0.1 trans-2-pentene 1
isopentane 0 2,2,4-trimethylpentane 0.9
benzene 0 o-xylene 0.9
1,3,5-trimethylbenzene| O cyclopentane 0.8
1,2,3-trimethylbenzene| O 2,3-dimethylpentane 0.8
1,3-diethylbenzene 0 1-pentene 0.7
1,4-diethylbenzene 0 ethylbenzene 0.7
1-butene 0 3-methylhexane 0.6
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Table B.4- continued 3

1-hexene/2-methyl-1-pent 0O 1,2,4-trimethylbenzene 0.6
1-pentene 0 cis-2-butene 0.5
2,2 ,4-trimethylpentane 0 cis-2-pentene 0.5
2,2-dimethylbutane 0 2,4-dimethylpentane 0.5
2,3,4-trimethylpentane 0 2-methylhexane 0.5
2,3-dimethylbutane 0 heptane 0.5
2,3-dimethylpentane 0 trans-2-butene 0.4
2,4-dimethylpentane 0 2,2-dimethylbutane 0.4
2-ethyltoluene 0 3-ethyltoluene 0.4
2-methylheptane 0 cyclohexane 0.3
2-methylhexane 0 2,3,4-trimethylpentane 0.3
3-ethyltoluene 0 3-methylheptane 0.2
3-methylheptane 0 4-ethyltoluene 0.2
3-methylhexane 0 1,3,5-trimethylbenzene 0.2
3-methylpentane 0 2-ethyltoluene 0.2
4-ethyltoluene 0 1-hexene/2-methyl-1-penteng¢ 0.1
cis-2-butene 0 methylcyclohexane 0.1
cis-2-pentene 0 2-methylheptane 0.1
cyclohexane 0 octane 0.1
cyclopentane 0 n-propylbenzene 0.1
decane 0 1,2,3-trimethylbenzene 0.1
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Table B.5 Paint and Solvent related sources

Cai et al. (2010)
Paint solvent usage Industrial sources (solvereda
Species Percent| Species Percent
(%) (%)
toluene 19.4 toluene 36.2
m and p-xylene 17.2 ethylacetate 28.6
ethylbenzene 14.1 propane 4.3
propane 13.9 methylenechloride 3.2
isopentane 5.9 butane 3.2
o-xylene 5 isobutane 2.8
benzene 3.4 m and p-xylene 2.4
butane 3 ethylbenzene 2.4
isobutane 2.1 propylene 1.6
2-methylpentane 1.7 hexane 15
methylenechloride 1.7 chloromethane 15
1,2-dichloroethane 1.2 benzene 1.3
hexane 1.1 1,2-dichloroethane 11
3-methylpentane 1 1-butene 1.1
chloromethane 1 o-xylene 11
styrene 0.9 2-methylpentane 1
trans-2-butene 0.8 3-methylhexane 1
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Table B. 5 — continued 1

cis-2-butene 0.8 2-methylhexane 0.8
1-butene 0.7 heptane 0.7

methylcyclopentane 0.7 methyltertbutylether 0.7
decane 0.6 cis-2-butene 0.4
heptane 0.6 3-methylpentane 0.4
nonane 0.6 styrene 0.4

2,4-dimethylpentane 0.5 isoprene 0.3
isoprene 0.5 2,4-dimethylpentane 0.2
2-methylhexane 0.4 isopentane 0.2
3-methylhexane 0.4 methylcyclopentane 0.2
1-pentene 0.4 decane 0.2
methyltertbutylether 0.3 1-pentene 0.1
ethylacetate 0.2 nonane 0.1
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Table B.5- continued 2

Lam et al. (2013)

Adhesive & sealants

Solvent

Paint & varnish

Species Per cent (%) Species Per cent|(%) Species er ceRt (%)
isopentane 25.2 butane 17.8 acetylene 20.2
isobutane 22.7 acetylene 15.2 ethane 18.6
pentane 14.6 propane 114 butane 14.3
propane 12.7 isoprene 10.2 propane 14
butane 11.1 isobutane 10.2 ethylene 9.3
toluene 6 ethylene 9.2 isobutane 6.4
ethylene 1.4 toluene 5.3 benzene 5.4
2-methylpentane 1.3 ethane 5.3 CO 5.2
ethane 1.1 CcO 3.6 toluene 2.2

m and p-xylene 0.8 isopentane 2.7 propylene 1.9
propylene 0.7 propylene 2.4 hexane 1
heptane 0.7 benzene 2.1 ethylbenzene 0.5
hexane 0.6 pentane 1.2 m and p-xylene 0.3
benzene 0.4 2-methylpentane 0.8 pentane 0.3
o-xylene 0.2 heptane 0.7 2-methylpentane 0.2
(6{0) 0.1 ethylbenzene 0.6 1,2,4-trimethylbenzene 0.2
acetylene 0.1 m and p-xylene 0.4 isoprene 0.1
isoprene 0.1 hexane 0.3 o-xylene 0.1

198



Table B.5- continued 3

1,2,4-trimethylbenzene 1,2,4-trimethylbenzene 0.2| 1,3,5-trimethylbenzene 0.1
1,3,5-trimethylbenzene 0-Xylene 0.2 1,2,3-tringlitenzene 0.1
ethylbenzene 1,2,3-trimethylbenzene 0.1

1,2,3-trimethylbenzene 1,3,5-trimethylbenzene 0.1 1,3-diethylbenzene

Table B.5 — continued 4

Yuan et al. (2009)
Paint and Industrial Coating (Location 1) Paint ahmustrial Coating
(location 2)
Species Per cent (%) Species Per cent|(%)
m and p-xylene 23.6 m and p-xylene  24.3
ethylbenzene 15.3 toluene 20.8
toluene 14.9 benzene 17.2
isobutane 8.6 ethylbenzene 16.8
o-xylene 7.4 o-xylene 9.3
butane 6.1 isopentane 2.4
benzene 5.7 butane 2.1
hexane 3.7 hexane 2.1
1,2,4-trimethylbenzene 3.5 2-methylhexape 2
isopentane 2.1 pentane 1.1
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Table B.5 — continued 5

pentane 1.9 1-butene 0.7
3-methylhexane 1.4 propane 0.7
heptane 1 iso-butene 0.5
decane 0.9 isoprene 0.1
propane 0.7 isobutane 0
octane 0.7 3-methylpentane 0
nonane 0.6 octane 0
2-methylpentane 0.6 1,2,3-trimethylbenzene |0
2-methylhexane 0.6 1,2,4-trimethylbenzene 0
3-methylpentane 0.5 1,3,5-trimethylbenzene 0
isoprene 0
Song et al., (2007) Templer (2007)
paint Architectural Coatings
Species Per | Species Per
cent cent
(%) (%)
m and p-xylene 0.3 other 66.9
ethylbenzene 0.1 toluene 25.9
o-xylene 0.1 o-xylene 2.9
toluene 0.1 m and p-xylene 2.7
pentane 0.1 2,4-dimethylpentane 1.1
r-pinene 0.1 ethylbenzene 0.5
benzene 0.1 benzene 0.1
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Table B.6 Liquid Petroleum Gas

Cai et al. (2010)

Song et al., (2008)

Fuel evaporation (gasoline,LPG/NG Leakage) LPG

Species Per cent (% Species Per cent (P0)
isopentane 21.8 propane 17.9
butane 12.2 isobutane 16
isobutane 10.3 butane 14.2
propane 7.1 1-butene 12.2
methylenechloride 4.6 ethylene 7.1
propylene 4.2 propylene 7.1
2-methylpentane 3.9 trans-2-butene 4.6
ethylbenzene 3.9 cis-2-butene 3.3
methyltertbutylether 3.9 isopentane 3.1
ethylacetate 2.6 2m-propylene 2.9
benzene 2.3 toluene 2.7
chloromethane 1.9 ethane 2.3
m and p-xylene 19 m and p-xylene 1.8
3-methylpentane 1.7 acetylene 0.9
trans-2-butene 1.6 o-xylene 0.9
toluene 1.6 hexane 0.6
1-butene 15 trans-2-pentene 0.6
heptane 15 pentane 0.4
cis-2-butene 15 benzene 0.3
3-methylhexane 1.3 cis-2-pentene 0.3
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Table B.6 - continued 1

isoprene 1.2 2m-1-butene 0.3
1-pentene 11 MTBE 0.3
o-xylene 1.1 1-pentene 0.2
methylcyclopentane 1 isoprene 0.1
2-methylhexane 0.9 decane 0
2,4-dimethylpentane 0.8 ethylbenzene 0
hexane 0.8 3m-1-butene 0
1,2-dichloroethane 0.6 2m-2-butene 0
decane 0.6 limonene 0
nonane 0.4 a-pinene 0
styrene 0.3 b-pinene 0
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Table B.6 — continued 2

Morino et al. (2011) Lam et al. (2013)

liquefied petroleum gas (LPG) LPG usage & consupneduct propellant
Species Per cent (%) Species Per cent (%)
ethane 69.1 toluene 38.1
propane 10.6 ethane 16
butane 5.3 acetylene 12.5
toluene 5.3 benzene 6.2
acetylene 4.3 propane 6
benzene 2.7 ethylene 3.8
isobutane 2.7 ethylbenzene 3.7
isopentane 0 co 3.7
hexane 0 2-methylpentane 2.5
pentane 0 heptane 2.1
1,2,3-trimethylbenzene 0 m and p-xylene 1.9
1,2,4-trimethylbenzene 0 isobutane 1.4
1,3,5-trimethylbenzene 0 o-xylene 1
1,3-diethylbenzene 0 pentane 0.5
1,4-diethylbenzene 0 butane 0.5
1-butene 0 isopentane 0.1
1-hexene/2-methyl-1-pent 0 propylene 0
Total 100 Total 100
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Table B.6 — continued 3

Yuan et al. (2009) (location 1)

Yuan et al. (20(Q8ation 2)

LPG LPG

Species Per cent (%)| Species Per cent (%)
propane 23.9 propane 38.4
isobutane 22.4 butane 21.2
butane 15.8 isobutane 17.2
toluene 9.6 isopentane 7.5
isopentane 6.3 pentane 5.9
hexane 3.5 benzene 54
pentane 3 toluene 2.6
2-methylpentane 2.8 hexane 0.7
3-methylpentane 2.4 1-butene 0.4
benzene 1.8 3-methylpentane 0.3
3-methylhexane 1.6 octane 0.3
1,2,4-trimethylbenzene 1.6 isobutene 0.1
2-methylhexane 15 m and p-xylene 0
o-xylene 1 ethylbenzene 0

m and p-xylene 1 isoprene 0
heptane 0.9 o-xylene 0
isoprene 0.6 2-methylhexane 0
octane 0.5 1,2,3-trimethylbenzene 0
nonane 0.1 1,2,4-trimethylbenzene 0
ethylbenzene 0.1 1,3,5-trimethylbenzene 0
Total 100 Total 100
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Table B.6 — continued 4

Song et al., (2007) Templer (2007)

LPG LPG

Species Per cent (%) Species Per cent (%)
propane 0.2 propane 90.6
isobutane 0.2 propylene 5.1

butane 0.1 ethane 4.1

1-butene 0.1 isobutane 0.2

ethylene 0.1 ethylene 0

propylene 0.1 acetylene 0

Table B.7 Petrochemical sources

Cai et al. (2010) Song et al. (2008)

Species Per cent (%) Species Per cent (%) Species er ceRt (%)
propylene 12.5 2,4-dimethylpentane 12 m and p-xylen | 20.9
isobutane 9 3-methylpentane 8.5 ethylene 17.4
butane 8 1-hexene 8 toluene 12.8
benzene 7.8 butane 7 ethylbenzene 9.1
3-methylpentane 7.5 pentane 7 o-xylene 8.7
isopentane 6 isopentane 6.5 acetylene 6
toluene 6 benzene 4.8 propylene 4.9
1-butene 4 2,3-dimethylbutang 4.5 benzene 2.8
2,4-dimethylpentane| 3 2-methylpentane 4 1-butene 7 2.
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Table B.7 — continued 1

2-methylpentane 3 heptane 3 pentane 2.6
hexane 3 hexane 3 hexane 2.4
2,3-dimethylbutane 3 2,2,4- 3 MTBE 2.4
trimethylpentane
2,2,4- 2.3 isobutane 2.5 isobutane 1.6
trimethylpentane
2,3-dimethylpentane| 1.7 propylene 2 2m-propylene 4 1.
m and p-xylene 1.7 o-xylene 1.8 isopentane 1.3
ethylbenzene 1.6 3-mehtylheptane 1.8 butane 1
cyclohexane 1.5 cyclohexane 1.2 decane 1
trans-2-butene 15 2,3-dimethylpentape 1 2m-1-euten 0.4
cis-2-butene 1 cis-2-pentene 1 isoprene 0.3
heptane 1 ethylbenzene 1 1-pentene 0.2
isopropylbenzene 1 trans-2-butene 1 cis-2-butene 2 0.
2-methylhexane 0.8 2,2-dimethylbutane 1 cis-2-pente 0.1
0-Xylene 0.8 cyclopentane 0.8 trans-2-pentene 0.1
2,2-dimethylbutane 0.8 1-butene 0.5 ethane 0
1-hexene 0.8 2-methylhexane 0.5 propane 0
1-pentene 0.5 isoprene 0.5 trans-2-butene 0
cyclopentane 0.5 nonane 0.5 3m-1-butene 0
propylbenzene 0.5 toluene 0.5 2m-2-butene 0
pentane 0.5 2,3,4- 0.5 limonene 0
trimethylpentane
styrene 0.5 methylcyclopentang 0.4 a-pinene 0
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Table B.7 — continued 2

1,2,4-trimethylbenzene 0.2 octane 0.4 b-pinene
1,2,3-trimethylbenzene 0.1 2-methylheptane 0.3  3itynethylbenzene 0
2-methylheptane 0.1 styrene 0.3 1,2,4-trimethylbaez 0
cis-2-pentene 0.1 cis-2-butene 0.2 1,3,5-trimedylene 0
decane 0.1 decane 0.2 1,3-diethylbenzene
methylcyclopentane 0.1 trans-2-pentene 0.2 1, 4vgieenzene 0
nonane 0.1 1-pentene 0.1 1-hexene/2-methyl-1-pent
octane 0.1 propylbenzene 0.1 2,2 ,4-trimethylpentane | O
2,3,4-trimethylpentane 0.1 o-ethyltoluene 0.1 di@adhylbutane 0
p-ethyltoluene 0.1 1,2,3-trimethylbenzene 0.1 2{BmMethylpentane 0
m-diethylbenzene 0.1 1,2,4-trimethylbenzene 0.1 -dh®ethylbutane 0
p-diethylbenzene 0.1 m-ethyltoluene 0.05 2,3-diryieimtane 0
methylcyclohexane 0.05 p-ethyltoluene 0.05 2,4-dhwyleentane 0
trans-2-pentene 0.05 1,3,5-trimetylbenzene 0,05 thyteluene 0
undecane 0.05 m-diethylbenzene 0.05

3-mehtylheptane 0.05 p-diethylbenzene 0.05 2-mledpthne 0
m-ethyltoluene 0.05 3-methylhexane 0 2-methylhexane 0
1,3,5-trimetylbenzene 0.05 acetylene 0 2-methyhosant 0
o-ethyltoluene 0.05 ethane 0 3-ethyltoluene
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Table B.7 - continued 3

Chan et al. (2011)

Templer (2007)

Petroleum Refining

petroleum product wholesaling

ndulstrial Refinery

Species Per cent (%) Species Per cent (%) Species er ceRt (%)
pentane 10 hexane 10 other 36.3
2,3-dimethylbutane 10 pentane 10 butane 22.9
m and p-xylene 5 2,3-dimethylbutane 10 isobutane 6 9.
toluene 5 3-methylhexane 8 pentane 6.6
NO, 5 styrene 8 propane 3.7
coarse patrticles 5 toluene 8 hexane 2.9
benzene 1 2-methylhexane 5 toluene 1.9
nonane 1 m and p-xylene 5 3-methylpentane 1.6
o-xylene 1 NQ 5 benzene 1.6

03 1 benzene 1 propylene 1.3
coarse ec heptane 1 isopentane 1.3
isoprene 0.7 nonane 1 methylcyclopentane 1.3

208




Table B.7 - continued 4

decane 0.5 | octane 1 trans-2-pentene 0.9
ethylbenzene 0.5 NO 1 trans-2-butene 0.8
heptane 05| SO2 1 2,2-dimethylbutane 0.7
octane 0.5 | 1,2,4-trimethylbenzene 0 heptane 0J7
acetaldehyde 0.5| 1,3,5-trimethylbenzene 0 cis-2rmut 0.6
SO2 0.5 | 2-methylpentane 0 1-pentene 0.6
1,2,4-trimethylbenzene 0 cyclohexane 0 ethane 0/5
1,3,5-trimethylbenzene 0 decane 0 cyclopentane 0{5
2-methylhexane 0 ethylbenzene 0 3-methylhexane 0|5
2-methylpentane 0 isoprene 0 cis-2-pentene 04
3-methylhexane 0 methylcyclohexane 0 2,4-dimetmtipee 0.4
cyclohexane 0 methylcyclopentane 0 cyclohexane 0,3
hexane 0 propylbenzene 0 o-xylene 0.3
methylcyclohexane 0 o-xylene 0 1,2,4-trimethylbereze | 0.3
methylcyclopentane 0 1,2,3-trimethylbenzene 0 Zayipentane 0.2
propylbenzene 0 1,3-diethylbenzene 0 2,2, 4-trimptntane 0.2
styrene 0 1,4-diethylbenzene 0 methylcyclohexane 2 0
1,2,3-trimethylbenzene 0 1-butene 0 ethylbenzene 2 0
1,3-diethylbenzene 0 1-hexene/2-methyl-1-pent C ePhgihexane 0.1
1,4-diethylbenzene 0 1-pentene 0 2,3,4-trimethythosan 0.1
1-butene 0 2,2,4-trimethylpentane 0 3-methylheptane 0.1
1-hexene/2-methyl-1-pentf O octane 0.1
iso-propylbenzene 0.1
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Table B.8 Commercial Natural Gas (1)

Song et al. (2008) (Using source profiles

of Song et al. (2007)

5Song et al. (2007)

Templer (2007)

Species Per cent (%)Species Per cent (%)Species Per cent (¢
ethane 38.5 ethane 38.5 ethane 68.9
acetylene 9.5 acetylene 9.5 propane 21.1
toluene 9.4 toluene 9.4 butane 3.1
benzene 5.7 benzene 5.7 isobutane 2.1
m and p-xylene 5.5 m and p-xylene 5.5 methylcyahbgee 1
2m-1-butene 4.3 2m-1-butene 4.3 isopentane 0.7
pentane 3.6 pentane 3.6 pentane 0.7
isopentane 2.9 isopentane 2.9 other 0.5
2m-propylene 2.7 2m-propylene 2.7 hexane 0.4
1-pentene 2.3 1-pentene 2.3 2-methylheptane 0.4
propylene 2.3 propylene 2.3 2-methylpentane 0.3
1-butene 2.2 1-butene 2.2 2,2,4-trimethylpentang 3 0.
hexane 1.7 hexane 1.7 3-methylhexane 0.2
propane 1.7 propane 1.7 heptane 0.2
trans-2-pentene 1.6 trans-2-pentene 1.6 3-methigpen 0.1
3m-1-butene 1.6 3m-1-butene 1.6 methylcyclohexane | .1 0
cis-2-pentene 1 cis-2-pentene 1 ethylene 0
cis-2-butene 0.7 cis-2-butene 0.7 acetylene 0
decane 0.7 decane 0.7 1-butene 0
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Table B.8- continued

isoprene 0.6 isoprene 0.6 propylene
MTBE 0.6 MTBE 0.6 trans-2-butene
o-xylene 0.3 o-xylene 0.3 cis-2-butene
isobutane 0.2 isobutane 0.2 1-pentene
butane 0.1 butane 0.1 isoprene
b-pinene 0.1 a-pinene 0.1 trans-2-pentene

Table B.9 Commercial Natural Gas (2)

Song et al. (2008)

Templer (2007)

Species Per cent (% Species Per cent (%)
ethane 38.5 ethane 68.9
acetylene 9.5 propane 21.1
toluene 9.4 butane 3.1
benzene 5.7 isobutane 2.1
m and p-xylene 5.5 methylcyclopentane 1
2m-1-butene 4.3 isopentane 0.7
pentane 3.6 pentane 0.7
isopentane 2.9 other 0.5
2m-propylene 2.7 hexane 0.4
1-pentene 2.3 2-methylheptane 0.4
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Table B.9- continued

propylene 2.3 2-methylpentane 0.3
1-butene 2.2 2,2 ,4-trimethylpentane 0.3
hexane 1.7 3-methylhexane 0.2
propane 1.7 heptane 0.2
trans-2-pentene 1.6 3-methylpentane 0.1
3m-1-butene 1.6 methylcyclohexane 0.1
cis-2-pentene 1 ethylene 0
cis-2-butene 0.7 acetylene 0
decane 0.7 1-butene 0
isoprene 0.6 propylene 0
MTBE 0.6 trans-2-butene 0
o-xylene 0.3 cis-2-butene 0
isobutane 0.2 1-pentene 0
butane 0.1 isoprene 0
b-pinene 0.1 trans-2-pentene 0
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Appendix C: General Statistics of VOC Compoundsin Year 2006

Species Mean | StDev \C/:;)ref Minimum | Median | Maximum | IQR Skewness | Kurtosis
1,2,3-trimethylbenzene 0.07 0.03 39.98 0.04 0.0 150. 0.04 1.02 0.95
1,2,4-trimethylbenzene 0.32 0.15 47.24  0.13 0.2 770. 0.18 1.25 1.28
1,3,5-trimethylbenzene 0.09 0.04 44.02 0.04 0.08 220. 0.05 1.2 1.47
1,3-diethylbenzene 0.04 0 0 0.04 0.04 0.04 0 - -
1,4-diethylbenzene 0.08 0.01 14.19  0.08 0.08 0.14 0 | 3.07 10.08
1-butene 0.24 0.05 20.19| 0.15 0.24 0.37 0.07 065| 530
1-hexene/2-methyl-1-pent  0.08 0 0 0.08 0.08 0.08 0o |- -
1-pentene 0.06 0 0 0.06 0.06 0.06 0 - -
2,2,4-trimethylpentane 0.17 0.08 47.96 0.08 0.1 630. 0.06 4.49 25.94
2,2-dimethylbutane 0.07 0.01 13.21 0.07 0.07 0.13 0 |5.74 35.52
2,3,4-trimethylpentane 0.06 0.03 43.64  0.03 0.0§ 210. 0.02 3.71 18.97
2,3-dimethylbutane 0.09 0.04 41.16 0.04 0.09 0.24 .040 | 1.89 4.84
2,3-dimethylpentane 0.1 0.03 30.78 0.04 0.09 0.23 .030 | 1.82 6.16
2,4-dimethylpentane 0.05 0.02 50.43 0.02 0.04 0.16 |0.01 3.24 12.98
2-ethyltoluene 0.08 0.03 38.05| 0.04 0.07 0.18 0.041.13 1.36
isopentane 1.99 0.69 34.65 0.84 1.94 4.4 0.8 0.99| .11 2
2-methylheptane 0.06 0.02 36.65 0.03 0.06 0.17 0.022.51 9.73
2-methylhexane 0.23 0.08 34.83 0.1 0.22 0.58 0.0f .33 2 8.67
2-methylpentane 0.49 0.32 65.6 0.2 0.42 2.03 0.19 .18 3 12.43
3-ethyltoluene 0.19 0.08 41.09, 0.08 0.17 0.44 0.091.38 2.38
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Table C.1 - continued 1

3-methylheptane 0.07 0.03 40.5 0.03 0.07 0.19 0.0R2.77 11.04
3-methylhexane 0.24 0.09 36.23 0.11 0.23 0.64 0.082.43 9.19
3-methylpentane 0.44 0.39 89.44 0.16 0.37 2.82 0.155.18 30.62
4-ethyltoluene 0.09 0.04 41.67) 0.04 0.08 0.23 0.051.46 2.78
acetylene 1.18 0.29 24.23 0.7 1.15 2.51 0.2% 222 439
benzene 0.85 0.15 17.23  0.57 0.84 1.17 0.1y 0.5 15-0.
butane 3.69 0.97 26.34| 1.58 3.66 5.8 1.48 0.15 2-0.6
cis-2-butene 0.05 0.01 23.22| 0.04 0.04 0.09 0.02 86 1. 4.92
cis-2-pentene 0.02 0.01 35.08 0.01 0.02 0.04 0.01 .13 1 0.8
cyclohexane 0.07 0.03 41.02 0.04 0.06 0.19 004 117 |382
cyclopentane 0.09 0.03 38.66 0.04 0.09 0.2 0.08 414 |3.46
decane 0.11 0.04 35.4 0.05 0.1 0.22 0.06 0.6 -0.2
ethane 4.47 0.52 11.6 3.32 4.44 5.56 0.67 0.09 3-0.4
ethylbenzene 0.37 0.19 51.43 0.18 0.34 1.38 0.18 48 3. 16.96
ethylene 1.68 0.32 19.15| 1.08 1.67 2.9 0.4 1.05 7 3.2
heptane 0.18 0.06 3539 0.1 0.17 0.47 0.0% 2.62 4410.
hexane 0.64 0.98 154.06 0.19 0.4 5.88 0.18 4.43 5620.
isobutane 1.26 0.33 26.53| 0.63 1.24 2.27 0.46 0.66 | 0.65
isoprene 0.03 0.01 21.95 0.02 0.03 0.05 0.01 1.28| 870
iso-propylbenzene 0.04 0 0 0.04 0.04 0.04 0 - -

m and p-xylene 1.08 0.64 58.677 0.41 1.01 4.38 0.5/ .283 15.35
methylcyclohexane 0.07 0.02 31.76 0.04 0.07 0.15 020.| 1.81 4.74
methylcyclopentane 0.18 0.17 91.17  0.07 0.14 1 0.064.03 17.07
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Table C.1 - continued 2

nonane 0.08 0.02 2798 0.04 0.08 0.15 0.03 0.77 309
n-propylbenzene 0.07 0.02 3464 0.04 0.06 0.15 0.031.32 2.15
octane 0.09 0.03 32.76| 0.05 0.08 0.2 0.03 2.03 6.26
o-xylene 0.32 0.15 48.7 0.13 0.3 1.05 0.14 2.66 530.
pentane 1.31 0.43 32.84/ 0.54 1.31 2.82 0.52 0.96| 19 2.
propane 3.29 0.66 19.95 1.96 3.42 4.58 1.08 -0.39| 0.66-
propylene 0.46 0.09 19.88| 0.27 0.45 0.71 0.12 0.47 | 0.56
styrene 0.05 0.01 25.03| 0.04 0.05 0.09 0.02 1.4 2.2
trans-2-butene 0.33 0 0 0.33 0.33 0.33 0 - -
trans-2-pentene 0.04 0.02 40.51 0.02 0.04 0.09 0.020.92 0.56
toluene 2.67 1.7 63.76| 0.92 2.37 11.54 0.91 3.67 .7516
undecane 0.12 0.05 39.53 0.05 0.11 0.23 0.08 0.78| 0.28-
other 1.07 0.34 31.32| 0.54 0.99 2.11 0.32 0.97 1.27
total 31.3 7.19 23 17.8 31.2 50.9 11.5 0.46 -0.13
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Appendix D: MDL of Each VOC Species (Templer, 2007)

Species MDL Species MDL
(ng/m°) (ng/m®)
1,1,1-trichloroethane 0.037 2,5-dimethylhexane 9.00
1,1,2,2-tetrachloroethane 0.039 2-butanol 0.009
1,1,2-trichloroethane 0.049 2-butenal (crotonalgehd 0.040
1,1-dichloroethane 0.031 2-ethyl-1-butene 0.048
1,1-dichloroethene 0.034 2-ethyltoluene 0.013
1,2,3-trimethylbenzene 0.016 2-methyl-1-butene ®.00
1,2,4-trichlorobenzene 0.090 2-methyl-2-butene .00
1,2,4-trimethylbenzene 0.032 2-methylbutanal 0.009
1,2-dibromoethane (‘edb ) 0.050 2-methylbutane 3.02
1,2-dichlorobenzene 0.044 2-methylfuran 0.009
1,2-dichloroethane 0.034 2-methylheptane 0.016
1,2-dichloropropane 0.024 2-methylhexane 0.017
1,2-diethylbenzene 0.018 2-methylpentane 0.024
1,3,5-trimethylbenzene 0.013 2-methyl-propanal 9.00
1,3-butadiene 0.018 2-pentanone 0.004
1,3-dichlorobenzene 0.036 3,6-dimethyloctane 0.094
1,3-diethylbenzene 0.017 3-ethyltoluene 0.012
1,4-dichlorobenzene 0.017 3-methyl-1-butene 0.009
1,4-dichlorobutane 0.023 3-methyl-1-pentene 0.029
1,4-diethylbenzene 0.051 3-methylheptane 0.007
1-butanol (butyl alcohol) 0.013 3-methylhexane G.01
1-butene/2-methylpropene 0.038 3-methylpentane 30.03
1-butyne 0.021 4-ethyltoluene 0.027
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Table D.1 — continued 1

1-decene 0.017 4-methyl-1-pentene 0.012
1-heptene 0.012 4-methylheptane 0.008
1-hexene/2-methyl-1-pentene 0.038 acetaldehyde 90.0¢
1-methylcyclohexene 0.022 acetone 0.009
1-methylcyclopentene 0.014 acetonitrile 0.044
1-nonene 0.005 acetylene 0.057
1-octene 0.010 acrolein (2-propenal) 0.027
1-pentene 0.028 acrylonitrile 0.031
1-undecene 0.017 a-pinene 0.030
2,2,3-trimethylbutane 0.007 benzaldehyde 0.004
2,2 ,4-trimethylpentane 0.027 benzene 0.024
2,2,5-trimethylhexane 0.005 benzyl chloride 0.026
2,2-dimethylbutane 0.025 b-pinene 0.027
2,2-dimethylhexane 0.008 bromodichloromethane 0.056
2,2-dimethylpentane 0.014 bromoform 0.031
2,2-dimethylpropane 0.105 bromomethane 0.051
2,3,4-trimethylpentane 0.012 bromotrichloromethane 0.079
2,3-dimethylbutane 0.009 butane 0.049
2,3-dimethylpentane 0.012 butylacetate 0.018
2,4-dimethylhexane 0.011 butylaldehyde (butanal) 02D.
2,4-dimethylpentane 0.012 c-1,2-dichloroethene 9.02
c-1,2-dimethylcyclohexane 0.019 isobutane (2-meittogdane) 0.022
c-1,3-dichloropropene 0.007 isobutylacetate 0.013
c-1,3-dimethylcyclohexane 0.009 isobutylalcohol 20
c-1,4/t-1,3-dimethylcyclohexane 0.004 iso-butylbeEmz 0.018
c-2-butene 0.022 isoprene 0.008
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Table D.1 — continued 2

c-2-heptene 0.016 isopropyl alcohol 0.009
c-2-hexene 0.020 isopropylacetate 0.004
c-2-pentene 0.005 iIso-propylbenzene 0.014
c-3-heptene 0.014 limonene 0.083
c-3-methyl-2-pentene 0.010 m and p-xylene 0.027
c-4-methyl-2-pentene 0.012 mac (2-methyl-2-propenal | 0.009
camphene 0.063 mek 0.009
carbon disulfide 0.004 methanol 0.004
carbontretrachloride 0.028 methyl acetate 0.027
chlorobenzene 0.039 methylcyclohexane 0.007
chloroethane 0.057 methylcyclopentane 0.010
chloroform 0.023 methyl-t-butyl ether ( MTBE ) 0®2
chloromethane 0.029 mibk 0.009
cyclohexane 0.009 mvk 0.013
cyclohexanone 0.022 naphthalene 0.034
cyclohexene 0.026 n-butylbenzene 0.019
cyclopentane 0.008 nonane 0.010
cyclopentanone 0.000 n-propylbenzene 0.013
cyclopentene 0.017 octane 0.012
decane 0.012 o-xylene 0.013
dibromomethane 0.055 pentanal 0.013
dichloromethane 0.025 pentane 0.086
dodecane 0.029 propane 0.173
ethane 0.057 propene 0.019
ethanol 0.027 propyl alcohol (1-propanol) 0.013
ethylacetate 0.009 propyne 0.010
ethylbenzene 0.015 styrene 0.016
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Table D.1 — continued 3

ethylbromide 0.024 t-2-butene 0.027

ethylene 0.067 t-2-heptene 0.012
freon 11 0.026 t-2-hexene 0.014

freon 113 0.028 t-2-octene 0.018

freon 114 0.080 t-2-pentene 0.006
freon 12 0.056 t-3-methyl-2-pentene 0.011
freon 22 0.045 t-4-methyl-2-pentene 0.010
heptane 0.027 tert-butylbenzene 0.012
hexachlorobutadiene 0.083 tetrachloroethene 0.04
hexanal 0.018 toluene 0.025

hexane 0.017 trichloroethene 0.038
hexylbenzene 0.052 undecane 0.014
indan (2,3-dihydroindene) 0.021 vinylchloride (aldethene) 0.012
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Appendix E: TheAbbreviation of the Species Names

BZ123M | 1,2,3-trimethylbenzene
BZ124M | 1,2,4-trimethylbenzene
BZ135M | 1,3,5-trimethylbenzene
DETBZ1 | 1,3-diethylbenzene
DETBZ2 | 1,4-diethylbenzene
LBUT1E | 1-butene

P1E2ME | 1-hexene/2-methyl-1-pentene
PENTE1 1-pentene

PA224M | 2,2,4-trimethylpentane
BU22DM | 2,2-dimethylbutane
PA234M | 2,3,4-trimethylpentane
BU23DM | 2,3-dimethylbutane
PEN23M | 2,3-dimethylpentane
PEN24M | 2,4-dimethylpentane
O_ETOL | 2-ethyltoluene

IPENTA | isopentane

HEP2ME | 2-methylheptane
HEXA2M | 2-methylhexane
PENA2M | 2-methylpentane
M_ETOL | 3-ethyltoluene
HEP3ME | 3-methylheptane
HEXA3M | 3-methylhexane
PENA3M | 3-methylpentane
P_ETOL | 4-ethyltoluene
ACETYL | acetylene

BENZE benzene

N_BUTA | butane

C2BUTE | cis-2-butene

C2PENE | cis-2-pentene
CYHEXA | cyclohexane

CPENTA | cyclopentane

N_DEC decane

ETHANE | ethane

ETBZ ethylbenzene

ETHENE | ethylene

N_HEPT | heptane
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Table F.1 — continued 1

N_HEX hexane

| BUTA |isobutane

| PREN isoprene

IPRBZ iso-propylbenzene
MP_XYL | m and p-xylene
MECYHX | methylcyclohexane
MCYPNA | methylcyclopentane
N_NON nonane

N_PRBZ | n-propylbenzene
N _OCT octane

O_XYL o-xylene

N_PENT | pentane

N_PROP | propane

PROPE propylene

STYR styrene

T2BUTE | trans-2-butene
T2PENE | trans-2-pentene
TOLUE toluene

N_UNDE | undecane
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Table G.1 CMB winter outputs

Appendix F: CMB Model Outputs

R CHI | % Tu_MchHD | Exh_Linl| WA LIQ| WA_VAR CNG | LPG | Ind_Ref| Coke_OvnArc_Coat| Biogenic
10250BBPX | 0.9| 3.5| 111.8 1.8 6.8 -0.3 5.5 5.6 26 3 6. |20 2.6 0.0
11377BFDP | 0.9 3.9| 99.6 2.0 2.7 0.5 2.4 4.7 14 41 (1.2 1.8 0.0
11428BFGZ | 0.8/ 4.1| 1000 1.6 2.7 0.6 3.1 4.6 14 38|13 2.5 0.0
11546BFNQ | 0.9/ 3.8| 1109 1.6 54 0.3 54 41 2b 6.0 1.2 3.8 0.0
11683BFWD| 0.7 7.0| 121.8 3.0 9.2 -0.9 3.9 6.8 0b 8 9. 1.6 12.3 0.0
11688BFWK | 0.9| 3.8 | 105.2f 1.5 5.1 -0.7 3.0 5.( 24 0 5. 1.6 2.1 0.0
12135BGWR| 0.9 26| 1133 2.0 9.8 -1.0 10.6 5.8 21 .3 5 2.4 55 0.0
12380BHLJ | 0.9/ 3.6| 1054 22 6.2 0.4 55 6.2 2.1 51119 3.1 0.0
12439BHPD | 0.9 39| 104.1 1.8 2.3 14 3.1 4.8 13 44 (19 2.7 0.0
12533BHTQ | 0.8 3.7| 107.2 3.9 3.9 0.8 7.3 6.9 2.0 6.4 (19 4.6 0.0
12746BJGT | 0.8) 4.0| 1019 21 3.8 0.7 3.9 59 27 59|14 3.3 0.0
12889BJPP 0.9 3.5 113.0 29 9.3 -0.4 6.8 6.9 2119 7. |28 5.7 0.0
13601BLFM | 0.9| 3.4 | 110.4| 3.9 6.0 0.6 9.1 7.2 2.2 6.4 | 2.2 5.9 0.0
13838BLST | 0.9| 3.7| 109.8 3.5 5.2 0.6 5.7 5.8 1.1 58 1.9 3.1 0.0
14015BMDF | 0.9 3.7 | 100.9 24 4.9 0.2 6.4 6.9 2.8 76 |22 3.6 0.0
14043BMFN | 0.8| 4.1 | 104.3 1.9 5.2 0.4 5.2 5.6 2.4 6.6 | 1.7 3.3 0.0
14602BNMD | 0.9| 3.6 | 99.8 1.8 4.9 0.3 6.6 5.1 2.0 50 | 1.7 3.2 0.0
14880BPCK | 0.9 25| 120.7 2.8 16.6 6.9 8.1 6.2 26 211 | 2.2 2.2 0.0
14986BPJL 0.8/ 3.9| 923 15 25 0.3 51 4.7 1p 33|13 2.1 0.0
15012BPKR | 0.8/ 4.3| 106.4 3.0 7.9 4.3 7.9 6.5 0.b 50120 5.9 0.0
15906BRLG | 0.9/ 3.6| 1094 3.2 5.0 0.6 6.7 6.0 0.y 59 (17 3.0 0.0
15944BRNB | 0.8/ 3.7 | 102.6 3.0 3.9 0.6 6.9 6.6 2.1 52|19 4.8 0.0
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Table G.1 — continued 1

16217BSDB | 0.9 3.6| 109.3 1.1 4.5 0.0 4.1 4.6 2.b 58| 1.2 2.8 0.0
16911BTSC | 0.9 3.2| 110.7 1.4 5.5 -0.7 5.5 5.0 36 4 4. |18 3.1 0.0
17847BWVR| 0.9| 3.9 | 1044 14 4.6 0.1 4.3 5.1 2.5 5.8 [ 1.3 2.8 0.0
18080BXJT | 0.9/ 3.6| 106.7 1.3 4.8 -0.3 4.2 5.1 18 8 4. 15 3.6 0.0
18706BYTP | 0.9 3.2 | 1041 1.2 4.2 -0.2 6.3 5 2.1 9 3. 1.6 3.7 0.0
18725BYVM | 0.8 | 4.8 | 99.2 11 2.5 0.6 2.5 4.2 2.4 48 | 1.0 1.3 0.0
19494CBPC | 0.9) 3.1| 106.2 25 5.2 -0.5 6.7 6.1 23 3 4. |18 4.9 0.0
19567CBSP | 0.9 3.7| 107.0 2.0 6.1 0.6 6.2 6.0 2|1 5722 3.8 0.0
19796CCGM| 0.8 45| 91.6 3.8 7.1 -1.8 4.3 7.2 1.8 8.6 |18 3.5 0.0
19831CCJD | 0.8 4.4| 11048 15 6.1 -0.7 4.1 5.9 23 7 5 |20 3.9 0.0
19833CCJG | 0.9 34| 107.1 1.8 4.1 -0.7 2.6 4.4 152 5 |14 15 0.0
30003DFKN | 0.7 7.7 | 91.1 2.7 7.7 -0.3 6.3 6.4 2.2 510. | 13 2.7 0.0
30182DFVB | 0.9| 4.0| 100.00 1.9 3.4 1.8 3.8 5.9 1.1 39 | 1.7 2.7 0.0
30264DFYY | 0.9| 3.6 | 104.0f 2.2 4.7 1.2 4.6 5.7 2.8 51|16 2.4 0.0
31026DHSG | 0.8 6.3| 1025 1.8 4.7 0.0 3.0 4.y 23 45121 1.9 0.0
31027DHSH | 0.8 4.1| 95.7 2.4 1.7 1.6 2.0 5.0 1.6 40 |16 15 0.0
31049DHTJ | 0.9] 3.5| 1059 34 4.3 0.3 5.8 5.8 2.7 47 | 2.1 3.7 0.0
31487DJTF | 0.8 4.7| 925 1.4 7.5 -1.1 6.5 6.0 211 6.5|22 6.6 0.0
31612DKBD | 0.8| 5.1 | 101.7], 24 2.2 0.0 1.9 4.5 1.0 3.0 |13 0.9 0.0
32017DKYL | 0.9 | 3.3 | 106.4| 3.3 5.4 0.3 7.0 6.1 2.9 56 |20 3.8 0.0
32331DLRK | 0.9 3.2 | 107.9] 2.2 5.8 -0.9 8.6 5.G 3.8 2 3. 2.1 2.9 0.0
32769DMRG| 0.8] 4.6| 1049 14 3.6 0.0 3.2 4.4 2.8 57 (14 2.0 0.0
32869DMW | 0.9 | 3.7 | 113.3| 1.9 7.0 -0.5 5.4 5.6 2.6 6.7 2.0 4.5 0.0
Z
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Table G.1 — continued 2

33003DNF [0.9| 3.8 | 108.4| 2.1 5.6 0.0 5.0 5.5 1.9 6.4 2.0 3.5 00
K
33696DPT [ 0.8| 3.8 | 107.2| 3.8 5.6 0.2 7.7 7.2 2.2 5.9 2.2 6.0 00
K
NAPS 0.9] 3.3| 1104 3.6 7.8 -0.6 5.4 8.1 6.0 9.4 21 |24 0.0
Table G.2 CMB summer outputs
Site name R CHI % Tu_MchHDExh_Lin1 | WA_LIQ | WA VAP | CNG| LPG | Ind_Refi Coke_OvnArc_Coat| Biogenig
10250BBPX | 0.9 2.7 | 1354 | 7.7 14.2 14 11.8 5.0 2.4 9.8 0 2 8.4 0.3
11000BDHQ | 0.9 2.7 | 132.3| 9.0 9.8 0.9 10.1 7.1 2.4 7.2 14 9.1 0.5
11377BFDP | 0.9/ 2.6 | 137.6| 13.1 6.7 8.1 6.9 4.0 2.9 8.6 0.2 7.5 0.6
11428BFGZ | 0.9| 2.7 | 1346 | 6.7 7.7 11 8.2 4.4 1.3 6.2 15 3.4 0.8
11546BFNQ | 0.8 3.7 | 97.5 8.0 10.0 0.0 16.1 3.0 215 214 4 1 19.7 0.6
11683BFWD| 0.9/ 2.2 | 131.1| 7.6 8.0 0.2 9.1 4.4 1.5 6.2 1.3 4.5 0.6
11688BFWK | 0.9/ 3.1 | 120.6 | 6.5 11.9 4.7 8.1 4.0 0.9 5.0 1-0. 2.3 2.3
12380BHLJ | 0.9/ 2.0 | 1340 | 7.2 8.1 3.4 14.7 5.0 2.4 8.0 2.1 15.5 0.4
12439BHPD | 0.9/ 2.2 | 131.1| 5.6 104 -0.9 10.5 4.1 15 55 81 7.5 1.2
12533BHTQ | 0.9/ 3.4 | 130.8| 12.8 9.0 8.9 11.2 4.5 0.8 9.6 4 0. 6.2 0.2
12746BJGT | 0.9/1.9 | 1265| 3.9 7.0 -0.1 6.1 3.8 1.5 4.3 0.6 2.3 2.3
12753BJHC | 0.9/ 3.2 | 126.3| 8.0 8.8 1.7 8.3 5.6 1118 7.5 14 6.3 0.7
12889BJPP | 0.9 2.3 | 1248 | 55 8.8 0.5 7.3 5.9 0.8 3.6 15 5.2 0.5
13601BLFM | 0.9| 2.0 | 1440 | 32.2 2.9 2.9 33.0 5.6 1.0 0.2 1 -0 15.2 0.6
13838BLST | 0.9/ 28 | 131.2| 5.9 10.1 14 9.3 4.8 2.G 6.4 1.6 6.7 0.3
14015BMDF | 0.9|1.8 | 1321 | 7.7 5.9 3.4 13.3 5.6 2.5 5.6 1.7 9.0 0.3
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Table G.2- continued 1

14602BNMD | 0.9 1.8 | 126.1 | 3.1 4.4 11 8.2 2.5 3.6 4.5 1.4 5.5 0.2
14880BPCK | 0.9| 2.7 | 126.0 | 5.2 7.1 0.9 6.3 3.9 1.8 5.0 0.7 4.1 0.3
14986BPJL 0.9 29 1325 | 64 5.1 4.3 8.0 3.7 2.2 9.8 0.3 3.8 0.3
15012BPKR | 0.9/ 2.5 | 138.9 | 8.8 6.7 131 10.6 4.1 2.9 7.7 15 712 0.3
15906BRLG | 0.9/ 3.1 | 131.1 | 126 | 13.1| 65 19.7 4.0 3.7 1119 -0.2| 85 0.3
15944BRNB | 0.9/ 2.3 | 136.9 | 10.2 | 8.6 3.4 8.6 4.5 1.6 7.7 1.7 8.7 0.9
16217BSDB | 0.9/ 2.4 | 1325 | 5.6 119 8.1 8.7 3.9 1.6 5.1 0.6 7.2 0.7
16911BTSC | 0.9/ 2.3 | 130.6 | 5.3 6.0 0.3 9.4 4.1 15 4.5 15 5.1 0.2
17847BWVR| 0.9 1.8 | 127.8 | 6.1 8.6 -0.5 9.2 5.4 13 3.8 13 4.1 0.5
18080BXJT | 0.9/ 2.2 | 132.0 | 49 6.6 1.6 7.8 3.5 1.6 5.6 0.7 4.6 0.5
18706BYTP | 0.9/ 1.8 | 135.6 | 10.7 | 2.3 1.8 11.3 3.3 1.9 7.7 -09| 4 8 0.9
18725BYVM | 0.9 2.9 | 1253 | 6.1 10.9| 0.3 9.2 4.7 0.8 4.8 0.7 3.5 1.2
19567CBSP | 0.9 1.9 | 1346 | 6.7 6.6 0.1 9.6 4.0 15 5.3 0.9 5.6 0.8
19796CCGM| 0.9 2.7 | 1325 | 8.6 7.4 7.0 8.5 4.6 1.7 10j0 1.0 5.8 0.3
19831CCJD | 0.9/ 2.3 | 1374 | 49 11.3| -0.1 12.4 4.9 2.1 8.7 15 29 13
30003DFKN | 0.9] 1.7 | 1345 | 8.0 8.4 5.1 14.0 4.7 2.6 8.9 0.9 5.2 0.5
30182DFVB | 0.9/ 2.3 | 1338 | 7.0 8.7 2.7 9.5 3.9 1.8 4.8 0.9 6.0 0.5
30264DFYY | 0.9]1.8 | 135.0 | 6.2 8.8 0.4 12.8 3.6 2.3 5.4 1.0 5.2 0.6
31026DHSG | 0.8/ 4.6 | 1224 | 119 | 19.4| 1438 5.9 4.5 1.1 9.0 04| 38 0.3
31027DHSH | 0.9] 2.1 | 129.2 | 4.8 9.5 0.3 9.5 4.3 1.9 5.0 0.8 4.4 14
31049DHTJ | 0.9/ 2.8 | 140.3 | 142 | 9.6 11.9 23.6 4.4 1.9 6.7 -0.4 | 185 0.4
31487DJTF | 0.9/ 3.0 | 129.8 | 4.9 7.8 3.9 3.4 3.7 1.6 5.3 0.8 5.3 1.0
31612DKBD | 0.9| 2.7 | 121.7 | 4.6 6.0 14 5.5 4.8 0.8 3.8 1.2 2.5 0.3
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Table G.2- continued 2

32017DKYL | 0.9|2.1 11393 | 7.5 13.1] 3.3 24.7 49 2.7 11 1.7 79 0.3
32331DLRK | 0.9/ 2.0 | 136.8 | 9.3 5.4 1.1 14.5 3.8 2.2 5.4 4.3 9.3 0.4
32769DMRG| 0.9/ 2.7 |133.0 | 7.5 7.5 5.6 54 34 1.1 7.9 0.7 3.1 0.3
32869DMWZ| 0.9 |11.8 | 134.3 | 55 9.1 0.8 12.4 4.4 2.2 7.3 15 4.9 0.6
33003DNFK | 0.9/ 2.2 {1358 | 11.1| 4.0 1.7 8.2 4.7 0.8 4.4 0.7 55 0.8
33696DPTK | 0.9/ 3.1 |129.4 | 95 10.1| 10.4 14.6 59 0.6 10| 06 |77 0.4
NAPS- 0.9|24|131.0 | 8.7 10.5] 1.1 9.5 8.4 5.9 10 1.5 2 7. 0.4
Summer
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Appendix G: PMF Best Run Outputs

Table H.1 Factor Profiles (conc. of species) froas®Run #7 (Convergent Run) PMF of winter 2006

Species Factor Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor| Factor | Factor
1 2 3 4 5 6 7 8 9 10 11 12 13
BZ123M 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.010.01 0.00 0.00 0.00
BZ124M 0.06 0.00 0.00 0.02 0.01 0.01 0.00 0.09 0.080.06 0.02 0.02 0.00
BZ135M 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.010.02 0.01 0.01 0.00
LBUT1E | 0.03 0.04 0.01 0.02 0.00 0.02 0.03 0.02 0.01 0.03 0.01 0.01 0.03
PA224M 0.05 0.01 0.00 0.01 0.02 0.01 0.03 0.0@ 0.000.00 0.00 0.02 0.02
BU22DM | 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01
PA234M 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.0@ 0.000.00 0.00 0.00 0.01
BU23DM | 0.02 0.01 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01
PEN23M | 0.01 0.01 0.00 0.01 0.01 0.04 0.01 0.0( 0.000.01 0.00 0.01 0.01
PEN24M | 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.0( 0.000.01 0.00 0.01 0.00
O_ETOL | 0.01 0.00 0.00 0.01 0.00 0.0Q 0.00 0.02 0.010.02 0.00 0.00 0.01
IPENTA 0.28 0.09 0.09 0.23 0.35 0.02 0.42 0.09 0.150.11 0.06 0.02 0.07
HEP2ME | 0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.000.01 0.00 0.00 0.01
HEXA2M | 0.02 0.02 0.01 0.03 0.04 0.00 0.02 0.01 0.0Q 0.03 0.01 0.03 0.02
PENA2M | 0.09 0.02 0.00 0.07 0.02 0.00 0.06 0.0Q 0.030.01 0.11 0.04 0.02
M_ETOL | 0.04 0.01 0.00 0.02 0.01 0.01 0.0¢ 0.04 0.01 0.03 0.01 0.01 0.01
HEP3ME | 0.01 0.00 0.00 0.01 0.01 0.04 0.00 0.01 0.000.01 0.00 0.00 0.01
HEXA3M | 0.02 0.02 0.01 0.03 0.04 0.00 0.02 0.01 0.01 0.02 0.01 0.03 0.02
PENA3M | 0.06 0.01 0.01 0.02 0.00 0.00 0.0% 0.01 0.010.04 0.15 0.03 0.02
P_ETOL 0.02 0.00 0.00 0.01 0.00 0.00 0.00 0.02 0.010.01 0.00 0.01 0.01
ACETYL |0.03 0.00 0.00 0.18 0.00 0.08 0.16 0.10 0.00 0.31 0.02 0.06 0.24
BENZE 0.09 0.12 0.06 0.04 0.01 0.05 0.13 0.07 0.080.07 0.00 0.04 0.13
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Table H.1 - continued 1

N_BUTA | 0.34 0.43 0.18 0.09 0.56 0.08 0.81 0.30 0.200.46 0.13 | 0.02| 0.09
C2BUTE | 0.01 0.01 0.00 0.00 0.00 0.0Q 0.01 0.00 0.00.00 0.00 | 0.00| 0.00
C2PENE | 0.00 0.00 0.00 0.00 0.00 0.0( 0.00 0.00 0.00.00 0.00 | 0.00| 0.00
CYHEXA | 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.010.00 0.00 | 0.03| 0.00
CPENTA | 0.01 0.00 0.00 0.02 0.02 0.0Q 0.01 0.01 0.010.00 0.00 | 0.00f 0.01
N_DEC 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.03.02 0.00 | 0.01| 0.01
ETHANE | 0.17 0.49 0.28 0.04 0.22 0.28 0.47 0.32 0.2420.85 0.11 | 0.18| 0.84
ETBZ 0.00 0.04 0.00 0.06 0.08 0.08 0.01 0.04 0.g1.020| 0.01 | 0.01| 0.01
ETHENE | 0.09 0.16 0.05 0.06 0.06 0.09 0.27 0.19 0.010.32 0.01| 0.13| 0.24
N_HEPT | 0.03 0.00 0.00 0.02 0.02 0.0d 0.02 0.01 0.00.01 0.00 | 0.01| 0.02
N_HEX 0.02 0.00 0.00 0.00 0.00 0.20 0.0 0.0D 0.000.00 0.39 | 0.00| 0.01
|_BUTA | 0.15 0.11 0.13 0.00 0.17 0.02 0.25 0.09 0.070.11 0.05 | 0.00| 0.10
I_PREN 0.00 0.00 0.00 0.00 0.00 0.0d 0.00 0.0 0.0®.00 0.00 | 0.00| 0.00
MP_XYL | 0.02 0.11 0.01 0.19 0.27 0.26 0.01 0.138 0.000.03 0.03 | 0.02| 0.00
MECYHX | 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00.00 0 0.00 | 0.01
MCYPNA | 0.00 0.03 0.01 0.01 0.00 0.01 0.0d 0.00 0.000.02 0.07 | 0.03| 0.00
N_NON 0.01 0.01 0.00 0.00 0.00 0.01 0.0( 0.0D 0.010.01 0.00 | 0.00| 0.01
N_PRBZ | 0.01 0.00 0.00 0.01 0.00 0.0d 0.00 0.01 0.0®m.01 0.00 | 0.00| 0.01
N_OCT 0.02 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00.01 0.00 | 0.01| 0.02
O_XYL 0.01 0.04 0.00 0.06 0.06 0.06 0.00 0.04 0.000.02 0.01 | 0.00| 0.02
N_PENT | 0.13 0.00 0.05 0.19 0.28 0.01 0.25 0.08 0.1®.04 004 | 001| 011
N_PROP | 0.00 0.14 0.32 0.02 0.58 0.00 0.48 0.45 0.28.06 0.10 | 0.05| 0.83
PROPE 0.04 0.06 0.02 0.03 0.0 0.08 0.06 0.05 0.00.06 0.01 | 0.02| 0.06
STYR 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.0t 0.00.000| 0.00 | 0.00| o0.00
T2PENE | 0.01 0.01 0.00 0.01 0.00 0.0 0.01L 0.0 0.0@.00 0.00 | 0.00| 0.00
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Table H.1 - continued 2

TOLUE 030 | 0.02| 1.16| 0.32| 0.00 0.0 0.00 0.00 0.00.68 | 0.18/ 0.00 0.00
N_UNDE | 0.00 | 0.01| 0.00f 0.00 0.02 o0.0pL 0.00 0.00 0/0@.03 | 0.01/ 0.0 0.00
OTHER 0.13 | 0.14| 0.05 003 010 004 009 0.3 01011 | 0.03 0.08§ 0.03
Table H.2 Factor Contributions (avg = 1) from B&se #7 (Convergent Run) of winter 2006
Factorl| Factor 2 | Factor Factor| Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor
3 4 5 6 7 8 9 10 11 12 13
10250BBPX | 0.98 1.70 0.90| 109 13 0.03 090 0.45.031| 0.22 0.88 0.99 1.73
11377BFDP | 0.51 0.84 0.37 0.04 0.3 0.92 0.2 -0,0845 | 1.26 0.23 0.77 1.60
11428BFGZ | 0.51 0.68 0.54| 038 0.6Q 0.70 087 0.02.110| 1.28 0.14 0.59 1.49
11546BFNQ | 0.51 0.26 1.83] 131 0.47 1.35 194 1.06.940| -0.20 0.43 2.19 0.64
11683BFWD| -0.20 1.92 3.99] 310, 0.2 -0.2¢ -0.20 2060. -0.20 | 1.52 5.24 6.02 -0.20
11688BFWK | 0.35 2.11 0.85| 0.48/ 020 0.14 0.70  1.38.350| 0.19 0.54 0.47 1.88
12135BGWR| 1.87 2.66 1.16 | 3.10| 0.88| 0.49 2.03 156 127 0.04 .011 | 0.79 -0.20
12380BHLJ | 1.58 1.93 059 117, 0.8 0.71 0.78 1.03.650 | 0.92 0.49 1.15 1.31
12439BHPD | 0.32 0.21 0.62| 0.71 0.43 1.37 1.12  -0p0.49 | 137 0.03 1.30 1.46
12533BHTQ | 0.93 0.77 0.46| 0.75( 221 044 0.78 1.23.173 | 2.56 1.02 -0.16 0.24
12746BJGT | 0.64 1.09 092 013 1.34 0.47 084 059.120| 1.66 0.66 0.47 1.79
12889BJPP | 2.53 2.65 1.67) 1.7¢ 1.05  1.11 0.55  1.85.12 1| 0.80 0.82 1.69 0.49
13601BLFM | 1.68 1.07 0.93| 1.16f 295 0.75 0.75 043 .882 | 2.19 1.04 0.15 0.41
13838BLST | 1.68 1.15 0.23] 169 035 124 0.1 1.39.333 | 1.44 0.47 1.20 0.38
14015BMDF | 0.38 1.50 0.57| 149 0.78 159 1901 249 .640 | 1.57 0.64 0.75 0.60
14043BMFN | 1.01 1.71 1.04| 104/ 064 0.86 150 1.33.370| 0.66 0.47 0.90 1.34
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Table H.2 — continued 1

14602BNMD | 0.93 151 0.59| 0.90 1.14 0.91 2.1 0.92 .120 | 1.15 0.33 0.50 0.45

A=A A

14880BPCK | 7.28 -0.20| 0.91] 1.71 4.71 0.69 -0.20 0.080.19 | 0.03 2.33 5.72 0.89
14986BPJL 0.47 0.94 0.02 -0.13 1.071 0.30 2.03 0.22.28 1.71 0.26 -0.12 0.42
15012BPKR | 2.29 0.02 -0.20 6.74 -0.16 1.50 0.41 3.371.14 241 0.41 1.35 -0.18
15906BRLG | 1.40 1.40 -0.14 2.70 0.09 0.80 0.9 0.§73.20 1.47 0.61 0.55 0.16
15944BRNB | 0.99 0.91 0.58| 0.66 2.07 0.81 1.11 1.06 .461 | 2.30 0.55 -0.09 0.61
16217BSDB | 0.32 0.68 1.47, 0.47 0.66 0.58 1.4 0.95.320| -0.08 | 0.71 131 141
16911BTSC 0.14 0.99 125 1.16 1.23 -0.20 0.59 1.71.60 -0.20 | 0.82 0.40 1.87
17847BWVR | 0.28 0.85 1.34] 0.60 0.11 1.20 1.96 1.27 .16 0 | 0.16 0.36 1.70 1.32
18080BXJT 0.63 1.19 1.05 1.04 0.27 0.68 1.14 0.8§20.03- | 0.69 0.48 0.48 1.40
18706BYTP | 0.30 0.84 0.83] 0.89 1.08 0.31 1.78 0.35.460| 0.91 0.58 0.03 1.36
18725BYVM | -0.20 | 0.47 1.01| -0.20f 0.60 0.65 1.34 0.800.17 0.18 0.22 1.69 1.59
19494CBPC | 1.39 1.58 0.82 0.01 1.9§ 0.42 0.80 0.82.43 1| 1.67 0.66 -0.08 0.57
19567CBSP 151 1.52 0.87 1.68 0.71 0.96 1.17 1.55.61 0| 0.78 0.47 1.22 1.04

19796CCGM | -0.14 | -0.20| 1.88 -0.20 3.85 12.79 -0.20.761 | -0.20 | -0.20 | 2.82 -0.20 -0.20
19831CCJD 0.61 1.85 165 1.22 0.5¢ 0.25 0.3 1.40.60 0| 0.28 0.66 0.58 1.80
19833CCJG 0.35 1.94 0.52 0.16 0.33 0.23 0.6 .64.17 1| 0.46 0.63 -0.01 1.26

©

~
o

30003DFKN | 0.47 -0.19| -0.20 -0.20 -0.20 2.56 3.78 .190| -0.15 | -0.19 | 14.33 1.73 0.89
30182DFVB | 0.87 0.40 0.10| 1.00 0.53 1.21 1.22 -0.070.20 | 1.99 -0.04 1.16 1.54
30264DFYY | 0.97 0.67 0.53| 0.20 1.58 0.62 1.02 0.08 .400 | 1.32 0.56 1.06 2.12
31026DHSG | 1.81 -0.20] 0.85 -0.2(¢ -0.16 0.31 -0.20 394.| 1.80 0.46 0.39 1.65 0.91

31027DHSH | 0.26 -0.20f -0.20 0.04 0.16 131 0.8
31049DHTJ 1.26 1.01 0.53 0.30 1.96 0.81 0.2
31487DJTF 2.17 -0.16] 7920 1.24 0.55 1.23 1.2
31612DKBD | 0.45 0.65 0.21] 0.05 -0.20 1.24 0.1

0.94.85 2.20 -0.04 1.15 1.85
0.70.56 2| 1.77 0.41 0.35 1.20
-0.2@.06 | 1.77 0.50 -0.20 -0.20
0.072.61 0.79 -0.19 0.99 1.48

RO N

LA"J

230



Table H.2 — continued 2

32017DKYL | 1.25 1.71 0.44| 0.79 1.93 0.32 1.01 0.66.182| 1.70 0.84 0.06 1.0C
32331DLRK | -0.01 | 0.55 0.86 1.37 139 -0.20 1.8b 0.62.79 | 0.37 0.83 0.26 1.71
32769DMRG | -0.10 | 0.30 1.46| -0.03 0.183 0.89 1.60 1,68.04 | -0.20 | 0.27 2.35 1.37
32869DMWZ | 1.05 1.67 1.70 1.32 1.06 0.45 0.86 0.65.810| 0.38 0.80 1.00 1.63
33003DNFK | 1.04 1.35 0.95 1.3¢ 0.44 0.97% 0.9 2.03.840| 0.74 0.56 1.25 0.72
33696DPTK 1.72 0.98 0.82| 1.0% 246 0.55% -0.20 2/72.61 | 2.58 0.91 -0.16| 0.0(¢
Table H.3 Scaled residuals of PMF outputs in wig{#6
BZ123M | BZ124M | BZ135M | LBUT1E| PA224M | BU22DM| PA234M | BU23DM| PEN23M | PEN24M| O_ETOL
10250BBPX | -0.125 -0.064 -0.129 0.005 -0.233 0.057| 0.11- 0.056 0.109 0.034 0.064
11377BFDP | -0.002 0.059 -0.022 0.064 -0.064 0.023] 08a@. 0.108 0.087 -0.038 0.068
11428BFGZ | -0.104 -0.009 -0.127 0.01 -0.114 0.015| .02D 0.028 0.042 -0.028 0.113
11546BFNQ | 0.203 0.235 -0.069 0.233 0.06 -0.034 3®.2 | -0.093 0.083 -0.265 -0.107
11683BFWD | -0.091 0.037 0.024 0.005 0.052 0.008 .05| -0.003 -0.017 0.299 0.018
11688BFWK | 0.071 0.012 0.003 -0.056 -0.002 0.038 119. 0.104 0.008 0 -0.036
12135BGWR| -0.118 0.128 -0.006 0.052 0.014 0.012 58.0 | 0.488 0.246 0.179 0.06
12380BHLJ 0.032 0.087 0.12 0.058 0.226 0.002 0.196 0.104 -0.061 -0.003 0.012
12439BHPD | -0.073 0.001 -0.035 0.039 -0.147% 0.029| 06D. 0.186 0.17 -0.101 0.101
12533BHTQ | 0.185 0.406 -0.362 -0.049 -0.176 0.075| .28D -0.154 0.01 -0.125 -0.098
12746BJGT | 0.091 0.109 0.005 0.125 0.164 -0.011 250.0 | 0.066 -0.005 -0.113 -0.085
12889BJPP 0.064 -0.078 -0.033 -0.05 0.041 -0.006 2090. 0.1 0.013 -0.162 -0.07
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Table H.3 — continued 1

13601BLFM | -0.133 -0.231 0.097 0.007 -0.427 -0.095 .059 -0.057 0.001 -0.157 -0.068
13838BLST | -0.007 -0.164 -0.025 0.133 0.049 -0.003 0.063 -0.07 -0.025 -0.079 0.018
14015BMDF | 0.143 -0.208 -0.053 -0.253 0.2 0.026 18.1 | 0.046 -0.156 -0.117 -0.142
14043BMFN | 0.014 0.049 0.022 -0.207 -0.142 -0.067 .06D -0.223 -0.075 0.077 0.022
14602BNMD | -0.076 -0.001 0.004 0.269 -0.046 -0.03 .040 -0.176 -0.094 0.089 -0.018
14880BPCK | 0.072 0.008 -0.008 -0.067 0.055 0.043] 17@. -0.041 -0.079 0.006 -0.029
14986BPJL | -0.216 -0.099 -0.044 0.028 -0.237 0.083 0.111 0.067 0.062 0.151 0.032
15012BPKR | 0.046 -0.041 0.016 0.111 -0.054 -0.029 .02d -0.133 0.006 -0.08 -0.03
15906BRLG | -0.019 0.079 0.046 -0.127 0.114 0.077 0 .05D -0.082 0.022 0.069
15944BRNB | 0.061 -0.157 0.063 -0.016 0.066 -0.025 083. 0.036 -0.13 0.01 0.02
16217BSDB | -0.026 0.007 0.085 0.079 0.078 0.028 19.0 | -0.065 -0.092 -0.068 0.009
16911BTSC | 0.086 -0.011 0.118 -0.114 0.205 0.042 980.0 | 0.118 -0.011 0.073 0.007
17847BWVR| 0.013 -0.034 0.01 -0.091 0.176 -0.043 19.2 | -0.052 -0.135 -0.011 0
18080BXJT | 0.034 0.095 0.008 -0.174 0.081 -0.014 6D.0 | -0.11 -0.091 0.111 0.022
18706BYTP | -0.154 0.154 0.113 0.234 0.07 -0.038 D.07 | -0.122 -0.054 0.235 -0.052
18725BYVM | 0.121 -0.004 -0.004 -0.063 -0.244 0.002 | 0.265 -0.119 0.053 -0.351 -0.017
19494CBPC | 0.19 -0.072 0.088 -0.007 0.267 0.082 10.17| 0.059 0.147 0.043 0.156
19567CBSP | 0.035 -0.031 0.12 -0.23§ -0.04 -0.019 49D.1 | -0.005 -0.031 0.138 0.041
19796CCGM| -0.05 0.025 -0.005 0.007 -0.002 0.017 10.0 | 0.014 0.011 0.065 0.018
19831CCJD | 0.042 -0.108 -0.144 -0.037 -0.33 0.009] .24-0 -0.061 -0.037 -0.226 -0.03
19833CCJG | 0.063 0.127 0.006 0.285 -0.054 -0.008 2090. | -0.224 -0.048 -0.013 -0.096
30003DFKN | 0.031 -0.029 0.004 0 -0.024 -0.012 -0.002 -0.001 0.009 -0.086 -0.002
30182DFVB | -0.096 -0.012 -0.062 -0.011 -0.206 0.027| -0.001 -0.073 0.096 0.009 0.065
30264DFYY | -0.036 0.029 -0.085 0.04 0.248 -0.076 28.0 | -0.011 -0.017 0.121 -0.064
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Table H.3 — continued 2

31026DHSG | -0.317| 0.127 -0.055 0.169 -0.104 0.009] 103. 0.024 0.087 0.344 0.045
31027DHSH | 0.125 | 0.003 0.153 -0.06 0.233 0.041 0.036 0.205 0.057 0.134 -0.056
31049DHTJ | -0.107| -0.011 0.148 -0.099 0.303 -0.101 .299® -0.05 0.002 0.103 -0.028
31487DJTF 0.028 | -0.025 -0.006 -0.051 0.045 0.011 .02 0.024 -0.018 0.006 -0.013
31612DKBD | 0.069 | -0.021 -0.018 0.015 -0.104 -0.016 0.198 -0.086 -0.111 -0.026 -0.088
32017DKYL | -0.008 | 0.062 0.098 -0.059 0.214 -0.059, O07a. -0.043 -0.028 0.067 -0.034
32331DLRK | -0.07 -0.089 -0.013 -0.146 0.108 0.064| 174. 0.123 -0.017 0.282 0.065
32769DMRG| -0.016| -0.147 0.054 -0.015 -0.094 -0.036 0.112 0.08 0.018 -0.088 0.088
32869DMWZ| -0.125 | -0.087 -0.149 0.317 -0.18 -0.008 -0.08 -8.05| 0.111 -0.102 0.027

33003DNFK | 0.06 -0.063 -0.003 -0.118 0.037 -0.003 0 -0.059 0.037 -0.108 -0.018
33696DPTK | 0.033 | 0.09 0.042 0.055 -0.108 -0.012 3®.1 | 0.05 0.029 -0.17 0.114
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Table H.3 — continued 3

IPENTA | HEP2ME| HEXA2M | PENA2M| M_ETOL | HEP3ME | HEXA3M | PENA3M | P_ETOL | ACETYL | BENZE
10250BBPX | -0.061 0.062 0.192 -0.179 0.038 0.123 83.0 -0.211 0.072 0.283 -0.043
11377BFDP | 0.088 -0.094 0.032 -0.005 0.045 -0.092 .039 0.157 0.046 -0.155 0.24
11428BFGZ | -0.318 0.003 0.047 -0.08 0.139 0.013 2.0 | 0.152 0.064 -0.252 0.19
11546BFNQ | -0.362 0.098 0.026 0.357 -0.331 0.197] 074D. 0.551 -0.17 -0.077 0.117
11683BFWD| 0.151 0.032 -0.092 -0.333 0.051 -0.035 .139 -0.536 0.021 0.098 -0.017
11688BFWK | 0.051 -0.006 0.099 0.071 -0.083 0.056 7D.0 -0.167 0.005 0.033 0.157
12135BGWR| 0.712 -0.028 -0.203 -0.069 -0.063 -0.234 -0.239 086. -0.129 -0.181 -0.484
12380BHLJ | 0.152 -0.18 -0.012 0.069 0.053 -0.12 0.1 | 0.089 0.03 -0.008 0.188
12439BHPD | 0.036 -0.045 0.325 -0.32 -0.005 -0.237 018. 0.133 -0.126 0.212 -0.085
12533BHTQ | -0.012 0.216 0.322 0.054 -0.38 0.178 ®.39 | -0.005 -0.048 0.074 0.144
12746BJGT | -0.296 -0.131 -0.062 0.286 -0.099 -0.1090.175 0.036 0.012 0.109 -0.3343
12889BJPP | 0.071 -0.151 -0.101 0.096 0.01 -0.061 2310. 0.138 -0.026 -0.037 -0.284
13601BLFM | -0.041 0.159 0.075 0.068 -0.017 0.43 38.0 0.35 -0.079 -0.306 0.161
13838BLST | -0.163 -0.1 0.109 0.083 0.188 -0.134 0.4 0.06 0.221 -0.374 0.204
14015BMDF | -0.025 0.025 -0.377 0.477 -0.173 -0.077 0.188 0.089 -0.021 0.089 -0.812
14043BMFN | -0.327 -0.06 0.236 0.098 0.026 0.031 D.13 | 0.019 0.031 -0.008 0.578
14602BNMD | 0.126 0.069 0.005 -0.096 -0.038 0.037 0.251 -0.10%-0.088 0.204 0.506
14880BPCK | 0.052 0.047 -0.004 0.062 -0.033 0.069 180.1 -0.296 0.008 0.092 -0.085
14986BPJL | 0.201 0.168 0.152 -0.281 0.264 0.194 10.14 | -0.642 0.178 0.305 0.002
15012BPKR | -0.416 0.015 0.137 0.113 0.054 0.152 8.25 | 0.054 0.115 -0.147 0.152
15906BRLG | -0.073 -0.014 0.019 -0.053 0.11 -0.1113 0649. -0.302 0.147 0.871 -0.143
15944BRNB | -0.165 0.089 -0.183 0.043 0.034 0.103] 179. 0.195 -0.011 0.088 0.056
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Table H.3 — continued 4

16217BSDB | -0.201 0.024 -0.089 0.087 -0.059 0.068 073. | 0.406 0.032 -0.133 0.011
16911BTSC | 0.106 -0.166| -0.232  0.085 0.167 -0.292 .10% | -0.042 0.128 0.045 -0.077
17847BWVR | 0.141 -0.023| -0.318] 0.186 0.032 0.099 269.| 0.178 -0.03 -0.03 0.199
18080BXJT | 0.26 0.03 0.019 -0.167 0.006 0.014 -0.13®.049 0.031 -0.12 0.463
18706BYTP | 0.226 0.046 -0.096 -0.192 -0.016 0.02 260. | -0.145 0.03 -0.195 -0.316
18725BYVM | 0.07 -0.036 | 0.334 0.167 0.044 -0.034 6.58 0.045 0.12 -0.113 0.263
19494CBPC | 0.327 -0.186| -0.053 -0.214 0.204 -0.3770.009 | 0.042 0.273 -0.238 -0.191
19567CBSP | 0.042 -0.093| 0.097 -0.083 0.15% -0.194 .2230 | 0.084 0.026 -0.056 0.535
19796CCGM | 0.072 0.02 0.03 -0.105 0.036 -0.012 0.01-0.215 0.026 0.078 -0.018

19831CCJD | 0.149 0.353 0.068 0.049 -0.07 10.120.209 -0.097 0.042 -0.066
19833CCJG | -0.439 0.2 0.213 -0.112 -0.15 2.2P-0.224 -0.126 0.15 0.029
30003DFKN | -0.076 -0.024 | 0.009 0.274 -0.006 0.004 014. | 0.747 -0.011 -0.066 0.036

7’
P
!
30182DFVB | 0.083 0.134 0.069 -0.194 -0.10% 0.179 004.| 0.136 -0.078 -0.325 0.011
b
>

©

0.40
0.31

W

30264DFYY | -0.061 0.039 -0.317| 0.226 -0.083 -0.10p 0.09 -0.003 -0.013 0.097 -0.271
31026DHSG | 0.213 0.216 0.024 -0.411 -0.01 0.00¢ 270.1 -0.412 -0.039 0.18 -0.142
31027DHSH | 0.287 -0.16 -0.173]  0.078 -0.009 -0.185 .17/ | -0.371 -0.085 0.343 -0.314
31049DHTJ | -0.345 -0.186| -0.23 0.172 0.066 -0.178 .320 | 0.272 -0.025 0.111 0.162
31487DJTF -0.015 -0.041| -0.012 0.066 0.023 -0.045.040 | -0.108 0.026 0.073 -0.053
31612DKBD | 0.156 0.201 -0.222| 0.156 -0.114 0.25§ 128.| 0.109 -0.054 -0.184 -0.115
32017DKYL | -0.331 -0.007 | -0.055| 0.069 -0.042 -0.06| 0.112 | -0.021 -0.084 0.069 -0.194
32331DLRK | 0.811 -0.125 | 0.004 -0.407 0.124 -0.17| 160. | -0.595 -0.016 0.087 0.015
32769DMRG | -0.461 -0.143| 0.194 -0.016 0.203 0.017 099. | 0.12 0.105 -0.06 0.029
32869DMWZ | -0.069 0.138 0.172 -0.118 -0.05 0.066 0.339 -0.0360.046 0.03 -0.188

33003DNFK | 0.159 -0.067 | -0.086 -0.109 -0.00% 0.02| 098. | 0.093 -0.058 -0.138 -0.096
33696DPTK | -0.024 -0.147| 0.128 0.146 -0.011 0.037 .020 | 0.429 -0.183 -0.254 0.352
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Table H.3 — continued 5

N_BUTA | C2BUTE | C2PENE CYHEXA | CPENTA | N DEC | ETHANE| ETBZ | ETHENE| N HEPT N HEX
10250BBPX | 0.042 0.079 0.071 0.128 -0.046 -0.055  -0.083 0.0540.385 0.052 0.077
11377BFDP | 0.097 0.01 -0.082 | -0.013 0.146 -0.073 0.192 0.2110.065 -0.081 -0.014
11428BFGZ | 0.084 0.032 -0.006 | 0.082 0.003 -0.069  0.327 0.1090.044 -0.103 0.003
11546BFNQ | -0.152 0.203 -0.042 | -0.266 -0.114 0.167 -0.386 %.05 0.386 0.102 -0.213
11683BFWD | 0.068 0.027 -0.004 | -0.109 0.031 0.036 0.083 -0.019.12 -0.108 0.138
11688BFWK | 0.15 0.011 -0.09 -0.073 0.004 -0.079 -0.111 0.0410.075 0.076 0.073
12135BGWR| -0.228 0.367 0.199 0.039 -0.093 -0.161  0.275 0.108.552 -0.179 0.056
12380BHLJ | 0.184 -0.084 -0.045 | 0.086 -0.013 0.025 0.244 -0.169.256 -0.146 -0.02
12439BHPD | -0.066 0.188 0.313 0.169 -0.265 -0.18 -0.034 0.0670.227 -0.064 0.099
12533BHTQ | 0.117 0.095 0.163 0.075 -0.147 -0.32 0.023 -0.21D.158 0.317 0.147
12746BJGT | -0.114 0.105 0.292 0.022 -0.073 0.07 -0.281 -0.142.257 0.138 -0.011
12889BJPP | -0.339 -0.08 0.13 0.147 0.033 -0.211 -0.254 -0.010.44 -0.082 -0.074
13601BLFM | 0.044 -0.124 -0.24 0.079 0.22 -0.054  0.068 0.031 280. | -0.014 -0.096
13838BLST | 0.154 -0.157 -0.403 | -0.273 0.313 0.657 -0.045 D.120.295 0.212 0.064
14015BMDF | -0.369 -0.169 0.08 -0.183 -0.094 0.179  -0.288 0.212.385 -0.019 -0.282
14043BMFN | -0.443 -0.106 -0.179 | -0.243 0.081 0.226 0529 68.1 0.173 0.04 -0.015
14602BNMD | 0.642 -0.021 -0.358 | -0.312 0.058 0.177 -0.456 2.050.189 0.127 -0.018
14880BPCK | 0.077 -0.042 0.044 0.011 -0.021 -0.03f 0.118 -0.00®.133 0.062 0.055
14986BPJL | 0.61 -0.007 0.011 0.282 0.144 -0.144  0.709 0.022 .87 | 0.025 0.214
15012BPKR | 0.204 -0.069 -0.072 | 0.081 0.18 -0.00f  0.052 -0.08®.259 0.133 0.054
15906BRLG | 0.152 0.106 0.557 0.372 -0.165 -0.351  0.359 0.1180.907 -0.015 0.066
15944BRNB | 0.134 -0.148 -0.256 | 0.087 0.076 0.055 0.073 0.09 .29@ | -0.12 -0.157
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Table H.3 — continued 6
16217BSDB | 0.117 -0.152 -0.083 0.211 0.141 -0.067 0.501 -0.005-0.196 0.029 -0.073
16911BTSC | -0.125 | -0.024 -0.007| 0.034 0.128 0.032 0.456 0.178 -0.187 -0.042 | -0.076

17847BWVR | -0.063 | -0.158 -0.132| 0.157 0.009 -0.11 0.072 -0.0480.028 -0.1 -0.185
18080BXJT | 0.062 -0.067 -0.156| -0.128 0.058 -0.01% 0.23¢ ©.06 -0.101 | -0.093| 0.016
18706BYTP | -0.035 | -0.072 -0.029| -0.014 0.14 0.1 0.967 -0.005 0.0-3 | -0.104 | 0.022
18725BYVM | 0.095 -0.057 0.023 0.17 -0.008 -0.133 0.431 0.049 0.315 | 0.293 0.134

19494CBPC | -0.217 | 0.132 0.242 -0.036 0.224 0.182 0.50¢ 0.19% .154 | -0.032 | 0.092
19567CBSP | -0.392 | -0.126 -0.185| -0.159 -0.247 0.087 -0.149 15D. 0.009 -0.201| -0.055
19796CCGM | 0.089 0.046 0.066 0.013 0.003 -0.036 0.072 -0.0730.143 | -0.024 | 0.469
19831CCJD | 0.166 -0.018 0.117 0.227 -0.229 -0.106 0.205 -0.004-0.059 | 0.11 -0.054
19833CCJG | 0.275 0.079 0.077 0.059 0.085 -0.058 -0.10 -0.148-0.374 | 0.194 0.162
30003DFKN | -0.06 -0.024 -0.041| 0.004 -0.01 0.011 -0.04 0.017 0.082 0.024 -0.345
30182DFVB | 0.048 0.108 -0.023| -0.026 -0.013 0.022 0.055 0.148 0.366 -0.011 | 0.029
30264DFYY | -0.111 | 0.059 -0.023| -0.121 0.029 0.029 -0.428 0.013 0.318 -0.058 | -0.107
31026DHSG | 0.223 0.191 0.129 -0.051 -0.022 -0.029 0.067 0.028 -0.201 | -0.195| 0.139
31027DHSH | -0.288 | 0.133 0.183 -0.092 -0.021 -0.019 -0.47 86.1 | 0.515 -0.038| 0.036
31049DHTJ | 0.013 -0.071 -0.208| -0.098 -0.034 0.279 -0.50 749.0 | 0.046 -0.158| -0.193

(o)

O

[62]

(o)

31487DJTF | -0.005 | -0.029 0.025 0.003 -0.02 -0.005 -0.061 .00 -0.037 | 0.017 0.016
31612DKBD | -0.046 | -0.179 -0.253| -0.055 0.036 -0.01 0.554 0.145 0.186 -0.024 | -0.171
32017DKYL | -0.305 | 0.037 0.427 -0.05 -0.464 0.009 -0.674 -0.14) 0.548 -0.034 | 0.024
32331DLRK | 0.059 0.013 0.027 -0.279 0.03 0.027 -0.48b -0.078 .359 | -0.28 0.148
32769DMRG | 0.056 -0.023 0.091 0.395 0.012 -0.047 -0.008 -0.094-0.255 | 0.092 0.099
32869DMWZ| 0.211 0.197 -0.074| -0.092 0.137 0.178 -0.4511 -0.02/70.143 0.303 0.083

33003DNFK | -0.198 | -0.075 -0.029| -0.045 0.068 -0.002 -0.19 9.16 | 0.402 0.086 -0.012
33696DPTK | -0.243 | -0.02 -0.204| 0.011 -0.091 -0.134 0.264 0.161 -0.015 | -0.008 | -0.104
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Table H.3 — continued 7

| BUTA | | PREN| MP_XYL | MECYHX | MCYPNA | N NON | N PRBZ| N _OCT O XYL |N PENT | N PROP
10250BBPX | 0.787 -0.039 | -0.146 0.536 0.086 0.119 0.051 -0.02 .000 | -0.028 -0.307
11377BFDP | -0.363 | -0.11 -0.013 -0.077 -0.117 -0.182  0.049 19.1| -0.169 | -0.12 0.075
11428BFGZ | -0.121 | -0.092 | -0.1 -0.025 -0.071 -0.03§ 0.1 -0.009.037 0.499 -0.206
11546BFNQ | 0.023 -0.028 | 0.57 -0.025 -0.168 -0.335 -0.087 D.21-0.424 | -0.128 0.315
11683BFWD | -0.055 | -0.04 -0.019 0.148 0.917 0.011 0.008 0.1490.115 | 0.118 -0.057
11688BFWK | -0.179 | -0.177 | -0.046 0.075 -0.064 -0.053 -0.012 03D. | -0.127 | -0.12 0.006
12135BGWR| -0.713 | -0.162 | -0.135 0.196 -0.094 0.24 0.027 0.232.016 0.101 0.026
12380BHLJ | -0.542 | 0.182 0.066 -0.275 -0.106 -0.25 -0.036 -0.240.223 -0.173 0.285
12439BHPD | -0.171 | 0.181 -0.18 0.335 -0.126 0.618 0.067 0.089 .03® | 0.24 -0.113
12533BHTQ | 0.131 -0.054 | -0.074 0.083 -0.249 0.116 -0.081 0.250.134 -0.204 -0.137
12746BJGT | 0.187 0.093 0.196 -0.191 -0.222 -0.294 -0.073 9.10-0.048 | -0.269 0.536
12889BJPP | -0.047 | 0.241 -0.012 -0.135 -0.056 0.397 -0.069  79.0 0.203 -0.122 0.167
13601BLFM | 0.07 0.038 0.028 -0.034 -0.097 0.11 -0.025 0.089 12D. | 0.006 -0.317
13838BLST | -0.148 | 0.08 -0.113 -0.286 -0.175 -0.292  0.065 $.500.182 -0.028 0.003
14015BMDF | 0.426 -0.08 0.62 0.308 0.185 0.256 -0.13 0.124 5D.3| -0.278 0.184
14043BMFN | 1.284 0.473 0.055 -0.409 -0.011 -0.22 -0.041 -0.1p0.1 0.048 -0.015
14602BNMD | -0.047 | 0.079 0.17 0.281 0.225 0.033 -0.055 0.172 .20 | -0.2 -0.03
14880BPCK | 0.255 -0.102 | -0.005 0.075 0.121 0.021 -0.006 0.1750.062 | -0.097 -0.088
14986BPJL | 0.496 -0.184 | -0.259 0.364 0.232 0.07 0.069 0.339 046. | -0.012 -0.4
15012BPKR | 0.059 -0.039 | -0.157 -0.34 -0.188 -0.148  0.005 -0.050.176 -0.04 0.001
15906BRLG | 0.494 -0.071 | 0.035 0.324 0.071 -0.274 0.084 -0.008.26 -0.326 0.086
15944BRNB | 0.276 0.091 0.056 -0.186 0.105 -0.057  0.001 -0.000.189 -0.053 -0.063
16217BSDB | -0.21 0.115 0.046 -0.401 -0.223 -0.069 0.044 -0.140.099 0.049 -0.065
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Table H.3 — continued 8

16911BTSC | 0.134 -0.05 0.033 -0.328 0.098 0.032 0.054 -0.2370.052 -0.165 | 0.138
17847BWVR | -0.122 | -0.185 0.105 -0.287 0.087 -0.13 0.06§ -0.1340.283 -0.161 | 0.166
18080BXJT | -0.399 | -0.141 0.031 -0.185 0.161 -0.034 -0.015 ®.07| -0.063 0.162 -0.096
18706BYTP | -0.258 | 0.01 0.031 0.048 0.226 0.008 -0.00} 0.162 .138® | 0.57 -0.301
18725BYVM | 0.035 -0.064 -0.172 -0.345 -0.37 -0.182  0.007 .02 0.158 -0.3 -0.052
19494CBPC | -0.637 | -0.017 -0.149 -0.357 -0.09 -0.388  0.2071 0.3 | -0.162 -0.021| 0.288
19567CBSP | 0.092 0.199 0.102 -0.249 0.086 0.072 -0.01 -0.215 .07@ 0.521 -0.036
19796CCGM | -0.019 | -0.035 -0.296 0.118 0.123 -0.005  0.014 0.086-0.077 0.061 -0.058
19831CCJD | 0.168 0.077 0.063 0.493 -0.076 0.078 -0.007 0.356 .11%0 -0.204 | -0.222
19833CCJG | 0.458 -0.123 -0.056 0.039 0.01 0.06 0.016 0.202 070. | 0.275 -0.264
30003DFKN | 0.007 0.039 0.018 -0.089 -0.406 0 -0.00% -0.077 5.0 | -0.049 | 0.042
30182DFVB | -0.282 | 0.018 -0.203 0.321 -0.01 0.128 0.077 0.115 .10D 0.285 -0.205
30264DFYY | 0.07 0.035 0.222 0.056 0.071 -0.052  -0.08P -0.0380.198 -0.177 | 0.314
31026DHSG | -0.223 | -0.058 -0.075 0.906 0.303 0.171 0.014 0.55P-0.243 0.24 -0.262
31027DHSH | 0.121 -0.034 0.109 0.119 0.126 0.122 -0.042 -0.0%50.055 -0.28 0.311
31049DHTJ | -0.066 | 0.075 0.273 -0.289 0.046 0.06 -0.043 -0.440.125 0.063 0.404
31487DJTF | 0.167 -0.024 -0.014 -0.002 0.003 0.011 -0.016 .01 0.009 -0.097 | 0.046
31612DKBD | 0.115 -0.079 0.094 -0.118 0.189 0.138 -0.118 0.72[1-0.045 -0.017 | -0.233
32017DKYL | -0.279 | -0.077 0.097 -0.038 -0.067 -0.028 -0.068 11-0. | -0.071 0.497 0.515
32331DLRK | -0.471 | 0.087 -0.184 0.407 0.397 0.209 -0.016 0.41 0.045 0.166 0.036
32769DMRG | 0.126 0.119 -0.188 -0.358 -0.327 -0.089  0.078 $.41 0.332 0.244 0.053
32869DMWZ | 0.203 -0.1 -0.105 0.397 -0.055 -0.032 00.0 | 0.001 0.016 -0.209, -0.099
33003DNFK | -0.013 | -0.013 -0.215 -0.093 0.036 0.18 -0.016 0.0170.133 -0.025 | -0.006
33696DPTK | -0.11 0.012 0.022 -0.15 -0.2 -0.072  0.062 -0.119 1 0. | 0.107 -0.109

239




Table H.3- continued 9

Site PROPE| STYR | T2PENE TOLUE N_UNDE OTHER
10250BBPX -0.119 -0.202| 0.106 -0.08 -0.109 -0.038
11377BFDP -0.064 | -0.3 -0.115 0.024 0.114 -0.05
11428BFGZ 0.016 -0.376 -0.008 0.001 -0.08 -0.05
11546BFNQ 0.32 -0.014| -01 0.051 0.34 0.129
11683BFWD | -0.058 -0.132| -0.028 -0.08 -0.2 -0.028
11688BFWK | 0.152 0.322 -0.121 0.007 0.246 0.065
12135BGWR | -0.164 | 0.077 0.249 0.067 -0.043 0.025
12380BHLJ -0.128 | -0.096| -0.12 0.06 0.069 0.021
12439BHPD -0.15 0.368 0.378 -0.002 -0.049 0.027
12533BHTQ | -0.179 0.003 0.372 -0.032 0.206 0.15§
12746BJIGT -0.072 0.059 0.509 0.08 0.165 0.031
12889BJPP 0.05 0.251 0.148 0.07 0.386 0.07
13601BLFM | 0.121 0.048 -0.417 -0.044 0.189 -0.069
13838BLST 0.375 0.166 -0.639 0.042 -0.257 -0.04
14015BMDF | -0.096 | 0.621 0.208 0.011 -0.076 0.024
14043BMFN | 0.084 -0.153 -0.252 -0.055 0.041 0.042
14602BNMD | -0.088 -0.132 -0.495 -0.04 -0.078 -0.091
14880BPCK -0.145 0.056 0.107 -0.044 -0.123 0.033
14986BPJL -0.346 | -0.421| 0.069 -0.085 -0.601 -0.106
15012BPKR 0.228 -0.052 -0.05 0.021 0.047 -0.048
15906BRLG -0.54 -0.347 | 0.873 -0.049 -0.034 -0.014
15944BRNB | 0.118 0.062 -0.432 -0.032 0.01 0.024
16217BSDB 0.034 0.326 -0.118 0.024 -0.001 0.014
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Table H.3- continued 10

16911BTSC | -0.326 | 0.087 -0.115 0 -0.307| 0.02
17847BWVR | -0.18 -0.132 | -0.183 0.021 0.359 0.024
18080BXJT | -0.04 0.005 -0.271 -0.005 -0.05 0.009
18706BYTP | 0.135 -0.146 | 0.029 -0.027 -0.664 0.019
18725BYVM | -0.222 | -0.096 | 0.064 -0.004, -0.048 -0.00p
19494CBPC | 0.08 -0.167| 0.143 0.1 -0.357 -0.031
19567CBSP | 0.176 0.095 -0.29 -0.017y  0.049 -0.01
19796CCGM | -0.058 | -0.076| 0.095 -0.015 -0.118 -0.014
19831CCJD | -0.492 | -0.448| 0.213 -0.08 -0.133 -0.028
19833CCJG | 0.379 0.277 0.174 -0.03 -0.041 0.092
30003DFKN | 0.038 0.05 -0.058 0.012 0.082 0.002
30182DFVB | 0.062 -0.064 | -0.073 -0.009 -0.136 0.01%
30264DFYY | 0.404 0.101 -0.014 0.03 0.348 -0.002
31026DHSG | -0.154 | -0.264| 0.209 -0.043 -0.343 -0.106
31027DHSH | -0.143 | 0.114 0.134 0.015 0.267 0.11
31049DHTJ | 0.15 0.207 -0.308 0.059 0.25 -0.171
31487DJTF -0.033 | 0.069 0.065 0.003 0.019 -0.002
31612DKBD | -0.149 -0.035 -0.314 -0.031 -0.426 0.06
32017DKYL | 0.18 0.147 0.787 0.095 0.443 -0.088
32331DLRK | -0.039 | 0.133 -0.014 0 0.039 -0.008
32769DMRG | 0.349 -0.159| 0.191 0.03 0.144 -0.084
32869DMWZ| 0.356 0.112 -0.147 -0.021 -0.026 -0.06Y
33003DNFK | 0.203 0.243 -0.003 0.015 0.079 -0.019
33696DPTK | 0.048 -0.202 -0.251 0.002 0.243 0.134
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Table H.4 PMF Outputs Diagnostics of winter 200@<Brun is highlighted in yellow
shade)

Run | Q(Robust) | Q(True) | Converged | # Steps
#

1 84.371 84.3704 Yes 260
2 84.6984 84.6953 Yes 295
3 84.8394 84.8391 Yes 274
4 84.3757 84.3752 Yes 257
5 84.983 84.9816 Yes 289
6 84.2713 84.2708 Yes 309
7 84.1623 | 84.1619| Yes 376

8 85.2006 85.1996 Yes 299
9 85.4705 85.468 | Yes 261
10 | 84.9635 84.9624 Yes 240
11 84.3745 84.373% Yes 243
12 | 84.2252 84.2248 Yes 238
13 | 84.8246 84.823% Yes 280
14 | 84.8138 84.813| Yes 282
15 | 85.0873 85.0862 Yes 280
16 | 84.4376 84.4367 Yes 289
17 85.0121 85.0112 Yes 286
18 | 85.0473 85.043% Yes 271
19 | 85.2683 85.2667 Yes 283
20 84.7257 84.7254 Yes 317
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Table H.5 Factor Profiles (conc. of species) froas®&Run #18 (Convergent Run) PMF of summer 2006

Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor

1 2 3 4 5 6 7 8 9 10 11 12 13
BZ123M 0.00 0.05 0.01 0.01 0.00 0.02 0.00 0.01 0.020.02 0.01 0.01 0.02
BZ124M 0.01 0.26 0.02 0.02 0.00 0.09 0.01 0.06 0.080.10 0.08 0.03 0.11
BZ135M 0.00 0.07 0.00 0.00 0.01 0.02 0.00 0.01 0.020.02 0.02 0.01 0.03
DETBZ1 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.000.01 0.00 0.00 0.00
DETBZ2 0.01 0.02 0.01 0.01 0.00 0.01 0.00 0.01 0.020.02 0.01 0.01 0.01
LBUT1E 0.03 0.02 0.03 0.01 0.07 0.02 0.01 0.00 0.010.00 0.02 0.04 0.01
PENTEL1 0.01 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.0D.01 0.00 0.01 0.00
PA224M 0.01 0.00 0.02 0.02 0.06 0.0Q 0.00 0.01 0.010.01 0.03 0.05 0.01
BU22DM | 0.02 0.00 0.01 0.02 0.00 0.01 0.01 0.03 0.010.02 0.01 0.02 0.00
PA234M 0.00 0.00 0.00 0.00 0.03 0.0Q 0.00 0.0¢ 0.010.00 0.01 0.01 0.01
BU23DM | 0.01 0.01 0.02 0.03 0.02 0.01 0.00 0.04 0.010.03 0.02 0.02 0.02
PEN23M 0.02 0.01 0.01 0.01 0.03 0.01 0.00 0.07 0.0D.01 0.01 0.02 0.01
PEN24M 0.00 0.00 0.01 0.01 0.01 0.0d 0.00 0.01 0.0D.01 0.01 0.01 0.01
O_ETOL 0.00 0.06 0.00 0.00 0.00 0.02 0.00 0.01 0.010.02 0.02 0.01 0.02
IPENTA 0.61 0.19 0.02 0.00 0.55 0.25 0.31 0.85 0.480.26 0.01 0.47 0.13
HEP2ME | 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.0D.01 0.02 0.01 0.00
HEXA2M | 0.05 0.02 0.01 0.02 0.04 0.03 0.01 0.06 0.030.03 0.03 0.01 0.01
PENA2M | 0.03 0.03 0.06 0.12 0.09 0.07 0.02 0.20 0.080.17 0.12 0.11 0.16
M_ETOL | 0.00 0.14 0.00 0.01 0.01 0.05 0.00 0.04 0.030.05 0.05 0.02 0.05
HEP3ME | 0.01 0.02 0.00 0.01 0.01 0.01 0.00 0.01 0.0D.01 0.01 0.01 0.00
HEXA3M | 0.06 0.02 0.02 0.03 0.04 0.04 0.01 0.07 0.030.02 0.04 0.02 0.02
PENA3M | 0.03 0.04 0.02 0.05 0.15 0.06 0.01 0.07 0.030.12 0.07 0.04 0.17
P_ETOL 0.00 0.07 0.01 0.01 0.00 0.02 0.00 0.02 0.02.02 0.02 0.01 0.03
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Table H.5 - continued 1

N_PENT | 0.31 0.10 0.00 0.01 0.41 0.1
N_PROP | 0.07 0.03 0.00 1.40 0.71 0.1
PROPE 0.07 0.05 0.07 0.01 0.13 0.4

0.2 0.f7 0.3.09 | 0.04 | 0.33]| 0.06
1.23 0/00 0.00.01 | 0.00 | 0.00| 0.00
0,00 0.08.01 | 0.01 | 0.01| 0.03

ACETYL |0.04 0.05 0.14 0.06 0.02 0.02 0.08 0.05 0.010.03 | 0.00| 0.03| 0.03
BENZE 0.07 0.05 0.12 0.04 0.16 0.083 005 005 0.00.05 | 0.03| 0.04| o0.03
N_BUTA | 0.25 0.10 0.11 0.00 0.47 0.09 0212 030 0.230.24 | 0.00 | 0.27| 0.01
C2BUTE 0.01 0.00 0.00 0.00 0.01 0.0p 0.00 000 0.0.01 | 000| 0.00| 0.00
C2PENE 0.01 0.00 0.00 0.01 0.00 0.1 0.00 O0p0 0.00.02 | 0.00| 0.00| 0.00
CYHEXA | 0.05 0.01 0.00 0.01 0.00 0.02 0.00 0.01 0.000.00 | 0.02| 0.00f 0.01
CPENTA 0.00 0.00 0.01 0.03 0.00 0.0p 0.010 0.08 0.03.01 | 0.03| 0.05| 0.02
N_DEC 0.01 0.01 0.00 0.07 0.00 0.0 0.02 000 0.13.01 | 0.00| 0.00| 0.06
ETHANE | 0.32 0.23 0.74 0.41 0.30 0.09 0.19 0.16 0.310.15 | 0.00 | 0.21| 0.09
ETBZ 0.00 0.00 0.08 0.03 0.04 0.00 0.14 0.03 0.05.070f 0.18 | 0.02| 0.09
ETHENE | 0.14 0.09 0.33 0.15 0.10 0.0p 0.07r 0.06 0.010.01 | 0.02| 0.06| 0.12
N_HEPT 0.04 0.02 0.00 0.03 0.03 0.04 001 006 0.0D.00 | 0.05| 0.04| 0.02
N_HEX 0.00 0.04 0.05 0.07 0.20 0.0y 0.00 0.00 0.000.12 | 0.11 | 0.05| 0.30
| BUTA 0.20 0.00 0.00 0.00 0.00 0.00 0.5 0.00 0.000.00 | 0.27| 0.16| 0.18
| PREN 0.00 0.00 0.14 0.00 0.00 0.37 0.04 000 0.0m00 | 0.00| 0.08| 0.00
MP_XYL |0.01 0.02 0.22 0.06 0.13 0.05 039 012 0.160.20 | 051 | 0.04| 0.26
MECYHX | 0.01 0.03 0.00 0.01 0.02 0.01 00D 0.01 0.000.00 | 0.02| 0.01| 0.01
MCYPNA | 0.01 0.01 0.04 0.04 0.04 0.03 0.00 0.02 0.000.06 | 0.03 | 0.02| 0.06
N_NON 0.01 0.02 0.01 0.01 0.02 0.0 000 000 004001 | 001 001| 0.01
N_PRBZ 0.00 0.04 0.01 0.00 0.01 0.02 000 O0pP1 O0.0.0O1 | 0.02| 0.01| 0.02
N_OCT 0.01 0.03 0.01 0.01 0.01 0.0p 0.00 0.01 00001 | 0.02]| 0.01|, 0.00
O_XYL 0.02 0.02 0.06 0.03 0.02 0.03 0.0 0.06 0.0p0.07 | 0.13| 0.02| o0.07

4 0

4

3
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Table H.5 - continued 2

STYR 001 | 000| 0.01| 0.00 0.01 0013 0.00 0.00 0)0000 0.01| 0.00f 0.00

T2PENE | 0.01 | 0.00f 0.00| 0.01 0.00 002 000 01 0j0104 | 0.00| 0.00f 0.00

TOLUE | 046 | 0.02| 0.00 | 0.04 113 035 052 028 0p0.12 | 1.26 | 0.07| 0.36

N_UNDE| 0.03 | 0.02| 0.01 | 0.00 0.01 0.0 002 0.01 o0f@00 [ 0.02]| 0.03|] 0.07

OTHER | 028 | 0.28| 0.11| 024 046 0.34 0.15 0.16 0/20.05 | 0.15 | 0.37| 0.06

Table H.6 Factor Profiles (% of species total) frBase Run #18 (Convergent Run) of summer 2006
Factor| Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor
1 2 3 4 5 6 7 8 9 10 11 12 13

BZ123M | 2.2 28 3 4.9 0.5 11 0.7 5.6 9.2 13 8.5 45 49
BZ124M | 15 31 2.2 2.8 0 11 1 7.4 6.7 11 9.1 3 13
BZ135M | 1.3 33 0 0.6 2.8 11 0.7 6.4 8.3 11 9.4 32 2 1
DETBZ1 | 3 19 8.7 9 1.2 7.7 1.3 4.2 10 14 7.8 6.4 7.5
DETBZ2 | 5.2 17 9.9 9.3 2.6 6.7 1.8 4.3 11 14 7.4 6.3 4.9
LBUTI1E | 11 7.9 10 5 22 8.4 4 13 5.1 15 7.1 12 4.4
PENTE1 | 7.7 4.2 8.2 5.4 21 7 4.6 2.7 7.7 11 6.6 120 1 2
PA224M | 3.9 1.2 7.3 6.3 26 0 1.6 4.5 5.6 4.1 13 20 .8 5
BU22DM | 11 3.2 5.4 12 2.2 5.3 4.2 23 3.5 10 5.9 15 0
PA234M | 4.8 4.6 4.1 2.3 31 0.9 1.5 0 8.3 5.6 13 17| 4 6
BU23DM | 4 2.3 7.4 11 6.8 3.5 2 16 5.2 14 8.1 10 9.9
PEN23M | 11 3.8 4.6 5.2 17 6.2 2.3 12 7.2 6.6 9.1 10| 4.3
PEN24M | 4 1.9 9.7 11 12 3 1.4 8 6.6 13 10 14 6.3
O_ETOL | 14 32 1.2 2 2.1 11 0.8 7.3 7.3 10 9.4 42 2 1
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Table H.6 — continued 1

IPENTA 15 45| 05| O 13 6 7.6 21 12 6.4 0.3 11 3
HEP2ME 84 | 15 43| 5.7 9.4 12 2.1 8.3 6.2 5.9 13 6/63.7
HEXA2M | 15 5 4 5 12 95| 3.1 16 7.4 8.1 7.3 4.1 3.3
PENA2M 28 | 27| 5 9.8 73| 52 14 16 4.7 14 9.% 8.613
M_ETOL 01 | 31 09| 2 22| 11 0.5 7.9 6.8 11 11 4.1 12
HEP3ME 6.8 | 14 25| 5.2 11 10 0 11 8.9 11 12 5 2
HEXA3M |14 45 | 53| 64 93| 9 3.2 18 5.9 51 8.9 5.65.1
PENA3M 36 | 49| 28| 56 17 7.6/ 0.7 7.8 3 14 8.3 4.620
P_ETOL 0.7 | 29 26| 2.8 1.3 98 13 9.1 6.4 9. 11 4 5] 12
ACETYL 85 |99 | 26 11 33| 44| 6.3 10 2.5 6.2 0.3 6.44.8
BENZE 93 | 6.3 | 16 4.8 20 41 5.8 6.9 8.3 5.8 3.5 5034.2
N_BUTA 11 45 | 46 | 0.2 21 3.8/ 93 13 10 10 0 12 0.6
C2BUTE 96 | 71| 25| 3.1 22 6.8 34 3.8 8.1 22 38170
C2PENE 95| 29| 55| 13 32 11 2 8.7 5.3 34 1 21.4 1
CYHEXA |41 52 | 03| 12 0 12 0 4.1 0 1.4 14 2.6 7
CPENTA 0 0 3.8 | 9.8 0 14| 4.2 30 9.7 3.4 12 17 8.7
N_DEC 16 | 36| O 22 0 89| 4.9 0 38 2.4 0.8 0 18
ETHANE 10 7.2 | 23 13 93| 28] 59 51 9.8 4.6 0 6.y 8 2
ETBZ 0 0 11 3.6 6.1 05| 19 4.8 6.3 8.9 25 2.8 12
ETHENE 12 7.7 | 28 13 87, O 6.1 5.1 1 1.3 2 5 10
N_HEPT 12 53| 05| 74 93 11 1.6 19 4 0 15 11 5.4
N_HEX 0 38 | 46 | 6.8 20 74, O 0.3 0 12 11 4.7 30
I_BUTA 15 0 0 0 0 0 39 0 0 0 20 12 14
I|_PREN 0 0 22 0 0 58 6.4 0 0.2 0.4 0 13 0
MP_XYL |0.6 | 08 | 10 2.6 6.2| 22| 18 5.7 7.5 9.2 24 1.912
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Table H.6 — continued 2

MECYHX

10

24 0 5.6 12 11 0.4 5.2 1.7 1 16 5.8 7.4
MCYPNA | 3.2 2.6 9.7 12 10 7.5 2.3 4.7 1.2 16 8.8 6 6 1
N_NON 8.6 11 3.8 4.1 8.8 5.9 1.7 1.6 26 7.8 7.6 4.6 8.8
N_PRBZ 1.9 25 3.1 2.6 4.9 9.5 1.2 8 8.2 8.6 10 5.111
N_OCT 6.4 20 4.2 5.9 9.2 7 0.3 8.3 8.7 7.2 14 7.3 1
O_XYL 2.3 3.5 9.4 4.4 3.2 4.7 14 8.6 7.8 9.8 20 2.8 10
N_PENT 11 3.7 0 0.5 14 4.9 7.1 27 12 3.1 1.6 12 2.2
N_PROP 1.9 0.7 0 39 20 3.9 34 0 0 0.3 0 0 0
PROPE 15 12 16 2.5 27 6.2 6.3 0.4 5.9 14 11 12 3 5
STYR 10 7.8 15 0.5 23 10 4 0 5.5 0 10 6.3 6.9
T2PENE 12 2.8 3.5 11 4.3 14 2.3 8.5 5.7 34 0 0 0.7
TOLUE 8.9 0.3 0 0.7 22 6.6 9.8 5.4 12 2.4 24 14 9 6.
N_UNDE | 8.4 5.3 2.6 0 2 12 4.5 1.6 34 0.1 4.3 7.5 18
OTHER 9.8 9.6 3.8 8.5 16 12 5.2 5.7 7.2 1.9 5.8 13| 2.1
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Table H.7 Factor Contributions (avg = 1) from B&se #18 (Convergent Run) of summer 2006

Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor

Species 1 2 3 4 5 6 7 8 9 10 11 12 13

10250BBPX | 2.19 1.23 1.82 1.88 1.57 -0.2( -0.0y 0.99.56 0.81 1.56 1.66 1.57

11000BDHQ | 1.61 1.05 1.82 1.45 1.25 0.62 0.83 0.54.331 | 1.15 0.95 0.10 0.49

11377BFDP | 2.33 0.74 0.07 141 1.71 1.63 0.25 -0,20.80 0.34 0.50 0.17 2.53

11428BFGZ | 0.78 0.90 1.47 1.14 0.47 1.03 0.29 0.28.770 | 0.17 0.57 2.04 0.62

11546BFNQ | -0.20 | -0.20| -0.20f -0.20 0.50 -0.2( 17.380.20 | -0.20 2.07 7.81 -0.20f 0.50

11683BFWD | 0.40 2.54 0.88 0.94 0.40 0.74 0.64 0.34.950 | 0.78 0.47 1.79 0.66

11688BFWK | -0.20 | 0.59 2.14 -0.1§ -0.20 5.37 1.25 61.1 -0.05 3.38 0.59 0.60 -0.18

12380BHLJ | 1.35 1.11 0.83 0.14 2.55 0.27 1.35 105.681 | 1.23 1.40 0.91 -0.20

12439BHPD | 0.39 0.54 2.45 0.10 1.07 2.02 1.08 099.610 | 1.16 0.36 0.44 0.41

12533BHTQ | 1.27 1.36 0.54 1.09 1.13 0.43 -0.20 1.521.09 2.30 0.47 0.09 5.24

12746BJGT | -0.16| -0.20] 2.11 0.29 0.44 4.03 0.93 7-0/0-0.20 -0.07 | -0.20| 2.08 -0.13

12753BJHC | -0.20 | 1.53 -0.19 5.58 1.94 1.67 2.56 0.14.46 0.16 -0.20| -0.20| -0.20

12889BJPP 0.44 1.20 2.30 0.71 0.73 0.28 0.48 0.41.09 1 | 0.81 1.47 0.43 -0.17

13601BLFM | -0.20 | -0.04 | 0.11 1.65 -0.20 1.32 0.31 04.2 8.69 -0.20 | 0.76 0.59 3.45

13838BLST | 1.83 1.13 2.05 1.17 1.29 -0.05 0.29 1.13.53 0.26 1.19 -0.09| 0.80

14015BMDF | 1.21 0.69 0.71 0.37 2.13 0.30 1.39 0.79 .821 | 1.50 0.18 0.77 0.17

14602BNMD | 0.87 0.71 0.31 0.36 1.67 0.17 1.72 0.74 520 | 0.31 -0.18 | 0.40 -0.20

14880BPCK | 1.36 1.35 1.40 1.07 0.65 -0.1( 0.47 -0.00.51 0.00 0.73 1.79 -0.02

14986BPJL | 3.92 1.08 -0.20 1.39 -0.20 0.33 0.99 5-0,1-0.20 -0.20 | 0.65 2.45 1.34

15012BPKR | 3.11 0.81 -0.20, 1.63 1.95 0.84 -0.20 1.091.66 1.05 3.25 -0.20| -0.12

15906BRLG | 1.45 0.41 -0.19] 1.96 1.77 0.75 0.37 2.790.05 4.96 0.14 0.54 511

15944BRNB | 0.71 0.72 1.27 1.19 1.10 1.38 0.14 -0.19.05 0.32 2.02 2.70 -0.20

16217BSDB | 0.77 0.86 1.45 1.07 1.35 1.15 -0.1p 2.19.27 0.27 2.34 0.65 0.49
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Table H.7 — continued

16911BTSC | 1.39 0.83 1.44 0.70 0.67 -0.16  0.79 0.79.92 0.53 0.29 0.27 0.51
17847BWVR | 0.68 1.36 2.22 0.70 0.88 0.25 0.6b 0.65.840 | 0.44 -0.07 | 0.87 0.73
18080BXJT | 0.97 0.68 1.21 0.83 0.90 0.60 0.44 0.79.350| -0.11 0.54 1.01 0.66
18706BYTP | 0.73 0.16 0.77 -0.20 0.25 1.80 2.00 0.671.44 -0.20 0.51 1.34 1.19
18725BYVM | 0.48 0.95 1.99 0.33 0.09 2.42 0.93 0.8p .480 | 2.47 0.59 0.68 -0.20

0.67.90 0| 0.34 0.01 1.17 0.85
0.82.890| 1.33 1.20 0.90 2.14
0.900.18- | 1.93 0.74 1.20 0.36

o
©
Q0

I~
o
~J

O OoT o N =

19567CBSP | 0.38 0.78 1.28 0.56 0.8( 1.2
19796CCGM | 1.22 141 0.68 1.06 0.97 0.38 0.6
19831CCJD | 1.60 0.00 1.65 1.04 0.9¢ 2.3
30003DFKN | 1.18 0.45 0.08 1.78 1.03 0.25 0.3 -0.06.03 2.98 0.94 4.83 -0.16
30182DFVB | 0.96 0.95 1.39 1.35 0.93 0.59 0.0 1.13.840 | -0.01 1.21 1.15 0.58
30264DFYY | 0.59 0.49 0.82 0.96 1.13 0.86 0.69 1.18 .670 | 0.59 0.18 1.94 0.66
31026DHSG | -0.17| 9.00 -0.20 1.20 0.98 1.0 -0.20 61.90.16 1.64 3.36 -0.07 3.62
31027DHSH | -0.04| 0.32 2.15 0.50 1.09 2.3] 0.90 0.89.12 -0.17 0.29 1.81 0.36
31049DHTJ | 0.08 -0.19| -0.20 1.57 1.37 1.34 JO 66.9 2.52 -0.17 3.79 -0.19 1.48
31487DJTF 1.27 0.30 1.47 1.14 0.97 2.0 -0.10 -0/10.22 -0.20 1.46 0.97 0.00
31612DKBD | 0.87 1.46 1.78 0.66 0.45 -0.0 0.50 0.200.66 0.53 0.48 0.57 0.24
32017DKYL | 2.69 -0.12 | 0.23 1.31 1.28 0.31 0.87 3.5[70.15 4.18 0.57 1.12 1.50
32331DLRK | 1.08 1.32 0.56 -0.03 141 0.68 1.68 1.082.73 1.59 -0.20 | -0.02 0.53
32769DMRG | 1.47 2.11 0.31 0.96 0.47 0.37 0.18 -0.0R.68 0.71 1.00 1.74 131
32869DMWZ| 0.90 0.53 1.35 0.64 1.56 0.39 0.87 0.8Y 0.34 0.58 0.08- | 2.27 1.11

33003DNFK | 0.40 0.67 1.16 0.83 0.22 1.37 0.51 0.16 .772 | -0.04 0.24 0.96 1.04
33696DPTK | 1.22 1.40 0.06 0.86 1.63 0.91 -0.18 2.060.11 | 3.44 1.05 0.86 4.50

I +—= 19T 0
1
o
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Table H.8 PMF Outputs Diagnostics of Summer 2006

Run# | Q(Robust) Q(True)| Converged # Steps
1 226.578 226.578Yes 390
2 226.637 226.636Yes 264
3 226.54 226.54| Yes 268
4 226.621 226.621Yes 328
5 226.542 226.542Yes 290
6 226.577 226.576Yes 288
7 226.573 226.578Yes 296
8 226.72 226.72| Yes 314
9 226.552 226.551 Yes 354
10 226.58 226.579Yes 260
11 226.537 226.53[7'Yes 278
12 226.637 226.63p6Yes 321
13 226.62 226.619Yes 259
14 226.533 226.53BYes 233
15 226.641 226.64[LYes 345
16 226.663 226.66RYes 312
17 226.576 226.57bYes 261
18 226.533 | 226.533| Yes 263
19 226.543 226.54B8Yes 276
20 226.568 226.56[7'Yes 378
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Appendix H: PCA Outputs

Appendix 1.1 PCA loadings, eigenvalues, and vaeaexplained of 20 components before rotation otevi@006

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
BZ123M 0.17 -0.10 | 0.01 -0.13] 0.02 -0.02  0.07 0.18 .000
BZ124M 0.15 -0.11 | -0.03| -0.22| 0.05 -0.02  0.0d 0.20-0.03
BZ135M 0.16 -0.10 | -0.01| -0.19| 0.06 -0.02  0.0Z 0.15-0.04
LBUTI1E 0.15 -0.07 | -0.04 | 0.06 -0.24; 0.06 -0.02  0.03-0.10
P1E2ME 0.12 -0.05| -0.17| -0.01 -0.36 0.08 -0.27  0.010.06
PENTE1 0.10 -0.11 | -0.12| 0.04 -0.37 -0.00 -0.36 0.060.03
PA224M 0.14 0.14 -0.16| 0.03 0.17 -0.08 -0.03 -0.200.09
BU22DM 0.17 0.07 -0.12 | 0.06 0.03 -0.04 -0.08 -0.130.01
PA234M 0.14 0.18 -0.08| 0.02 0.18 -0.13 -0.02 -0.1060.14
BU23DM 0.16 0.21 0.02 0.02 -0.04 -0.11 -0.01  0.00 0.08
PEN23M 0.16 0.14 -0.03| 0.02 0.01 -0.04 0.08 -0.14.060
PEN24M 0.13 0.25 -0.04| -0.08f -0.15 0.09 0.11 -0.09.26
O_ETOL 0.16 -0.12 | 0.01 -0.19| 0.04 -0.04 0.03 0.15 0.03
IPENTA 0.16 0.03 -0.02 | 0.17 0.09 -0.14 -0.01L -0.0%0.02
HEP2ME 0.16 -0.01| -0.14| -0.13] 0.13 0.00 -0.04  -0.060.02
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Table I.1 — continued 1

HEXA2M 0.16 0.12 -0.05 | -0.04| 0.04 -0.03} 0.10 -0.190.13

PENA2M 0.13 0.32 0.08 -0.05| -0.09 -0.11 -0.02 0.12-0.15
M_ETOL 0.16 -0.09 | -0.03| -0.18] 0.03 -0.01 0.03 0.10-0.06
HEP3ME 0.17 -0.01| -0.10| -0.09] 011 -0.05 0.01 -0.150.04
HEXA3M 0.17 0.08 -0.08 | -0.07| 0.02 -0.02 0.06 -0.180.06
PENA3M 0.08 0.36 0.20 -0.05| -0.09 -0.11 -0.0¢ 0.28-0.17
P_ETOL 0.16 -0.10 | -0.04| -0.19] 0.00 -0.01 0.03 0.0p-0.06
ACETYL 0.10 -0.14 | 0.10 -0.12| -0.17| -0.074 0.48 -0.04-0.21
BENZE 0.14 0.01 -0.16 | 0.16 -0.06 0.25 0.14 0.00 080.
N_BUTA 0.14 -0.01 | 0.10 0.25 0.08 -0.16  0.01 0.08 060.
C2BUTE 0.15 -0.06 | 0.01 0.26 -0.12 -0.13 -0.04 -0.030.02
C2PENE 0.15 -0.06 | -0.03] 0.17 -0.20 -0.18 -0.03 30.00.02
CYHEXA 0.08 0.26 -0.18 | -0.15| -0.12| 0.31 0.04 -0.010.07
CPENTA 0.16 -0.03 | -0.07| 0.03 -0.03  -0.0¢ 0.02 -0.1G60.08

Il J7

N_DEC 0.13 -0.15 | 0.18 -0.16| -0.07  -0.1% -0.15  0.0y0.19
ETHANE 0.11 -0.11 | 0.26 0.11 0.08 -0.03  0.20 0.14 270.
ETBZ 0.11 -0.10 | 0.29 -0.02| 0.07 0.29 -0.14  -0.29 .050
ETHENE 0.12 -0.07 | 0.05 0.09 -0.024 0.16 0.42 0.1y .190

N_HEPT 0.17 0.02 -0.11| -0.05{ 0.07 -0.0p 0.01 -0.160.03
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Table I.1 — continued 2

N_HEX 0.05 0.29 0.37 -0.08| -0.05 0.10 -0.1y  0.05 .150
| BUTA 0.13 0.09 0.04 0.26 0.19 -0.03 -0.01 0.12 140.
| PREN 0.16 -0.09 | 0.06 0.12 -0.06 0.12 0.13 -0.080.0%

MP_XYL 0.12 -0.09 | 0.28 -0.01| o0.07 0.29 -0.14  -0.28-0.06

MECYHX 0.12 0.04 -0.24 | -0.06| 0.21 0.19 -0.17 0.19 .060

MCYPNA 0.08 0.37 0.21 -0.10| -0.18] 0.04 0.00 0.13 040.
N_NON 0.16 -0.07 | 0.09 -0.11| 0.10 -0.04 -0.13 0.05 .140
N_PRBZzZ 0.16 -0.12 | 0.02 -0.18/ 0.02 -0.06 0.02 0.06 0.04

N_OCT 0.14 -0.03 | -0.14| -0.21, 0.17 -0.02 -0.15 0.060.06

O XYL 0.13 -0.12 | 0.27 -0.03| 0.03 0.27 -0.12  -0.230.05

N_PENT 0.16 0.00 0.01 0.14 0.14 -0.11 -0.02 -0.090.03

N_PROP 0.05 0.07 0.01 0.30 0.38 0.16 -0.12 0.27 07-0
PROPE 0.16 -0.08| -0.03] 0.09 -0.09  0.2(¢ 0.16 0.06 .15-0
STYR 0.11 -0.08 | -0.09| 0.20 -0.01 0.34 -0.12  0.34 .160
T2BUTE 0.15 -0.06 | 0.03 0.25 -0.12 -0.16 -0.0f -0.030.01

T2PENE 0.15 -0.07 | -0.02| 0.16 -0.21 -0.14 -0.04 30.00.01

TOLUE 0.08 0.10 -0.03 | 0.04 -0.05 0.19 0.21 0.04 50.6
N_UNDE 0.12 -0.13 | 0.30 -0.05| 0.05 -0.17 -0.0f 0.100.20

Eigenvalue 31.05| 3.91 3.24 2.71 2.27 1.57 1.44 1.28.03

Variance 59.72 | 7.51 6.23 5.22 4.36 3.02 2.76 2.4]1 1.9
Explained (%)
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Table I.1 — continued 3

PC10 | PC11 | PC12 | PC13 | PC14 | PC15 | PC16 | PC17 | PC18 | PC19 | PC20

BZ123M -0.03 | -0.11| -0.03| -0.14 -0.06 0.04 0.1 0.10-0.13 | 0.06 -0.13

BZ124M 0.04 | -0.15| -0.11| -0.10 -0.13 0.05 0.0 0.08-0.07 | 0.02 | 0.00

BZ135M 0.04 | -0.06| -0.09/ -0.13 -0.14 0.01 0.1] 0.01-0.05 | -0.05 | 0.11

LBUT1E 0.09 | 0.16 | -0.03| -0.03 -0.23 0.15 -0.3 -0.12.01 | -0.21 | -0.29

P1E2ME -0.02| 0.21| 0.14| 0.02] 0.05 0.00 0.1 8 10.0-0.01 | -0.25

PENTE1 005 | 0.22| 030 0.13] -0.1¢y 0.1% 0.0 0.10 00.1-0.07 | 0.43

PA224M -0.06 | 0.27 -0.14| -0.04 0.07 0.11 0.2 0.g10.16 | -0.23 | 0.16

Bu22bM | 0.01 | -0.06 | 0.03 | 0.02| 0.15 -0.08 0.13 -0.01.060 | -0.13 | 0.08

PA234M 0.02 | 0.33 | -0.16] -0.08 0.03  0.03 0.1 -0.040.1%+ | -0.24 | 0.18

o iSTOT O O o %
o
')

BU23DM | 0.03 | -0.01| 0.03 | 0.00, 0.05 -0.06  0.0¢ -0.12.040 | -0.07 | -0.02

PEN23M -0.17 | 0.04 | 0.01| 0.08, -0.1y 0.02 -0. [18.10 | 0.07 | 0.00

@
1
o

PEN24M -0.28 | -0.04| -0.02] 0.06 -0.20 -0.04 -0.04 230.] 0.12 0.18 | 0.23

H
BN
o

O_ETOL 0.04 | -0.09, -0.06f -0.04 -0.1%5 -0.06 0.0 .0-0.04 | -0.03 | 0.12

IPENTA 006 | -0.19| 0.04 | -0.06f 0.09, 0.08 0.04 .J1.300 | -0.18 | 0.00

A4l
1
o

R
o
Q

HEP2ME 0.11 0.09 0.03 0.14 -0.04  0.00 -0.( 2 .00/ 0.14 | -0.21

HEXA2M |-0.19 | 0.02 | 0.08 | 0.01 -0.14 0.05 -0.0 0.01 0.04 | 0.22 | 0.01

PENA2M | 0.09 | -0.01| 0.08 | -0.03 0.07, -0.04 0.0 -0.010.01 | -0.01 | -0.13

M_ETOL | 0.06 | -0.05| -0.06| -0.09f -0.12 -0.0f 0.0¢ 2.0-0.03 | -0.03| 0.11

HEP3ME | 0.09 | 0.12 | 0.10| 0.06 -0.08 -0.02 0.0 0.01 .040| 0.13 | -0.24

HEXA3M |-0.13 | -0.01 | 0.14 | 0.00| -0.10 0.08 -0.0 .0y-0.07 | 0.18 | -0.03

PENASM | 0.15 | 0.04 | 0.04| -0.03 0.03f -0.0 0.0 0.00 .040| 0.00 | -0.15

RIS RAESES
o
o

3
P_ETOL 0.06 -0.10| -0.01] -0.08 -0.0y -0.07 0.0 0.0:0.03 | -0.04 | 0.06
ACETYL |0.11 -0.04 | 0.26 | 0.34| 0.23| -0.02 -0.1 0.18 0.03 | 0.02 | 0.34
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Table I.1 — continued 4

BENZE 0.11 0.15 | -0.06] -0.31 0.11 -0.38  -0.7 -0.08.03 | 0.11 0.02

N_BUTA |0.09 | -0.08 | -0.06| -0.18f -0.153 0.26 -0.0 0.190.27 | 0.12 | 0.06

C2BUTE 0.00 | -0.16| -0.25| 0.05| -0.09 0.12 -01 -0.120.07 | -0.05 | 0.03

C2PENE -0.08 | -0.12| -0.22 0.17] 0.11 -0.28 0.1 0.050.15 | 0.00 | -0.05

CPENTA 005 | -0.26| 0.35| -0.05 0.02 -0.09 -0.0 -0.16.21 | -0.07 | -0.10

N_DEC -0.24 | 0.09 | 008 -0.24 036 0.01 -0.2 -0.12.030 | -0.20 | 0.06

ETHANE |-0.08 | 0.29 | 0.00 | 0.17| -0.34 -0.24 0.2] 0.15 .330 | -0.25 | -0.19

ETBZ 0.04 | -0.07| -0.06| 0.06| -0.01 0.06 0.0% 0.03 00.0-0.05 | 0.03

1
S
7
8
CYHEXA |-0.33 | -0.29 | -0.15| -0.16|{ 0.14, 0.06f -0.06 0.480.16 | -0.28 | -0.03
1
1
1
b
)

ETHENE -0.22 | 0.15 | -0.12| 0.22 0.17 0.39 0.0 0.02 080.| -0.07 | -0.12

N_HEPT 001 | 002 | 0.21| -0.01 0.03 0.13 -0.01 0.17 .190| 0.09 | -0.16

N_HEX 0.17 | 0.04 | -0.05| 0.07| 0.05] 0.01 0.00 0.06 40.0-0.04 | 0.06

I_BUTA 0.18 | 0.09 | -0.02| -0.13] 0.09| 0.100 -0.05 0.4 .020 | 0.35 | 0.18

I_PREN 0.07 0.19 -0.07] -0.24 0.10 -0.31 -0.11 0.0®.15 0.13 0.10

MP_XYL |0.04 | -0.06 | -0.06| 0.04| 0.00f 0.08 0.04 0.0p .020| -0.02 | 0.01

MECYHX |0.14 | -0.01 | -0.22| 0.37 -0.03 -0.0 -0.3 2.0 0.04 | -0.03| 0.15

MCYPNA | -0.03 | -0.03 | 0.01 | 0.07| -0.09 -0.0 -0.0 8.0 0.06 | 0.16 | 0.04

N_PRBZ 0.03 | -0.05| -0.01f -0.08 -0.11 -0.0 0.0 20.0-0.06 | -0.08 | 0.12

1A

b 1
D 4
N_NON -0.16 | 0.19 -0.09| 0.11 0.29 -0.00 -0.02 -0.20.11 0.14 0.04
7 o)
0

N_OCT 0.11 0.02 | -0.07{ 0.28| 0.24] 0.0¢ -0.1 -0.02320.| 0.09 | -0.16

O_XYL 0.06 | -0.07 | 0.02 | 0.03| -0.04 -0.08 0.03 -0.01.010 | 0.02 | -0.03

]
N_PENT 0.05 | -0.20| 0.22| -0.06 0.07 004 000 -0.07160| -0.11 | -0.01
N_PROP -0.28| -0.08 0.37| 0.17 -0.10 -0.25 -0.20 0.090.27 | -0.21 | 0.04
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Table 1.1 — continued 5

PROPE 0.00 | 0.17| 0.06f -0.13 -0.04 0.0 -0.11 -0/1®.14-| -0.03 | -0.05
STYR -0.10 | -0.08| 0.09 | -0.05 0.14] 0.16 0.45 -0.80000.| 0.26 | 0.01
T2BUTE 0.00 | -0.17| -0.21| 0.12| -0.06 0.15 -0.16 -0.010.12 | 0.02 | 0.01
T2PENE -0.06 | -0.15| -0.18 0.20, 0.13 -0.29 0.1 0.120.17 | 0.06 | -0.09
TOLUE 046 | -0.07| 0.09 | 0.02| 0.14, 0.12 0.09 -0.12 300, -0.24 | -0.03
N_UNDE | -0.24 | 0.08 | 0.07| -0.09 0.14] 0.07 -0.17 0.050.26 | 0.08 | -0.08
Eigenvalue| 0.67 | 053| 0.45| 035 028 022 019 0.16.13 | 0.10 | 0.09
Variance |1.29 | 102 | 086 | 0.67| 055 043 036 031 025 0.20.170
Explained

(%)
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Appendix 1.2 PCA score of winter 2006

Site PC1 |PC2 |PC3 |PC4 |PC5 |PC6 |PC7 |PC8 |PC9
10250BBPX | 0.04 | 0.79 | -1.001.16 | 0.56 | -0.14-0.60 | -0.51 | 0.05
11377BFDP | -7.46| 0.24| 056 -1.16 0.44 -1@79 | -0.94| -0.0Z
11428BFGZ | -7.13| 0.21| 0.19 -0.81 0.10 -1}@B68 | -1.23| -0.05
11546BFNQ | -2.52| 1.36| -1.1j/0.61 | 0.10 | 0.81] 0.04| -0.92 -0.76
11683BFWD| 3.84| 532 | 084 -3.14 -3.84 1.6 1.77 80(43.40
11688BFWK| -4.31| -0.30| -1.450.61 | -1.29| 1.27| -1.41 0.93] -0.45
12135BGWR| 7.77 | -0.20 | -1.413.49 | -2.71| -0.19-1.25 | -0.48 | -0.64
12380BHLJ | 1.83 | -0.45| -0.450.56 | -0.70| 0.31] 0.37| -0.06 -0.27
12439BHPD | -5.41] -0.04] 0.08 -0.68 -0.y7 -0j@#40 | -1.12| 0.09
12533BHTQ | 3.53 | -1.87, 162 0.19 0.7¢ -1/99.38 | 0.90 | 1.31
12746BJGT | -1.94| -0.38 0.3% 1.13 0.15 -0{1B80 | 0.41 | 0.00
12889BJPP | 9.05| -0.83 -0.98.14 | -1.16| 1.64| -0.17 1.05 0.28
13601BLFM | 6.15 | -1.07| 168 094 154 -136.02 | 0.08 | 1.28
13838BLST | 2.94 | -2.04/ -0.16-2.21| -1.95| -0.35-1.33 | 0.65 | 0.29
14015BMDF | 4.03 | -1.77/ 0.97 148 0.15 1.92 219 2.001.18
14043BMFN | 0.80 | -0.15| -0.581.57 | 0.04 | 1.12| 1.21| 0.07| -0.61
14602BNMD| -0.06 | -0.23 | -0.26 2.03 | -0.54| -0.170.62 | -0.69| -0.78
14880BPCK | 19.41 4.19| -4.231.68| 4.01 | -1.20-1.18 | -2.71 | -0.27
14986BPJL | -6.04) 0.11| 0.49 088 0.07 -2m451 | -1.05| 0.13
15012BPKR | 12.8Q -3.64 -0.313-3.71| -2.69| 0.11] 2.19| -119 -1.91
15906BRLG | 3.21 | -1.79| -0.10-0.59 | -3.18| -2.44-1.20 | -0.55| 0.32
15944BRNB | 1.75 | -1.46, 1.4% 0.5% 094 -0/670 | 0.48 | 0.45
16217BSDB | -5.21] 1.17| -1.2/0.35 | -0.09| 1.06| -0.84 -0.17 -0.35
16911BTSC | -3.64) 0.48| -0.4%.24 | 2.06 | 0.50| -0.86 0.40, -0.25
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Appendix 1.2 — continued

17847BWVR | -3.79| 0.93 | -0.880.38 | 0.18 | 1.24| 0.76| -0.03 -0.67
18080BXJT | -4.59| 0.25| -0.440.03 | 0.14 | 0.24] 0.67| -0.47 -0.48
18706BYTP | -3.84| 0.14| 0.0% 150 -0.10 -0/6230 | -0.65| -0.11
18725BYVM | -8.57 | 1.38 | -0.58-0.53 | 1.20 | 0.39] 0.43| -0.7¢ -0.27
19494CBPC | 0.47| -090 0.84 136 0.26 -1.48.21 | 0.32 | 0.64
19567CBSP | 2.65| -0.36 -0.54€.44 | 0.28 | 1.03] 1.20| 0.06/ -0.73
19796CCGM| 252 | -1.70 7.77 -0.67 1.4b 3.87 -2[/5003, -0.14
19831CCJD | -1.80 0.03| -1.03x0.01| 0.33 | 0.81] -0.35 0.07] 0.38
19833CCJG | -5.97 -0.59 -1.2D.41 | -2.70| -0.23-2.99 | 0.27 | 0.04
30003DFKN | 4.12 | 863 | 5.09 -0.40 -1.11 -1)/0.58 | 2.78 | -2.3C
30182DFVB | -2.97| -0.45| 0.24 -0.70 -0.32 -0,8497 | -1.24| -0.47
30264DFYY | -1.64| 034 | 0.13 0.71 138 -03D.08 | -0.19| -0.3§
31026DHSG | -1.36| -1.09] -2.834.94| 2.34 | 1.09, -1.52 3.04] -0.46
31027DHSH | -5.73| -1.05| 0.86 -2.43 0.4 -0{8884 | 0.29 | -0.39
31049DHTJ | 044 | -1.11| 130 -0.28 1.72¢ -0{A0.11 | 0.66 | 0.57
31487DJTF 054 132 -1.22.15 | 0.94 | 1.44| 117 0.77] 3.74
31612DKBD | -8.47| -0.66| -0.31-3.15| -0.62| -1.00-1.91 | -0.21| 0.78
32017DKYL | 3.42 | -1.18| 0.60 2.02 -0.283 -1.140.47 | 0.73 | 0.21
32331DLRK | -1.20| 0.36 | -0.3(1.73 | 1.61 | -0.68-0.64 | 0.18 | -0.1¢
32769DMRG| -5.66| 1.18 | -1.32-0.62| 0.42 | 1.42| -0.06 0.28] -0.32
32869DMWZ| 1.27 | 0.11 | -1.621.65 | -1.43| 0.72| -1.47 -0.03 0.08
33003DNFK | 0.53 | -0.54| -0.54-0.54| 0.09 | 1.08/ 0.44| 0.54] -0.63
33696DPTK | 6.19 | -2.68| 1.68 -1.26 1.74 -0/3713 | 1.72 | 1.00
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Appendix 1.3 PCA T-Squared of winter 2006

Site T-Squared

10250BBPX 45.02128

11377BFDP 45.02128

11428BFGZ 45.02128

11546BFNQ 45.02128

11683BFWD 45.02128

11688BFWK 45.02128

12135BGWR 45.02128

12380BHLJ 45.02128

12439BHPD 45.02128

12533BHTQ 45.02128

12746BJGT 45.02128

12889BJPP 45.02128

13601BLFM 45.02128

13838BLST 45.02128

14015BMDF 45.02128

14043BMFN 45.02128

14602BNMD 45.02128

14880BPCK 45.02128

14986BPJL 45.02128

15012BPKR 45.02128

15906BRLG 45.02128

15944BRNB 45.02128

16217BSDB 45.02128

16911BTSC 45.02128

17847BWVR 45.02128

18080BXJT 45.02128

18706BYTP 45.02128

18725BYVM 45.02128

19494CBPC 45.02128

19567CBSP 45.02128

19796CCGM 45.02128

19831CCJD 45.02128

19833CCJIG 45.02128

30003DFKN 45.02128

30182DFVB 45.02128

30264DFYY 45.02128
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Table 1.3 — continued

31026DHSG 45.02128
31027DHSH 45.02128
31049DHTJ 45.02128
31487DJTF 45.02128
31612DKBD 45.02128
32017DKYL 45.02128
32331DLRK 45.02128
32769DMRG 45.02128
32869DMWZ| 45.02128
33003DNFK 45.02128
33696DPTK 45.02128
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Appendix 1.4 PCA loadings, eigenvalues, and varaexplained of 20 components before rotation ofraenm2006
PC1 |PC2 |PC3 |PC4 |PC5 |PC6 |PC7 |PC8 |PC9

BZ123M 0.00 -0.02 | 0.00 0.02 0.07 0.02 0.00 -0.04 040.
BZ124M 0.03 -0.10 | -0.05| 0.12 0.41 0.13 -0.01 -0.20.25
BZ135M 0.01 -0.03 | -0.01| 0.03 0.11 0.04 -0.01 -0.0D.07
P1E2ME 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 2-0/0
PENTE1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 2-0{0
PA224M 0.01 -0.01| 0.01 0.01 0.00 0.01 -0.04 0.01 .050
BU22DM 0.01 -0.02 | 0.01 0.00 0.01 -0.01 0.01 0.0L .020
PA234M 0.00 0.00 0.00 0.00 0.00 0.01 -0.02 0.01 010,
BU23DM 0.01 -0.03 | 0.02 0.01 0.05 0.00 0.01 0.00 030.
PEN23M 0.01 -0.01| 0.01 0.00 0.01 0.01 -0.01 0.00 .020
PEN24M 0.00 -0.01| 0.01 0.00 0.01 0.0 0.0 0.1 020

D

O_ETOL 0.01 -0.02 | -0.01] 0.03 0.08 0.03 -0.01 -0.08.05
IPENTA 0.18 -0.49 | 0.43 -0.14f -0.04 -0.24 -0.08 0.1p-0.16
HEP2ME 0.00 -0.01| 0.00 0.01 0.02 0.01 0.0 -0.02010.
HEXA2M 0.01 -0.04 | 0.02 0.01 0.02 0.01 0.01 -0.03 .030
PENAZ2M 0.06 -0.17 | 0.11 0.05 0.30 0.03 0.03 -0.07 .120
M_ETOL 0.02 -0.06 | -0.02| 0.06 0.21 0.07 -0.01 -0.1®.13
HEP3ME 0.00 -0.01| 0.00 0.01 0.02 0.01 0.0 -0.02010.
HEXA3M 0.02 -0.05 | 0.02 0.01 0.02 0.01 0.01 -0.04 .020
PENA3M 0.04 -0.12 | 0.06 0.06 0.30 0.06 -0.08 -0.110.1%
P_ETOL 0.01 -0.03| -0.01] 0.03 0.10 0.03 0.00 -0.06.060
ACETYL 0.01 -0.01 | 0.01 0.01 0.09 0.04 0.06 0.08 040.
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Table 1.4 — continued 1

BENZE 0.02 -0.04 | 0.01 0.01 0.02 0.07 -0.01 0.04 080.
N_BUTA 0.11 -0.14 | 0.18 -0.09| 0.02 -0.09 -0.11 0.12-0.42
C2BUTE 0.00 0.00 0.00 0.00 0.01 0.0d 0.00 0.00 200
C2PENE 0.00 -0.01| 0.01 0.00 0.02 0.00 0.0n 0.00 03-0
CYHEXA 0.00 -0.01 | 0.00 0.01 0.01 0.01 -0.0p  -0.010.04
CPENTA 0.02 -0.05| 0.03 0.00 0.00 -0.0g  0.04 -0.01.070
N_DEC 0.02 -0.05| 0.07 0.00 0.00 0.06 0.09 -0.03 80.2
ETHANE 0.03 -0.06 | 0.14 -0.04/ 0.12 0.53 0.26 0.73 050.
ETBZ 0.12 0.01 -0.09| -0.04] 0.12 -0.10  0.07 0.0p 80.6G
ETHENE 0.01 -0.01| -0.01|] 0.02 0.17 0.14 -0.09 0.100.04
N_HEPT 0.02 -0.04| 0.00 0.02 0.01 0.01 0.01 -0.06 01 0.
N_HEX 0.04 -0.12 | 0.04 0.09 0.42 0.11 -0.16 -0.14 .240
|_BUTA 0.30 0.19 -0.25| -0.13| 0.16 -0.50 -0.2g 0.31-0.07
I_PREN -0.02 | 0.04 -0.05| -0.01 0.01 -0.13 0.88 -0.210.40

MP_XYL 0.31 -0.02 | -0.24| -0.08, 0.34 -0.27  0.27 0.180.26
MECYHX 0.00 -0.01 | -0.01| 0.02 0.04 0.03 -0.0g  -0.04€.02
MCYPNA 0.01 -0.03 | 0.02 0.02 0.11 0.02 0.0d -0.01 .110

N_NON 0.01 -0.02 | 0.01 0.00 0.01 0.02 0.00 0.00 0.¢
N_PRBZ 0.01 -0.02| -0.01, 0.02 0.06 0.02 0.00 -0.03.040
N_OCT 0.01 -0.01| -0.01] 0.02 0.03 0.03 -0.01 -0.03.030
O_XYL 0.08 -0.02 | -0.05| 0.00 0.11 -0.06  0.1@ 0.02 070.

0.14 -0.10.42
0.01 -0,1702 O.
-0.07  -0/0D.04-

N_PENT 0.14 -0.40| 0.32 -0.19 -0.18 -0.1
N_PROP 0.59 0.58 0.51 0.05 -0.00 0.1
PROPE 0.01 -0.01} -0.013 0.02 0.03 0.0

O+ >
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Table 1.4 — continued 2

STYR 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 -0.01

T2PENE 0.00 -0.01| 0.02 0.00 0.03 0.00 0.0R 0.0 07-0

TOLUE 0.60 -0.32 | -0.49| 0.03 -0.34 0.36 -0.04 -0.150.12

N_UNDE 0.01 -0.05| 0.03 0.00 -0.01 0.00 0.08 -0.01.200

OTHERS 0.06 -0.07| 0.05 0.95 -0.11  -0.21 0.08 0.200.01-

Eigenvalue 21.31| 5.61 1.16 0.91 0.59 0.48 0.22 0.18.15

Variance 68.94 | 18.16| 3.76 2.95 1.90 1.55 0.72 0.59 0.48

Explained

(%)

Table 1.4 — continued 3
PC10 | PC11 | PC12 | PC13 | PC14 | PC15 | PC16 | PC17 | PC18 | PC19 | PC20

BZ123M 0.07 | 0.04| -0.02 -0.01 -0.05 -0.02 0.06 0.04#.02 | -0.01| 0.08
BZ124M 0.48 | 0.24| 0.09| -0.02 -0.11 -0.03 -0.p4 -0/0D.04 | -0.16| -0.03
BZ135M 0.13 | 0.07| 0.00f 0.00 -0.04 0.0 -0.p2 0.01.020 0.07 | -0.01
P1E2ME | -0.01| 0.00| -0.01 0.00 -0.01 0.00 0.02 -0.@O01 | 0.01 | -0.01
PENTEL1 0.00 | 0.01, -0.01 -00p -0.02 0.01 0.00 -0.@203 | 0.02 | 0.00
PA224M -0.02| 0.02| 0.03] 0.0 -0.02 -0.08 0.10 -0jxB26 | 0.52 | -0.14
BU22DM | -0.01| 0.02| 0.06| -0.06 -0.08 -0.02 0.0 -0/,03.00 | 0.02 | -0.04
PA234M 0.00 | 0.01| -0.01 0.0 -0.010 -0.02 0.00 0.01.100|0.16 | -0.04
BU23DM | -0.04 | 0.01| 0.04, -0.02 -0.00 -0.03 0.11 0.040.03| 0.06 | -0.08
PEN23M | -0.01| 0.01| 0.02/ -0.0L 0.01 -0.01 0.05 0.00.150| 0.03 | 0.04
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Table 1.4 — continued 4

PEN24M -0.01 | 0.01 0.01 0.01 0.01 -0.03 0.05 -0.02 .070 | 0.08 -0.04
O_ETOL 0.10 0.05 0.00 -0.02 -0.03 0.00 0.0 -0.02 .000 | 0.04 0.02
IPENTA 0.36 -0.11 0.05 -0.14 0.47 0.10 -0.02 -0.07)-0.07 | 0.05 -0.05
HEP2ME 0.03 0.02 0.03 -0.02 0.01 -0.02 -0.01 -0.010.11 0.01 -0.04

HEXA2M |-0.04 | 0.03 0.04 -0.07 0.05 0.06 0.1] 0.15| 230. | -0.22 0.25

PENA2M -0.28 | -0.07 0.13 -0.15 -0.08 -0.03 0.4 0.28|-0.23 | 0.12 -0.24

HEP3ME 0.02 0.03 0.01 -0.03 0.01 -0.01 0.0 0.05| 090. | -0.02 -0.04

L
3}
M_ETOL 0.23 0.13 0.02 -0.04 -0.07 0.00 0.00 -0.02 .000 | 0.16 0.01
1
%

HEXA3SM |-0.06 | 0.00 0.10 -0.10 | 0.03 0.07 0.2 0.00| 280. | -0.27 0.33

PENA3M -0.17 | -0.16 -0.11 -0.06 -0.07 0.10 -0.11 10.3 | -0.14 | -0.08 0.01

P_ETOL 0.10 0.05 0.02 -0.01 -0.03 0.00 0.0 -0.03 0.0+ | 0.10 0.00

ACETYL -0.02 | 0.11 0.22 0.18 0.12 -0.08 0.1 0.06| .200 | 0.35 0.70

2
b
BENZE 0.00 0.21 -0.05 0.49 -0.03 0.79 0.19 -0.19 .030 | -0.03 -0.10
N_BUTA 0.01 0.51 -0.36 0.24 -0.29 -0.38 0.0p -0.03| 0.09 -0.11 0.02

C2BUTE 0.01 0.02 -0.01 0.00 -0.01 0.00 -0.01 0.05| .020 | -0.01 -0.02

C2PENE 0.00 0.02 0.00 0.00 0.00 0.00 0.02 0.09 3-0,0-0.08 -0.02

CYHEXA |0.01 -0.02 0.03 -0.05 0.12 0.06 0.09 0.27] 560. | 0.04 -0.14
CPENTA -0.08 | -0.02 0.10 -0.05 -0.10 -0.07 0.24 90.2|-0.04 | 0.12 -0.09
N_DEC 0.07 -0.30 -0.29 0.33 0.00 -0.13 0.27 0.29| 070.|0.14 -0.06
ETHANE 0.12 -0.07 0.00 -0.14 -0.17 0.04 -0.06 0.00| 0.04 -0.01 0.02
ETBZ -0.10 | 0.10 -0.04 0.02 0.07 -0.03 0.0p0 -0.15 070. | 0.19 0.02

ETHENE -0.15 | -0.01 0.59 0.49 0.25 -0.30 -0.07 -0.08 0.02 -0.23 -0.22
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Table 1.4 — continued 5

N_HEPT -0.04 | -0.02 0.12 -0.16 -0.06 0.07 0.30 -0.250.34 -0.11 0.09

N_HEX -0.20 | -0.41 -0.19 0.04 -0.11 0.06 -0.29 -0.38 0.12 0.04 0.12

I_BUTA 0.29 -0.28 0.21 0.08 -0.36 0.05 0.0 0.11| 030. | -0.01 0.03

I_PREN 0.17 -0.12 0.11 0.10 -0.08 -0.01 -0. 0.00| 0.06 0.01 -0.06

MP_XYL |-0.31 | 0.24 -0.22 -0.06 0.33 0.03 -0.1 -0.04| 0.02 0.00 -0.05

MCYPNA | -0.05 | -0.02 0.01 0.01 0.02 -0.03 0.0 -0.02| 0.08 0.00 0.13

N_NON 0.04 -0.03 -0.08 0.10 0.00 -0.02 0.0 0.11| 120. | 0.05 -0.10

N_PRBZ 0.06 0.03 0.00 -0.01| -0.03 0.01 0.0 -0.02 .020 | 0.05 0.02

b
D9
0
MECYHX |0.08 0.03 0.06 -0.03| -0.01 -0.03 -0.04 -0.11| 0.16 -0.01 -0.06
3
3
1
2

N_OCT 0.07 0.06 0.03 -0.03 0.01 -0.05 0.0 -0.06 110.| 0.01 -0.19

O_XYL -0.08 | 0.06 -0.04 -0.08 | 0.05 -0.02 0.08 0.05| .00 | -0.24 0.04
N_PENT -0.27 | 0.01 0.22 0.11 -0.46 0.04 -0.25 0.02, .070 | -0.02 0.06
N_PROP 0.00 0.01 0.01 -0.02] 0.04 0.01 -0,01 -0.02 0.01- | 0.00 0.00
PROPE 0.02 0.06 0.04 0.16 0.11 0.05 -0/41 0.38 0.2D.21 0.11
STYR 0.01 0.00 0.01 0.02 0.02 0.03 0.00 -0.05 0.010.01 0.04
T2PENE -0.01 | 0.04 -0.01 0.00 0.01 0.00 0.03 0.23] .080| -0.21 -0.02

TOLUE 0.02 -0.05 0.00 -0.02 -0.01 -0.04 0.0p0 0.02| 0.06 | 0.01 0.00

N_UNDE 0.14 -0.33 -0.32 0.34 0.14 -0.20 0.1/ -0.1q 0.02 -0.21 0.12

OTHERS 0.00 0.02 -0.01 0.02 0.00 -0.01 -0.02 0.00{ .000 | -0.01 0.00

Eigenvalue | 0.09 0.06 0.04 0.03 0.03 0.01 0.01 0.01 0.00 0.00 0.00

Variance 0.28 0.21 0.14 0.10 0.08 0.04 0.04 0.02 0.01L 0.01f 010
Explained
(%)
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Appendix 1.5 PCA score of summer 2006

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
10250BBPX | 3.51 0.34 0.50 -2.05 -2.82 1.98 -2.16 0.82 0.67
11000BDHQ | 0.58 0.07 0.76 -1.29 -0.63 2.19 1.01 1.66 -0.41
11377BFDP | 1.22 -0.11 0.33 -0.08 -1.19 -0.98 2.74 -0.26 -0.08
11428BFGZ | -3.03 -0.30 0.19 -0.41 0.18 -0.81 1.60 0.82 0.78
11546BFNQ | 7.89 9.84 8.11 2.23 2.10 0.19 -0.26 -0.77 0.41
11683BFWD | -1.80 -2.06 0.55 0.54 0.77 -0.58 1.16 -0.22 0.64
11688BFWK | 0.65 -1.41 -0.63 -1.77 5.15 -0.82 0.81 0.56 -1.47
12380BHLJ | 2.29 1.64 0.35 -0.52 -2.43 -0.01 0.89 0.31 -1.31
12439BHPD | -2.08 -0.09 0.79 -1.51 0.48 1.55 -0.24 0.81 -1.03
12533BHTQ | 5.49 -1.82 -0.46 -0.34 0.09 1.19 -0.31 -1.63 1.13
12746BJGT | -7.59 -0.37 -0.20 -0.13 2.37 -0.16 -0.48 0.61 -0.62
12753BJHC | -0.50 0.45 0.69 -0.10 0.01 1.73 1.23 0.11 0.62
12889BJPP | -3.54 -0.42 0.78 -0.10 -0.28 1.25 -0.21 0.44 0.07
13601BLFM | 8.84 0.22 -4.88 6.71 0.18 3.28 0.92 0.02 0.25
13838BLST |-1.16 -0.03 1.20 -0.96 -1.79 1.42 -1.22 1.83 -0.75
14015BMDF | -0.32 1.47 -0.60 -0.62 -1.56 0.40 1.73 -0.86 -0.57
14602BNMD | -7.30 0.74 -0.20 1.02 -0.37 -1.16 -0.52 -2.36 -0.84
14880BPCK | -5.36 -0.85 0.80 0.10 -0.83 0.24 -1.36 -0.57 1.02
14986BPJL | -3.60 0.00 -0.24 0.68 -0.99 -1.56 -1.63 -0.60 0.00
15012BPKR | 3.95 0.89 -0.33 0.11 -3.22 -2.51 -0.21 -1.27 -2.54
15906BRLG | 10.91 0.43 -1.97 -3.72 1.24 0.35 -0.12 -1.49 1.73
15944BRNB | 0.73 0.98 0.10 0.03 -1.00 -0.78 2.11 2.55 -0.10
16217BSDB | 0.98 0.07 -0.01 -0.23 -0.41 -1.28 -1.24 0.94 0.27
16911BTSC | -5.56 -0.29 -0.23 0.69 0.02 0.53 -1.11 -1.42 -0.02
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Table I. 5 - continued

17847BWVR | -4.01 -0.80 0.39 -0.21 -0.35 1.94 -0.62 -0.10 0.42
18080BXJT |-5.23 -0.13 0.03 0.32 -0.13 -1.20 -0.23 -0.25 1.11
18706BYTP | -4.86 0.42 -0.32 2.68 1.04 -0.67 0.00 0.34 -0.12
18725BYVM | -1.64 -1.18 -0.27 -1.03 2.72 0.23 -0.21 0.35 -0.73
19567CBSP | -4.68 -0.47 -0.22 0.53 0.72 0.19 -0.04 -0.56 0.13
19796CCGM | 1.22 -0.76 0.44 0.05 -0.54 0.03 0.23 -0.72 0.22
19831CCJD |-0.18 0.83 -0.57 -2.53 1.06 0.64 -0.32 0.12 -1.01
30003DFKN | 3.00 2.00 -2.13 -2.04 -0.45 -1.56 1.50 0.05 0.87
30182DFVB | -1.80 -0.16 0.18 0.11 -0.82 -1.85 0.95 1.66 2.61
30264DFYY | -2.52 0.82 -0.75 -0.40 0.13 -1.52 1.01 0.19 0.94
31026DHSG | 15.01 -9.75 5.57 1.60 0.08 -0.98 -0.37 0.47 -0.57
31027DHSH | -4.13 0.13 0.23 -0.16 0.47 0.55 -1.06 1.71 -0.32
31049DHTJ | 9.26 2.23 -4.03 3.37 0.76 -2.63 -2.68 2.07 -0.07
31487DJTF | -5.06 -0.30 0.56 -0.20 -0.06 -0.76 -0.58 0.23 -0.16
31612DKBD | -6.11 -1.37 0.50 0.55 0.27 0.48 -0.75 -0.93 0.88
32017DKYL | 7.76 2.20 -3.20 -3.05 0.83 0.04 -1.25 -0.47 -0.81
32331DLRK | -0.43 0.24 -0.72 1.02 -0.35 0.87 1.70 -0.87 -1.98
32769DMRG | -2.01 -1.92 0.71 0.88 -0.45 -1.20 -0.10 -1.38 -0.02
32869DMWZ | -2.16 0.76 -0.46 -0.39 -1.00 0.57 -0.96 0.18 0.10
33003DNFK | -4.64 -1.08 -0.60 2.36 0.66 1.00 0.50 -0.51 0.02
33696DPTK | 8.00 -1.09 -0.78 -1.76 0.34 0.17 0.17 -1.59 0.64
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Appendix 1.6 PCA T-Squared of summer 2006

site T-Squared
10250BBPX | 43.0222
11000BDHQ | 43.0222
11377BFDP | 43.0222
11428BFGZ | 43.0222
11546BFNQ | 43.0222
11683BFWD | 43.0222
11688BFWK | 43.0222
12380BHLJ | 43.0222
12439BHPD | 43.0222
12533BHTQ | 43.0222
12746BJGT | 43.0222
12753BJHC | 43.0222
12889BJPP 43.0222
13601BLFM | 43.0222
13838BLST | 43.0222
14015BMDF | 43.0222
14602BNMD | 43.0222
14880BPCK | 43.0222
14986BPJL | 43.0222
15012BPKR | 43.0222
15906BRLG | 43.0222
15944BRNB | 43.0222
16217BSDB | 43.0222
16911BTSC | 43.0222
17847BWVR | 43.0222
18080BXJT | 43.0222
18706BYTP | 43.0222
18725BYVM | 43.0222
19567CBSP | 43.0222
19796CCGM | 43.0222
19831CCJD | 43.0222
30003DFKN | 43.0222
30182DFVB | 43.0222
30264DFYY | 43.0222
31026DHSG | 43.0222
31027DHSH | 43.0222
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Table 1.6 — continued

31049DHTJ | 43.0222
31487DJTF | 43.0222
31612DKBD | 43.0222
32017DKYL | 43.0222
32331DLRK | 43.0222
32769DMRG | 43.0222
32869DMWZ| 43.0222
33003DNFK | 43.0222
33696DPTK | 43.0222
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Appendix |: Specieswith Absolute L oadings Equal or Greater Than 0.26 in Any Components before Species Exclusion
Table J.1 Winter 2006

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
BZ123M | 0.25 0.00 -0.01 0.03 -0.01 0.02 0.02 0.02 0.02
BZ124M | 0.32 0.02 -0.05 -0.04 0.03 0.06 0.00 0.02 -0.08
BZ135M | 0.29 0.01 -0.02 -0.02 0.04 0.03 0.02 -0.01 -0.08
LBUT1E | 0.05 0.04 0.04 -0.06 | -0.26 -0.01 0.17 0.01 -0.02
P1E2ME | 0.03 -0.01 0.02 -0.22|-0.42 0.14 -0.04 0.04 0.09
PENTE1 | 0.03 0.00 0.02 -0.16| -0.49 0.13 -0.10 0.09 -0.02
PA224M | -0.05 0.03 -0.01 0.02 0.04 0.05 -0.07 -0.37 -0.03
PA234M | -0.02 0.13 -0.04 0.06 0.06 0.03 -0.07 -0.32 -0.08
PEN24M | -0.05 0.11 -0.01 -0.07 -0.02 -0.02 0.01 80.0 0.42
O_ETOL | 0.30 0.01 -0.02 -0.01 0.02 -0.01 0.01 0.01 -0.08
PENA2M | 0.03 0.41 -0.08 0.00 -0.03 -0.01 0.01 -0.07 -0.01
M_ETOL | 0.26 0.01 0.00 -0.05 0.01 0.01 0.04 -0.04 -0.08
HEP3ME | 0.09 -0.05 0.04 -0.03 0.02 -0.02 -0.01 -0.27 -0.01
PENA3M | 0.04 0.52 -0.08 0.04 0.01 -0.01 0.00 0.05 -0.04
P_ETOL |0.27 0.00 -0.01 -0.07 -0.01 0.00 0.05 -0.04 -0.08
ACETYL |0.18 0.02 -0.03 -0.02 0.04 | -044 |0.35 0.00 -0.02
BENZE -0.05 -0.04 0.02 -0.03 -0.07 0.12| 0.36 -0.07 0.08
N_BUTA | -0.02 0.04 -0.04 | 0.35 -0.08 0.01 0.00 -0.03 -0.03
C2BUTE | -0.07 0.00 -0.01 0.19 |-0.27 -0.04 0.05 -0.06 -0.05
C2PENE | -0.02 0.00 -0.04 0.11 | -0.31 -0.06 0.03 -0.04 0.01
CYHEXA | -0.01 0.12 0.00 |-0.28 0.04 0.18 0.14 -0.05| 0.32
N_DEC 0.23 0.00 0.08 0.09 -0.13 -0.07 -0.26 0.12 0.08
ETHANE | 0.10 -0.05 0.05 |0.37 0.07 -0.09 0.03 0.18 0.19
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Table J.1 — continued

ETBZ -0.04 -0.02 | 0.54 -0.01 0.02 -0.01 0.01 -0.04 0.00
ETHENE | 0.12 0.04 -0.04 0.11 0.10 -0.09 0.48 0.09 0.00

N _HEPT | 0.05 -0.03 0.01 -0.01 -0.02 -0.02 0.00 -0.26 0.02
N_HEX -0.03 | 0.46 0.27 -0.02 0.05 0.02 -0.06 0.09 -0.04
| BUTA -0.06 0.04 -0.03 | 0.34 0.02 0.19 0.01 -0.05 0.07
MP_XYL |-0.04 -0.02 |0.53 -0.02 0.02 0.01 0.02 -0.04 0.00
MECYHX | 0.12 -0.03 -0.04 -0.07 0.08 | 0.42 0.02 -0.08 0.03
MCYPNA | -0.01 |0.44 0.02 -0.03 0.00 -0.01 -0.02 0.10 0.20
N_PRBZ |0.26 0.00 0.02 -0.02 0.00 -0.05 -0.01 -0.04 -0.0
O_XYL 0.00 -0.02 [0.49 -0.02 -0.01 -0.01 0.04 -0.01 -0.01
N_PROP -0.05 0.05 0.01 | 0.30 0.16 0.44 0.11 0.03 -0.16
PROPE 0.06 -0.01 0.07 -0.01 -0.08 0.03] 0.35 0.01 0.00
STYR 0.07 0.01 0.03 0.03 -0.12| 0.41 0.28 0.19 -0.06
T2BUTE -0.06 0.02 0.00 0.20 |-0.29 -0.04 0.01 -0.05 -0.05
T2PENE -0.01 0.01 -0.03 0.10 | -0.31 -0.07 0.03 -0.04 0.00
TOLUE -0.05 -0.15 -0.04 0.13 0.06 0.08 0.02 0.11 0.65
N_UNDE | 0.19 0.02 0.11 |0.27 -0.02 -0.08 -0.23 0.14 0.05
Eigenvalue 34.45 3.98 3.25 2.79 2.30 1.59 1.45 1.28 1.06
Variance | 61.51 7.10 5.81 4.98 411 2.84 2.59 2.29 1.8¢
Explained

(%)
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Table J.2 Summer 2006

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9

BZ123M 0.00 -0.28 -0.03 0.00 0.02 -0.03 -0.01 0.00 0.01
BZ124M 0.00 -0.30 -0.02 -0.01 0.03 0.01 0.00 0.00 -0.01
BZ135M -0.01 |-0.34 -0.02 0.01 0.00 0.01 0.01 -0.01; 0.00
P1E2ME -0.03 0.07 0.01 -0.01 0.04 | -0.66 0.02 -0.05 0.04
PENTE1 -0.07 0.01 0.04 -0.03 -0.04| -0.63 -0.02 0.01 -0.03
PA224M 0.12 0.05 -0.01 0.11 | -0.61 0.02 -0.03 0.00 -0.01
BU22DM 0.42 0.07 -0.05 -0.09 0.03 -0.02 -0.07 0.04 0.03
PA234M -0.17 -0.07 0.04 0.04 | -0.59 -0.06 0.00 -0.08 -0.01
PEN24M 0.24 0.00 -0.02 -0.09 | -0.34 0.00 0.04 0.05 -0.02
O_ETOL 0.00 -0.34 -0.02 0.02 0.01 0.00 -0.01 0.00 0.00
M_ETOL 0.00 -0.33 0.00 0.03 -0.01 0.01 -0.02 -0.01 0.00
P_ETOL 0.02 -0.31 0.01 0.05 -0.01 0.02 -0.01 -0.01 0.01
N_BUTA 0.11 -0.01 0.09 |-0.33 -0.16 0.02 0.04 0.03 -0.08
C2BUTE -0.01 0.00 -0.01 | -0.46 -0.10 0.10 -0.06 0.07 0.02
C2PENE 0.07 0.00 -0.05 | -0.44 0.07 -0.09 -0.04 -0.02 0.01
CPENTA 0.33 0.06 0.06 0.14 0.02 0.07 0.08 -0.04 0.03
N_DEC 0.01 -0.01 -0.14 0.08 0.02 0.01]0.583 -0.05 0.00
ETBZ 0.02 -0.02 | 0.46 0.01 0.00 -0.01 -0.01 -0.02 -0.02
I_BUTA 0.06 0.00 0.42 -0.02 -0.01 0.01 -0.03 0.05 -0.04
MP_XYL 0.00 -0.02 | 0.46 0.00 0.01 -0.01 0.01 -0.03 0.00
N_NON 0.00 -0.06 0.02 -0.02 -0.02 0.02] 0.46 -0.04 0.00
N_PRBZ 0.00 -0.30 0.02 0.06 -0.01 -0.01 0.01 -0.01 0.02
O_XYL 0.02 -0.02 |0.44 0.00 0.04 -0.01 0.01 -0.03 0.02
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Table J.2 — continued

PROPE -0.65 0.04 0.01 -0.16 -0.07 0.18 0.04 -0.10 0.10
STYR -0.08 -0.02 0.02 -0.02 0.01 0.04 -0.01 0.94 0.02
T2PENE 0.02 0.00 -0.05 | -0.48 0.09 -0.09 -0.03 -0.04 0.01
TOLUE -0.08 0.08 |0.33 0.01 0.02 0.01 0.03 0.04 0.03
N_UNDE -0.03 0.01 0.05 0.01 0.03 -0.12/ 0.62 0.15 -0.01
OTHERS 0.07 -0.02 0.01 0.01 -0.01 0.00 0.00 0.0(¢ 0.98
Eigenvalue | 30.0 5.8 3.9 3.3 2.2 1.8 1.5 1.2 0.896
Variance 53.5 10.4 7.0 5.8 3.9 3.2 2.7 2.1 1.6
Explained

(%)
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Appendix J: Specieswith loadings greater than 0.1 in one or more component of
PCA without Z score
Table K.1 Winter 2006

PC1 PC2 PC3
IPENTA -0.44
N_BUTA -0.63 0.11
ETHANE -0.23
ETHENE -0.14
| BUTA -0.18
MP_XYL -0.17 0.26
N_PENT -0.27
N_PROP -0.11 | -0.28
OTHER -0.18
N_HEX 0.21 0.87
TOLUE 0.99
PENA2M 0.19
PENA3M 0.29
MCYPNA 0.12
Eigenvalue 3.80 1.60 0.96
Variance explained (%)| 51.2 21.5 12.9

Table K.2 Summer 2006

PC1 PC2 PC3 PC4
BZ124M 0.16
IPENTA -0.68
PENA2M -0.20
PENA3M -0.12
N_BUTA -0.26
ETHANE -0.14
ETBZ 0.15
N_HEX -0.11 0.12
|_BUTA 0.39 0.19
MP_XYL 0.40
MECYHX
N_PENT -0.54
N_PROP 0.18 -0.11 0.90 -0.30
TOLUE 0.73 -0.11 0.39
OTHERS -0.29 0.40 0.81
Eigenvalue 21.3 5.6 1.2 0.91
Variance Explained (%) | 68.9 18.2 3.8 3.0
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