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In 2005, Park et al., developed a new Pseudo-Deterministic Receptor Model (PDRM) to
apportion S@Qand ambient particulate matter (PM) constituents to local sources near
Tampa Bay. Ambient pollutant measurements were fit to products of emiss®amndte
dispersion factors constrained with a Gaussian plume model for individual sonroas. |
study, the original samples were reanalyzed by ICPMS for 10 additionarekein

improve the resolving power. Chemical mass balance (CMB) terms wer tadde

PDRM to allow fitting of background aerosol sources. More accurate curviphegae
trajectories were computed to predict arrival times in both surface andagtef$.| This
allowed application of the PDRM to complicated meteorological conditiogswend

shifts. Predicted emission rates for particle-bound elements were cuebtuaing

chemical compositional information obtained from published source profiles foligener



source types. Constraints applied to emissions of known tracer species allowed the
“conditioning” of dispersion factor temporal profiles to tracer species caatient
profiles. This enabled the model to apportion pollutants to individual sources with
intermittent emissions, the omission of which in Park et al. lead toisgmifresiduals.
Excellent fits were obtained for all modeled pollutants: 14 of 22 species havealiean
Mean Square Errors (NMSE) < 2.58fd 21 of 22 have values < 8%. These were
improved for S@ and 8of 10 elements (by 7-35% for Al, Cu, Ni, Pb, and Zn) modeled
by Park et al. Our predicted emission rates are in much better agredthestiemical
compositions for generic source types. Key results include: (1) predicted SO
contributions to ambient levels from a small, lead battery recycling pkenet reduced
from 50-59% at its peak influence to a more reasonable 2-4%, (2) Pb/Zn ratiobdtom t
plant increased from 1.0 to 734 and better agree with published ratios of 67-440, (3)
predicted Ni emission rates for one of the oil-fired power plants (OFPPhuoraased by
100-fold (larger than Park’s), and now better agrees with its published National
Emissions Inventory (NEI) emission rate and with X/Ni ratios for ger@FPP
emissions derived from EPA’s SPECIATE database, and (4) our predictesicenmates
for hazardous air pollutants and toxics from power plants agree within a factarof 5 f
~75% of the annual emission rates reported inNli# and Toxic Release Inventories
(TRI). This suggests that NEI and TRI data provide good qualitative emissiorates,
but should not be treated as accurate in a predictive model to quantify sousieresnis
It was also observed that the TRI values for As emission rates frorfireolgbower

plants are more accurate that their NEI values.
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1. Introduction

Source Apportionment is the quantitative determination of the contributions of
pollutants from their sources to ambient atmospheric concentrations (Gordon, 1988). It is
important to identify contributing sources in order to effectively implemeirgsoms
control strategies which reduce ground-level exposures and associatedisksiand
degradation of air quality (Gordon, 1988). Source apportionment is generally
accomplished with either source- or receptor-based masalri knowledge of
emission rates is necessary for source based models and their accunaitgd<oly large
uncertainties in modeling plume dispersion. For these reasons receptor modetmnare of
preferred. The basis for receptor models is that measurements of amdiganpé)

concentrations made at a “receptor si&’, can be expressed as the linear sum of

contributions from sourceg,which forn sources is (equation 1):
n
CRL- = Z CSi,j (D
j=1
whereCs;; is the source contribution, i.e., the concentration of that species in air at the
receptor site induced by an individual source or a generic sourceg,thpt) typically in
units of ug/ni.
To permit solutions to equation (1), the terms on the right side are factored into
products of variables, at least one of which must be known either from measurements or

at least estimated by calculation. This is:

n
Cry = ZAi’j *Bj; + residual (2)
=1



where the ambient pollutant,concentrations made at the receptor §ikg, ,for each
observationt, for n observations. The definitions of; ; andB;. depend on the
receptor model type, but in every case, the products of these factors aedtbigr

source contribution represented@yjin equation (1). The residual represents the

difference between thE;-‘=1 Csl-_j andCp, .

As observed by Park et al., (2005a), receptor models are typically of {hesethose
that make no use of information other than meteorological and concentration
measurements (e.g. Factor Analysis, (FA), Principle Component AnalyGk),(P
notably Positive Matrix Factorization (PMF) and UNMIX, those that regaisingle
unique tracer for each source (i.e. multiple linear regression (MLR)) ard that
require detailed information on the relative abundances of each source (Chéassal
Balance (CMB)).

In the CMB, the terms in equation (3),;s are the relative abundances of specjes,
in particles emitted from sourgg,andB; s are the mass concentrations of particles at the
receptor site induced from each soujc@ each sampling intervédl, An advantage of
the CMB approach is that only one or more samples are needed, and the use of source
compositional information effectively constrains solutions. A disadvantage to tle CM
approach is that source profiles must be measured. Published profiles often do not
accurately represent emissions from sources in the study area of intengsinopart to
differences in analytical methods and the fact that the composition of @nsi$sdm a
generic source type can be highly variable from plant to plant (Gordon, 1988). Moreover,
temporal variability may be great owing to their dependence on such factoes as

composition and changes in emission controls. Lastly, emission profiles for indlividua



sources, particularly of the same type, can be too similar to permit resolution. Thus
solutions are often obtained only for generic source types.

Collection of ambient concentration data at resolution times comparable to dnmanges
wind direction has enabled apportionment of species to individual sources. Rheingrover
and Gordon (1988) used 2-hour aerosol composition data to estimate the contributions of
individual sources to ambient air concentrations using Instrumental Neutraathuti
Analysis (INAA) data. More recently Kidwell and Ondov (2001, 2004) developed a
system capable of measuring elemental concentrations at 30-minutelsnsiag
Graphite Furnace Atomic Absorption Spectroscopy. The System, now known as the
Semi-continuous Elements in Aerosol Sampler (SEAS), enabled both greateralempor
resolution and much faster analytical turn-around. The SEAS was deployed meColle
Park (Kidwell and Ondov, 2004) and later in several sty#lask et al., 2005)ndov et
al., 2003 including the Tampa Bay area during the Bay Regional Atmospheric Chemistry
Experiment (BRACE), where plumes from individual sources were readilyifiddriy
correlating excursions in time-series concentration profiles of mal&ments with wind
directions. This included two sources for which emissions had not been previously
detected (Park et al., 2005a).

In many cases, narrow, Gaussian peak shapes were observed (e.g., Pancras et
2006). This occurred when the mean wind direction rotated slowly enough such that
plumes from stationary sources would be swept across the sampling site. In saclt cas
was clear that the widths of the peaks are related to the plume width. Alear@ess
were often >10 km from the measurement site, observation of the plumes at the surface

sampling sites occurred only after they were well mixed in the boundanytaghe



extent of the mixing height. Thus, sources could be identified by composition wind

versus source angle, and because the “peak” widths contain dispersion informaisn, i
postulated that the peak shape could be used to develop parameters required by Gaussian
Plume Models (GPM).

To exploit the information contained in these data, Park et al.(2005a, b), applied a new
version of a hybrid receptor model previously described by both Yamartino (1982) and
Cooper (1982). In these models, the ambient concentrations in the mass balanze equat
are defined in terms of the products of source emission rates and plume dispetsien f
(x/Q). As implemented by Yamartino (1982) and Cooper (1982), plume dispersion
factors weralerived deterministically using GPM equations for individual sources, and
solutions were sought for single pollutants (i.e.,,S0d total suspended particle
concentrations (TSP), respectively. Neither attempt met with muchssudae to the
fundamental inaccuracies in the Gaussian Plume Model (GPM). Park et al.,(2005a, b
implemented the same mass balance equation, but recognizing that the plume widt
parameterg, (defined later), could be inferred from “peak” shape, and that plume width
would also constrain transport distances, they used the GPM-derived dispersimndsct
initial guesses and to set constraints to solutions rather than applying them
deterministically. Inclusion of Gaussian dispersion factors effdgtateninates the
contributions from sources which cannot physically influence the sampling aitg\an
time. Thus, PDRM was designed to exploit directionality based on source ealgtae
to the sampling site and observed wind direction data, changes in plumeayidth (
accompanying dispersion over longer distances, and plume transport speeeld frderr

source receptor distances and wind speeds.



PDRM was applied in two different studies, one in Tampa and another in Pittsburgh
(Park et al., 2005a; 2005b; the former is henceforth referred to herein &9.“Parthe
Tampa study, solutions were obtained for 6 sources, i.e. four power plants, a lead
recycling plant, and a phosphate fertilizer plant. Remarkably, the prteictission rates
for SO, for the four major power plants in Tampa were within ~8% of those inferred
from CEM data and fits to ambient marker element concentrations wenalfegeod.
However, significant residuals were observed at various time intervalksvienas key
marker species.

Park designed the PDRM to treat high frequency measurements in situatioms whe
the mean wind was constant or slowly rotating so that plumes from point sourdescthat
relatively constant emission rates over the study period would sweep &eross t
measurement site. The dataset from Tampa was modeled because of dtdigvafl
reliable ambient S@and elemental data, high quality meteorological and modeled
micrometeorological data (Scire, 2000), as well as Continuous Emissions MQttiiah)
data for SQ for the four power plants. These data were available throughout the study
period. However, a rapid shift in the mean wind direction during the study peraiddatre
curvilinear plume trajectories. Park chose to compensate for the wind shifiatng a
“transport adjusted” wind direction set for use in computing estimates pétia of
plume influences (as revealed by GPM-calculat€l profiles). Also, Park used only
ambient S@ concentrations in the PDRM to determine the modeled dispersion factors
and subsequently used those to apportion the elemental constituentssoReBduals
in Park's modeled elemental constituents suggest that the six modeled seuecestw

the only contributors of P&.



In this workthe original data and results for Tampa were thoroughly reanalyzed and
an improved PDRMherein, iPDRM) wasmplemented to allow itapplication to a
wider range of more complicated scenarios. Specific improvements aréoasfdl) the
application of curvilinear forward trajectories to better predict the perioplsime
influence, especially during periods of shifting winds, 2) calculation of trajestfor up
to three levels to account for wind rotation aloft for sources with high stackieand t
corresponding transport at different wind velocities, 3) inclusion of compositional
information (i.e., CMB profiles) to better constrain solutions for sourcesewharker
species exist, 4) use of concentration-versus-time profiles to congi@oprofiles for
sources for which key tracer species were clearly resolved as a mgaosgidihg better
fits and allowing for intermittent emission rates, 5) inclusion of additional esurc
including generic background soil dust, two incinerators, and a shipyard source
improve the apportionment of elemental constituents of ?&hd lastly, 6) the original
samples collected for the Tampa study were reanalyzed for up to 14 additomahts
in an effort to find useful marker species for additional sources. We describe tHe mode
of Park as applied to Tampa and its shortcomings, in the next section. Subsequent
sections present the ICPMS analytical method, the expanded species datelegted

for the new modeling work, and the iPDRM approach and its results.

1.1 Park's PDRM

The PDRM (pPDRM) applied by Park was configured as follows in equation (3)

n
[Ei]: = Zﬁi,j -()(/Q)?I;DRM + residual (3)
=1



where[E;],are the ambient concentration (§)nof each specidsmeasured at the

receptor site in the sampling intervialER ; ; is the emission rate of specigsom source

j (g sY), averaged over the modeling period, &dQ)7;"*" is the PDRM-determined

meteorological dispersion factor (s*jrfor each sourciat each sampling intervdl,

Initial guesses fafy/Q)57*" values were derived using the simple GPM and denoted

as(x/Q)Y" (equation (4)):

1 _r? H?
exp 29 exp 297 (4)

W/ Qj¢t =

To,0,U
wherey is the predicted concentration (¢*Jrof gas or aerosol species at ground level (z
= 0), Q is the average mass emission raté' (& ER i,j),» andu is the transport speed
(m/s) of the plume over its trajectory. Plume dispersion paramejensds, (m), are the
standard deviations of the concentration distributions in the lateral (y) archi/ézji
directions (in units of m), and increase as the plume disperses downwind withedistanc
traveled x’, from the sourceH is the effective stack height (m), i.e. the height to which
the stack gas rises above the stack owing to velocity and buoyant forces.

In equation (4), the pre-exponential term (§ s the inverse of the plume dilution
rate. This term is a function of transport speed (and hence, distance)ehg@ndy,
increase with distance (and vary with conditions of atmospheric stabilityurbulence).
The exponential factors account for the off-axis decay of concentrationsHeam
maxima along the plume centerline in the lateral and vertical direction$yastian of
the off-axis distanceY(andH in units of m). The first exponential term a®dm) is a
powerful constraint when applied to highly time-resolved data as it prevent®ssluti

from being obtained for sources whose source angles do not sufficiently algimer



plume trajectories. The second exponential term employs a radtidoaf,. Inherent in
equation (4), is the assumption that all emitted species are conservec neithaar
removed by gravitational settling, dry or wet deposition, nor by chemicalaes.ct
Horizontal and vertical turbulence are assumed to be homogenous. These stropbfica
lead to substantial errors in model predictions.

In order to calculatg, ands,, Park used equations from Draxler (1976), Irwin (1979),
and Binkowski (1979). Transport velocity, was calculated from the power law
(Panofsky et al., 1960)Briggs’ equations (1969, 1971, 1974) were used to calculate
buoyancy flux and momentum flux parameters to estitdat@etails of these
calculations are given in Park and are reproducdgppendix A.

Equation (2) was solved using a nonlideast squares solver (“Isgcurvefit”) in

MATLAB (MathWorks, Inc, version 7.4). By minimization of the object function, FUN:
I m n 2
FUN= > 3" 3 (ER 1,0/ Q™ ~ [E]) (5)
i=1t=1 j=1

such that the following constraints in equation (5A) were satisfied:

/8™ = a4 (/O (54)

whereq; is a scaling multiplier that is set within lower and upper bounds for which the
solver is directed to find solutions. Upper and lower bounds of the meteorological
dispersion factors reflect the uncertainty in the solutions of the (EPNQ,);V,’ft, as
calculated with meteorological data.

Modeled solutions, referred to@g/Q)%;"*", were constrained to lie within a factor

of 0.1 to 2 of the GPM predictions. This was based on information reported in an

intentional tracer study (Ondov et al., 1992) conducted at a coal-fired power plant 20km



from an arc of samplers in Maryland, a location which had terrain and land use somil

that in Tampa (Park et al., 2005a).

1.1.1. Inputs

Atmospheric measurements used in this study were collected at Sydnielg, Flor
(27.9653N, 82.2273W). The positions of this site and of the 6 sources used in Park’s
model are shown iRigure 1, along with additional Pl sources in the Tampa vicinity.
The measurements consisted o, 3@d 10 elements determined in particles collected
with SEAS by GFAAZ between 12:00-21:00 local time (LT) on 13 May 2002, during
which time winds swept from ~200-27@ith 30-minute average surface wind speeds
from 1-4 m/s Figure 2). Data used in the GPM were as follows: 1) measured (1min)
meteorological data from NOAA taken at a height of 10m and averaged to 30-min
including wind direction (degrees), surface wind speed (m/s), solar insolatiorf)(W/m
and ambient temperatur®C), 2) CALMET derived parameters (Scire et al., 2000) to
describe the atmospheric boundary layer (ABL) including: Pasquill Syatigiss,
friction velocity, u- (m/s), mixing heightz (m) Monin-Obukhov length, (m), and
convective velocity scaley-(m/s) (described in detail in Park et al., 2005a), 3) source
angles and distances of sources relative to Sydney and 4) stack data (ptadical s

height, stack inside diameter, exit gas velocity, and exit gas temgdratur
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Figure 1. Map of the Tampa Bay area showing the sampling site (Sydney) and major
sources of PM. Sources originally modeled by Park et al., 2005 are representd by re
trimmed stars. Additional industrial sources are represented by targets.
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The 108 output dispersion factgsQ"®'

, were input into equation 2 and the model
was solved to obtain a set of 66 emission rates (i.e., 11 species for each of the six

sources) and for a set of 108 dispersion facti@"[°"™ 18 for each of the six sources).

1.1.2. Results

Results of Park’'s PDRM are showrHigure 3, where predicted and measured
concentrations are shown for the entire study period for 8IOAs, Cu, Fe, Ni, Pb, Se,
and Zn. Park achieved excellent fits between predicted concentrations ah&@s, and
emission rates predicted for for the 4 power plants were within 8% of those derived
from their CEM data. Many of the predictions for the other elements were alsotigeod
normalized mean square error (i.e. relative mean square error) (BNM®e ratios of
predicted-to-observed concentrations for all time periods for Al, Cr, Fe, Mn,cawer®
< 10%. However, %NMSE for Cu, Ni, Pb, and Zn were substantially greater, i.e. 13-
36%. Moreover, large residuals observed in specific sampling periods, suggest the
presence of other sources, or as concluded in this work, errorsyif@tipeofiles
calculated from the GPM. The following incidences are viewed as important:
1. over-predictions of S§ Al, Cu, Fe, Ni, Pb, and Zn at 12:00, under-predictions for
the same species at 12:30,

2. under-predictions in Al, Cu, Fe, and Pb from 13:30-14:00,

3. over-predictions in Al and Fe from 18:00-19:00, over-predictions in Cu and Pb at
18:00,

4. under-predictions at 14:00 for Cu, 15:00 for Fe (peak excluded by Park) and

14:30 in Al
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Figure 2. Thirty-minute averages of surface 30-minute wind speeds and wind directions
measured at Sydney on May 13, 2002.
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Figure 3. Predicted concentration profiles as determined by Park (adapted from Park et
al., 2005a) show over- and under-predictions of the observed concentration profiles for
Al, Cu, Fe, Ni, Pb, and Zn.
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5. the correlation between predicted and observed concentrations for Zn was
generally poor, i.e., features are predicted to occur earlier otharethey
actually do.

Park reasoned that short-term fluctuations in source emissions were beyond the
capability of their model and that over-predictions in Al and Fe were due to poor
recoveries in analytical methods for soil particles. However, a cause of stinesef
residuals is likely to have been the result of the substantial wind shift thatesteatir
~12:30 PM, causing errors in the periods of predicted plume influence for plumedarri
between 12:30-16:00. (Curvilinear wind paths are shown as back-trajectoridatedic
from 30-minute average surface wind speeds SydnEilgures 4a and4b). In addition
to the residuals, some of the ratios of predicted elemental emission ratesagoeeot
with those reported for similar sources in literature source profiles foundA'sE
SPECIATE database (U.S. EPA, 2006; herein referred to as SPECIAT&isclssed in
section 3.2.3, this is most evident in the X/Pb ratios for the lead recycling pédoie (1),
where Park predicted a Zn/Pb ratio of 1.0 as compared to the reported ratio of 0.005 and
in X/Ni ratios for both oil-fired power plant3 éble 2), where predicted X/Ni are an
order of magnitude higher than literature ratios for Cu, Mn, Pb, and Zn, and greater than
two orders of magnitude for Al, As, Cr, Fe, and Se. As described below, we were able to
explain many of these discrepancies with the improved model.

Park published two cases, the first (Case 1) in which all six source mete@iologic
dispersion parameter solutions were constrained to within 0.1-2 of their valuesaatedict

by the GPM, and the second (Case 2) in which separate constraints were apftied for
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Figures 4a. & b.Surface back trajectories computed every 30 minutes using wind data
collected by NOAA at a height of 10 m: trajectories from 12:00-15:30(a) and 16:00-
20:30(b) are shown. The surface wind shifted from a Southerly to a Southwesigrat fl
12:30. ©2007, Google
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Table 1.Source abundance profiles (relative to Pb) as derived from EPA SPECIATE fo
lead recycling plants and for Gulf Coast, as predicted by Park and this work.

Literature: Gulf Coast
Secondary Pb Recycling
Ratio to This
Pb Mean* £t o Work Park
Ag 0.001 % 0.001 0.017 -
Al 0.09 = 0.05 8 15
As 0.02 £ 0.01 0.05 0.10
Ba 0.02 %= 0.03 0.01 -
Ca 0.02 = 0.02 0.03 -
Cd 0.01 £ 0.02 0.03 -
Cr 0.001 * 0.003 0.001 0.3
Cu 0.006 = 0.007 0.008 0.4
Fe 0.09 = 0.15 0.81 14
Mg 0.02 £ 0.01 0.03 -
Mn 0.001 % 0.001 0.130 0.286
Na 004 * 0.03 0 -
Ni 0.002 % 0.001 0.007 0.182
Pb 1.0 £ 02 1.0 1.0
Sb 0.07 % 0.05 0.05 -
Se 0.001 z= 0.001 0.01 0.08
Sr 0.001 = 0.001 0.09 -
'} 0.0002 + 0.0002 0.0003 -
w - + - 0.2 -
Zn 0.005 %= 0.003 0.001 1.0

* Composite of 5 profiles
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Table 2.Source abundance profiles (relative to Ni) as derived from EPA SPECIATE fo
oil-fired power plants and for Manatee and Bartow, as predicted by Park and this work.

Literature: Qil

Ratio to [ ired Emissions Iu‘l_anatee E_lartuw
Ni Mean* £ o© This Park This Park
Work Work
Ag 0.003 %= 0.004 - - 4 E-06 -
Al 06 %= 04 06 115 0.8 75.5
As 0.005 + 0004 0004 001 0097 16
Ba 0.1 = 01 0.3 - 0.2 -
Ca 1.0 = 06 3.6 0.7
Cd 0.001 %= 0.002 0.008 - 0.014 -
Cr 0.03 = 0.01 001 0.3 0.18 14
Cu 004 = 0.01 015 014 017 2
Fe 05 %= 04 04 10 0.3 201
Mg - & - 3.7 - 3.8 -
Mn 0.03 = 0.01 014 0.3 0.05 1.0
Na 07 = 03 1.3 - 0.3 -
Ni 1.0 = 05 1.0 1.0 1.0 1.0
Pb 03 = 01 03 02 0.4 3
Sbh 0.01 % 0.01 - - 0.02 -
Se 0.002 %= 0.002 0.04 007 015 16
Sr 0.02 =+ 0.002 0.04 0.003
VvV 1.0 %= 0.1 1.2 1.8
w - + - - - 0.001 -
Zn 05 = 04 08 1.3 0.2 9

* Composite of 11 profiles
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Cargill and Gulf Coast plants. This was done because Case 1 solutions BRSO
exceeded reported annual emissions (FDEP) by factors of >3 and >12 for &atqill

Gulf Coast, respectively. Case 2 was run on the hypotheseffibetive plume heights

(<100 m) for these plants are low compared to the utilities which ranged from 500- 1200
m, and dispersion is expected to be more affected by surface roughnesss|€aEn P
assumes that these surface plumes were more coherent. Separate lowerranalappe

constraints were 0.4-8.0 (Cargill) and 1.2-24 (Gulf Coast).

2. Dataset and Methods

2.1. Reanalysis of Tampa Sources

The major sources likely to have affected air quality at Sydney angbeelsicelow.
This includes Park’s original six sources (four power plants, the Cargill phosphate
fertilizer plant, and the Gulf Coast lead recycling plant) and three newesoniot
modeled by Park. Pertinent source information, including distances and staties angl
(measured at Sydney from due North), fuel type, emissions control devices, and
emissions data are listedTiable 3. Stack and stack gas emission parameters listed in

Table 4were obtained from NEI.
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Table 4. Stack information compiled from the NEI database.

Ave Stack  Ave Exit Ve EXit
Source # Stacks Av_e Stack Diameter Gas Temp. Gas._
Height (m) (m) K) Velocity
(mis)
Manatee 2 152.1 8.2 441 245
Big Bend 4 152 1 7.3 410 143
Gannon ) 96.0 3.7 423 28.1
Bartow 3 914 29 421 33.9
Cargill 4: surface 391 2.0 330 15.7
Gulf Coast 2; surface 457 0.9 344 16.7
HCRR 1 67.1 16 416 221
McKay 1 48.8 1.7 505 125
PCRR 1 50.3 2.6 405 218
Tampa Steel surface 3.0 00 295 00
Int. Ship surface 3.0 0.0 295 0.0
Tampa Ship surface 3.0 0.0 295 0.0
T. Arm. Works 1 7.2 0.6 978 3.1
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Oil-fired Utility Plants. Two oil-fired power plantsManatee and Bartow, are located
~40 km from Sydney (41 and 38 km), at station angles df 49& 258, respectively.

SO, emission rates from Manatee and Bartow (1100 and 1150 g/s) were comparable
during the study period. However Manatee is equipped with only a cyclone system to
control PM emissions while Bartow's stacks have more efficient Eleatiiost
Precipitators (ESP). Thus, annual PM emission rates reported for Ma®@i@entetric
tons/year) are nearly 4-fold larger than those for Bartow (2600 metric tans/ye
Coal-fired Utility Plants. The remaining two utility plants, Gannon (1200 MW) and Big
Bend (~1800 MW) are coal-fired units located 20 and 25 km from Sydney at station
angles of 222and 25%, respectively. Gannon is equipped with an Electrostatic
precipitator (ESP), while Big Bend is equipped with both an ESP and a wet (forced
oxidation lime) scrubber. Both plants burn bituminous coa}. &flssions from the
Gannon plant (2667 g/s) were the largest of the 4 utility power plants, while tbose f
Big Bend were the smallest (316 g/s) during the study period.

Industrial Sources. Cargill (235; 20 km) is an ammonium phosphate fertilizer plant
that burns sulfur via a double contact process to produce sulfuric acid wits2y-
product. NH is also used as a reactant to generate ammonium phosphates used as
fertilizer. Much of the PM emissions are from phosphate rock dust and calcidena\ae
elemental source profiles similar to soil: Si, Ca, Al, and Fe with ermtiPhe
concentrations (SPECIATE). Reported emission rates for Cargill vary, degesrdihe
data source: SCand PM emission rates obtained from the Florida Department of

Environment were ~3,400 (108 g/s) and 288 (9 g/s) metric tons/year, resgebiinel
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only 0.006 g/s and 1.7 g/s as reported by NEI. Reported emission rateg afeN8g/s
(NEI) and 6.1 g/s (TRI).

The Gulf Coast (GCR) plant (Z625km) recycles lead batteries to produce Pb ingots
mixed with Sb, Al, Sn, or other metals. This facility operates two coke+fiiest furnace
equipped with bag-houses for collection of PM emissions before discharge through 46 m
stacks. The blast furnace feeds molten lead into open topped molds. Material captured
by the baghouses is sent to a flash agglomeration furnace to be liquefied awnttéhe m
material poured into open crucibles and then crushed before being transferred td the blas
furnace feed hoppers for lead recovery. The cooled lead “buttons” are re-mélted a
mixed with additives, which include Sb, and Al depending on desired product
composition. Its S@and PM emission rates are reported to be 487 (16 g/s) and 26 metric
tons/year, respectively. However, this plant is located only 15 km from Syddetjia
expected to be a substantial source of Pb, Al, and Sb.

Stack heights for both Cargill and Gulf Coast are 46 m, i.e., much lower than the
Utility Plants, and at Gulf Coast, emission of fumes from molten metal pouring
operations occurs nearly at ground level.

Ship refurbishing is a major industry in Tampa and two of the largest facirge
Tampa (266 22km) and International Ship (Z6&1km). These provide maintenance
and repair of vessels of all sizes and encompass large scale fabricatids ahgar
assemblies involving steel cutting and welding, slag abrasive blastingiffioval of
scale, rust, and paint from ship hulls and other steel surfaces), and surfaug d@etipa
Ship is cited as one of the busiest shipyards in the Southeast. Internationap&ingp re

and modifies large and small ships, motors, and boilers and in addition to 5 dry docks,
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they maintain a 25,006fsteel fabrication area which is only partially covered. Blast
cleaning is accomplished with a high-pressure (35,000 psi) water slurnyéitheBlack
Beauty’ slag abrasive (Reed Minerals). This material contains 48.8%2X3i® AbOs,
19.0% FeOs3, 6.0% CaO, 1.7% K& 0.92% TiQ, 0.9% MgO, and 0.62%Na@. For
shipyards and other industrial sources, emissions are likely to be episodic enasatur
opposed to continuous. Within a km of International Ship is a steel refurbishing yard,
Tampa Steel (26720km) which machines and sandblasts steel.

Two incineratorsnamely McKay Bay (26% 21km) and Pinellas County Refuse
Recovery (PCRR) (25745km) were included in the iPDRM. Of the two incinerators
considered, PCRR is reported to have the largest emissions (NEI). Sour@s profil
(SPECIATE) show significant abundances of Zn (13-21%) and Pb (8-15%) in inomerat
emissions. A third incinerator, Hillsborough County Refuse Recovery (HCRR); (264
11km) was not included in the iPDRM because we saw no evidence of its influence on

Sydney.

2.2. Meteorological Data

Meteorological data measured at Sydney was described by Park:
“Two-minute averaged surface meteorological observations wereldedilam a
National Oceanic and Atmospheric Administration (NOAA) vertical profibitg at
Sydney (NOAA Environmental Technology Laboratory). Thirty-minute ayesaf
the NOAA wind speed and direction measurements made during the study period on
13 May are shown ifigure 2. In the predawn hours, light winds blew from the

southeast under stable atmospheric conditions. As the sun rose, the winds shifted
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clockwise and developed into a southwesterly flow off of the Tampa Bay. The

midday high temperature and low relative humidity averagé@ aad 37%,

respectively, with strong convective mixing. The mixing height reachedtiamaésd

2400 m by mid-afternoon under slightly unstable atmospheric conditions and with
more westerly winds at 3—4 m/s off of Tampa Bay. Westerly winds continued

through the evening, with lower wind speeds and stable atmospheric conditions
developing within an hour after sunset. Sunrise was at 0541 Eastern Standard Time
(EST), and sunset was at 0711 EST. No precipitation was recorded across the Tampa
Bay area.”

In addition to surface wind observations, hourly winds and temperatures for a three-
dimensional modeling domain and hourly two-dimensional outputs of mixing heights and
surface characteristics were also available from the CALMET modealioat the geo-
coordinates of the Sydney site [Scire et al., 2000]. These parameters included the:
Pasquill stability class, mixing height, coriolis parameter, friction vigloklonin-

Obukhov length and convective velocity scale and were used in constructing upper air
trajectories and in the micrometeorological parameterizations used@Ptden both

the original PDRM and in the iPDRM.

2.3. Ambient Pollutant Measurements

Ambient concentrations of $@nd NH were those obtained by Park from the
BRACE database. The 30-min averages of the native one-ming@n8Q0-min NH

mixing ratios (ppb, shown iRigure 5) were used in the iPDRM.
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In addition to gases, ambient RMaerosol was collected in successive 30-min slurry
samples for an 8.5-hour period at Sydney using the University of Maryland Semi-
Continuous Elemental Aerosol Analyzer (SEAS; Park et al., 2005, Pancras et al., 2005,
Kidwell and Ondov, 2001, 2004). Herein, the original eighteen samples were reanalyzed
for the 11 elements (Al, As, Cd, Cr, Cu, Cu, Fe, Mn, Ni, Pb, Se, and Zn) originally
determined by Park using multielement Graphite Furnace Atomic Absorption
Spectroscopy with Zeeman background correction (GFAAZ, Pancras et al., 20044
additional elements that were potentially useful as point source or background arati
dust aerosol tracers using a Thermo-Systems, Inc., X-series llilry&@oupled

Plasma Mass Spectrometry (ICPMS).

Our Thermo-Electron X-series Il ICPMS is equipped with an off-axis cpaldra
analyzer with resolution between 0.25 and 0.35 amu, a simultaneously gated analog
Faraday cup and dynode-electron-multiplier-pulse-courttétgctors, a reaction cell, a
tunable hexapole stage for ion Kinetic Energy Discrimination (KED), and atinicce
nebulizer with a Peltier cooled spray chamber. All measurements were done in
"Collision Cell Technology” (CCT) mode, wherein a mixture of 84H¢ gas is
continuously injected to reduce the kinetic energy of all sampled ions with indisate
collisions. It is more probable that collisions will be between interferemts (such as
Ar” ions from the plasma, or polyatomic ions with a greater surface area) thaeretwe
analyte ions, thus reducing interferences to a greater extent than sinalgtéect,
increasing the signal to background ratio and maximizing instrument sénsitivie

KED stage was routinely set to -17 volts to block products of the gas collisions from
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entering the quadrapole. The X-series Il instrument was controlled with the
manufacturer’s “PlasmalLab” software version 2.4 (Thermo, Waltham, MpEciftc
experimental operating conditions are givei able 5.

Optimization of ion lenses, nebulizer flow, and response tuning were performed at the
outset of every experiment using a tuning solution containing elements at laln-and
high-mass ranges. The sampling rate was set via peristaltic pump at/tnihwhich
corresponding to 2.2 minutes per sample, allowing 5 replicate determinations tdde ma
using a sample volume of 2.2 mL. About 1% of the droplets are injected into the
instrument. An internal standard mixture containing of Sc (60ppb), Rh (10ppb), and
Lu(10ppb), was added along with the sample via a “Y” fitting fitted with angigDbil
and expansion tube (Thermo-Electron Corp., Waltham, MA). Detector cross aathibrat
was performed after approximately every three weeks afisiag a solution (Thermo-
Electron Corp., Waltham, MA) containing isotopes of 59 elements with mass numbers
ranging from 7 to 238, at concentrations ranging from 5-1250 ppb.

Instrumental detection limits for ICPMS and detection limits found in SBA®Ies
using the GFAAZ (Pancras et al., 2005) and ICPMS are list€dbie 6. Detection
Limits for SEAS samples achieved with the ICPMS method were much sthalter
those for GFAAZ for all elements except Se, which was the same. Pb was @80 tim
smaller, Al, Cr, Cu, Fe, Mn, and Zn were all smaller by factors rangomg 10-71, and
As, Cd, and Ni by factors from 4.5-10.

ICPMS analysis of National Institute of Standards and Technology (NI&id&t
Reference Material (SRM) 1640 “Trace Elements in Natural Water” shageeement

within 5% of certified and reference values for all ppb-level elementAEABa, Ca,
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Table 5.ICPMS operating conditions.

Fomzmrmamed T3 P omnar man A [P .Y
I rg uv can e .l r Layvw i 1 rRUV
Argon Gas Fiows
Support Gas 13
Cool Gas 0.93
Nebulizer Gas ~0.88
interface Cones Nickel
Camamlo [lembalra 1 2 | ."!"!!!"._‘i
AL I U!JI.I’.III\G L B b PWHdIT
Dweii Times
Quantified elements 10 ms My 2or 5Man. “Pre
B9 B0ny: B5 -~ . BB
Co. NI, TCu, " Z£n,
909~  QO5a a 144 om0 127 =
TTar, Mo, T Td) T 2bh,
AT 120, 1AM -
“'Ba, "La, "TCe,
147an 208D 2090 238 |
sm, “7°Pb, “77B|, U
20 ms 23Na. szg
40 ms 47T
100 ms BV Meg Tiag T8ge
Internal Standards 10 ms 3ge 1BRK 174y
Interfering species 10 ms Li Bc s *=clo
"TArCl, #se, ¥Kr, #sr,
'1DGCd, ’OSMOO, 1158”,
'1508m, QObe, QO?Pb
Scan Mode Peak Hopping
Scans 15
Acquisition Time 14 s
Replicates 4-5
CCT Gas Flow ~ 4 mL*min’’
Lens Optimization Parameters Tuned with respect to cps
m/z
max cps. 59 115, 238
min cps. 78
min Oxide ratio (< 2%). 156/140
min cps RSD. 2%
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Table 6. Detection limits elements in SEAS samples using ICPMS and GFAAZ
compared with reported detection limits from US EPA Speciation Trends Networ
Protocols.

ICP-MS . o 3
(CCT)1 Detection Limits, ng/m
ICP-MS EPA-

m/z ng/mL GFJ-UJ\Z2
9 (CCT)  STN®

Al 27  0.57 338 028 195
As 75 0.014  0.030 0.007 23
Ba 137 0.023 - 0.011 350
Ca 44 2.3 : 1.1 62
cd 111  0.015  0.040 0.007 109
Cr 52 0.010 0.050 0.005 20
Cu 63 0031 1.070 0.015 22
Fe 56  0.06 0.72 0.03 23
K 39 54 : 2.6 134
Mg 24  0.29 : 0.14 244
Mn 55 0.008 0.140 0.004 21

Na 23 1.5 : 0.7 290
Ni 60 0.040 0.180 0.019 16
Pb 206 0.002 0.310 0.001 49
Sb 121 0.004 : 0.002 230
Se 78 0043 0.020 0.020 28
Sr 88  0.005 . 0.002 ;

v 51  0.004 - 0.002 27
Zn 66  0.26 715 0.13 22

"Values are averages from five different analytical
periods (N=56) wherein detection limits are calculated as
the mean reagent blank signal plus 3 times the standard
deviation of 3-6 replicate measurements of the reagent
blank (Beachley et al., 2007, unpublished results).
Minimum volume (Vmin) for multi element analysis is 1.3

“Values (Pancras et al., 2005) listed are derived from the
reagent blank signal plus 3 standard deviations of the
reagent blank signal. A minimum volume (Vmin) for
multielement analysis of 0.5 mL is required for 3
replicates for each of 3 groups of elements.

® Method detection limit values are those reported for the
US EPA speciation Trends Network (STN) protocol: X-ray
fluoresence for all elements except K and Na, for which
DLs are reported for analyses by ion chromatography.
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Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, V, and Zn). A total
dissolution experiment was performed with the ICPMS for yet-to-lsased NIST
atmospheric fine particle Standard Reference Material, for which higltygalemental
constituent analyses are available from NIST. Percent recoveriesvitl@rex7%

(Table 7) for all elements (Al, As, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sb, Se, Sr,
V, and Zn). To investigate the capability of the ICPMS in analysis of a ditecy, in

which complications such as losses of particles to the walls of the saniplanda
peristaltic pump tubing, and statistical sampling issues for discretelggmdan occur,
percent recoveries of direct slurry analysis were compared withdissallutions of two
mock slurries. Procedures for these experiments are outlidggpendix B. The mock
slurries consisted of (1) the same NIST atmospheric fine particle SRiddlio a
concentration anticipated to exist in a real SEAS sample, and (2) a pooled&haea
SEAS samples containing highly refractory aerosol particles collectedBireningham,

AL. Results of these experiments are shown as percent recoveries of alement
concentrations obtained from direct slurry analysis from elemental cortaargra

obtained from a total dissolution of the slurryTiable 8 Percent recoveries in the NIST
slurry were within £11% of total dissolution values for As, Ba, Ca, Cd, Cu, K, Mg, Mn,
Na, Pb, Se, Sr, V, and Zn. Elements which exceeded this range included Al (-4%%), Cr
35%), Fe (-30%), Ni (+23%), and Sb (-21%). Substantial fractions of the masseseof the
elements (Al, Cr, Fe, and Ni) are often associated with larger, diff@dissolve

particles. Percent recoveries in the pooled slurry were within £12% of totatidige

values for As, Ba, Cd, Cu, K, Mg, Mn, Na, Ni, Pb, Sb, Se, V, and Zn. Elements which
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Table 7. Experimental results for ICPMS determination of total dissolution of theoye
be-released NIST atmospheric fine SRM.

NIST values Total Dissolution
Mean o % Mean o % %

Element N Dilution ppm ppm RSD ppm ppm RSD diff
Al 5 1/100 32200 1600 & 30200 400 1 -6.2
As 8 1100 116 3 116 3.8 3 -04
Ca 8 1/100 58300 3300 596300 500 09 -34

3

6

Cr 11 110 397 14 4 373 1 03 -6.0
Cu 11 110 600 23 4 624 2 03 40
Fe 10 1/100 39200 2400 6 37400 100 03 -46
K 11 110 10300 500 S5 9930 30 03 -36
Mg 2 110 7930 630 8 7993 118 1 0.8
Mn 11 110 822 45 9) 765 5 0.7 -6.9
Na 9 110 4230 230 S5 4297 60 1 1.6
Ni 11 1/100 82 12 5 793 54 7 33
Pb 10 1/100 6520 250 6320 40 06 -3.1
Sb 11 110 44 2 41 05 1 -6.8
Se 11 110 24 2 243 14 6 13
Sr 1/10 207 15 212 172 08 24
\ 17100 121 8 124 493 4 25
Zn 10 1/100 4740 70 4384 42 1 -7.95

—

(o]

(e}
= =~ =~ O A
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Table 8 Yields for determinations of elements in slurry samples by ICPMS.

Cd 1.06 = 0.06 095 = 0.18
Cu 1.06 = 0.07 091 = 0.09
Fe 070 £ 0.05 0.74 = 0.04
K 096 £ 0.06 096 = 0.10
Mg 098 + 0.07 093 = 0.18
Mn 098 + 0.05 0.92 + 0.06
Na 1.00 = 0.07 0.93 = 0.10
Ni 1.23 = 0.37 1.00 = 0.27
Pb 1.02 = 0.07 0.88 = 0.06
Sb 079 £ 033 1.08 = 0.30
Se 101 = 0.28 1.00 = 0.57
Sr 099 £ 0.07 046 = 0.31
Vv 1.00 =+ 0.11 0.88 + 0.32
Zn 1.11 = 0.05 090 + 005
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exceeded this range included Al (-45%), Ca (-43%), Cr (-30%), Fe (-26%), and Sr (-
54%). These results suggest that direct analysis of SEAS samples willtgesmnfident
data (x10%) for most elements while percent recoveries for Al, Cr, ane fikedy to be

~55-75%.

2.4  Modeling Methods

As mentioned above, the improvements to Park’s PDRM included: the calculation of
trajectories to model plume centerlines, the addition of sources, the applicti
compositional information from CMB profiles to both conditig® profiles and
constrain solutions for emission rates, and the determination of background sources by
including CMB terms into the model. The calculation of trajectories and off-axis
distancesY) are described below followed by the method of determining the background
sources with the CMB model. The configuration of the iPDRM is described in section

2.4.3, along with the hierarchical approach in which it was run.

2.4.1. Trajectory Construction and Trajectory-Related Parameters

For each source, trajectories were calculated every half-hour, for up to tgree;he
andY, x’, andu were determined from the trajectories as described in this section.
Distance vectors were created for every half hour and plotted such tat the
coordinate of the end point of the previous vector is the coordinate of the beginning point
of the next vector. For each interval, the components of distancexiarttig
directions are as follows:
Xdist = 1800u; COSPwing)

(11)
Yaist = 1800U SINOwing)
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wherebyingis the wind direction and is the wind speed in sampling intertal’ he
factor of 1800 is applied to convert from m/30 minutes to m/s. A separate trajeiory
constructed for each source, every half hour beginning at the source (origin (0,0))
Coordinates for Sydney were likewise referenced to the origin of each simgehe
station angle and the straight-line distance between the sampling sitecansbarce
Examples of the trajectories calculated from Gannon as they approach &yelsbpwn
in Figure 6.
On each trajectory, the point of closest approag, Yca), was identified and the off-
axis distance between that point and Sydmey (ysyd was calculated geometrically. As
shown inFigure 7, the off axis distancé,, is calculated from the component distances
Xcomp@Ndycomp USING equation (12).

Y = V(Xcomg + Yeoms ) (12)
Because for each trajectory, both the closest approach and Sydney coordenates a
referenced to the trajectory’s source, the component distances are simply:

Xcomp = XcA - Xsyd (13)

Yeomp= Yca - Ysyd
The plume transport distance, was calculated as the sum of the direction vector
magnitudes up until the point of closest approach. Plume transport,tinzes calculated
as the sum of the number of direction vectors up to the point of closest approach.
Average transport velocity, along the trajectory is simply the transport distance by the
transport time. For trajectories where the point of closest approach fell iadretw

direction vectors, approximations were made to the nearest 10 minutes (1/3 of the
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Figure 6. Forward Trajectories of the plumes originating from Gannon at three different
times: 11:30 (turquoise), 12:00 (purple), and 12:30 (gold). The points of closest approach
to Sydney occurred: at 14:00 (A), 14:30 (B), and 15:00 (C). The off-axis distaf)ces (

and transport distances) (vere calculated from these trajectories.
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vector). In cases where the point of closest approach for successivetiegeatcurred
at the same time, the smallest off-axis distance was used.
2.4.1.1. Trajectories at different heights

As predicted by the power law, wind speed increases with height. Thus fot dista
sources, we can expect to observe different plume arrival times for portidrespéime
transported at different levels. However, differences in wind directions aodilso
likely and because of this, the aloft portion of a plume does not always exhibitra faste
time of arrival. This was the case in Tampa, as evidenc&wghye 8, wherein we plot
plume trajectories for Big Bend beginning at 12:00 and 13:00 at both 100 and 500 m. For
this reason, trajectories were calculated at up to three heights. Fomyactbties were
calculated at the height of the surface wind measurements (10 m) and at tiromalddi
heights 100 m, and 500 m. The trajectories at 100 m were calculated using directions at
10 m, but correcting for the increase in speed with height using the poweselaw (
Appendix A). The trajectories at 500 m were constructed using hourly CALMET wind
data (Scire, 2000). Thus 60 min intervals were used instead of 30 min. Ten and 100 m
trajectories were calculated for all sources, however, 500 m traject@iesalso
constructed for the power plants, owing to their large effective stack heights (~500
1200 m).

An Ekman angle correctio®gxman included by Park was a uniform 3rbtation
toward a westerlflow to adjust surface wind directions to reflect wind angles at stack
heights. We abandoned this correction, because consistent differences between 10 and

500 m trajectories could not be distinguished, and because the PDRM adjy# tine
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Figure 8. lllustration of plume trajectories originating at Big Bend at 12:00 and 13:00 at
heights of 100- and 500-m. Plumes at different heights originating at the saaredi
observed to travel along different angles indicating a wind rotation aloft
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fit the ambient concentrations, it is not highly sensitive to small trajeetooys inY.

Values forY, x’, andu were input into the GPM as described above. In each case, a
single trajectory profile was input into the PDRM. For power plants, this tedsis

the sum ofg/Q"® values calculated for the 100- and 500-m levels for each time interval.
For the shipyard, emissions were so close to the ground that only the 10 m trayastory

used. For all other (industrial) sources, the 100 m trajectories were used.

2.4.2. Estimation of the Background Sources

Park identified low concentrations at the beginning and end of the study period as
background concentrations and linearly interpolated these for the intervening periods.
The results were subtracted from the measured concentrations and the PBRM wa
with the background-corrected concentratidifee background concentrations for both
Park and this work are shownTiable 9.

Herein, the EPA CMB model (v 8.2) was run to estimate background contributions
throughout the study period as described below. filvhss concentration measurements
were not available for our study periddstead, ambient mass was (crudely) estimated
(Figure 9) as the sum of major ionic species (ammonium, sulfate, nitrate, and chloride)
available from the BRACE database and used in the CMB m&dsien generic sources
included in the model were: a coal fired power plant, an oil fired power plant, an
incinerator, a secondary Pb smelter, a steel sandblasting profilejlt@agalksoil, and sea
salt, all obtained from the SPECIATE database. Prdiiethese sources are reproduced
in Table 10 The phosphate fertilizer plant could not be included due to collinearity of its

profile with the coal source and to a lesser extent the background soil sourcent&leme
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Table 9. Background concentrations (ngjnas predicted by Park and the iPDRM.
Concentration profiles for iPDRM predicted soil and sea salt varied over treeafithe

study period and are listed as average values.

As 0.10 ND ND
Ba - 0.82 0.39
Ca - 87.3 19.2
Cd - ND ND
Cr 0.13 0.62 ND
Cu 0.45 0.04 0.14
Fe 6.8 23.5 ND
Mg - 8.01 32.8
Mn 048 0.05 ND
Na - 4.6 299
Ni 0.53 0.028 ND
Pb 0.37 0.004 ND
Sb - 0.016 ND
Se 0.10 ND ND
Sr - 0.66 ND
\' - 0.10 063
w - 0.04 ND
Zn 1.72 0.08 ND

* - average values over study period
ND -values < 0.001

1

- not associated with soil aerosol, but
included with this source in the iIPDRM
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included in the model were Al, Cd, Cr, Cu, Fe, Pb, MnSe, Na, V, and Zn. CMB
predicted and. observed fits are showfigure 10.0f these, Al, Fe, and Na were
particularly well-fit. This was fortunate because the main objective of Mg in was

to obtain source contribution estimates (SCE) for soil (high abundances of Al aaradFe)
sea salt (large abundance Na) background during the modeling period. Arsenic, Cu, Cr,
Mn, Ni, Pb, and V profiles are fit with only minor deviations. Cadmium, Se, and Zn are
not fit well, likely because literature source profiles were used instgafies
representing the actual individual sources in the Tampa area. To minimizeethetf
uncertainties in the background concentration estimates on the PDRM, the temporal
profiles of the SCEs were smoothed by averaging tHe thibugh n+1' value for each
sampling interval. Both the abundances and the smoothed SCE profiles were used
directly in the iPDRM as describedsection 2.4.3.4This is possible because their
products have units of species concentratigr)(&s do the PDRM terms.

Temporal SCE (ng Ph/m°) profiles are shown prior to smoothirfgigure 11) and

after smoothingKigure 11(A)).
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2.4.3. The iPDRM Configuration

The new model was configured as follows:

11

9
Bl = ) ERij+ Q/QUP™ + > Ay [PMyslje + residualye  (6)
j=1

j=10
where4; ; is the abundance of area sour¢g species/ g total PM s from sourcg) and
[PM,s]; . is the source contribution of area sour¢g total PM s from sourcg / ) in
the sampling intervat, The indiceg = 1-9 represent the point sources (6 sources
originally modeled by Park, plus the two incinerators and the steel sandblasticey sour
described above), and indiges 10-11 represent the soil and marine backgrounds,

IPDRM 15 differentiate

respectively. We denote tly¢gQ values output by the iPDRM g&Q
them fromy/Q"?.

As done by Park, we sought a single average emission rate for each sourch and ea
specieER ; ;S , corresponding to the periods of influence indicated by/®gprofiles.
Herein, solutions were likewise, sought for bath and[PM,s]; s for the background
sources. The premise for this approach is that both and[P M, 5] ; s more aptly
describe area sources while the PDRM terms explain the point sources.

In both PDRMSs, solutions fgrQ; s are also sought. However, in Park’s model, the
I;’DRM

relative values of thg/Q solutions (x/Q)%

i ) were fixed to those obtained by the

GPM, i.e., only the magnitude of the profile was allowed to vary but not its shape, as
constrained by in Equation 4a. As showirigure 3 and described isection 1.1.2, this
led to poor matches between peak shapes for marker species and the predicted times of

plume influence.
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In the ideal case, peaks revealed by marker species in the ambientieseata are
well resolved, angt/Qs are constrained by their shapes. Such was the case for Ni and V
for Manatee, NH for Cargill, and to a lesser extent, Pb for Gulf coast. For this reason,
we configured the iPDRM to allow solutions for thi€);:, to vary with sampling interval
t for V, Ni, Pb, and S@) in an iterative process described below. The SO
measurements, along with CEM-derived emission rates, provide accugatgudes for
thex/Qs from the 4 utility sources, while V and Ni provide accux#f profile shapes
for the two oil-fired plants.

The above procedure was also applied to Pb and Zn and lateg to itprove
profile shapes for Gulf Coast, the two incinerators, and Cargill. As discusdied &
this section, the practice allows information inherent in the shape to conditipiXhe
profiles.

To run the iPDRM, both constraints and seed values are required for all values for
which solutions are sought. Initial seed values and constraints used herein amnkl by P
and herein are listed ifable 11 As indicated in this table, Park seeded the model with
initial SO, emission rates that were rough approximations of those determined from
CEMs (used as initial values for the iPDRM) and stack volumetric flow réde alad
applied loose constraints to their solutiomal§le 11). Their constraints on solutions for

the elements were, likewise loose, i.e., ranging from 0.0001 to 50 g/s for all sources.
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Table 11.Constraints and initial “seed” values (1V) for 5@/s) used in Park’s model
and the iPDRM for the six major $®ources.

Park iPDRM

LB v UB LB v UB

Manatee 100 2500 3000 1030 1040 1100
Big Bend 100 300 1000 318 335 335
Gannon 100 3000 3500 2490 2550 2750

Bartow 100 1500 2000 1030 1150 1200

Cargill 10 40 500 0.005 28 150

Gulf Coast 10 20 500 0.005 35 500
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2.4.3.1. Emission Rate constraints

In iPDRM, the CEM-derived S&mission rate averages were input and their
solutions constrained to vary only £5%, i.e., our rough estimate of 1 standard deviation of
their uncertainties, as S@as viewed to be the most accurate and useful tracer for these
sources. Note that for a well resolved source (Mangt#@$, may be predicted to

within the error of the ratio of the S@easurements made at the sampling site and

source; i.e.,/a2, + a2, . In other cases there will be a deconvolution error, as was the
case for other sources in Tampa. Emission rate solutions for elementonsrained
by an iterative and hierarchical process, as follows.

In the first iteration, the iPDRM was run with S&hd the three best marker elements
(my), i.e., Ni, V, and Pb. The latter were the most well-resolved and definitive marker
species: Pb representing the battery recycling plant, and Ni and V repretieatirilg
fired utility plants (Manatee and Bartow). These marker species helpdowidate
these sources from others that concurrently influence the sampling sitee Fiost run
and all subsequent iterations, lower bounds for Ni, V, and Pb were based on plant-
specific rates obtained from the National Emission (NEI) and Toxic Re[€RdE
Inventories. For all other elements, emission rate lower bounds (LB) weoeOset
Upper bounds (UB) for all elements were set to 5 g/s, i.e., values greater than could be
expected for these elements. In subsequent model runs, lower- and upper-bounds were
further constrained using the results derived from the previous run. Specifidadly, U
were estimated by dividing the measured concentrations in each sammingliby
x/Qi; determined in the previous model run, as the former represents the logical upper

limit for the predicted concentrations. Emission rate LBs were génlatilunchanged
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or set to reflect the abundance ratidg;{s as obtained from the SPECIATE CMB
profiles. Abundance profiles for all sources contained V, Ni, and Pb, and therefore ER

LBs were obtained by multiplying the emission rates for these markeeets Eﬁmu)

predicted in the previous model run by the appropriate rfﬁéXin the abundance
mi’]-
profile. This is:

Al,]
(ERLB)i,t = A_ ERmilj (7)
mi_j

The resulting values were reduced by a factor of ~3 to prevent solutions frgm bein
too restrictive owing to the known inaccuracy of the CMB Abundance profilessit wa
important when developing these constraints to guide the model towards a reasonable

solution, but care was taken not to restrict any apportionment without a reasonable bas

2.4.3.2. x/Q constraints

For each of the nine point sources, injid);; estimates were calculated using the
GPM module as described by Park, exceptYhat andu were determined from the 30-
or 60-minute trajectories as described above. In the first iterationwleeseonstrained
by factors of 0.1 to 2 as done by Park. For the two background source termsj;initial
and source contributions estimatgBM{, 5] ; ) were those used in and predicted by,
respectively, the CMB analysis (section 2.4.2.). Lower bounds and upper bounds for
A; js were derived from the uncertainties for each species in the sourcespasfile
reported in SPECIATE. Specificallyglwas subtracted or added to the reported value.

These same bounds were used in all model runs.
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2.4.3.3. Scaling of Input Concentrations

Ambient concentrations of all species used in all PDRM runs were scaled to prevent
preferential fitting of species with higher concentrations, for which residvauld
otherwise dominate the minimizationyf (Equation 5). This differed from Park’s
approach in thagt/Qs were derived solely from the S@ata and then used as fixed
constants in a subsequent run in which emission rates for elements were determined.
Essentially, we did not want to ignore the information afforded by the other specie
especially Ni, V, Pb and N4iso the scaling factors were selected with resolving power
in mind as well. The scale factors used for each element are shown allorig wi
resulting maximum value imable 12 For the first run, an SGcaling factor of 0.001
was used to give a maximum scaled, 8@ncentration of 107. This was adjusted for
subsequent iterations to 0.0001 and 10.7, respectively, in order to guide the model to
preferentially minimize residuals for tracer species. All otbaliisg factors remained

consistent throughout the iterative runs.

2.4.3.4. Hierarchical Approach.

The species discussed above were applied in a hierarchical manner, begitming wi
the most trustworthy data and sources. For each model run, the results from thenprior
were tightly constrained, and additional elements and sources were includeeritoor
guide the modeled solutions based on the best information available. Details from the
stepwise “hierarchical” approach used are represented in the flow ckagtiie 12 and

described in detail below:
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Table 12 Scaling factors applied to species concentrations in order adjust the residual
size for preferential fitting of species. Resultant maximum scaled cwatens are also

listed.

. mm

Zn

¢
4
4

—
(D

-]

o -
o -~] . Y -
T T Qg Non§

0.07

0.01

6.0
87.7
56.2
84.0
27.3

6.0
55.7

6.0
40.9

*- applied to the first iteration only
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Inputs Step 1: 8O,, Ni, V, Pb Outputs

x/QMet; Power plants (PP) (0.1-2); x/QIPDRM for PP
GCR (0.1-2);Cargill (0.9-1.1) ER: SO, for PP
ER: SO,CEM for PP(:5%); Elements: Approximate
NEI: Ni, V: (LB: Manatee, Bartow) for PP
Pb: (LB: GCR) \ 4

qPon pp (095 105) | StEP 2: S0 Ni, V, Pb, Zn, Al

x/QMet: GCR & Incinerators (0.1-2); Cargill (0.9-1.1) x/QPPORM for GCR & Incinerators
ER: PP: SO, (+5%): ER: Elements: Approximate for
Elements (based on CMB & Run 1 ER) all sources
GCR: Pb, Al (LB)
Incinerators: Zn (LB),
Pb(LB) (based on Run 1 Pb & Zn ER) \ 4

Qo pp (0.5 - 1 o) L SteP 3: S0z, Ni, V, Pb, Zn, Al, NH,

GCR & Incinerators (0.85-1.13) ¥/QFORM for Cargill
x/QMet: Cargill (0.5-1.5) ER: Elements: Approximate for
CMB SCE: Soil (0.8-1.2) all sources
ER: PP: SO, (+5%):
Elements (based on CMB & Run 1 ER)
GCR: Pb, Al (LB)
Incinerators: Zn (LB),
Pb{based on Run 2 Pb & Zn ER)
Soil: elements
(unc. based on Abundances) ¢
Cargill: NH; (LB)

Step 4: All species

x/QIPDRM: PP(( 95 — 1.05); GCR, . :
Incinerators (0.9-1.1); Cargill (0.9-1.1) J/QPPR for Shipyard
x/QMet: Shipyard (0.1-2) ER: Elements: Approximate for
CMB SCE: Soil (0.8-1.2) all sources
ER: PP: SO, (+t5%):
Elements (based on CMB & Run 3 ER)
GCR &lIncinerators, Cargill:
Elements (CMB & Run 3 ER)
Soil: Elements (unc. ~Abundances), Al/Fe
Shipyard: Elements(based on CMB), Al/Fe \ 4

Final Step : All Species

x/QIPPRM: Al sources r—
CMB SCE: Soil (0.8-1.2): Sea Salt (0.8-1.2) x/QPP¥R: Final for all sources

ER: All sources: (based on CMB and Run 4 ER) SCF: Fin.al for Soil & Sea Salt
Soil & Sea Salt: Elements ER: SO,: Final for all sources

Elements: Final for all sources

(uncertainties ~Abundances), Al/Fe

Figure 12. Flow chart showing our hierarchical steps with input constraints and output
solutions.
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Step 1.In this stepx/Q"® for the 4 power plants and Gulf Coast were constrained from
0.1-2 times their input value as described above. Excursions in obserged NH
concentrations closely correlate with yi€" profile calculated for Cargilsee

Figure 16¢) Therefore, solutions fgg/Q"PRM

values for Cargill were constrained to

within 10% of the values predicted §Q", to preserve its shape. However, Nitas

not included in this iteration because of its high background from livestock and other
sources in the area. Also, as a water soluble and reactive gas, its chem@ngnyspit

from being a conservative tracer. Whereag &@ission rates were tightly constrained

for power plants, more relaxed lower and upper bounds (0.005 to 500 g/s) for solutions
for Cargill and Gulf Coast were applied in this run owing to the availability gf onl
annual emission rate estimates, instead of contemporaneous values.

In order to prompt the model to apportion Ni and V to Manatee and Bartow, lower
bounds for these elements (0.03 (Ni) and 0.1(V); 0.02 (Ni) and 0.003 (V) g/s,
respectively) were set at a tenth of their NEI predicted emission Yd&expected
significant amounts of Pb emissions from Gulf Coast, so the lower bound for Gulf
Coast’s Pb emission rate was increased to a third of its NEI predictesi@mmate, i.e.,

at 0.003 g/s.

The outputy/Q"°" values for the power plants were considered to be accurate and were
input into the remainder of runs. Also useful for use in subsequent iterationdevere t
predicted emission rates. These were not considered highly accurate bdaziube al
sources had yet to be included, but they represented refined guesses.

Step 2.In the second ste/Q solutions for Gulf Coast and the two incinerators were

constrained between 0.1-2 times the inp@" values, while thg/Q solutions for the
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power plants were constrained between 0.95-1.05 gf/@IE°RM

values predicted in the
first iteration. Theg/Q solution for Cargill was again constrained as described in the first
iteration. Ambient concentrations of Pb, Al, and Zn were included along wghN8QV,

and Pb to aid in the deconvolution of Gulf Coast and the incinerators. Constraints placed
on emission rates (especially the lower bounds) for thisTrablé¢ 13 were developed to
guide the model to apportion Zn to the incinerators and Pb to Gulf Coast and the
incinerators. Constraints placed on emission rates of Ni, Pb, V, and Zn from the power
plants were estimated from the output emission rates of the first ruaturesource

profile ratios, and the appearance of the fit (i.e. Manatee emissionsnezdightly
constrained because it is an isolated source). Al emission rate solutiorsongrained
widely from 0 to 5 or 10 g/s only to limit the model run time.

Step 3.In the third stepfor Cargill were constrained from 0.5-1.5 of Q" values and
the SCE values (discussed in the “Estimation of Background Sources” section) for the
soil source were constrained between 0.8-1.2 of the input smoothed SCE profjéQThe
solutions for the power plants were constrained as described in the secoiwhitEoat

Gulf Coast, McKay, and PCRR/Q solutions for the initial values were those obtained
from the second iteration and the constraints applied were from 0.85-1.15. Ammonia
(NHs) was included along with the elements included in the second iteration. Emission
rate constraints for NHwvere as follows: power plants: 0-100g/s; Cargill: 2-1000g/s; Gulf
Coast and the incinerators: 0-1 g/s; and the abundance of the soil source: 1-200.
These constraints were chosen such that the lower bounds were elev@adiiband

the background source to guide the model to apportiontdlthem (Soil would not

contain NH, but NH; had a large background concentration).
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Table 13.Emission rate constraints (g/s) used for Step 2.

Manatee BigBend Gannon  Bartow Carqill GulfCoast McKay PCRR
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Step 4. In the fourth stepy/Q solutions for the Shipyard source were constrained
between 0.1-2 of itg/Q"® values. Initial guesses f@fQ solutions for the power plants,
Cargill, and Gulf Coast and the incinerators were those determined il tegaion and
these were constrained to lie between 0.95-1.05 (power plants), 0.9-1.1(Cargill), and
0.85-1.15 (Gulf Coast and the incinerators).

The SCE values for the soil source were constrained as described above. Ambient
concentrations modeled were $QHj3, Ag, Al, As, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sb,
Se, V, W, and Zn. Emission rate constraints for the new elements included were loosely
set to 0 — 5 g/s, while the constraints for Fe emission rate of the Shipyard sowsetve
from 0.5-5g/s.

Final Step.The SCE for the Sea Salt source was input and constrained (0.8-1.2) in
addition to ther/Q"P”™ values for all other sources as described in the fourth iteration.
Ca, Mg, and Na were included to the element set used in fourth iteration. Cosi$traint
these elements were initially loose for all sources (0-10g/s), withiraorts for the Sea
Salt source reflecting uncertainties in its abundance reported in litef@t@a, Mg, and
Na (listed inTable 13) . Upper bounds for all other elements were set as 0.001 as they
are reported to be < 0.1% of the chemical composition of sea salt.

Once all of the sources hgdQ°RM

or SCE values determined, the output emission rates
were evaluated and compared with literature source profile abundancesraentale

ratio. Constraints were added to emission rates as needed to improve the @igngtme
literature source types, keeping in mind that variation between individual soncces a

literature reported generic source types is expected. Final emiss@onstraints are

listed inTable 14
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3. Results and Discussion

The results of the Analytical analyses are discussed in the followingns&cl,

followed by the modeled results in section 3.2.

3.1. Analytical Results

The results of the ICPMS analyses along with Park’'s GFAAZ resulshaven in
Figure 13. For 5 elements analyzed with GFAAZ and reanalyzed with ICPMS, sesult
agreed to within their uncertainties. However, for Al, Fe, As, and Cr, and Cu, ICPMS
results were often 1.2 to 2-fold greater than those determined by GFAAZ. These
differences are attributed to the more rigorous sample heating procédfoee analysis
with the ICPMS, the small statistical sampling of suspended particlesh(vehalways a
concern for GFAAZ analysis), and the slow leaching of particles stored stuting over
long periods of time.

For these reasons, a hybrid dataset was constructed for modeling. |ICPMSrehioces
were preferably used when possible; however, weighted averages of theZGRAA
ICPMS concentrations were used to replace GFAAZ data after scalifayrier to

match the latter. Uncertainties in the resulting dataset were gez i) the weighted
average of the individual uncertainties in each pair of concentrations and ii) the
difference between the two values, expressedag/eé argue that the difference between
pair amounts to@2and, therefore,d values were estimated at one of half of the
difference. The resulting finalized observed concentration dataset usednodel runs

are shown later ifigure 14.

59



%160 25

B0 | Al 2.0 - —— GFAAZ

S 2.0 1| _o— graaz As Cr —e— ICPMS

.g12° | —e— ICPMS 15 |

%100 | 15 1 :

& 80 1.0 -

,:;: 60 ' 1.0 |

o 05

8 40 05 A

£ —0— GFAAZ 0.0 | :

£ 20 1| —— ICPMS !

I o ——— e ——
11 12 13 14 15 16 17 18 19 20 21 11 12 13 14 15 16 17 18 19 20 21 11 12 13 14 15 16 17 18 19 20 21

‘g 10 700 4.0

E Cu 600 - E 3.5 -

S 8 Fe Mn

5 —o— GFAAZ 500 | 3.0 4

% 61| —e—ICPMS —O—GFAAZ 1| 55 |

= 400 - —e— ICPMS

< 2.0

g 44 300

g 1.5

S 2 200 1 10 -

3 100 -

g 04 05 1/ —— craaz

£ 0 0.0 {| —e— IcPMS

°

m '2

1112 13 14 15 16 17 18 19 20 21 111213 14151617 18192021 11 12 13 14 15 16 17 18 19 20 21

T 10 7 35

E ] S

g 4] Ni 6 30 v
é —0— GFAAZ 5 - 2.5 {| —0— GFAAZ
g 6 —e— ICPMS 4] 20 | —e— [CPMS
c

3 4 3 15

c

S 2| 2 1.0 |

5 14 0.5 |

§ 0]

£ 0 0.0

g

w -2 0.5

111213 141516 17 18 19 20 21 111213141516 1718192021 11 12 13 14 15 16 17 18 19 20 21

‘t 10 T —0.10 8

)

:- 8 b 0.08 Bl Ag‘ 7 7 IBa

< 4

S 61 0.06 1 —e— ICPMS U

g 4 : 5 |

[=

g 2 | 0.04 - 4 1

o 3

© 0 0.02 -

[} 2

€t -2 { | —— GFAAZ 0.00

% 4 | > tcPus Zn ) 14

i — 0,02 1+
11213141516 17 18 19 20 21 111213141516 1718192021 11 12 13 14 15 16 17 18 19 20 21

May 13 Hours May 13 Hours May 13 Hours
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elements determined with ICPMS are shown.
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In addition, six discrepancies were identified and resolved as follows:
1. Cd was not well detected by GFAAZ, and was deemed unreliable by Park. The
ICPMS was substantially more sensitive for Cd and produced results with mutdr sma
uncertainties. Cd is not volatile or otherwise subject to losses upon storage. Wig: ICP
dataset was used.
2. A large excursion in Al appeared at 20:30 in the GFAAZ data set, but not in the
ICPMS data set. Al is typically associated with large, difficult to diesalumina-
silicate dust particles and generally better-measured by ICPMSedowfih our more
aggressive sample preparation method. This excursion was ignored by Parkpa decis
which is now supported by the ICPMS data.
3. A sharp peak in As was detected at 13:00 in the GFAAZ data set, but not in the
ICPMS data set. This peak was predicted to coincide with the period of influence of the
plume from the Big Bend by Park, but not by the trajectory analysis method used here
It is possible that As was lost during storage and in acidic solutions and thaakhsgse
due to pressure treated lumber burning as described by Pancras et al., 2005. There is no
known source to the Southwest of the site and such a source would be difficult to model.
Therefore, the ICPMS data were used.
4. ICPMS results were low for all of the 14:30 samples. We attribute this to
differences in efficiency of sample aspiration between GFAAZ anIEBnalyses. In
this case GFAAZ probably sampled one or more insoluble particles not aiyate
ICPMS.

As noted above, we have observed evidence of settling of larger particles in the

ICPMS sample vials. This appears to have created dips most noticeably in Bg, Al,
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Ca, Cd, K (not included in model run), Mg, Mn, Na, Pb, Sb, Sr, and W, and to a lesser
extent in As, Cu, Ni, Se, V, and Zn. InspectiorFmfure 13 suggests that these “dips”
appear artificial. Therefore, the ICPMS value at 14:30 was correctied GRAAZ

value by interpolation of the surrounding data points at 14:00 and 15:00 in the latter and
scaling them to the former.

5. A very large peak in Fe appears at 15:00 along with smaller but distinct peaks in
Mn and Cr. Park attributed the Fe, but not Mn and Cr, to contamination and removed
excess Fe from this peak. However, reanalysis with the ICPMS confirmezhtke s
excursion at 15:00, in Fe, Cr, and Mn. Because elevated levels of all three elerents oc
at 14:30 and 15:30 directly before and after the excursion, it was deemed not likely to be
isolated sample contamination. After correction of Fe, Cr, and Mn for backgrowsadl (ba
on the previous sampling interval), the composition was seen to correspond to low alloy
steel. The fingerprint of the resulting composition (Cr/Fe = 0.009, and Mn/Fe = &007)
consistent with the average composition (Cr/Fe = 0.008; Mn/Fe = 0.008) reported for an
average of more than 1000 samples of low alloy steel (MatWeb, 2009). As described
above, plumes from two large shipyards and a steel machining facilitypvesheted to
influence the site during the 15:00 sampling period. All three sources perform
sandblasting, welding, and machining of steel and are likely to be non-continuous
regarding their emissions.

6. In the 19:00 sample, large excursions appear in the ICPMS data for Zn with Cu,
and Cr, but are not present in the GFAAZ data for these elements. These were
accompanied by substantial excursions in K, Ca, and Na, and to a lesser extent V, Sr, Ba,

and possibly Sb, all elements not determined by GFAAFvalues have large
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uncertainties associated with them. The corresponding sample had ligieirem
volume when it was reanalyzed, and we attribute this behavior to the aspiration of one (or
possibly a few), large, particle(s).

When ICPMS concentrations (ppb (mass/slurry volume) are converted b thgin
are multiplied by the total volume of slurry collected. Thus, erroneously high
concentrations will result if particles settle during storage or gopéchin the meniscus
owing to surface tension (may be likely for contaminants), resulting in éguoerent
mass/volume concentrations when subsequent analyses are performed aftalr the tot
volume is reduced by prior analyses. Also, of the elements measured, the major
constituent is Zn (134 ngfn The presence of such a large amount of Zn might normally
be attributed to trash incinerators as these typically emit partimegicing up to 20-
50% ZnC} by mass (Ondov and Wexler, 1998). However, Zn in this form is quite
soluble, and wouldn’t have been missed by GFAAZ. For this reason, the GFAAZ data,

after scaling to the adjacent ICPMS values as described above, was used.

3.2. Discussion of Modeling Results

They/Q profiles are described in the section immediately bel ¥ profiles are

iPDRM Met

compared to the modelgd) profiles inFigure 14, to Park’'sy/Q™"" profiles in

Figure 15, and to selected ambient species concentration profilegumes 16a, b, c,

and d. The predicted species concentration profiles resolved by source are shown with
the ambient observed concentration set determined as described in the ArRégides
section (3.1) irFigure 17. The fits between these data and the goodness-of-fit statistics

(Table 15 are discussed ection 3.2.2and the iPDRM predicted emission rates
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(Table 17) are discussed ection 3.2.3In section 3.2.4.the iPDRM predicted

emission rates are compared with published NEI and TRI emission rates.

3.2.1. Sourcey/Q profiles and Discussion

Manatee.As shown inFigure 14, thex/Q" profile for Manatee contains a single
excursion that has already begun at 12:00, peaks at 12:3008s2nT), and departs at
13:00. Thex/Q" profile is only calculated from 500-m trajectories in which emissions
from Manatee from 9:00-10:00 have an average transport velocity of 4.1 m/s for the
trajectory predicted to reach the sampling site at 12:30. The Q@ profile was not
used for the following reasons. The 100-m plume beginning at Manatee bet@@en 6:
7:00 is predicted to influence Sydney at 13:00. The trajectories used foxtQesalues
encompassed early morning wind velocities < 1.0 m/s, i.e. for which the power law
adjustment does not apply (Park, 2005). The early morning atmosphere was stable
(Pasquill Stability class: E), thus downward mixing was limited at time such that the
trajectory did not carry a significant portion of the Manatee plume. Byrtieethe
atmosphere destabilizes at 7:30 (Pasquill stability class: C), thetdrégs carry the
plume too far to the South of Sydney to have any influence.
Figure 15shows that ManategQ"™ profile peaks (12:30) a half hour later than Park’s
x/QY profile (12:00) which is in better agreement with ambient concentration profiles
for Ni and V Figure 168 and explains the over-predictions at 12:00 and under-
predictions at 12:30 made by Park for,S®, Cu, Fe, Ni, Pb, and Zn. ThgQ"PfM

profile is relatively unchanged from tixéQ"™ profile (Figure 14), suggesting the GPM
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using trajectories was an accurate assessment. The magnitudg/qfthe" at 12:30 is
1-108s/nt is relatively unchanged from thgQ"™ peak (1.2L0°%s/nt). As expected, the
magnitude of this value is smaller than those predicted for nearby souré&sk(tpand
is consistent with the maximugiQ™°"™ values of Bartow and PCRR (0B®and
0.2-10%s/n7), both of comparable distance (~40km) to Sydney.

Big Bend.Big Bend'sx/Q"® profile shows its plume arriving at 13:00, peaking at
13:30 (3.510° s/n?), and departing at 15:00. TéQ"™ profile input into the iPDRM is
the sum of 100-m and 500-Q profiles. The 100-mg/Q profile predicted for Big
Bend’s plume shows its plume arriving at Sydney at 13:00 with a maximum influence
there at 13:30. The estimated time of origin is from 10:00-11:00, and the average
transport velocity was 2.5m/s. During this period, the atmosphere was unstalbjal(Pa
class: B) and the plume was expected to mix down into the 100-m layer. The 500-m
profile for the Big Bend plume was predicted to arrive at 13:30 with a maximum
influence at 14:00. The estimated time of origin and average transport velegty w
12:00 (~11:30-12:30) and 4.1m/s, respectively. The two profiles overlap considerably,
such that the sum of both the 100m and 500m profiles peaks at 13:30. The contribution of
the 500-m profile was 33% at 13:30 and 75% at 14:00.

Thex/Q"™ profile for Big Bend also peaks (13:30) a half hour later than predicted by
Park’sX/QMEt profile (13:00) Figure 15). This difference in time correlates better with
the ambient S@concentration profileigure 16b.), and addresses the under-predictions
in Al, Cu, Fe, and Pb from 13:30-14:00 obtained with Park’s model. The magnitude of
the x/Q"P™M (Figure 14) at 13:30 is 7L0° s/nt which is increased by a factor of 2 from

the x/Q"™ profile at this time.

69



Gannon.Thex/Q" profile for Gannon predicts the plume arrival at 14:00, significant
excursions at 14:30 (2:50° s/nT), 16:30 (5-10° s/n?), and 18:30-19:00 (4.8.0°8 s/nT),
and departure at 20:00. This profile is the sum of 100-m and 5@ mrofiles. The
100-my/Q profile predicts plume arrival at 14:00, a relative maximum at 14:30 which
increases to another maxima at 16:30, and a main excursion between 18:30-19:00 before
departure at 20:00. The average transport velocity is 2.7m/s and the estimatad time
origin was from 11:00-17:30. The 50031Q profile arrives at 15:30, has maximum
influences at 16:30 and 19:00 with a relative minimum at 18:00, and departs at 20:00.
The estimated period of origin for the 500-m plume is from 14:00-18:00 with an average
transport velocity of 4.0m/s. At Sydney, the contribution of the 500-m trajegtQry
value was 34% at 16:00; 48% at 16:30; 36% at 17:00; and 27% at 19:00.

Thex/Q"™ profile for Gannon arrives (14:30) a half hour later than predicted by
Park’sy/Q"® profile (14:00) along with significantly greater values (14-77%) from
14:30-16:30 Figure 15). These differences correlate better with the ambient SO

concentration profile as observedFigure 16b. Thex/Q"P™

profile (Figure 14) is
similar in shape to thg/Q"™ profile, values from16:00-16:30 and between 18:00-19:00
the iPDRM adjusted its values by factors from 0.8-0.95 in order to fit thep@ble
better. The magnitude of thgQ"°™™ at its peak at 16:30 is¥D®s/nT.

Bartow. The predictegy/Q" profile for Bartow arrives at 15:30, has a relative
maximum from 17:00-19:00 (~2B3® s/nt) which increases to a peak at 19:30 {508
s/nt) and departs at 20:30. This profile is the sum of 100-m and 5@@mrofiles;

however, the magnitude of the 100y#@Q is much greater than the 500;Q profile and

therefore has virtually the same shape as the sugf@88 profile. The 100-m Bartow

70



plume influencing Sydney is estimated to have originated from 10:30-17:00 with an
average transport velocity of 2.8m/s. The 50Q/@ profile arrives at 15:30, has a
maximum influence from 17:00-17:30 (0.008° s/nt), and departs at 20:00. The
contribution of the 500-mi/Q value to the overa}/Q" was only 12% at 17:00 and 10%
at 17:30, and for all other periods <7%.
Thex/Q" profile begins an hour and a half later than Pagyk3'® profile predicted
(Figure 15). Bartow (station angle: 28Bis more significantly affected by the wind shift
than Gannon (station angle: 2bbecause of its large source distance (38km). When the
wind shift occurs at 12:30, westerly winds are sustained long enough to bring the plume
from Gannon (20km distant) to Sydney by 14:30, however, the Bartow plume had a
larger distance to cover and therefore a longer transport time and is not predretscht
Sydney until 15:30. Thg/Q" profile aligns much better with broad excursions in Ni and
V from 15:30-20:00Figure 16a). Thex/Q"P™M (Figure 14) profile is ~0.1 times the
magnitude of theg/Q" profile and its peak value of 01®® s/n? occurs at 17:30. It is
feasible that more dispersion than the GPM estimated occurred during thuorey
transport during unstable conditions.

Cargill. Cargill's predictedy/Q"™ profile arrives at 13:00, peaks at 14:0016°
s/nt), and departs at 14:30. Cargill's plume arrives again at 20:00 and has a maximum
peak at 20:30 (3208 s/nT). The profile is calculated from 100-m trajectories with
estimated emission origins from 10:30-12:00 and 18:30-19:00, at average transport
velocities of 2.6 and 2.9 m/s, respectively. At the end of the study period: 20:00-20:30,

wind directions shift toward Cargill and its influence on conditions at Sydnegraes |
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possibly due in part to stabilizing atmospheric conditions and low effective plume
heights.

Comparison of thg/Q"™ profile with Park’sy/QY® profile (Figure 15) shows that both

have a minor excursion from 13:30-14:00, butt@™ profile has only a large

excursion from 20:00-20:30, and does not have the peak at 19:30 as Park’s profile does.
The agreement between tk/@"""j profile and the ambient Nf-toncentration profile

supports the/Q"™ values, as Cargill is reported to be a significant Btirce. The

x/QPPM and they/Q™ profiles are very similarffigure 14).

Gulf Coast. Thex/Q"™ profile for Gulf Coast arrives at 14:00, peaks from 14:00-
15:00 (5-10°® s/n?), peaks at 18:00 (30° s/nT), and departs at 19:00. The profile is
calculated from 100-m trajectories with estimated emission origins £2:00-18:00,
and an average transport velocity of 2.8 m/s.

The)(/Qtraj profile predicts that the Gulf Coast plume arrives a half hour earlier than
Park’sy/Q"® profile (Figure 15). As shown irFigure 16d, this earlier arrival time
correlates better with the ambient concentration profiles for Ag, Al, Pb, and 8b, al
which Gulf Coast is reported to emit (see Tampa sources section). This shift, in
conjunction with the/Q" profile shifts for Big Bend and Gannon, help to address the
under-predictions in Al, Cu, Fe, and Pb from 13:30-14:00 obtained with Park’s model.

The magnitude of the Q"™ profile (2.410°8 s/n?) is ~2-3 times less than tiyéQ"™
profile for all values Eigure 14), and they/Q"™ profile peak at 18:00 is not present in the
x/QPP™M profile. We can conclude from the species concentration data that if Gulf Coast

was responsible for Ag, Al, Pb, and Sb concentrations from 14:00-15:00, then it is not
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influencing Sydney at 18:00 despite what is predicted int#®& profile. This is either
due to an error in the wind trajectory or a change in the emission rate frasouice.

The “conditioned” changes in tgéQ™P™M profile shape take this conclusion into
account and are primarily dependent on the shape of the ambient Pb and Zn concentration
profiles, as Pb was apportioned to this plant and Zn was not. The ratios of these two
elements were used to deconvolute Gulf Coast from the incinerators as desctitee
Second iteration.

Thus, the “conditioning” of the/Q"°®M profiles prevented the large over-predictions
seen in Park’s model (i.e. over-predictions at 18:00 and 19:00 for Al, Cu, Fe, and Pb).

McKay. Thex/Q"® profile for McKay arrives at 14:00, peaks from 14:30-15:30
(~4-10°® s/nt), has peaks at 16:30 (21B® s/n?) and 18:00 (2.8.0° s/nT), and departs at
19:30. The profile is calculated from 100-m trajectories with estimatediemmsgins
from 12:00 to 18:00, with an average transport velocity is 2.8 m/s.

Thex/Q"°™ profile for McKay predicts the plume to arrive at 14:00, but does not
peak until 15:30, the maximum peak occurs at 16:3002s/nT), with a secondary peak
at 18:30 Figure 14). As was the case with Gulf Coast, changes made by the iPDRM to
the inputy/Q™ profile were most dependent on the shape of the ambient Pb and Zn
concentration profiles, as both elements are apportioned to this source. The inclusion of
the incinerators, McKay and PCRR, improved the significant residuals in Zn ath$erve
Park’s results.

PCRR. Thex/Q"™ profile for PCRR arrives at 16:30, peaks from 17:30-18:00 (2.4

.10® s/n?), and departs at 20:3Bigure 14). The profile is calculated from 100-m
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trajectories with estimated emission origins from 11:00 to 16:30, with an average
transport velocity is 2.8 m/s.
As observed in Bartow (also ~40 km from Sydney)xt " profile was ~0.1

traj

times the inpuk/Q™“ profile which is attributed to the long plume transport distance
during unstable atmospheric conditions. ¥#@"°"™ profile peaks at 17:30-18:00
(0.25- 10° s/nT).

Shipyard. The predictegr/Q™ profile for the Shipyard arrives at 14:30, peaks at
15:00 (8:10° s/n?), has relative peaks at 18:00 and 19:00, and departs at Eiy06e(
14). The profile is calculated from 100-m trajectories with estimatedsemni®rigins
from 12:00-18:00, with an average transport velocity of 2.8 m/s.

The shipyard is likely an intermittent source and potential plumes from thisloc

are likely to influence Sydney at 15:00 when peaks in Cr, Fe, and Mn concentrations are

iPDRM raj

observed. The magnitude of tj€) profile is ~2-4 times less than the inpu®"
profile and the resulting peaks at 15:00 (BOZ s/nt) and 17:00 are conditioned as the
result of ambient Fe, and to a lesser extent, Cr and Mn concentration profiles.
Background Soil. The input SCE profile for soil peaks from 12:30-13:00 ¢(3.3®
g/m°) then decreases throughout the study period and has a relative peak from 19:30-
20:00. The SCE profile was only allowed to vary from 0.8-1.2 times its input value in the
iPDRM, thus the shape of the output SCE is similar, with a maximum value at 13:00
(3.7- 10® s/n?) (Figure 14). The changes that occur are dependent on the Al, Ca, and Fe
concentration profiles as they are the most abundant species.

Sea Salt.The input SCE profile for sea salt closely resembles the ambient Na

concentration profile. Na is by far the most abundant species (excluding anidns of C

74



and SQ?) in sea salt and sea salt is typically responsible for nearly &leafitborne Na

in the Tampa Bay area (Poor, private communication) The profile begins the study
period (12:00) at ~12010°® g/n?, dips from 13:00- 16:30, peaks at 24®M° g/n?* at

19:00, then sharply decreases, with a relative peak at 20:30, before its lowest value of
30- 108 g/n? at the end of the study peridgigure 14). As was the case with the soil
source, the input SCE values were only allowed to vary from 0.8-1.2 times their input
values, thus the modeled output SCE profile only differs with a couple of minor peaks at
12:30, 14:00, and 17:00, and a sharpened maximum peak at 19:00Qf&9nT).

Tampa Armature Works. The observed Cu profile has excursions at 14:00 and
15:30 of which are not consistent with any other species concentration profile. Tampa
Armature Works is reported to operate a Cu reclamation incinerator a@@tiféprofile
has peaks at 14:00-15:00, that could account for the observed excursions. However,
outside of expecting that Cu is abundant in emissions from a Cu reclamation incjnerat
no other information could be found on this source or generic source type and it was
decided to exclude it from the model.

As a result of the changes in the shapes of/@& profiles and conditioned
x/QPP®M profiles, the iPDRM predicted a major reapportionment of $8e times of
x/Q" profile peaks for Manatee, Big Bend, Gannon, and Cargill correlate to peaks
observed in the observed g@ofile. The S@ concentration of 0.7 ppb at 12:00
increases to 5 ppb at 12:30 (Mangté@ peak), then to 10.6 ppb at 13:30 (Big Bg@
peak), to a substantial increase to 30.9 ppb at 14:30 which fluctuates from 29 - 41ppb
until 19:00 before decreasing at 19:30 to 13 ppb (Gagf@mpeak). From 20:00-20:30,

the SQ concentration increases slightly from 4.0 to 4.6 ppb (Cayffill peak).
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As shown inrable 15 Park predicted significant S@esiduals from 13:00-14:00:
+32%, -35%, +44%, respectively. Our predicted 8€3iduals showed substantial
improvement for that period: +13%, -11%, and +6%. Because of the half hour delay in
Gannon'sy/Q™ profile, the majority of the observed $i® apportioned to Gannon (83-
99% from 14:30-19:30) in our model. Park had apportioned 50-59% of obseryéd SO
Gulf Coast and 31-47% to Gannon from 14:30-15:30. Our model apportions 1-2% of SO
to Gulf Coast and 83-90% to Gannon at
this time.This is a substantial reapportioning of SOhis is a reasonable result as
Gannon is the largest S@mitter in the region and has reported, 8@ission rates over
150 times those reported for Gulf Coast.

Regarding the differences betweengh@™ profiles and the/Q"P®M profiles, it
appears that those for Manatee, Gannon, and Cargill are the most similar. Tlee profil
shape for Big Bend does not change but it is increased by a factor of 2. We leapect t
aloft sources with high effective heights (~400-1200 m) would be more likely taskspe
in a Gaussian manner and would thus, be more accurately modeled with the GPM.

Sources with shorter stacks, excepting Cargill, showed significant ditésrbatween
their x/Q" and theg/Q"P™M profiles. We hypothesize that because these emit closer to
the ground (effective heights from 50-150 m) are closer to dispersive surfabaessg
elements.

This is likely to accelerate dispersion and largendo, values have been reported
for plumes in urban environments, i.e., with larger surface roughness elements than i
rural settings (McElroy & Pooler, 1968; McElroy, 1969; Shum, Loveland, & Hewson,

1975).
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Table 15.Fraction of predicted SQo ambient S@concentrations apportioned to Big
Bend, Gannon, and Gulf Coast (%) from 13:00-15:30.

Park This Work
;::ZI. BBeIr?d Gannon GCR II::ZI BBelr?d Gannon GCR
13:00 132 122 1 0 113 77 0 0
13:30 65 28 18 0 89 86 0 0
14:00 144 3 119 4 106 94 42 4
14:30 99 0 47 90 100 11 83 2
15:00 104 0 44 o8 100 5 89 2
15:30 91 0 31 99 98 1 90 1
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The fact that sources with shorter or no stacks are also less likely to have continuous
emissions, especially those with processes such as sandblasting or vieldiety to

create differences betwegfQ" and theg/QTPR™ profiles. The GPM calculates the

x/Q™ on the assumption that the source is emitting at a constant rate, and if thifiés not t
case, then th;;c/Qtraj profile will be incorrect and not correlate with observed
concentration profiles. In adapting the iPDRM to constrain chemical congmasiti
information, we can address this scenario and we conclude that our pred@¥t&eg"

profiles are a more accurate estimate of actual plume influence.

3.2.2. Predicted vs. Observed Fits

IPDRM predicted concentrations are shown with the ambient species cormentrat
profiles inFigure 17. The fits obtained with the iPDRM are visibly improved from
Park’s fits and correct all of the significant under- and over-predictiomsilded in
section 1.1.2. Reasons for the improved fits are: 1) the improved determingtiQif
profiles, 2) the conditioning gf/Q™ profiles with chemical compositional information,
3) and the increased number of sources (6 to 11). The emission rate constraimts used i
the iPDRM, however, were much more restrictive than those used in Park and contribute
to the residuals observed in this work.

Statistical measures of the iPDRM fits and model performance are shoainlenl6
and arecompared to Park’s published results. The statistical analysis tools uskd are

same as used in Park’s study and the equations are defihabléenl7.
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Table 17. Equations for the calculation of performance statistics shown in Table 16.

N

o= () Do m = (3) Y (G5

i=1 i=1

wrs = (2) Y (L)

i=1

N

wacs =(5) S'toc-ra s = (2) Y (2211

i=1 =1

N[~

N

@50

i=1

() 20— R’

() zit.or?]

RMSE = NMSE =

Fa2 = fractions of the predictions within a factor of 2 of the observed values

CC = Coefficient of Correlation @R
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These include measures of fit that identify bias: Mean Bias (MB), Meam&liaed Bias
(MNB), and Mean Fractional Bias (MFB), and tests that measure the ovieaald fi
consider the absolute residual or the square of the residual including: Mean Absolute
Gross Error (MAGE), Mean Normalized Gross Error (MNGE), Root Mean Sdireoe
(RMSE), and Normalized Mean Square Error (NMSE). All “Normalized” seane

divided by their observed value. The fraction of predictions within a factor of 2 of the
observed concentration value (Fa2) is reported in addition to the Correlation i@oeffic
(CC). According to Kumar et al. [1993], model performance is deemed acceptable i
NMSE< 0.5 (50%), -0.5 MFB < 0.5, and Fa2 0.8 (80%).

The bias test measures whether the residuals have a preference toibe (ogat
prediction in Park’s orientation) or positive (under-prediction). Results for MEB
+8% for SQ, NHg, Al, As, Ba, Ca, Cr, Cu, Fe, Mg, Na, Ni, Pb, Sb, V, W, and Zn.
Species that show significant bias include: Ag (90%), Cd (-14%), Mn (-19%), and Se (-
14%). Only Ag exceeded Kumar’s criteria for acceptability.

This is a considerable improvement on Park’s results in that our model outperformed
Park’s for every element, except As and Se. These elements are subigitt to h
uncertainties and Park removed several outliers from this dataset including A30at 13:
and Se at 18:30. In particular, the predicted Se value at 19:30 contributes to large values
for MNB and MNGE, both of which are highly sensitive to differences in small olaserve
concentrations.

Analysis of the NMSE (measures the overall fit) values suggest very goBiPD
fits. These are <2.5% for S(NH;3, Al, As, Ba, Ca, Cr, Fe, Mg, Na, Ni, Pb, V, and Zn;

and are under 8% for all other species, except for Ag (11%). All iPDRMEXSIes
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except those for Mn and Se are improved from Park’s results and those are not
significantly worse, +1.3% and +0.5%, respectively. Values for Al, Cu, Ni, Pb, and Zn
improved by 7-35%. Of Park’s results, only NMSEs for,&@d As are <2.5%; Al, Cu,

Mn, and Se are within 10% and Cu, Fe, and Pb range from 13-36%. By these criteria, our
results are considerably improved in comparison to Park’s.

Average ratios of predicted to observed elements were within 10% of unilly for a
elements considered except Cd, Mn, Sb, and Se (1.25, 1.35, 1.14, and 1.66). Cadmium
and Se suffer from a single large residual at 19:30, which if removed, improvesdbe ra
of these elements (1.14, 1.12, respectively).

Correlation Coefficients for SONHs, As, Fe, Ni, Pb, V, W, and Zn are > 0.95; for
Ag, Al, Ba, Ca, Na, Sh, and Se > 0.90; for Cd, Mg, and Mn >0.85; only Cu (0.80) and Cr
(0.79) are <0.85. Park’s CC are substantially smalleg; 8§ and Se are > 0.94; Mn, Ni,

and Al are >0.70; Fe and Pb are >0.60; and Cr, Cu, and Zn are >0.50.

3.2.3. Emission Rates

IPDRM predicted average emission rates are showable 18 As described,
emission rates were primarily constrained on the basis of elementalobhterved in
literature source profiles, and preliminary PDRM results. Thus, the emisseéoratios of
species are in good agreement with the literature source préfdgese 18 shows the
abundance profiles reported in the literature sources, and those derived issioem
rates predicted with the iPDRM and with Park’s PDRM. In general, iPlOBNed
emission rates better agree with NEI-TRI data. The effects on emisdes for

individual sources owing to our changes to the iPDRM are analyzed below.
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Table 18.Predicted emission rates (g/s) for 58H; and elements.

Gannon Bartow Cargil GCR McKay PCRR

Rend It
SO, 1064 333 2668 1151 31 113 2 7 NS NS
NH; 5 11 19 17 44 04 01 08 NS 143 NS
Ag - - NS NS NS 0002 NS NS NS NS NS
Al 050 069 197 020 006 119 004 004 027 0.8 0.001
As 0003 0004 002 002 NS 0007 0008 0014 0003 NS NS
Ba 023 0039 013 0046 0004 00022 0.0002 0.002 NS 0.0041 0.0004
Ca 314 169 425 0417 011 0005 015 012 035 043 0.02
s u.uur u.uuu i v.uuu i u.uuyo uU.uuu i u.uu< u.uguua u.uui nNo nNO NO
Cr 0010 0.009 0.017 0.044 0001 0.0001 NS 0001 0024 0.003 NS

Cu 0.13 0.03 0.01 0.042 0.0003 0.001 0.005 0.001 0.05 0.0002 0.0001
Fe 0.34 0.42 0.82 007 004 012 005 003 209 012 NS
Mg 3.16 0.58 0.80 092 0.009 0.005 0.012 0.014 0.19 0.04 0.03
Mn 0119 0.010 0012 0.012 0.001 0.0191 0.02 0.02 0.010 0.0002 NS
Na 1.08 0.44 1.35 0.069 0.031 NS 0.008 0.12 0031 0.023 0.31
Ni 0.86 0.024 0.01 0.24 0.0003 0.001 0.001 NS 0.019 0.0001 NS
Pb 025 0033 0.01 0.10 NS 0.1 018 028 0.016 NS NS
- - 0.004 0.004 0.0003 0.007 0.003 0.015 NS 0.0001 NS
Se 0.03 0.018 0.04 0.04 0.0001 0.001 0.019 0.010 NS NS NS
Sr 0.04 0013 0.03 0.001 0.0015 0.014 0.025 0.079 0.0004 0.003 NS
Vv 1.02 0.026 0.05 043 0.0005 NS 0001 0.0004 0.001 0.0005 NS
- - NS 0.0001 NS 0.028 NS NS NS 0.0002 NS
Zn 0.67 0.032 0.02 0.05 0.0025 0.0002 0.23 0.36 0.006 0.0004 NS

NS - not significant (< 0.0001 g/s); * - Contains Background NH,
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Effects of Bartow x/Q profile shape

The effect of the discrepancy in shape between Pa®€" (and ther/Q°"P™M since
the shape is not modified in Park’'s PDRM) and the [Ni] profile was that Ni was
apportioned to sources other than Bartow (mostly Gannon and Gulf Coast) in Park’s
model. For example, Park’s predictions for Ni were 0.002 g/s (Case 1) and 0.011 g/s
(Case 2) as compared to 0.23 g/s by the iPDRM. This caused Park’s X/Ni ratios for
Bartow to greatly exceed their values reported in CMB literature spuotiées
(SPECIATE) by factors ranging from >10 (Cu, Mn, Pb, and Zn) to >100 (Al, As, Cr, Fe,
and Se). As shown ihable 2, the ratios predicted by iPDRM for 11 elements (Al, Ba,
Ca, Fe, Mn, Pb, Sbh, and V) were within factors of 2 of their CMB reported values; within
factors of 5 for Cu, Na, and Zn; within factors of 10 for Cr and Sr; within factors of 14-
and 19 for Cd and As; and 75 for Se (compared with 800 for Park). The improvement in
the agreement of the iPDRM predicted abundances for both Bartow and Manatee with
CMB abundances is shownkigure 18 For Manatee, agreement between the iPDRM
and CMB X/Ni ratios are within a factor off@r all elements except Ba, Ca, Cu, Zn (2.6
to 3.7), Mn (4.7), Cd (8), and Se (35). The re-apportionment of Ni to Bartow and
Manatee clearly affected the Ni/Al and Ni/Pb ratios computed for Gannon ahd Gul
Coast.
Effects of the addition of a shipyard source

As discussed above, soil and shipydfd profiles overlapped with those of Bartow
and Manatee. Consequently, the inclusion of the soil and shipyard sources likewise

improved iPDRM emission profiles for Al and Fe for these two sources as shown in
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Figure 18 Al and Fe were predicted to be much more abundant in Park’s emission
profiles for these two sources.

Abundances reported by Park for Al and Fe were 8 and 7% for Manatee and 4 and
11% for Bartow whereas those found with the iPDRM were 2 and 1.3% for Manatee and
4 and 1.3% for Bartow. Literature reported abundances (from 11 profiles) for Al and Fe
for oil-fired power plants are 3+2% and 2.6+2.1%, respectively.

Another result was that Al and Fe were also reapportioned from both Cargill and Gulf
Coast to the background and shipyard sources. This improved agreement between
Carqill's iPDRM-derived emission profile and CMB reported (SPECIAp©files for a
diammonium phosphate plantgble 19. For Gulf Coast, Park reported an Fe/Pb ratio of
14 as compared with the iPDRM value of 0.8 and a SPECIATE value of 0.1+0.2.

For the shipyard source, iPDRM predicted Al-, Cr-, and Mn-to-Fe ratios of 0.11,
0.011, and 0.02, respectively, are in good agreement with literature ratios for samglblasti
of steel, i.e. 0.12 (SPECIATE), 0.008 (MatWeb, 2009), and 0.009 (MatWeb, 2009).

For the background-soil source, the final IPDRM abundance profile is simiher to t
input source abundance (CMB) profile. As described above, abundances and SCE
profiles for the background source was constrained by uncertainties derived from
multiple literature CMB profiles (SPECIATE), so this agreemenkjseeted. The
predicted abundance ratios for Al-, Cr-, and Mn-to-Fe were: 1.7 (SPECIATE: 1.6), 0.002
(SPECIATE: 0.005), and 0.01 (SPECIATE: 0.02).

Effect of Adding the Incinerator Sources
Another key reapportionment, i.e. that of Pb and Zn concentrations with the iPDRM is

the result of the addition of the two incinerators. Park predicted a Pb/Zn emission rat
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Table 19.Source abundance profiles (relative to Fe) as derived from EPA SPECIATE for
a diammonium phosphate fertilizer plant and for Cargill, as predicted by iRhthea
iPDRM.

Al 06 + 03 1.7 L
As 0.005 * 0.005 0.001 0.00
Ba 05 ¢ - 0.1 -
Ca 43 £ 47 3.0 -
Cd 0.002 * 0.002 0.001 -
Cr 003 %= 0.04 0.04 0.0
Cu 0.008 £ 0.002 0.007 0.0
Fe 1.0 £ 09 1.0 1
Mg 002 + 0.01 0.24 -
Mn 0.036 + 0.036 0.033 0.007
Na 01 = 04 0.8 -
Ni 0.010 * 0.006 0.007 0.007
Pb 0.029 % 0.006 0.0003 0.0
Sb 0.046 £ - 0.008 -
Se 0.001 # - 0.002 0.01
Sr 006 % 0.07 0.04 -
\"% 005 * 0.05 0.01 -
w - + - 0 -
Zn 006 + 0.03 0.07 0.1

* Composite of 3 profiles
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ratio of 1.0 for Gulf Coast which is in significant disagreement with reportechRPatios
for Pb recycling plants from literature source profiles which range from 67-440
(SPECIATE). With the addition of the incinerators, especially McKay (which
concurrently influenced Sydney from 14:00-19:00), the Zn and a portion of the Pb were
reapportioned to those sources. The iPDRM predicted Pb/Zn ratio for Gulf Coast was
734, and for McKay and PCRR, 0.77 and 0.78, respectively, in good agreement with
averaged literature values (N=5), 0.66 + 0.07(Greenberg, 1978; SPECIATE; Han, 1992).
IPDRM predicted X/Pb ratios for Gulf Coa$tple 2) show that: Ba, Ca, Cr, Cu,
Mg, Sb, and V ratios are within a factor of 2 of literature ratios; As, Cd, Ni, andr&Z
within a factor of 5; Fe and Se are within a factor of 8; only Ag (22), Al (89), Mn (127),
and Sr (95) are excessively higher than reported. This is much improved over Park’s
X/Pb ratios, of which only As (6), Cu(62), and Se(71) are within a factor of 100 of
literature ratios; the remaining elements, Al, Cr, Fe, Mn, Ni, and Zn aledx@éactor of
100. However, it is expected that predicted Al emissions are much higher for Gsif Coa
than literature emissions for a generic Pb recycling plant source, tavihg use of the
production of Pb-Al alloy products.
X/Pb ratios for McKayTable 20 show that: Al, Ba, Cr, Cu, Fe, Mg, Ni, Sb, Sr, and
Zn are within a factor of 5 of literature ratios; Ag (0), As(20), Ca (16), @A6Y,
Mn(26), Na (0.06), Se (192), and V(94) exceed this range. X/Pb ratios for FRRR (
20) show that: Al, Ba, Cr, Fe, Na, Sb, Sr, and Zn are within a factor of 2; Ca, Cd, Cu, and
Mg are within a factor of 10; and Ag(0.01), As (23), Mn (14), Ni (0.03), Se (65), and

V(23) exceed this range.
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Table 20.Source abundance profiles (relative to Pb) as derived from EPA SPECIATE
for incinerators and for McKay and PCRR, as predicted by this work.

Literature:

As 0.002 % 0.001 0.043 0.049
Ba 0004 + 0.004 0001 0.008
Ca 005 =+ 004 0.83  0.42
cd 0024 z 0015 0.001 0.004
cr 0.002 % 0.001 0.001 0.005
Cu 0.021 % 0.005 0.027 0.003
Fe 0.05 #* 0.02 0.26  0.09
Mg 030 =z 0.17 0.07 0.05
Mn 0005 = 0004  0.12 0.07
Na 08 + 06 0.04 043
Ni  0.003 = 0.002 0007 NS
Pb 1.0 #* 025 1.0 1.0
Sb 003 * 003 0.01  0.05
Se 0001 =z 0.0002 011 0.04
Sr 02 =+ 02 0.1 0.3
V  0.0001 % 0.0001 0.006 0.001
w - - - -

Zn 15 % 03 1.3 1.3

* Composite of 5 profiles
NS - not significant (< 0.001);
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Figure 19shows the observed and predicted Pb concentration profiles along with the
predicted Pb concentration profiles induced by key sources for Park’s model and the
iPDRM.

Park apportioned the Pb to 3 main sources, Gulf Coast, Big Bend, and Gannon. As
discussed in section 1.1.2., Park’s results under-predict the Pb concentration from 13:30-
15:00 by 31-80% and over-predict Pb at 18:00 and 19:00 by 230 and 235%. Gulf Coast is
predicted to contribute 63-105% of the ambient Pb concentration from 14:30-15:30, Big
Bend contributes 128% at 13:30, and Gannon contributes 8-44% from 14:00-17:00. The
iPDRM fits between ambient and predicted Pb concentrations are much improved; wit
residuals from 12:30-19:00 ranging from —13% to 23%. The iPDRM predicts that the
major sources of Pb are Gulf Coast, Big Bend, McKay, and PCRR with most of the Pb
that Park had attributed to Gannon now being apportioned to McKay and PCRR. Big
Bend is predicted to contribute 98% of the observed Pb at 13:30 and 48% at 14:00; Gulf
Coast contributes 40-58% of the Pb from 14:00-15:00; McKay contributes 48-86% of the
Pb from 15:30-17:00; and PCRR is responsible for 20-34% of ambient Pb from 17:30 —
19:00. The Pb contribution predicted from Gannon is reduced to 2-9% from 14:30-19:00,
and reduces its Pb/Al ratio from 0.007 to 0.003 in good agreement with that reported for a
CFPP with an ESP (0.003+0.002) (SPECIATE).

Figure 20shows the observed and predicted Zn concentration profiles along with the
predicted Zn concentration profiles induced by key sources for Park’s model and the
iIPDRM. Park apportioned the Zn to 3 main sources, Gulf Coast, Big Bend, and Gannon.
Residuals in Park’s predicted vs. observed fits for 11 of 18 sampling intervaésiexce

+30% (12:00, 12:30, 14:30, 15:00, 16:30, 18:00, and 19:00-20:30); and 14 of 18
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Figure 19. Ambient Pb (grey) and predicted (red) Pb concentration profiles {hg/m
Total predicted Pb concentration profiles from major contributing sources ara.show
Park’s results are shown in the graph above, iPDRM results in the graph below.
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Figure 20. Ambient Zn (grey) and predicted (red) Zn concentration profiles (g/m
Total predicted Zn concentration profiles from major contributing sources ar@show
Park’s results are shown in the graph above, iPDRM results in the graph below.

95



sampling intervals exceed +20% (17:00, 17:30, and 18:30). The iPDRM reapportions the
Zn from Gulf Coast and Gannon to the incinerators, McKay and PCRR. As discussed
above, the agreement of the Pb/Zn ratios with literature ratios for leadimggylents

and incinerators suggest that the Zn apportionment predicted with the iPDRM is
reasonable. Also, Zn residuals &89 for 14 of 18 sampling intervals agd®1% for 16

of 18 sampling intervals indicating an excellent fit.

3.2.4. Comparison to NEI and TRI reported emission rates

IPDRM predicted S©£emission rates for the power plants are within £5% of CEM
reported average emission rates as they were constrained to be. Ttie@®G
emission rates were 113 g/s and 31 g/s for Gulf Coast and Cargill, redgective
These compare to reported emission rates for Gulf Coast: 16.6 g/s (NEI), 21.BG)s (N
and 25 g/s (FDEP). Park predicted emission rates of 340 g/s (Casel) and 31eg® (Cas
for Gulf Coast and 130 g/s (Case 1) and 49 g/s (Case 2). These reported ratesaéas the ¢
with all NEI, TRI, or FDEP emissions; shownTable 3) are converted from annual
tons/year numbers and do not translate well to the time resolution of our study period.
The annual rates were converted assuming that the sources were continuoh®throug
the entire year, including overnight and weekends. This conversion means that the g/s
estimates are likely lower than calculated, which is why the fractiens1i10) of NEI
values were only used in the iPDRM as lower bounds. Species that were reported by
NEI/TRI include: SQ, NHs, As, Cd, Cr, Mn, Ni, Pb, Se, V, and Zn.

Park’'s Case 2 S@mission rate agreed best with reported values, however, the

iIPDRM value was only ~4-7 times these and is a reasonable estimatehgiveathod of
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conversion used, especially when considering that the iPDRM predicted Plormass
(0.15 g/s) is 4 times that reported by NEI (0.032 g/s). Reporte@®3sion rates for
Carqill varied greatly depending on the source: 0.006 g/s (NEI), 115g/s (NT30ay/s
(FDEP). Our value agrees well with FDEP value as does Park’s Case 2.

Ratios of PDRM predicted emission rates predicted both by Park and our work to
reported NEI or TRI (herein referred to as NEI-TRI) emission raisrate shown in
Table 21 In Table 22 the iPDRM to NEI-TRI ratios are grouped by source and into
groups as follows: within a factor of 2.5, within a factor of 5.5,zaBdb. Agreement
between these ratios is much better for power plants, in whigha®@ Ni ratios are
within a factor of 2.5 for each one. For 10 of 12 species, iPDRM emission raBig for
Bend agree within a factor of 2.5; Nkhich is not a conservative tracer is within a
factor of 5.5, and only Cd (0.01) does not agree well. Predicted emission rates for
Gannon are also in similarly good agreement with 9 of 12 species within a factor of 5.5,
and Cd (0.06), Se(26), and V(7) exceed that range. For the oil-fired power plant§) 7 of
iPDRM predicted species emission rates are within a factor of 5.5 of REdata
(Mn(6), Pb(28), and Se(7) are greater than 5.5 times the NEI-TRI value), and 7 of 11
species for Bartow agree within 5.5 times @H, As (10), Cr (21), and Se (30) are
substantially greater). It is likely that iPDRM results are nam@urate for certain
elements such as As and Se as they are likely to form volatile compounds and have
substantial gas-phase concentrations. The iPDRM  As emission rate$fes Gfreed
within a factor of 2 for TRI reported emissions, however, NEI reported As emisges
were 450-700 times smaller than those reported for TRI. iPDRM emissiomanates

NEI-TRI data do not correlate as well for non-continuous sources. This makessense
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Table 21. Ratios of iPDRM emission rate predictions to emission rates reportedlby NE
TRI.

Manatee BigBend  Gannon Bartow Cargill Gulf Coast McKay PCRR
This _ , This _ , This _ . This _ ,  This . This . , This This
Work ' Work " Work " Work - Work e Work " Work Work

SO, 1 1 T 1 2 2 2 2 5598 23500,8850 7 20,2 6 3

NH; 1 - 4 - 4 6 7 25
As 040801 1 3 2 2 10 14 35 88 1227 13300 11
cd 3 - 001 - 006 - 5 - 7 i 9 - 29 3
Cr 2 3344 1 2 2 3 21 1310 152 27,795 03 224 32 04
M 6 911 05 1 06 0206 02,1 274 224449 8 04,4 25030 2

1
Ni 2 1T 08 1,2 1 021 1 001005 18 131 T 1,6 194 001
Pob 28 1518 2 23 03 052 3 0207 2 7921585 4 01,1 5140 33

Sh - - - - 5 - 04 - - - -
Se 7 10,12 04 004 26 22 30 22 695 11500,23200 5 4,13
v o7 - T -7 - 1

Zn - - 2 1,8 3 27
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Table 22. Ratios of predicted and published emission rates (IPDRM/NEI-TRI) grouped
within factors of 2.5, 5.5, or > 5.5.

Big Bend 50,, As, Cr, Mn, Ni, Pb, Se, V, Zn NH; Cd

Gannon S0,, As, Cr, Mn, Ni NH;, Pb, Sh, Zn Cd, Se, V

Bartow SQO,, Mn, Ni, Sb, V Cd, Pb NH;, As, Cr, Se

Cargill Pb 50,, NH;, As, Cd, Cr, Mn, Ni, Se
Gulf Coast Ni Cr, Pb, Se S0,, As, Cr, Mn

McKay NH, S0,, As, Cd, Cr, Mn, Ni, Pb
PCRR Cr, Mn S0O,, NH;, Cd As, Ni, Pb
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the NEI-TRI values are estimated from monthly CEM-reports (at best andootdyger
sources) along with other variables such as fuel-type, heat generatethissidres
controls. Non-continuous sources are only required to update emissions data once every
three years (U.S. EPA, 2006). The iPDRM/NEI-TRI emission rate ratiosayo s
agreements: For Gulf Coast ratios for 4 of 8 of the species were less Huaor @f 5.5,
and for PCRR, 5 of 8 species. Ratios indicated substantially poorer agreememgiibr Ca
and McKay.

Our predicted emission rates support that the NEI-TRI data are reasonaibtént a
factor of 5 for power plants and should be trusted less for non-continuous sources. Thus,
our results suggest that NEI-TRI values provide a good qualitative estintagetokic
substances emitted by sources, but are not necessarily useful as seei @alues

predictive model to quantify source emissions.

4. Summary and Conclusions

An improved hybrid PDRM, combining features of a least squares mass balance
receptor model, a deterministic Gaussian Plume Model, and a Chemical dasseB
model was constructed and applied to a dataset for Tampa consisting of imghly t
resolved ambient SONHz, and elemental constituents of PMneasured during the Bay
Regional Atmospheric Chemistry Experiment to apportion their contributionsléwah
stationary sources. The model was designed by Park to exploit known informetion s
as the number and location of known sources in relation to the receptor site, their
respective stack and emission parameters, and meteorological conditions during
sampling, and improved to exploit additional information such as wind trajectories and

the chemical composition of both point and area source emissions.
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In this work, ICPMS analysis of 30-minute SEAS samples enabled the iexpaihs
the set of elements determined (whilst reducing the analysis time and aglseperior
analytical precision). The resulting dataset included additional markeesgeei Ag,
Cd, Sh, V, and W) and improved data for Zn. These were used to improve the resolving
power of the model and provide more information on the influence of individual sources,
including soil and marine background aerosol, i.e. area sources not included by Bark. Th
addition of V corroborated the Ni data reported by Park and allowed us to confirm the
arrival and times of influence of the Manatee and Bartow plumes. Both etewenrat
well-fit by newx/Q"™ profiles.

Using the Pb/Zn ratios derived from the CMB source profileg/(8°<M

profile for

Gulf Coast became similar to the concentration profiles of Ag, Cd, and W allowirgy thes
elements to be apportioned to Gulf Coast. The Pb/Zn constraints were thus effiective i
achieving the resolution of the Gulf Coast, McKay, and PCRR sources. Ratios af, Al, C
Cr, Fe, and Mn allowed the resolution of the shipyard and soil sources, and Na allowed
the resolution of the marine source. With the improved dataset, we were able to conclude
that thex/Q profiles predicted by Park were incorrect and that the application of
curvilinear forward plume trajectory method provided a more accuratecpoaddf x/Q
profiles for all of the sources (as evidenced by good correlation withr Bpeeies
concentration profiles). The inclusion of both 500-m and surface trajectory-derived
profiles were especially important for three of the four power plants. Sungiyi,

ground plumes for Big Bend and Gannon plants arrived earlier than their plumes aloft,

owing to differences in their trajectories, despite lower transport velat the former.
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The IPDRM performed well despite the wind shift, giving confidence in its apiplc
to more complicated situations such as encountered in the Tampa study. The inclusion of
bi-level trajectory analysis and additional sources eliminated the neséldarate scaling
of x/Q bounds for sources with smaller effective heights or near-ground emissions a
done by Park.

Predicteg/Q profiles were effectively constrained by hourly CEM-derived SO
emission rates for the power plants, as these could be determined with theyagturac
their measurements, degraded only by deconvolution error. For Manatee and Bartow,
predictedy/Q profiles were further constrained by the widths of the Ni and V peaks in
their concentration profileg/Q profiles were likewise constrained by Nf€Cargill), and
to a lesser extent Pb and Zn (Gulf Coast and the incinerators). All of these imfr®ved t
resolution of all sources. Improvements were also made by applying aotsdbased on
chemical compositions for generic source types as mentioned above. These were most
important in the background soil and marine sources, incinerators, shipyard, and Gulf
Coast. In particular, chemical compositional constraints allowed the iPlORedict
average emission rates and ambient pollutant contributions from sources withtiater
emissions (as was evidenced for Gulf Coast, the two incinerators, and fedhiphe
x/Q™ profile for these intermittent sources can be regarded as a predictioir of the

expected influence (if they are operating at a constant rate) wHae@Q"™ "™

profiles
were able to account for fluctuations in emission rates of the sources.
In summary, the iPDRM results were greatly affected by the improaegstan

Plume Model-derivegt/Q profiles, the inclusion of extra sources, and the ability of the

x/Q profiles for sources to be “conditioned” with chemical compositional consteadts
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ambient tracer species concentration profiles. These improvements to theatiovaed

the apportionment of ambient species to sources based on more available information,
resulting in arguably more accurate results as evidenced by improvedrzerée

statistics and better agreement with published source profiles and emissitdornynve
estimates (NEI and TRI).

In conclusion, the performance of the iPDRM in a complex scenario, with a wind shift
and many sources concurrently influencing the receptor site suggests tRM,iRRDen
used with highly time-resolved data and CEM reported &fiission rate data can be
used as an effective tool that requires minimal amount of computational power to
remotely predict and monitor emission rates of toxic and or other non-crite asaptd.

A significant improvement can be made to future version of the iPDRM by ac@puntin
for the uncertainties in the measured ambient concentrations. Residuals fortredioce
profile data points with large uncertainties should be down-weighted to prevent the
iIPDRM from compensating for uncertain data by over- or under-predicting data poi
with smaller uncertainties. This can likely be accomplished with the additia

normalizing uncertainty term into the least squares function to be minimized.
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Appendices

Appendix A.

Section reproduced from Park on the calculatiafy afdg,, transport velocityy,
effective plume heightl, and the off-axis distance,
3.2  Gaussian Dispersion Parameterso{, and o)

The values oy ando, vary with turbulence, height above the surface, surface
roughness, and downwind distance above the surface, surface roughness, and downwind
distance from the source and, hence, transport wind speed and time. éjemaihy,
were determined from correlations as follows:

gy = OytE, 4)

0, = oytFE, (5)
wherea,, andg,, are the standard deviations of the wind velocity inythadz directions,
respectivelyt is the travel time from the source to the location of interestFaaddF,
are universal functions of parameters that specify the characteristesaiftospheric
boundary layer. Specifically, these are friction veloaity,the Monin-Obukhov length,
L; the mixed layer deptlz,; the convective velocity scale’*; the surface roughness;
and the effective stack height,.e., the height of pollutant release above the ground.
Different formulae are used for different stability classes [Drati@&76; Binkowskj
1979; Irwin, 1979].

Likewise,o,, anda,, are calculated from friction velocity{) andL, using formulae
appropriate for different stability classes. Hourly values of the Pastalility classz

(m), u* (m/s),L (m) andw* (m/s), were obtained from the CALMET model [Scire et al.,
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2000] output at the geocoordinates of Sydney, Florida, as described above. These were
interpolated to produce half-hourly estimates for use in the model. A surfa¢teessg
length of 0.25 m was used in this analysis.
3.3. Transport Wind Velocity u

The wind profile power law was used to estimate horizontal transport spaethe
effective plume height;, given the horizontal surface wind speed ,at heightz(i.e., the

10 m, meteorological tower height). The power law equation is of the form

u=u (2) ©)

Z)
wherep is given by equation (6) [Panofsky et al., 1960].
Z
_ o (p) ;
p= Uk ( )
Uy

where the nondimensional wind shehy, (z/L), and the nondimensional wind speed,

Uk /u, , are universal functions; amdis the von Karman constant, which is equal to 0.4.
Equation (5) is invalid for wind transport speeds less than 1.0 m/s. Therefore a minimum
value of 1.0 m/s was used.

Transport speeds calculated in this manner were relatively constant durirfgptlre 9-
modeling period. Thus the transport speed was calculated for each 30-min imdraal a
average transport speed was used in the receptor model. Likewise, transporasi
calculated from the average transport speed at stack height and sowoeptorsite
distance. Transport times were assumed to be constant over the 9-hour perical, despit

shifts in the wind angle, which lead to differences far each source.
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3.4. Effective Plume Height H

The plume height is used in the calculation of the vertical term described in equation
(2) and in calculating the transport velocity, as described above. The eff¢atike s
height is taken to be the sum of the actual stack hdigharfd the plume riselH).

H=hs+ AH (8)

Herein, plume risedd) is calculated by the formulas expressed by Briggs [1969,
1971, 1974] and U.S. EPA [1995]. The detailed mathematical formulas can be found in
Briggs’ papers, and a brief description is given below. The effective stagikt ifd) is
determined for conditions at the stack exit. If the plume is dominated by myoyae

buoyancy flux parameteF;, (m*/s’), is given by

AT
B=gud() O
S

whereg is gravitational acceleration (Msvs is the stack gas exit velocity (m/g),is the
inside stack top diameter (mj is mean wind speed (m/s) at stack heigfit= Ts-Ta, Ts
is the stack gas temperature (K), dpds the ambient air temperature (K).

The plume height (H) for unstable or neutral atmospheric conditions is determined by

two different flux parameters: (1) Fbp < 55,

3/4
H=hs+ 21.4252 (10)
uS
(2) ForF, > 55,
F3/5
H = hs + 38.71 ’; (11)

S

The plume heightH{) for stable atmospheric conditions is given by equation (12)
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F, 1/3
H = hg + 2.60 (—) 12
; - (12)

S

If the plume is dominated by momentum, the momentum flux pararfetém®/s’), is

given by

T,
P = vid2 () (13)
S

The plume heightH) for an unstable or neutral atmospheric condition is given by

Us
H=hs+ 3.0 dg—* (14)

S

The plume height (H) for a stable atmospheric condition is given by

Fn
H=hg+ 15 (us \/E> (15)

wheres =g(006/02)/Ta) is a stability parameter indicating the potential temperature
gradient with height.
Emission parameters required to calculate the effective plume hidigint the Gaussian
plume dispersion equation (2) are listed in Table 2.
3.5. Distance Between the Plume Centerline and the Sampling Siyg (

According to equation (2), the plume concentration decays exponentially with
increasing distancg, from the plume centerline. As illustratedrigure Al, whereinx’
is the plume transport distangds related to the deviatiofips, between the wind angle,
Bwing, @and station angl®gation and the source-to-sampling site distaxcas follows:

y = sin Opg* X (16)

eDS = estation - 1800 - ewind - eEkman
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wherebekmanis the wind angle rotation at transport height relative to the surface wind
direction (in degrees) due to the Ekman effecEigure Al, we show a station angle
(251°) corresponding to the Gannon power plant. Biky andsiationare measured from
true north. In the model, we used an average wind angle, computed from the 15-min
surface wind data measured at the meteorological tower, i.e., averaged lueipegiod

of transport for each source (case 2).
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Figure Al. The PDRM makes use of source angle and distance relationships. Plume
transport distancex() and displacemeny) of the plume centerline from the sampling

site are shown.
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Appendix B.

Procedures (adapted from Pancras et al., 2005) for experiments to determine the
capability of the ICPMS in direct analysis of SEAS samples are includadin

Appendix.

B1. Cleaning Procedures

In order to reduce the problem of contamination in determining ppb and sub-ppb
concentration ranges, all materials that contact both sample and standardside
washed low contaminant materials such as virgin polypropylene (PP) and tdfkes) (P
All sample containers, vials, and caps were soaked in ~10% (v/v) KiN0@o v/v,
Reagent grade, Mallinkrodt Baker, Phillipsburg, NJ) overnight then rinsed wiihMi
(18-MQ cnt deionized- distilled water) before soaking again for 2-4 hrs in 2.0% (v/v)
HNO;, then sonicated for 30 min in a Ultrasonic bath (Branson, Danbury, CT) and finally
rinsed again in Milli-Q water. Pipette tips were repeatedly rinsed fariose with 2-5%
(v/v) HNOs before use. Digestion vessels were cleaned with a more rigorous procedure
that involved heating concentrated “Acid Digestion mix” (5:0.1:0.1 (v/v) of concedtrate
baseline nitric, hydrofluoric (50% v/v, Optima grade, Leicestershire aadyl and
perchloric (70%v/v, Ultrex Il grade, Mallinkrodt Baker, Phillipsburg, NJ)5#C

overnight.

B2. Analysis of NIST 1640 SRM Trace Elements in Natural Water
NIST 1640 SRM Trace Elements in Natural Water is an aqueous solution of naturally

occurring elements in Rainwater at a 5% (v/v) nitric acid solution. The stadkosolvas
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volumetrically transferred with an acid-rinsed virgin polypropylene pipigitend diluted
to the mark with 0.2 % (v/v) HNEn a pre-cleaned polypropylene volumetric flask.
Three mL aliquots were transferred to pre-cleaned polypropylene samplandal
analyzed by ICPMS. Blanks were prepared with Milli-Q water and aetlth 0.2 %

(v/v) HNO:s.

B3. Total dissolution of NIST Atmospheric Fine Particle SRM

Eleven ~10-mg aliquots of a NIST interim urban atmospheric fine-particle SRM
(ISRM) were weighed to five significant figures into a Teflon pressassel (CEM, Inc.,
Matthews, NC) using a 4-place analytical balance (Mettler-Toledaq, Toledo Ohio,
model AX105DR). Three mL of the Acid Digestion mix were added and the vessels
sealed, and heated to a temperature of’T50r ~24 hours in a convection oven
(Precision Economy Oven, Jouan, Winchester, VA).
The resulting clear solutions were heated to near dryness, and reconstitiu @@ %
HNOs[Pancras et al., 2005]. Separate aliquots were diluted 10- and 100-fold with 0.2%
HNO; to pre-cleaned polypropylene vials and analyzed by ICPMS. Blanks weregarepa

with the same procedure using no SRM.

B4. Preparation of Test Slurries
B4.1. iSRM Test slurry

The iISRM test slurry was prepared by sonicating 150 mg of the NIST SRM in 500 mL
of Milli-Q water. Actual atmospheric slurry samples collected with SEAS-II contain few

particles >2 um. Therefore, a nitric acid pre-rinsedum@pore Teflon membrane filter
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(Sterlitech, Kent, WA) in an acid-cleaned polycarbonate filtration appma(&artorius,
Sartorius, Goettingen, Germany) was used to remove particles largénehzore size.
Five filters were needed for this process. The filtrate was divided intalisumts, and

acidified to 0.2 and 2.0%, respectively, of high purity nitric acid.

B4.2. Pooled SEAS sample slurry

The SEAS slurry samples used in this study were taken from a study ind@iem,
AL and stored frozen, in their polypropylene collection vials. These were thawed,
sonicated, and pooled directly to prepare the composite test slurry. Seleghbesdhiat
were previously analyzed and shown to contain high concentrations (at minimum 5x

method blank) of many elements were combined to produce ~150 mL of pooled slurry.

B5. Total Dissolution of Test slurry
B5.1. Blank filtrate for iISRM analysis

Milli-Q water was filtered as described in section B4.1. Samples wegrerated to
near dryness in a horizontal HEPA filtered, laminar flow, clean air hood. Thred mL
Acid Digestion mix was added to the dried sample and heated at 150 overnight in a
Teflon pressure vessel (CEM, Inc., Matthews, NC). The digested sample \pasatod
to near dryness and reconstituted with 12 mL of 0.2% kHB@nks were transferred to

precleaned polypropylene vials, sonicated for 30 min, and analyzed.
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B5.2. Test Slurries
The procedure described in section B5.1. was performed on: (1) 12 mL (gravimetric)
of ISRM test slurry per vessel and (2) 20mL (gravimetric) of pooled SEAPleaslurry

per vessel.

B6. Direct ICPMS Analysis of Test Slurries

Pre-cleaned polypropylene vials and caps were pre-weighed and filled with 3.5 mL
aliquots of test slurries. The same was done with 3.5 mL of Milli-Q watesatiples
were acidified with 1QuiL of HNOs to bring the concentration to 0.2% HRIQ/v),

sonicated(30-min), and analyzed by ICPMS.
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Appendix C.

Includes tables of the data used for the various plots shown in Figures.

C1.Table of Wind angles and speeds plotted in Figure 2.

Wind Wind

Angle Speed
Time degrees m/s
6:00 142 0.13
6:30 142 0.13
7:00 142 0.19
7:30 129 0.28
8:00 130 0.58
8:30 155 1.33
9:00 163 2.35
9:30 191 227
10:00 201 2.08
10:30 196 2.29
11:00 207 2.27
11:30 195 1.9
12:00 205 2.15
12:30 252 2.04

13:00 253 1.87
13:30 288 1.85
14:00 238 2.00
14:30 257 1.85

15:00 260 2.07
15:30 225 2.03
16:00 260 2.65
16:30 239 2.54
17:00 262 2.47
17:30 254 263
18:00 246 2.32
18:30 244 2.55
19:00 249 2.21
19:30 237 1.58
20:00 220 2.45
20:30 212 2.35
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C2.Table of SQ and NH concentrations and uncertainties in ppb plotted in Figure 5.

14:30 3090 2.568 1.82 0.16
15:00 2867 0.239 1.60 0.16
15:30 3264 1.166 1.53 0.16
16:00 3147 0.382 1.42 0.15
16:30 3960 1.958 1.37 0.15

17:00 3790 0993 1.28 0.15
17:30 30.87 1.968 1.32 0.15
18:00 31.13 1.267 1.48 0.15
18:30 3910 4.295 1.39 0.15
19:00 4130 5.357 1.25 0.15
19:30 1267 6.367 1.34 0.15
20:00 400 1.282 5.09 0.23
20:30 467 0.094 6.43 0.25
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C3. Table of PM s concentrations and uncertainties in ngptotted in Figure 9.
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C5. Table of CMB predicted source contributions in ng of totabPMn® for the generic

source-types used in the model plotted in Figure 11.

Qil Coal GCR Incinerator Soil Smgz?!ied
g SCE o SCE ¢ S8SCE o SCE ¢ o
- 311 14 311 14 119
- - 327 7 327 7 112
1230 58 112 421 1.7_; 06 8; 174 215 2450 :’; ;" ;; ’:“:*2 -9*3* 1'08 25
14:.00 - - 627 246 6.3 111 56.0 28.8 302 106 302 106 938 99 134 52
i4:3C 31 167 7886 521 3.5 14.0 46.2 364 385 215 27z 215 §ii1 10 77 33
15.00 - - 1144 417 - 186 537 368 180 242 180 866 97 157 49
16:00 73 228 864 353 02 139 214 43.3 193 148 193 148 1066 114 - -
16:30 32 298 1132 429 - - 262 569 163 180 163 180 1093 122 77 56
1700 119 65 1283 485 - - 79 643 132 208 132 208 1252 148 94 63
17:30 95 53 993 387 - - 45 95 109 158 109 159 12441 132 58 49
18:00 86 123 1004 374 - - 25 234 123 47 123 47 1334 145 58

18:30 112 245 929 162 01 82 68 46.6 79 104 79 104 1402 149 68 46
19:00 135 229 866 151 04 134 31 452 91 60 91 60 1232 132 61 43

19:30 - - 430 174 01 7.1 58 201 135 74 135 74 764 80 56 19
20:00 13 109 443 173 - - - - 147 73 147 73 887 91 24 22
2030 - - 204 74 - - 02 97 136 35 136 35 397 41 16 9
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Glossary

¥/Q: Gaussian plume modeled dispersion factorsjs/m

x/Q"PRM: iPDRM solutions tdGaussian plume modeled dispersion factorss/m
x/QYET: Gaussian plume modeled dispersion factors¥saith input parameters as
calculated by Park

x/QPPPRM: park PDRM solutions tGaussian plume modeled dispersion factorsjs/m
¥/Q": Gaussian plume modeled dispersion factors¥siith input parameters as
calculated by trajectory analysis

ABL: Atmospheric Boundary Layer

BRACE: Bay Regional Atmospheric Chemistry Experiment

CALMET: California Meteorological Model

CC: Correlation Coefficient

CEM: Continuous Emissions Monitor

CFPP: Coal-fired Power Plant

CMB: Chemical Mass Balance

EPA: United State€nvironmental Protection Agency

ESP: Electrostatic Precipitators

FA: Factor Analysis

Fa2: Statistical Analysis Tool: The fraction of predictions within a factor of hef t
observed concentration value

FDEP: Florida Department of Environmental Protection

GFAAZ: Graphite Furnace Atomic Absorption Spectrometer with Zeeman Correction

GPM: Gaussian Plume Model
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HCRR: Hillsborough County Refuse Recovdtyocal Incinerator)
ICPMS: Inductively Coupled Plasma Mass Spectrometry
INAA: Instrumental Neutron Activation Analysis

iIPDRM: improved Pseudo-Deterministic Receptor Model

LB: Lower bounds

MAGE: Statistical Analysis TooMean Absolute Gross Error
MB: Statistical Analysis Tool: Mean Bias

MFB: Statistical Analysis Tool: Mean Fractional Bias

MLR: Multiple Linear Regression

MNB: Statistical Analysis Tool: Mean Normalized Bias
MNGE: Statistical Analysis Tool: Mean Normalized Gross Error
NEI: National Emission Inventory

NET: National Emission Trends (precursor to NEI)

NMSE: Statistical Analysis Tool: Normalized Mean Square Error
NOAA: National Oceanic and Atmospheric Administration
OFPP: Oil-fired Power Plant

PCA: Principle Component Analysis

PCRR: Pinellas County Refuse RecovéLycal Incinerator)
PDRM: Pseudo-Deterministic Receptor Model

PM: Particulate matter

PM2.5: Particulate matter with an aerodynamic diameter uth5
PMF: Positive Matrix Factorization

pPDRM: Pseudo-Deterministic Receptor Model used by Park
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RMSE: Statistical Analysis Tool: Root Mean Square Error
SCE: Source Contribution Estimate

SEAS: Semi-continuous Elements in Aerosol Sampler
SPECIATE: EPA database of source profiles

TSP: Total suspended particle concentrations

UB: Upper bounds

WS: Wet Scrubber
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