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Mr. John B. Askew

Regional Administrator

United States Environmental Protection Agency, Region VI
901 North Fifth Street

Kansas City, KS 66101

Dear Mr. Askew:

Thisletter and enclosure arein responseto your August 18,2008, |etter regarding designation of
attainment and nonattainment areas for the 24-hour Particul ate M atter 2.5 microns (PM, s)
National Ambient Air Quality Standard (NAAQS).

My December 18,2007, letter and supporting documentationrecommended designation of all
countiesin Missouri as attainment of this NAAQS or unclassifiable. Your letter stated the
Environmental Protection Agency's (EPA) intentionto designate the City of St. Louisand the
counties of St. Louis, St. Charles, Franklin, and Jefferson as nonattainment for the 24-hour PM 5
NAAQS. Your letter also expressed your willingnessto continue to work with department staff
in thisdesignation processand stated that additional information that we wish to be considered
should be provided to EPA by October 20,2008.

In April 2008, the staff of the department’s Air Pollution Control Program (APCP) received
guestions from EPA Region VI staff regarding the analysis presented in the Technical Support
Document that was enclosed with the December 2007 letter. APCP staff responded to these
guestions by email to EPA staff. Thisletter and enclosure provide both areview of the
information that was communicated to EPA staff in April and additional dataand analysis that
have become available since our submittal of December 2007.

The enclosed information, along with the information previously submitted, continues to support
our recommendation that al countiesin Missouri be designated as attainment or unclassifiable.
Some of the conclusions from the enclosed information are:

+ Theshort term 24-hour PM; 5 concentrationsover the standard are much morelikely to
be influenced by alocal source or sources. This concept is demonstrated at both of the
Granite City, Illinoissites (which aretheonly sitesin violation of the standard in the
St. Louisarea). Analysisof correlationsbetween 24-hour concentrationsmeasured at
varioussitesin the St. Louis areashow that the two sites in the Granite City area arethe
least correlated with other sites, suggesting the influence of local sources.
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e Analysisof datafor dayswith concentrationsover the standard at the two Granite City
sitesshows, in general, two kinds of days. summer days with high concentrations (and
high regional sulfate) throughout the areabut higher concentrationsat the Granite City
sites, and other days with high concentrationsonly at one or both of the Granite City
sites, suggestingthe strong influence of local sourceson violations of the standard.

¢ Air quality modelinganayses conducted for the annual PM2.5 SIP using 2002 met data
show that additional sulfur dioxidecontrolsat St. Louis urban areafacilitieswill have
minimal effect on reducing 24-hour PM 2.5 concentrationson days over the standard. In
contrast, the model showsdirect PM 2.5 emission controlsat sourcesnear the violating
monitorswill providethe necessary reductions.

s Becausethereisvery limited speciation data available for the Granite City sites, the
Contributing Emissions Scores analysisdone by EPA for the St. Louisareaused
speciationdatafrom other sites. Thisdata underestimated the effect of local sources
adjacent to monitors asindicated above, and overestimated the contribution of urban-
wide area sulfur oxides. Contrary to the assertion by EPA, our analysisshowsthat a
large portion of the PM; s sulfatein the St. Louis areais from multi-stateregiona
transport.

+ Chemical mass balance source apportionment based on elemental analysisof filtersfrom
the Granite City VFW site showsa clear difference between days when the site was
upwind and downwind of the US Stedl Granite City Works. Upwind days at the site,
when wind vectorsfrom rura Illinois predominated, consistently showed littleimpact
fromthelocal GraniteCity sources, and weresimilar in total mass concentrationto the
rest of the sitesin themetro area. Downwind days analysi ssupports attribution of a
significant fraction of the PM; s mass measured at the siteto the local Granite City
SOUrces.

o Thedepartment analyzed excess PM; s mass (urban concentration minusregiona
concentration) at sitesin the St. Louis areafor an eight-year period. Thisanalysisclearly
shows significant excesson most days at thetwo Granite City sites but not at Missouri
sitesinthe St. Louisarea. Thisexcessmassanalysishelpsdemonstratethe'* locd™
impact on concentrationsin St. Louis when compared to**regiona™ impact. Pollution
roses for excessPM; s massfor the two Granite City sites clearly show significant excess
mass when the wind isfrom the direction of the US Steel Granite City Works. This
finding highlightsthe considerableimpact from this source on the nearby monitor.
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All of theserationalesconcludethat the PM; s sourcesand their associated excess mass near the
Granite City monitors are the singlelargest contributing factor to monitored violations when
comparing these sitesto other sites that monitor attainment of thestandard in St. Louis. This
conclusion leadsto our recommendation of a narrow geographic nonattainment areafor these
monitored violationsand exclusion of the Missouri Countiesfrom the St. LouisPM s
nonattainment area.

Welook forward to continuingto work with you and your staff. Should you have any questions
regarding thisletter or the enclosure, please contact Mr. James L. Kavanaugh with the
department's Air Pollution Control Program at 2O,Box 176, Jefferson City, MO 65102 or by
telephoneat (573) 751-4817. Thank you for your consideration.

Sincerely,

DEPARTMENT OF NATURAL RESOURCES

Doyle Childers

Director
DC:jdt
Enclosure

C Mr. James L. Kavanugh, Director, Air Pollution Control Program



Enclosure


Bob
Text Box
Enclosure


Stateof Missouri Responseto US EPA Regarding Designationof Areasin Missouri for the
PM, s 24-Hour National Ambigitt Air Quality Standard

October 2008

This document includes much of the Missouri Department of Natural Resources Air Pollution
Control Program (MDNR APCP) response (sent by ¢émail to Shelly Riosof the United States
Environmental Protection Agency (US EPA) on April 18,2008) to US EPA questionsregarding
the dataand analysisin the Technical Support Documentfor Designationof Areasin Missouri
for the PM, s 24-Hour National Ambient Ai_Quality Standard (TSD). This document also
presentsadditional discussion relevant to the letter and enclosuresof August 18,2008 from John
B. Askew of USEPA to Doyle Childersof MDNR regarding Missouri's PM, s designation
recommendation.

Annual and 24-Hour Standards
The PM; 5 national ambient air quality standards (NAAQS) are:

15 pg/m?, based on the 3-year average of annual arithmetic mean concentrationsfrom single
or multiple community-oriented monitors,

35 pg/m’, based on the 3-year average of the ogth percentileof 24-hour concentrations at
each population-orientedmonitor within an area.

Compliance with the annual standard is determined by mean values, while compliance with the
24-hour standard is determined by extreme values. The NAAQS are based on health effects, and
the existence of two standardswith such different forins suggests that the annual standardis
based on chronic health effects, while the 24-hour standard is based on acute health effects.

Becauseof theform of the standards, design values ca culated for comparison with the annual
standard areless likely (as compared to design valuesfor comparison to the 24-hour standard) to
be dependent on the effect of individual local emission sources, because directional effects tend
to be overcome by temporal averaging. And design values cal culated for comparison with the
annual standard are morelikely to be dependent on the collectiveregional impact of primary or
secondary sources.

Design valuescal culated for comparison with the 24-hour standard are, because of theform of
the standard, dependent on extreme values, and the number of extreme va ues that need not be
considered in agiven year is dependent on the numbér of samplesand thereforeon sampling
frequency. For example, the Alton site had every-sixth-day sampling with only 49 valid samples
in 2005, which resulted in the highest 24-hour average concentration being the 98" percentile for
that year. A greater number of valid sampleswould likely have resulted in that extreme value
being excluded.



Missouri's recommendation with respect to the annual standard was devel oped using 2000-2002
monitoring data, and EPA’s final designation was made using 2001-2003data. At that time,
multiple neighborhood scale, community-oriented monitorsin the St. Louis urban areain both
Missouri and lllinoishad design valuesin violation of the annua standard, so that a designation
of attainment could not be made. Theextent of the recommended (and finally determined)
nonattainment areaincluded the countiesin the St. Louis area having ardatively high
concentrationof population, traffic, and emission sources.

The recommendation with respect to the 24-hour standard was developed using 2004-2006
monitoring data. For that time period, only two siteshad design valuesin violation of the24-
hour standard, the VFW and Granite City sitesin lllinois. Both of thesesitesare very closetoa
largeindustrial complex with multiple emission points. The dataanalysisin the TSD and in this
document supportsthe contentibn that thisindustrial facility was a principal cause of the
violationsof the standard at these two sites.

Correation Analysis

Correlation between two setsof dataisoneindicator of the extent of commonor similar causes.
In the case of PM; 5 datafrom multiplesites, thelevel of correlation isan indicator of possible
commonality or similarity of meteorological conditionsand/or emission sources. A disadvantage
of thisanalysisisthat ahigh level of correlationdoes not, by itself, demonstratecausality and
does not show whether causativefactorsare similar or identical. Also, because atmospheric
processesare complex, thisanalysisprovides only an indicator, not a direct quantitative measure
of commonality or similarity of causesor sources. Therefore, thisanalysiswas only one of
several tools used to evaluate the available data.

In thisanalysis, the average R* valuesfor al sitesif VFW and GraniteCity are not included
rangefrom 0.70 t0 0.81, with an average of 0.74. Based on these results, one could characterize
R* values|ess than 0.70 asrelatively low. The averagefor VFW is0.53, showingclearly that
VFW is not as well correlated with other sitesas any other site. The averagefor Granite City is
0.68, not asclear adistinction, but still less than the averagefor other sites.

One could also note that the VFW siteis better correlated with Granite City than itiswith all but
oneother site. But, to better understand the relatively low correlation between these two sites, it
ishelpful to see therelativelocationsof these two sites and the nearby large industrial complex
with multipleemission points. Figure 1isan aerial photograph of part of the Granite City area,
with the approximatescale indicated at the bottom of thefigure. Theletter "A" indicatesthe
locationof the VFW site, and "'B" indicated the Granite City site (about 2 mile/1 kilometer from
VFW). The green outlineenclosesthe US Steel Granite City Workscomplex, with steelmaking
facilitiesto the west, a blast furnace near the center, and coke-making facilitiesto theeast. The
areato the north of thefacility and east of the VFW siteincludesan areawhere material has been
disposed in the past that could result in resuspension. In addition, there are other related
industriesof lesser emission potential in thearea. The US Stedl complex itself ison the order of
one and one-half mileseast to west and 1 mile north to south, with smaller related sources
adjacent to the south. Therelative proximity af the monitoring sitesto thisfacility and the



existenceof multipleemission points within and new it, some of which are from batch processes,
and which emit from varying release heights, likely result in impacts on the two monitorsbeing
similar on somedays but not on others depending on predominant wind direction and facility
operations.

EPA Region VII provided even more demonstration of the very poor correlation between these
two monitors on high days (0.2521) in analysis provided as an attachment to an April email to
MDNR APCP staff. It isclear that VFW isoveral the site that is most poorly correlated with
other sites. Inspection of information for 1/28/05 was particularly interesting. The wind rosefor
this day showed moderatewindswith zero percent calmsin avery limited sector from the east-
southeast. The differencebetween the GraniteCity ahd VFW sampler resultsis striking, with
the Granite City sampler concentration similar to othersin theareaat 19.2 pg/m°, and the VFW
sampler a 35.1, among the highest single day concentration disparities between any two area
sitessince PM2 s sampling began. What appears to have happened during thisepisodeday is that
nearby source emissions werefocused by thesevery consistent windsin affecting the VFW site,
but not Granite City. Alsointerestingis that thelocationsof the samplers and wind directions
makesit unlikely that the steel-making portion of the facility (nearest section of the plant to the
VPW sampler) was afactor, and that some combination of the coking/blast furnace area, and/or
slag areas were likely sources.

To further demongtrate the site-to-site disparity, on 2/28/06, wind vectors were primarily from
theeast, very little different than the 1/28/05 episode, only in that the wind sectorsweredlightly
more spread from east-northeast to the east-southeast. The concentrationsat Granite City and
VEW were40 ug/m’® and 27 pg/m? (VFW PM; s levels are similar to many other monitoring sites
in the St. Louisareaon that day. The Houston site that EPA has deemed to be background
monitored 11pg/m?). It would seem that on that day these minor wind variationsand the source
operation and emission parameters may have played apart in focusing most of the pollutant
impacts on the Granite City sSite, instead of VFW, contrary to 1/28/05.

Specificsmay he difficult to determine, but what isclear is that the number of individual
emission points and the geographic separation can cause significantdisparity of impact on these
two nearby monitors during some events (seen also clearly on 2/3/05, 9/10/05, 2/28/06, 4/29/06,
5/8/06, and to alesser extent on other episodedays). On many days, it appears, of course, that
wind variations during the day may "' smooth out" the disparity. It would have been very helpful
to have had everyday sampling at these two monitoring sites during the period, along with
speciation data, which may have provided more conclusiveinformation as to the sources of high
day episodes.

Analysisof High Concentration Days

The correlation analysisdiscussed aboveincluded al sitesand every third day. Other analysisin
the TSD focused on " high" days, i.e., days when the PM; s concentration was greater than 35
ug/m’ at one or more of the sites being evaluated.



VFW and Granite City were chosen for thisanalysisbecausethey were the two sitesthat violated
the 24-hour standard. Blair St. isthe Missouri siteclosest to these two sites, is well-correlated
with other St. Louisareasitesin Missouri, and was al so chosen becauseit hasaPM3 s speciation
trends network (STN) sampler, and speciation data provideadditional information on potential
source contributions. Unfortunately, speciation data were not availablefor the time period under
anaysisfor the VFW or Granite City sites. Bonne Terreisarura site about 38 miles south-
southwest of St. Louiswhich provides an indication of (generally) upwind background
concentrationsand also includesa STN sampler.

Of particular interest were days when VFW and/or GraniteCity were the only monitors
exceeding the standard. Thesedaysincluded: 2/18/04, 7/29/04, 1/28/05, 6/24/05, 9/13/05,
2/28/06, 4/29/06, 5/8/06 and 8/12/06.

Table 1, derived from EPA’s analysisof datafor these days, summarizes some of the datafor the
ninedays. The tableshows the 24-hour average PM; 5 concentrationsmeasured at 13 St. Louis
areasiteson thosedays. Concentrationsgreater than 35 pg/m’ are highlighted in the table.
Concentrationswere greater than 35 ug/m’ at VFW and/or Granite City on those days, but not at
other sites (with only oneexception). Thetable and the bar graphsin Figure 2 also show the
averageconcentrationfor al but the VFW and Granite City sites and the averagefor the VFW
and Granite City sitesfor each of those days.

Three of those days (7/29/04, 6/24/05, and 8/12/06) were summer days with fairly high PM; s
concentrationsat all of the other St. Louis areasites and higher concentrations at VFW and
Granite City. Asdiscussed below in the context of speciation results, most of the widespread
excess (over the quarterly average) on those days consisted of ammonium sulfate, which results
from sulfur dioxideemissions over awideregion (typically the Ohio River Valley), atmospheric
conversion to sulfate aerosol, and meteorological conditionsleading to long-rangetransport of
thismaterial into the St. Louis. Organic aerosol from urban sources was a secondary contributor
tothePM; 5. It seemslikely that local sourcescontributed additional PM; s at the VFW and/or
Granite City sitesthat resulted in the higher concentrations at those sites..

On most of theother six days, the concentrationsat all of theother St. Louisareasiteswere
generally low, while the concentration at either VFW or Granite City wasrelatively high,
suggesting local contributionsat VFW and/or GraniteCity. One day, 2/28/06 (not a summer
day), lies somewhat between these two generalizations, with concentrationsfairly high
everywhere, but still higher at Granite City.

Wind directionson those days range from east to south to west, most frequently from the
southwest for days that were high at VFW and/or Granite City. Asmay be seenin Figure 1,
these directionsare consistent with the possibility of sourceswithin the US Steel Granite City
Workscomplex contributing to the PM; s measured at one or both of thesesites.

It isasoinstructiveto examine PM, 5 speciation measurement results on the daysof interest,
although, unfortunately, speciation datais not availablefor the VEW or Granite City sitesfor
those days. Figures3 through 16 show speciation measurement resultson the days of interest,
measured at the Blair St. and Arnold sites, and analyzed using assumptionsabout stoi chiometry



in the samemanner as described in the TSD. CompleteBlair St.speciation dataare not available
for 7/29/04, and complete Arnold dataare not availablefor 1/28/05, 2/28/06, and 4/29/06, so
thereare no figuresfor thosesites on thosedates. Each of thesefiguresshowsa bar graph of
major specieson the day of interest and the averagefor other daysin the same calendar quarter.
Each figure al so shows a pic chart of mgor species on theday of interest and the averagefor
other daysin the same calendar quarter. The bar graphsshow how the concentration of each
specieson theday of interest compares to the average, and the pie charts show how the
composition of the PM, s on the day of interest comparesto the average.

On the threesummer days of interest (7/29/04, 6/24/05, and 8/12/06; figures 3, 7, 8, 15, and 16),
the excessPM; s consists primarily of ammonium sulfate and secondarily of organics; on 8/12/06
itisessentially all anmonium sulfate. Overall PM; 5 concentrationsat the two sitesare similar
on each of thethreedays (see Table 1), and on the two daysfor which speciation datafor both
sitesare available, the compositionsat thetwo sitesaresimilar. These results support the-
conclusion, described above, that regional transport contributed significantly to the high
concentrationsmeasured throughout the St. Louisarea on those days, and local sources
contributed additional PM; 5 at the VFW and/or Grauite City sites.

Results on 5/8/06 (figures 13 and 14) aresimilar to those just described in that the excess at both
sitesis primarily ammonium sulfate, but the excessis not as great asfor the three summer days
just described. Similarly, on 4/29/06 (figure 12), the PM, s concentration was only slightly
higher at Blair St. than the quarterly average, and the excess was, again, mostly sulfate.

On 2/18/04 (figures 3 and 4), the composition at each site wassimilar to the quarterly averagefor
the samesite, but concentrationswere higher than average, suggesting meteorological conditions
that allowed less dispersion than usual.

On 1/28/05 (figure6), the slight excess PMy s at Biair St., and on 9/13/05 (figures9 and 10) at
both sites, the excess over the quarterly average was primarily organics.

On 2/28/06 (figure 11), the PM; 5 concentration was somewhat high at Blair St. but not at
Arnold. Theexcessat Blair St. was primarily ammonium nitrate and organics, suggesting motor
vehiclesources. The wind direction, east to northeast (see Table 1), which is a somewhat
unusual directionfor St. Louis, isfrom thedirection of Interstate 70, which would support this
conclusion.

In summary, the speciation data (with the possible exception of the 2/28/06 results) do not
suggest uniquelocal sourcesat either the Blair St. or Arnold site, but suggest transportfrom
regional sourceswith widespread impact (primarily sulfate), especially in summer, with some
additional contribution fromsimilar urban/suburban sources (organics and nitrate). Noneof the
other St. Louisareamonitoring sites show localized high PM; s concentrations to the extent that
VFW and Granite City do.



| ' E— | A: VFW monitoring station
0 05 mile 1mle B: Granite City monitoring stafion
Approximate scale Green oufine: US Steel Grarite City Works

Figure1. Aeria photograph of apart of the Granite City area, showing the VFW and Granite
City monitoring stationsand the US Steel Granite Works Stedl complex.

Table 1. Days with high concentrations at Granite City or VFW, concentrations ug/m3

) Date . 27182004 0000 /2012005 EE/AIR008! 04 3/2005| 2/28/2006] 4/29/2006|  5/8/20061

AQS D (Monitor
20-510-0087 |2nd and Mound. ] - - 2311 - 318 324 B 31.8 17.6 20.04 - 26.6
28-510-0086 |Margaretta 13.3 30.2 31.8 23.1 3051 0 11T 19.5 30.8
20-510-0085 |Blair 24.3 325 33.7 32.8 8.0 20.0 29.2
29-510-0007 |South Broadway P 233 28.5 e 36,80 21.8 20.3 1761 8.1 3.7
20-189-2003 |HunterClayion 18.1 30.3 317 22.4 7.7 19.2 31,6
29-183-1002 |W. Alton 22.5 32.4 34.2 24 .4 27.2 19.3 20.7 28.1
20-008-0012 |Arnold 21.0 20.1 318 229 22.8 26.1 i8.2 324
17-163-4001 |Swansea : 20.3 26.6 324 24.9 19.0 18.7 28.1
17-183-0010 |13th and Tudor 20 20,2 18.4 )
17-119-3007 |Wceod River 19.8 30.0 34.7 273 28.3 17.3 21.9 25.1
17-119-2000 {Alton 301 288 258 20.2 )
average all but GC & VFW 20.7 30.2 38.3 Co24.2 27.7 19.1 C 197 29.6
17-119-1007 {Granite City . o 354 32.3 36.01 30410 40,0p o 363 25.1}::0::::89.9
17-119-0023 {VFW - 353 = 4113 - 38,0 27.0 28.0F .- 372 32.9
average GC & VEW R - 33.8 o 386§ 33.2 335 azz2l .2{ 0 364
Bxosads . |Predemsnant ]
35 ug/m3 - [Wind Direction SW SWicalm _|E W/SW S/SwW ENE SE S E



Figure2 Average PM2.5 Concentrationson Selected Days
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Figure 3. Blair St. PM2.5 Speciation, 2/1812004 and First
Quarter Average of Other Days
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Figure 4. Arnold PM2.5 Speciation, 2/18/2004 and First
Quarter Average of Other Days
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Figure5. Arnold PM2.5 Speciation, 7/29/2004 and Third
Quarter Average of Other Days
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Figure 6. Blair St. PM2.5 Speciation, 1/28/2005 and First
Quarter Average of Other Days
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Figure 7. Blair St. PM2.5 Speciation, 6/24/2005 and First
Quarter Average of Other Days
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Figure 8. Arnold PM2.5 Speciation, 6/24/2005 and First
Quarter Average of Other Days
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Figure 9. Blair St. PM2.5 Speciation, 9/13/2005 and Third
Quarter Average of Other Days
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Figure 10. Arnold PM2.5 Speciation, 9/13/2005 and Third
Quarter Average of Other Days
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Figure 11. Blair St. PM2.5 Speciation, 2/28/2006 and First
Quarter Average of Other Days
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Figure 12. Blair St. PM2. 5 Speciation, 4/29/2006 and Second
Quarter Average of Other Days
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Figure 13. Blair St. PM2.5 Speciation, 5/8/2006 and Second

Quarter Average of Other Days
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Figure 14. Arnold PM2.5 Speciatién, 5/8/2006 and Second
Quarter Average of Other Days
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Figure 15. Blair St. PM2.5 Speciation, 8/12/2006 and Second
Quarter Average of Other Days
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Figure 16. Arnold PM2.5 Speciation, 8/12/2006 and Second
Quarter Average of Other Days

ammonium

ammonium

sulfate nitrate

organics

nokd 8/12/2006 Bl Amold 302008 |

Arnold 811212006
crustal
1%

elermental casbon
1%

other

organics
20%

ammehium nitrate

2%

“ armmonium sulfate
6%

elemental crustal other

carbon
Arnold 3Q 2006 Not Including 811212006

ordstal  other
5% 1 3%
eléiignial carbon 7
4%
armmoniun: sulfate
38%

ofganics
46%
ammorium nitrate
4%

21




Limitationsof Contributing Emissions Score Analysis

Theenclosureto theletter of August 18,2008; from John B. Askew of US EPA to Doyle
Childersof MDNR presented, along with other information, results of the contributingemissions
score (CES) anaysisfor the two GraniteCity sites. CESanaysisis aso described in some detail
and some of the input data used in the analysis presented in an extensivedocument entitled
"Derivationaf the Contributing EmissionsScore” whichisavailable at
http://www.epa.gov/ttn/naags/pm/docs/tsd_ces_methodology.pdf.

Essentially, the CES process uses excess PM;, s speciation, the location of back-trajectories
leading to violating siteson high PM; s days, and distanceto weight emissionsof total carbon,
sulfur dioxide, nitrogen oxides, and primary PM, 5 and thereby derive weighted emissions scores,
normalized to 100 for the county with the strangest influence. The above-referenced document
describesthis processin detail.

CES scoresfor the Granite City sitesin Madison County, Illinoisderived in thisway are
tabulated in the above-referenced enclosurefar countiesin the St. Louisarea. Theenclosure to
the letter of August 18, 2008 lists urban excess sulfate, organic, and miscellaneousinorganic
PM, s concentrations. Similar sets of numbers are shown graphically in figuresin the text of the
CESdocument and in table A6 in the appendix of the same document. These three sets of
numbersare not consistent, so it is unclear which set of speciation datawere used for this
analysis. But the most serious limitation of the CES analysisas applied to the Granite City sites
is that speciation data were not availablefor those sites. Therefore, the urban excess speciation
data, whichever set of datawas used in the analysis, represented the urban excessfor the St.
Louisareaat large, since the data were presumably from the Blair St. site, which is not strongly
influenced by local sources. Limited speciation datafrom the Granite City sites, discussed
immediately below and in thefollowing two sections, suggeststhat, if sufficient speciation data
for those sSites were availablefor use in the CES process, CES scoresfor area counties might be
quite different from those derived using data that did not includelocal source contributions.

As noted above, only limited speciation measurements have been madein the Granite City area.
However, a PM; s sampler began operation on, an every-sixth-day schedulein Granite City on
October 3,2007, and datathrough the end of 2007 are availableon the EPA Air Explorer
website (http://www.epa.gov/airexplorer/index.htm). Resultsfor one of the sampling days,
October 21,2007, areinteresting. The total PM, s mass concentration (as measured by the
speciation sampler) on that day was 25.5 ug/m®, the highest concentration measured by that
sampler during the fourth quarter of 2007. For comparison, the PM; s massconcentration at the
Blair St. site on that day was 8.5 pug/m®. Theiron concentration at the Granite City site on that
day was 5.2 pg/m®, and the manganeseconcentration was 0.1 pg/m’; each of these
concentrationsis by far the highest for that speciesduring the time period. Theseresultsareonly
for asingleday, so not useful for an analysisprotocol like CES, but certainly suggest that alocal
source contributed significantly to the PM- s concentration at Granite City on that day.
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STN Data Showing Urban Excessand Regional Sulfate

Theletter and attachment of August 18, 2008 from John B. Askew of US EPA to Doyle Childers
of MDNR regarding Missouri's PM; 5 designation recommendation included some discussion of
urban excessPM, s inthe St. Louisarea. The TSD aso discussed urban excess. Based on PM 5
STN datafrom the Blair St. and Bonne Terre stations, the average urban exceﬁfor 2004 to 2006
is4 ug/m’, includi ng 2.6 ug/m’ of organic and elemental carbon, 1.1 pLg/m of ammonium
nitrate, and 0.3 pg/m’ of crustal material. The urban excess (Blalr St. minus BonneTerre) on
high days (days with aPMz 5 concentrationgreater than 35 wg/m’ at one or more St. Louisarea
sites) averaged 10 ug/m®. EPA’s analyss reported a1 average urban excessfor high days of 12
1 g/m for cold months and 7 pg/m?® for warm months, qualitatively consistent with the annual

ageof 10 pg/m’. However, EPA stated that there was significant sulfate urban excess (2 to 3
ug/m’ of sulfate). Our analyssshows on average, only avery smal amount of urban excess
sulfate, supporting the conclusion that sulfate particulate matter isregiona in nature, and that
urban sulfur dioxideemissionsin the St. Louisareado not contribute significantly to PM; s
concentrationsin the St. Louisarea. Thisdifferenceprobably resultsin part from the use of the
SANDWICH techniquein deriving the speciation dataused in the CES analysis, as discussed
above. The SANDWICH procedureincreasesthe sulfateconcentration to account for moisture
associated with sulfate aerosol. The department has been able to work with affected industry to
ensure that the state will meet the requirement to have high-emitting facilitiesinstall sulfur
dioxide (SO,) Reasonable Available Control Technology (RACT) in the annua PMa 5
nonattainment area. The department has taken comsiients on two regulations for control of SO,:
onefor control of industrial boilers, and another for control of primary lead smelters.
Implementation of these regulations should diminish the very small potential amount of sulfate
urban excess that isextant in the Missouri portion of the area.

Chemical MassBalance Sour ceApportionnient Resultsfor the Granite City Area and
Urban Excess

The USEPA St. Louis Advanced Monitoring Initiative (AMI) project wasinitiated to assist the
States of Missouri and Illinoisin devel oping State Implementation Plans (SIP) for PM. s in the
St. Louisarea. A mgjor part of thisproject is the use of ambient monitoring dataand advanced
receptor modeling techniquesto identify source contributions to PM; s in the area.

Asapart of thisproject, extensivefield measurementswere conducted in the Granite City,
[llinoisareaduring October through December 2007. Analysisof theresultingdatais till in
process.

Also asapart of thisproject, earlier field measurements (chemical analysisof samplesfrom the
VFW gite and of source samples) conducted in the sameareain 2003 and 2004 have been
anayzed and apportioned to sources using chemical mass balance (CM B) techniques with source
signatures based on facilitiesin the US Steel Granite City Works complex. Figure 17, from a
presentationof preliminary resultsby RachelleDuvall of US EPA posted on the EPA
Environmental Science Connector website, St. Louis AMI Project Workbench, shows source
apportionment resultsfor several days during 2003 and 2004, grouped separately for days when
the sampling location was upwind or downwind of the facility.
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CMB Results -Granite; City VFW Samples (2003-2004)

Source Contribltion ug/m™)

W GOW - BOF
P
Upwind Downwind
40 4 Road Bust (upwind)
Secondary Suffale
35 nexplained Masg®
*Unexplained Mass contains aitrate and GC/EC compounds
Figurel7.

As shown in the bar graphs, source attribution results clearly show significant contributionsto
the measured parti cul ate species on downwind, but not on upwind days. Based on thefigure,
Granite City Works sources plus road dust acgount for, on average, only 2 of the 13 ng/m’ on
upwind days, but 14 of the 24 pug/m® on downwind days. The source contributionislikely even
greater than that indicated in the figure, because the™ unexplained mass"” category includes
elemental and organic carbon, and some part of the elemental and organic carbon likely results
from sources within the complex that are not specifically included in the CMB source analysis,
such as the coke ovens.

It isalso instructiveto compare PM; s mass concentration measurement results at the VFW site
on the same daysto measurement results at the Blair St. and Arnold stations, as seen in Figure 18
(Blair St. and Arnold data shown in thesefiguresare PM, s STN results). In general, Blair St.
and Arnold PM; 5 concentrationson upwind daysare similar to those at VFW, but slightly
higher. On downwind days, Blair St. and Arnold concentrations are consistently (with one
exception) lower than those measured at the VFW site on the same days by an averageof 7 to 8
ng/m®. Although thisdifferenceis not as great as that suggested by the CMB source attribution
results, thisresultis still consistent with the attribution of a significantfraction of thePM; s
concentrationat the VFW site to the Granite City facility sourceson the downwind days.
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The term " urban excess" isreadlly one of convenience, and generally is used to denote that
monitoring in an urban areashows higher pollutant levels of some magnitude than at arura site.
Theimplicit use of the concept to denotethat an urban area has some overall consistent pollutant
level higher than arura area, affected by emissionsin the urban area as awhole should not be
made. In each site/monitor case, additional emissionsat somedistancefrom the monitoringsite
are impactingthe site up to theregional scale. Asnoted above, the components appear in most
casesin the St. Louisareato be 75 percent regional infl uences (primarily sulfateor nitrate), and
25 percent emissionsnearer the site, generally 20-30 wg/m® (regional) as opposed to 7-12 j1g/m’
(urban excess).

In the case of the 2003-2004 CMB study of ¥FW speciated data, an averageaof about 60 percent,
or 7 t0 25 pg/m’ of the overall mass was attributed to nearby sourcesin Granite City when the
sampler was primarily downwind of those saurces. Non-Granite City sources (regional and other
urban) were averaged at approximately 10 pg/m?®, at least half of which wassulfate. An
approximate4 pg/m’ of the non-locally imputed sourceinfluencecould not be eval uated, and
was apparently either organic carbon and/or nitrate (and possibly a smaller amount of el emental
carbon) of local, urban, or regional origin. When the sampler was generally upwind, 6.7 ug/m®
was imputed to be of thisnature, with, in that case, wind vectors from the northern urban fringe
and rurdl lllinoisand lesslikely from Missouri.

Thisanalysiswould lead to a conclusionthat, during downwind sampling days, VFW monitoring
site source influenceswere most significantly located in Granite City, followed by regiona
sulfate, and finally un-imputed scal e source influencesof organic and elemental carbon and
nitrates, in an unknown configuration of Iocal urban, or regional. This un-imputed portion
averaged in the neighborhood of 4 ug/m or 20 percent of thetotal mass, while Granite City
sources were averaged at 13 pg/m® or 60 percent. During higher episodedays, itislikely that
the pollutant percentageswould be affected somewhat similarly by overall dispersion
characteristics. Emission, wind vectors, and transport characteristicscould of course be
different, but it isclear that the very near-scale emissionsand regional scale predominate the
impactsto the VFW and GraniteCity Sites.

Additional Analysisof ExcessPM; ; Massin theSt. LouisArea

A recent analysisof PM, ; monitoring resultsfor the St. Louis areaby Jay Turner of Washington
University, St. Louiscontributesadditional understanding of the excess mass seen at the Granite
City and VFW dites. Thisanalysisissimilar to analysisdonefor the Detroit areain southeast
Michigan.

PM; 5 datafrom 13 monitoring sitesin the St. Louis areafor January 1999 through October 2007
wereused inthisanalysis. A valid network day was defined as a day on which ten or more of
the sitesreported a PM; s concentration. The base concentration for each valid network day was
then defined as thefifth from the minimum reported value (out of the ten to 13 reported values).
For each valid network day, the excess PM; s mass concentrationfor each site was calcul ated as
the difference between thereported value for that site and the base concentration. Figure 19
shows the conceptual model on which thisanalysis is based. A representsan upwind monitor, B
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representsa monitor influenced by a neighborhood or finer scale emission source, and C
representsa monitor within the urban area not strongly affected by local sources. D representsa
monitor near the downwind edge of the urban area, and E represents a downwind monitor. The
speciationdatafor the VFW site, described above, and theiron and manganese datafor the
Granite City site, described below, suggest that the Granite City sitesare of the type represented
by B. The siteswith extensive speciationdata are probably represented by A (BonneTerre) or C
(Blair St.). Thisconceptual model illustratesthe shortcomings of using speciation datafrom a
sitelike C to characterizeexcessPM; s at asitelikeB.

Figures 20 and 21 show site-specific daily PM; s concentrations (plotted on the vertical axis of
each graph) versus base concentrationsfor the same day (plotted on the horizontal axis) for
selected sites. Thus, pointsabove thediagonal line (with aslope of one) represent excess mass
for that sitefor that day above the base concentration. Figure 20 showsresultsfor siteswithin
the City of St. Louis; the points representing excessmass arefairly closeto the diagonal line,
suggesting very little contributionfrom local sources. Figure 21 showsresultsfrom Illinoissites
in the St. Louisarea; many of the points representing excess mass are somewhat abovethe
diagonal line, especialy for the Granite City sites, suggesting that local sources contribute
significantly to the excess mass at that site.

Additional analysiswas doneto relate excess mass to meteorological datafrom the St. Louis
airport. One-dimensional nonparametric wind regression was used to develop graphical results
that are essentially pollution roses with more robust statistics. Since this analysisfocused on
average behavior, extreme values of the excess mass distributionsfor each site were not included
(the maximum number of values removed was only 3.2 percent of thevalues). Theresults
represent expected excess PM; s mass concentrations when the wind comesfrom agiven
direction; it would be necessary to weight theseresults by the frequency of windsfrom each
direction to quantitatively apportion the excess mass to sourcesin a specific direction.

Figures 22 and 23 show theresults of thisanalysisfor the GraniteCity and VFW sites, and
Figure 24 shows the same results superimposed on an aeria photograph of a portion of the
Granite City area. The upper graphsin figures 22 drid 23 show expected excess PM, ;s mass as a
function of wind directionfor the two sites. The plots are bandsrather than lines because they
include 95 percent confidenceintervals. The lower plotsshow the same information on polar
plots, where the angle represents wind direction (from), and the radiusrepresents the magnitude
of theexcess. These plotsshow aclear directiona dependence, with peaksin the south to
southwest direction, with a sharper peak (up to about 9 ug/m®) for the VFW site. Figure 24
shows that the US Steel Granite City Worksisin the dominant directionfor both of these sites.
Note that the polar plotsfor both sites also show asmaller lobe pointing in the direction of the
slag areato the north or northeast of the Granite City Works. Figures 25 and 26 show similar
plotsfor the East St. Louisand Wood River sites. The East St. Louis results show an excessof 1
to 2 ug/m® with no strong directional dependence. The Wood River results show astrong
directional dependencefrom the direction of Granite City.

As discussed above, speciation results areinformativein eval uating source contributionsto

airborne PM; 5 concentrations. Iron (Fe) and mangaiiese (Mn) are characteristicof emissions
from steel facilitiesand are contributorsto the source signatures used in the chemical mass
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balance analysisdiscussed above. Figure 27 showsexcess mass versus Fe and Mn excessesfor
Granite City minusMargaretta (asitecentrally located in St. Louisfor which speciationdata
were available) for 2002 to 2004 based on x-ray fluorescenceanalysisof filtersfrom PM; s FRM
samplers. These graphsshow that excessmass at the Granite City siteis strongly associated with
elevated Fe and Mn concentrations. Figure 28 shows pollution roses, derived as described
above, for Fe, Mn, mercury (Hg), and selenium (Se). Fe and Mn show the same shape, pointing
to the south, asthefiguresdescribed abovefor excess mass. Hg shows alobe to the southwest,
possibly in thedirectionof the St. LouisMSD incinerator. Se shows less directional
dependence, but indicatesa possible source to the east.
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Figure 19. Excess Mass Analysis
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Figure 20. STL-Mis:“--::@ouri Local PM Excess

January 1999 — October 2007
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Figure 21. Metro East Local PM Excess
January 1999 - October 2007
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Figure 22. PM, ; Excess Mass @ Granite City
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Figure 23. PM, . Excess Mass @ Granite City
VFW
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Figure 24. PM, ; Excess Mass @ Granite City
Sites, October 2004 — September 2007

1-D nonparametric wind regression on excess mass after
censoring to remove extreme values.

Red line is expected (average) concentration; pink lines are
95% confidence intervals.

Gray rings are 1ug/m?3 excess mass with respect to
network-wide baseline.
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Figure 26. PM, ; Excess Mass @ Wood River
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Figure 27. PM, ; Excess Mass @ Granite City
Fire House
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Figure 28. PM, ; Species @ Granite City
Fire House (XRF on FRM Filters, 2002-2004)
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Fe and Mn corresponds to sources SSE through SSW of
the site (GCSW); in contrast, Hg and Se correspond to
sources from other bearings.
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Air Quality Modeling Results

The CMAQ model has been used to estimatethe effectivenessof control strategieson future
PM; s concentrationsin the Granite City area using strategiesbeing considered for the 2012
annual PM; s attainment demonstration. Four monitored PM; s exceedance days (at one of the
Granite City sites) during 2002 were selected for evauation. Three future (2012) emission
scenarioswere evaluated: a basdline scenario, which included NOx and SO, reductionsat several
areafacilities; ascenario that included a significant, 90 percent reductionin SO; emissionsat the
primary lead smelter in the area; and a scenario that included both the SO, reduction just
described and a 16 percent reduction in primary PM; s emissions from the US Steel Granite City
Works. Resultsareshown in Table 2.

The second scenario, reduction by 90 percent of the SO, emissionsfrom the Herculaneum
facility, showed no reduction in the modeled PM; s concentration from the baseline case for three
of the four modeled days and a reduction for oneday. Thethird scenario, which also included a

reduction by only 16 percent of the primary PM; ;s emissionsfrom the Granite City Works,
showed reductionsof, on average, 1 pg/m’ from the second scenario, enough to bring the
modeled concentrationson the two higher davs into comoliancewith the NAAQS. Theannual
average modeling results are similar to the results presented here. Thisresult, consistent with the
analysisof monitoring data discussed above, demonstratesthe relatively high effectivenessof
controlling direct PM; ;s emissionsfrom the largelocal sourcein the Granite City areawhen
compared to other proposed controlsin the areaon these high concentration days.

Table 2. PM; s Modeing Results

Date, 2002 IMonitored PM2s | Modeled 2012 Modeled 2012 Modeled 2012
iconcentration PM, s Conc. PM, 5 Conc. PM: s Conc.
(ng/m®) (ng/m’), Future | (ng/m®), 90% | (ng/m’), 90%
BaselineCase SO, Reduction | SO; Reduction
at Herculaneum | at Herculaneum
Plus 16% PM, 5
Reduction at
Granite City
Works
January 5 30.2 31.2 31.2 30.5
June 22 42.9 34.4 344 33.0
July 16 44.8 33.86 33.86 33.9
November 27 30.5 293 Z1.0 267
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Conclusion

The preceding discussion presentsthefollowing points:

24-hour PM» 5 averages, and thereforeattainment or nonattainment of the 24-hour
standard, are more likely to be influenced by alocal source or sources.

Anaysisof correlationsbetween 24-hour concentrationsmeasured at varioussitesin the
St. Louisareashow that thetwo sitesin the Granite City areaare the least correlated with
other sites, suggestingthe influence of local sources.

Analysisof datafor days with high concentrations at the two Granite City sites shows, in
general, two kindsof days: summer dayswith high concentrations(and high sulfate)
throughout the area but higher concentrationsat the Granitesites, and other dayswith
high concentrationsonly at one or both of the Granite City sites, suggesting the influence
of local sources.

Thereisonly very limited speciation dataavailablefor the Granite City sites. Therefore
the CES analysisfor the St. L ouisarea was done using speciation datafrom other sites,
and, therefore, leads to an overemphasison the importance of regional componentsand
an underemphasison local sources.

Anaysisof speciationdatafor the St. Louisareashowsthat sulfateis not a significant
contributor to urban excessin the area, but results primarily from regional sources.

Chemical mass balance source apportionment based on elemental analysisof filtersfrom
the Granite City VFW site showsa clear difference between days when the site was
upwind and downwind of the US Stedl Granite City Works and supports attribution of a
significant fraction of the PM; s massto that source on downwind days. Comparison of
Granite City VFW PM, s mass concentrationson the days used in that analysisto
concentrationsat the Blair St. and Arnold sitesshow similar resultsat all sitesfor upwind
days, but a clear differencefor downwind days.

Analysis of excess PM: s mass (ascompared to the base concentrationfor the area) at 13
sitesin the St. Louisareafor an eight-year period clearly showssignificant excesson
most days at the two Granite City sites but not at Missouri sitesin the St. Louisarea.

Pollution rosesfor excess PM; s massfor the two Granite City sitesclearly show
significant excess mass when the wind is from the direction of the US Steel Granite City
Works.

Chemical analysisof FRM filtersfrom the Granite City site clearly shows excessiron and
manganese, indicatorsof asource or sourcesat asted facility, on days with excess mass
at that site.



e Air quality modeling analysisdemonstratesthat direct PM; 5 emission controlsat sources
near the exceeding monitoring locationswill be highly effectivein reducingPM; s
concentrationsover the standard.

All of these points, combined with the fact that only the two Granite City sitesare in violation of
the 24-hour standard, support the conclusion that dl of the St. Louisareawould bein attainment
of the 24-hour standard hut for the local sourcesin the GraniteCity area. Therefore the Missouri
countiesin the St. Louis areashould be designated asin attainment of the 24-hour standard.
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