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Attainment and Nonattainmeant Areas in the U5,
PN, . Standards

] Attainment {or Undassifiable) Aress (20918 counties)
] MNonattainment Areas (191 entire counties)
[] Honsttainment Areas (24 partial counties)




PM,,- emission SOLIICES

Major PM, . emission ?;P K | Major PM 5
sources emission

sources: electric
utilities only
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= Bulk chemical analysis ~
I ——— -

— = Difficult to differentiate transporte_d_ P_I\-/I firem
~  freshly emitted PM especially from coal-fired
power plants.

-— o

= Scanning electron microscopy analysis

= Challenging to find nano-scale particles which
are freshly generated from fossil fuel
combustion sources

[ i€ individual ultrafine
("are capable of prowdlng infermation
on size, morphology, elemental composition can
Improve source apportionment analysis.
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~ o T0 demonstrate a combination of
advanced electron microscopy
technigues that can be effectively
used to identify and characterize

ﬂ"_rrdividual fine andiu fme,(-ra.ag.gj_
ﬁjﬁi@MMﬁelr SouICes
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_— _;ﬂ,;__erml =
_:-—D—TO_C.J.L@C'[ a series of amblent PM25
samples in:

>Southwestern Detroit, M

close to multiple sources, including
motor vehicle/diesel, incinerators, and

coal.combustion —
ﬁ
>S -

close to several coal-fired utility boilers .
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CARDIOPULNMONARY. TOX Y INDUCED B
AMBIENT PARTICULATE MATTER
" _TRICITY CONCENTRATED AMBIENT PARTICLE STUDY-
Principal Investigator: Annette Rohr
DOE Project Manager: Bill Aljoe
Project Teams -
—Michigan State University (Jack Harkema)
—University of Michigan (Jerry Keeler)
Objectives:

Cooperative Agreement: DE-FC26-05NT42303
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Usilfie) JCP-MS
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« Three fixed resolutions -
" = Finnigan

e Low Resolution ELEMENT?2

e RDb, Sr, Mo, Cd, Sb

e Ba, La, Ce, Sm, Pb, U

e Medium Resolution
e Na, Mg, Al,P, S, Ca, Ti, V, Cr




100<1000
>5000
Electric utilities only >10000

PM2.5 emissions in tons
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= To utlllzethh angle annular dark fleld
" scanning transmission electron
microscopy (HAADF-STEM), STEM
energy dispersive X-ray spectrometry .
(EDX), and energy-filtered TEM to provide
Information on the size, morphology,

‘s{ructure and elemental composition of >
n INgEr 2 1 Detroit
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Major chemical composition of

fine ancd ultrafine particles

[ —

__For an eastern U.S. bituminous coal i‘ly ash:

— —— r—

e Spherical aluminosilicate particles are often
used as atracer for primary PM emissions from
coal-fired boilers (Giere et al., 2003; Chen et al.,
2004)

o dominant single-element inorganic particlesy
€ lron oxi en, et )T e e———

AIUmM oxide particles are commonly.
observed in coal ash (Huggins, et al., 1997).
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(*omoosition Of

ETIIRCOEISIN/ECSIIE

:;'Cﬁfﬁgori'é'r—'“ Elements %
Ti-Al-Fe -Si-S-Ca 19
Fe-Si-Al -Ti-S 15 -
Ti-Si-Al -S-Si-Fe 14
Fe-rich -Al-Si-Ti
-Al-Fe-Si

(Chen, Y. et al., ES&T, 2005)



EPA,
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Chow'et al-, Glere et al., Goodarzi,
1995 2004 2003 2006
HAPs in coal coal fly ash coal fly ash coal fly ash
(<0.1% abundances)
As Rb As As
Be Cu Be NI
Cd Se Pb Cr
\Y Mo
Hg
Pb
Pb Pb
U Zn







Industrial and Motor Vehicle Sources of
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Eleveted SO, frequency vs. wind directior

SO, limit: the probability
exceeding the 75th
percentile conc. for a
given wind direction.
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Ambient PV, -
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~Aron oxide-richiUF
-~ particlesrand soot
aggregates
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Iron oxides

@

> Titanium
oxides
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Results

Steubenville
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—*‘UF—q.?artlcles and
- soot -




Mostly Si-rich-Al-
Ca & Si-rich-Al-Ti-
Fe composition




Mostly Si-rich Al-Fe
composition
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Steubenville
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SSampling™ | Elementsiiotunaratmng | Yo Connecton tercoa

| Location | this study = combustion |
e eept L -Ca-Tich <5 Chen et al., 2005
Ti-rich <15 Chen et al., 2005
Fe-rich <20 Chen et al., 2005
Pb, U <5 EPA, 1995/Goodarzi, 2006
Zn, Pb, Mn <20 Chow, et al., 2004
O g e S|-r|chA|Fe ............ A—— Chenetal2005 ..........
Ti-Si-Al-Fe <10 Chen et al., 2005 Jes
|=Si < " Chen etm
Fe-rich <25 Chen et al., 2005
Pb, Ni, Cr <5 EPA, 1995/Goodarzi, 2006
Zn, Pb, Mn <5 Chow, et al., 2004




SLUrrery

~ = A combination of advanced electron
... _microscopy technigues can be used to
: identify ambient PM, - generated from coal-

fired utilities at specific monitoring sites;

= Bulk chemical analysis and meteorological -
Information are helpful in evaluating the
Impact of coal-fired utilities;

[gher time-resolved sampli mighLla*""Il
[0, GETErmIne “of coal-fired
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