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SHARP Objectives & Basic Chemical Conditions




Instruments recorded large pulses of HCHO > 25 ppb (Insitu aircraft, HSC,
Moody Tower, LP-DOAS)

Analysis indicated that portion of HCHO Is “primary” associated with excess CO
(combustion) and smaller fraction with SO,

HONO In Houston can exceed 2 ppbv close to sunrise then remain at hundreds
of pptv during day.

Strong vertical gradients indicate ground-level source of HONO (e.g. traffic)
Possible new heterogeneous mechanism: HNO; — HONO on HOA
CINO, present at ppbv levels in GOM, formed via N,O5 and HCl,,

UNIVERSITY o HOUSTON



Ozone production often greater than 40 ppbv/hr between 0800-1200 LT.

O, production is both NOx and VOC sensitive (NOx sensitive for 7 hours during
the day).

OH chain length (10-20) during TRAMP was much greater than other North
American cities.

Primary reason for enhanced Houston photochemistry were the high VOC
abundances.
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Houston Ozone Exceedances 1997-2009
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Based on the TexAQS-Il and TRAMP findings concerning radical processes in the
Houston atmosphere, the SHARP project intends to investigate the following:

1) The contribution of direct emissions of OH radical precursors HCHO and HONO
from flares, smoke stacks, and other point sources and mobile sources.

2) The importance of secondary HCHO formation from ozonolysis of olefins.

3) ldentification of formation pathways of HONO (Day/Night, surface, heterogeneous,
homogeneous).

4) Impact of soot (fresh and coated) on chemistry, radiation (photochemistry and
climate), and dynamics.

5) The ambient levels of CINO, in Houston and potential as a radical source.

6) Intercomparison of ambient HONO measurement technigues in urban atmosphere.

7) Relative importance of springtime ozone formation mechanisms in Houston.

Reducing uncertainties surrounding these processes will improve our ability to model
radicals and ozone formation.
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Meteorology (T, RH, P, ws, wdir, rain, cloud camera) Campbell Research met system Lefer (UH)
Basic Trace Gases (O, CO, SO,, NO, NO,, NOy) Modified TECO Systems Lefer (UH)

Photolysis Rates (jO5, INO,, JHONO, jHCHO, etc) Scanning actinic flux Lefer (UH)

Ozone Column, UV/VIS AOD

Mixed Layer Height

Vertical Profiles - O5, T, P, RH, ws, wdir

VOCs (C2-C10 NMHCs)
HOOH, HONO

Speciated PANs

HNO,, HONO, HCI

OH, HO,, RO,, OH Reactivity

Oxy-VOCs, HCHO

spectroradiometer (NCAR)
Brewer, CIMEL, UV-MFR

Vaisala CI.-31 LLIDAR

Radiosonde/Ozonesonde Balloon

Realtime GC-FID (Perkin-Elmer)
Aerolaser/ QUMA-LOPAP
Metcon GC-ECD

Mist Chamber/IC

TLaser Induced Flouresence

PTr-MS

Lefer (UH)

Lefer (UH)

Lefer (UH)/Mortis
(Valpo)
Rappenglieck (UH)

Rappenglieck (UH)
Rappenglieck (UH)
Dibb (UNH)
Brune (Penn State)

Jobson (WSU)
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CINO,, N,O;, PAN, PPN, APAN

Aerosol Composition

HONO, HONO Flux, HONO Calibration Source
Water Soluble Aerosol Composition

Aerosol Size Distribution

Ozone Production Rate

Nitrophenols

Aerosol Elemental and Organic Carbon

Aerosol morphology, size, mixing state

Potential Aerosol Mass

3 Levels Profiles (40m, 150m, 300m) of O, NO,,
SO,, HCHO, HONO, NO,

CIMS

Aerosol Mass Spectrometer (AMS)

LOPAP

PILS/IC

DMA

MOPS

IC coupled to ESI Tandem MS
Sunset L.abs EC/OC
TRAC-SEM

AMS with pre-reactor

Long-Path DOAS

Huey (Ga Tech)
Herndon (Aerodyne)
Ren (U. Miami)

Griffin (Rice)

Griffin (Rice)

Brune (Penn State)
Dasqupta (UT-Arlington)
Yu (PNNL)

Yu (PNNL)

Jimenez (Colorado)

Stutz (UCLA)
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J ——Ozone (ppbv) |
—+— P03} (ppbvih) |
O (ppbwj

F’(DS} (ppbwh)

Measurement of
Ozone Production |
sensor (MOPS)

- s | O
1 U 1 2 14 16 18 20 4q
Hour {(CST) Ambient NO (ppbv)

Direct measurement of ozone production in Houston and correlation with ambient NO. May 4, 2009.
Measured P(O3) will be compared with modeled P(O3) to test mechanisms. Measured P(03) also
can be compared with calculated P(O3) from peroxy radicals and NO. Cazorla, M. and Brune, W.

UNIVERSITY o HOUSTON



HONO pptv

HNO3 pptv

Soluble CI" pptv

1500 -
1000

500 -

SHARP 2009

ui*ﬂk%kﬂiu&ku »huyMJlJikhﬁ*

iy

%15
7000

6000 -
5000
4000
3000
2000 -
1000?

4/23 51

A

|

5/9 517

R

A
| '\’t
0 - Moo Wl N hJNb\..u\ﬁw\‘ A AM A

5/25

” ahL\f )

' |
I

|

6/2

4/15
8000 -,

7000 -
6000 -
5000 -
4000 -
3000
2000?
1000 -

\Niukhmk‘V”VU \

4;‘15

4/23 5/1

s

4/23

5/9 SM7

]

5/25

™

M“ \. th u\w';h': f,ln. u"w}\u I LLQW

'i J‘a

62

8000

7000 |

6000

(&)

o

o

o
t

Soluble CI pptv

4000
3000

2000 |§¢

1000 |

0

HNO3 pptv

UNIVERSITY

1000 2000 3000 4000 5000 6000 7000

of HOUSTON



|
5/31/09

"mw s m g, ma "y Ty Yymy s wmend -'I-- .il -Ilol

of HOUSTON

— gt At w el de L

- ’ . - LR e |

5/28/09

5/25/09

— = Ry _...Jﬂ..lr.‘um..._-.I--Pn-H.ﬂﬂn.mm - -

5/22/09

P"
IIIIII L] fn_ul_.-._ll.llltl.nl‘-l

e 2 e mete A 5% mss s =™ Y " o a el 1 PR RPes - wll g K
- (e)]
- o
—
| —
-—
-
Tp]

_ = =N -
(o))
o
—
| — O
-—
-
Tp]

40 —
20 —
0

I
o
©

120
100
80

(mdd) CONID



+ Aerodyne
= TAMU

a UCLA

x UH

o UMIAMI
e UNH

-
N
I

1

1

HONO (ppb)

OO0 00
oONDN O ®-

ST

5/19

5/21 5/23 5/25
Time (CST) May 17-28, 2009

5127

UNIVERSITY

5/29

of HOUSTON



Moody Tower SHARP Intensive
HONO Intercomparison Study (HINT)

Surface-induced Oxidation of Organics in the Troposphere (SOOT)
Traffic Related Emissions of HONO and HCHO (TRENF)
Study of HONO Surface Fluxes (HONO-FLUX)
Houston Urban Boundary Layer Study
Measurements of HCHO, PAN, and CO in HSC
Nitrylphenols in Houston Atmosphere
Formaldehyde and Olefins from Large Industrial Releases (FLAIR)
Dual MAX-DOAS
Imaging-DOAS
Solar Occultation Flux (SOF)
Aztec SHARP Flights
Aerodyne Mobile Lab
Plume Inversion Modeling
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il
Instrumentation

CO, NO,, C,H,, HCHO (ac-TiLDAS)
aromatic VOCs, 1,3-butadiene,
OVOCs (PTR-MS/NO+MS)

0., NO, CO,, SO,
PAN (GC), VOCs (canisters) (UH)

| Ve T4 <

J ‘ : L3 ST . = =
. e Quantification of marine vessel emission factors

P e AER

Size and chemically-speciated PM
(Aerosol Mass Spectrometer)
Particle number (CPC)

Black Carbon (MAAP), extinction
PM size distribution (SMPS)
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On-road emission factors
Houston 2000 Houston 2009

(McGaughey et al., 2002) This study
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1) The contribution of direct emissions of OH radical precursors HCHO and HONO
from flares, smoke stacks, and other point sources and mobile sources.
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Uncertainty




1) The contribution of direct emissions of OH radical precursors HCHO and HONO
from flares, smoke stacks, and other point sources and mobile sources.

2) The importance of secondary HCHO formation from ozonolysis of olefins.

3) Identification of formation pathways of HONO (Day/Night, surface, heterogeneous,
homogeneous).
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4) Impact of soot (fresh and coated) on chemistry, radiation (photochemistry and
climate), and dynamics.

Ambient
® Aged Soot Chamber
® Fresh Soot Chamber

HONO (pptv)

21:00:00 22:00:00 23:00:00 00:00:00 01:00:0

11 May 2009 (CST)
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5) The ambient levels of CINO, (and other halogens) in Houston and potential as a
radical source.

6) Intercomparison of ambient HONO measurement techniques in urban atmosphere.

7) Relative importance of springtime ozone formation mechanisms in Houston.
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