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Abstract. During the Texas Air Quality Study Il (Tex- to understand the relationship between ozone formation and
AQS 2006) campaign, a PEroxy Radical Chemical Ampli- local VOC emissions.
fier (PERCA) was deployed on the NOAA research vessel The measurements of B®X RO, made during the
R/V Brownto measure total peroxy radicals (€2 ROy). R/V Brown TexAQS 2006 cruise indicate that ozone forma-
Day-time mixing ratios of H@+X RO, between 25 and tion is NOc-limited in the Houston/Galveston region and in-
110 ppt were observed throughout the study area — the Houdtuenced by highly reactive hydrocarbons, especially alkenes
ton/Galveston region and the Gulf coast of the US — and anafrom urban and industrial sources and their photo-oxidation
lyzed in relation to measurements of nitrogen oxides, volatileproducts, such as formaldehyde.
organic compounds (VOC) and photolysis rates to assess rad-
ical sources and sinks in the region.

The measurements of H®X RO, were used to calcu- 1
late the in-situ net photochemical formation of ozone. Mea-

sgred median values ranged from O.6ppb/h in clean ocea.niperoxy radicals (H@and RQ) are crucial intermediates in
air masses up to several tens of ppb/h in the most polluted inghe photochemical formation of 0zone{)An the lower at-
dustrial areas. The results are consistent with previous studnosphere because they drive the conversion between NO and

ies and generally agree with observations made during th§o, that leads to net ozone production (ReactiRisR4).
previous TexAQS 2000 field campaign. The net photochem-

Introduction

ical ozone formation rates determined at Barbours Cut, a sitgo, + NO — RO+ NO, (R1)

immediately south of the Houston Ship Channel, were ana-

lyzed in relation to local wind direction and VOC reactivity NO,+hv — NO+O(3P) (A <420 nm (R2)
OCP)+02 (+M) — Oz (+M) (R3)
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0, trial areas associated with petrochemical facilities along the
- NO, Gulf Coast and air influenced primarily by emissions from
= shipping. Measurements of peroxy radicals, in combination
NO

with nitrogen oxides, ozone and related compounds can pro-
vide a direct measurement of photochemical ozone produc-
po tion rates. These data show the regional variation in ozone
production from clean to highly polluted areas and the corre-
lation of these rates with specific pollutant types.
Section 2 describes the TexAQS 2006 cruise of the
R/V Brown and the instruments deployed during the cam-

paign and used in this work. The measurements of
HO»+X RO, are discussed in Se@. In Sect.4, the pho-

CyH;

C,Hs0,
) CH3C(0)O ,NO, tochemical formation of @ is calculated from NO, @
Nor o j(O'D), H,0, HO+X RO, measured during the campaign
NG and OH, HQ/(HO2+XR0O,) calculated with a Master Chem-
BB CH, CHO LCHscgoyoz ical Mechanism (MCM) box-model. The results are dis-

cussed and qualitatively compared to the calculations of pho-
tochemical formation of @ made during the TexAQS 2000
campaign, near Houston, Texas.

Throughout the paper, times are expressed in Greenwich
Mean Time (GMT = local time + 5 h along the Gulf coast and
GMT =local time + 4 h along the Atlantic Coast, Fign).

Fig. 1. CO, CH; and VOC (ethane shown as an example) chemistry
athigh NG:. 2 Experimental
2.1 PERCA

Peroxy radicals are formed from the oxidation of carbon
monoxide (CO) and a wide range of \Volatile Organic Com- Total peroxy radicals (H&+£ROz) were measured on the
pounds (VOC). Oxidation of VOC is initiated in the tropo- R/V Brown using a dual-channel PEroxy Radical Chemi-
sphere by free radicals (OH, NOCI) and by ozoneNionks, cal Amplification (PERCA) from the University of Leices-
2005. Figurel illustrates the chemistry of the simplest per- ter, UK. The instrument has been used in several field stud-
oxy radicals (HQ, CHzO,, CoHs0, and CHCOs) under ies and has been described in detail in previous publications
high NO, conditions. At low NQ, peroxy radicals self- (Monks et al, 1998 Salisbury et al.2002 Fleming et al.
react and react with § the reactions of peroxy radicals, 2006 Green et al.2006 Parker et a/.2009.
and HQ in particular, with Q causes net chemical loss of ~ The chemical amplification technique catalytically con-
ozone. Photochemical ozone formation can therefore be deterts HQ and RQ into CO, and NG (Cantrell et al. 1984
scribed in terms of peroxy radicals and NO concentrations 19968. Organic peroxy radicals are converted intoH8e-
The only inorganic peroxy radical is HObut there is a very actionsR5-R6) and HQ is converted into OH by reaction
large number of organic peroxy radicals (§@wing to the ~ With NO (ReactionR7); by adding CO to the inlet, OH is
variety of VOC emitted in the troposphere by natural and an-converted back to Hg)(ReactionR8), thus producing multi-
thropogenic sources. ple NO; molecules per each HCand RG radical. NQ is
then measured by luminol chemiluminescence. The ampli-
fication cycle is terminated when radicals are removed from

. : : . the system, by formation of HONO, HNOHO>NO; or b
ing a field campaign along the Gulf coast of the United Stateﬁoss gn the inIZt walls. The number of (?éles éefozre terr{ﬂna-

that took place in summer 2006 as part of the Second Texaﬁon occurs is the chain lengtl€ (), which is characteristic

Air Quality Study Parvish et a_l.2009. Th_ese measurement_s of the inlet and a measure of the efficiency of the amplifica-
were then used to characterize the radical sources and sink

their diurnal variation and the regional photochemistry reIe-abn'

Total peroxy radical concentrations (HEER0O,) were
measured on board the NOAA research ship Bfgwndur-

vant to ozone formation along the US Gulf Coast. RO, +NO — RO+NO; (R5)
Measurements of peroxy radicals from a mobile platform RO+ 05 —> HO, +RCHO (R6)

such as a ship provide a unique picture of radical chemistry

across a wide range of environments. The Rfgwnsam-  HO2+NO— OH+NO; (R7)

pled air from the remote Gulf of Mexico, aged urban pol- OH+CO+0; (+M) — HO24+CO; (+M) (R8)

lution advected over water, highly polluted air from indus-
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In addition to NQ formed by peroxy radicals reacting in 250
the inlet, a significant background N@ignal — due to am- =
bient NG, and to the reaction betweernz@nd NO inside g 200
the inlet — is also observed. Consequently, the measurements ©@
in the inlet are modulated so that 1 min of amplification of < 150
the radical signal is alternated with 1 min of termination of %
the radical signal. The difference between the amplification % 100
and the termination mode signals consists in,Nérmed 3 ‘/ '—'Y'g‘ =1.09*CRD +4.48
only by HO, and RQ radicals. The PERCA deployed on 50 r=0.994
the R/V Brown had two inlets (dual-channeGantrell et al. 50 100 150 200 250
(19963; Kartal et al.(2010), so that when one inlet was in CRD (ppb)

amplification mode the other was in background mode, in-

creasing the t'm(_:" reso'“,t'on of the measurements to 1 mlnFig. 2. Comparison between the Scintrex LMA-3 detector and the

compared to 2 min of a single-channel PERCA. Cavity Ring-down Spectrometer during an W @alibration of the
The total concentration of radicals is obtained by divid- PERCA instrument.

ing the measured concentration of N@y the chain length

(Eg.1). Since the concentration of OH is typically two orders

of magnitude lower than the concentration of peroxy radi- put inside the PERCA inlet and heated to different tempera-

cals, this is equivalent to the sum of H@nd organic peroxy tures to inject different concentrations of acetyl peroxy rad-

radicals (RQ): icals into the PERCA inlet. C§C(O)O5 is promptly con-
verted to CHO, by reaction with NO, so the chain lenghts
ANO; measured with the two radicals are expected to be very close.
([OH] +[HO2] + [RO2]) = CL 1) In fact, the chain lengths determined by the two procedures

differed by less than 10%, a difference that is well within the

The PERCA instrument deployed on the RBvownused  range of the estimated measurement error of the PERCA.
one chemiluminescence detector (Scintrex LMA-3) per inlet  Previous work has shown the PERCA chain length to be
to measure N@ The NG detectors were calibrated every dependent on both ambient humidity and temperat8es-(
day using known concentrations of M@&om two perme- isbury et al, 2002 Reichert et al.2003. Therefore, it is
ation tubes located next to the inle@Gréen et al.2008. usually determined in dry air and then corrected using a cali-

Calibration of the Scintrex LMA-3 detectors was checked bration factor. However, the determination®f. during the
by comparison against a cavity ring-down (CRD) instrumentexperiment with the PAN source was carried out in ambi-
(Osthoff et al, 2006. The two instruments were connected ent (humid) air. The agreement between ¢he determined
in series, so that NPwas first measured by the CRD and in ambient air with PAN and th€ L determined in zero air
then by the Scintrex LMA-3. The result of the comparison is with CHszl demonstrates that the data collected during the
shown in Fig.2. The agreement between the Scintrex LMA- TexAQS 2006 cruise did not require a correction for rela-
3 and the CRD was- 9%, which is within the uncertainties tive humidity. This was also the case for a similar PERCA
of the two instruments (5% and 20%, respectivedsthoff  instrument during another field campaign under similarly
et al, 2006 Fleming 2009). The Scintrex LMA-3 overesti-  high ambient humidity and temperature conditioAadrés-
mated NQ by 4.5 ppb (Fig2); the offset, however, did not Hermandez et a).2010. Raw data were only corrected for
affect the peroxy radical measurement, because these are dére RH dependence of the N@easurements from the Scin-
termined from the difference between the two Néhannels  trex LMA-3 detector using a correction facter 80%) deter-
rather than from the absolute N@oncentration. mined in the laboratory after the campaign.

The largest uncertainty factor is the determination of the Combining the 25 uncertainties in the measurement of
chain length CL). During the R/VBrown cruiseCL was  NOg, in the determination of th€ L and in the correction
determined approximately every 3—4 days via generation of dactor for the NQ detector for both channels, the total un-
known concentration of C§D, radicals from the photolysis certainty of the instrument during the TexAQS 2006 cruise
of methyl iodide (CH]I) in zero air fleming et al. 2006). of the R/V Brownwas 40% with a detection limit of 2 ppt
Typical chain lengths were 100-160 in channel #1 and 34-45for 1 min integration time).
in channel #2: the difference i@L was taken into account A simple box-model (Sect.1) was run for the clean con-
during the data workup, so the two channels gave the samditions encountered in air masses from the remote regions of
response to ambient peroxy radicals. the Gulf of Mexico and the Atlantic Ocean. Under these con-

To validate the calibration method; L was also deter- ditions the chemical cycling is reasonably well understood
mined using CHC(O)O; radicals. The calibration source (Sommariva et al.2004 and the good agreement between
of a Chemical lonization Mass Spectrometer (CINB&jsher  the uncorrected HEx X RO, data and the box-model results
et al, 2009 used to measured PANs on the RBvbwnwas supports the overall accuracy of the PERCA measurements.

www.atmos-chem-phys.net/11/2471/2011/ Atmos. Chem. Phys., 11, 24832011
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2.2 Instruments on board the R/VBrown () TexAQS 2006
324 |R/V Ronald H. Brown cruise

A number of other measurements relevant to this work were Houston, TX _ Beaumont, TX
deployed on the R/\Brownand are described in detail else- 5 | =
where Parrish et al.2009. NO and NQ were measured
using a chemiluminescence technigRg€rson et a.2000: 28
the detection limits were 0.01 and 0.06 ppb with an uncer- 4
tainty of 3.8% and 13%, respectively. CO was measured by . |
UV-fluorescence (detection limit = 1.5 ppb with 3% uncer-
tainty) and Q by UV-absorbance (detection limit = 1 ppb
with 2% uncertainty). All these instruments had integration
times of 1 min Parrish et a].2009.

The photolysis rates of £) NO, and NG were measured (b)

Charleston, SC——3~

deck of the R/\VBrown sog| BT
Speciated VOC (96 total) were measured by a dual chan-

nel gas chromatograph system with a flame ionization detec-***] Gultof Mexico|—

tor (GC-FID) on one channel and a mass spectrometer (GC-z03{  Galveston /

MS) on the other. The instrument, which collected 5min ‘ ‘ s - % N7 |

samples every 25 min, measured the mixing ratios of C2—-C9 54 2 90 948 046 944 942 940

VOC with a detection limit of 0.5-1 ppt, depending on the

species, and an uncertainty of 20&ilan et al, 2009. Ac- Fig. 3. Map of the Southern United States and the Gulf of Mexico

etaldehyde and acetic acid were measured by Proton Tranghowing the track of the R\Brown during TexAQS 2006. The

fer lon Trap Mass Spectrometry (PIT-MS), with0.5 ppb ship track is color-coded with HE&3~RO» m_easu_rements (in ppt).

detection limit and 20% uncertainty for 1 min integration Note that several transects overlap, especially in the Galveston Bay

i ke et al.200 HCHO and HCOOH and in the Houston Ship Channel, and that mixing ratios larger than

ime (Warneke et aJ. 9. and OH were g ppt are not shown.

measured by Tunable Infrared Laser Differential Absorp-

tion Spectroscopy (TILDAS) with detection limit of 180 ppt

and 10% uncertainty for 1 s integration tinmtégrndon et al. ] ) )
2007). coast of the United States and in particular around the Hous-

NOAA’s High Resolution Doppler Lidar (HRDL) per- ton/Galveston area. The NOAA research vessel Bfdtvn

formed measurements of atmospheric boundary layer wingSal€d from Charleston, South Carolina, on 27 July and ar-

aerosol backscatter, and turbulence profiles with a resolutiofiVéd in Houston, Texas, on 2 August. Between 2 August
of 15min and 30 m Tucker et al, 2010. These measure- and 11 September the R/Brown cruised along the coast

ments were used to estimate the mixing height, which deter®f Texas, inside Galveston Bay and up the Sabine River to

mines the dilution of near surface emissions of pollutants byB&aumont, Texas. The track of the ship is shown in Bjg.
vertical mixing in the boundary layer. which also indicates several of the locations visited during

The instruments, including the PERCA, were housed inthe cruise. Approximately 20% of the entire research cruise
sea containers mounted on one of the upper decks in the folYS Spentatasingle location, Barbours Cut (Big, a com-
ward part of the R/MBrown, approximately 12 m above the mercial shipping _dock south of the Houston Shlp phannel
sea surface. The inlets were located at the top of a8 m towelz’,m_d close to the site (LaPorte, Texas) of a previous field cam-
approximately 20 m above the sea surface. The HRDL LidaPa!an (TexAQS 2000Ryerson et a).2003 Jobson et al.
was located at the stern of the ship. 2004).

with filter radiometers$tark et al.2007), with uncertainties 298 Houston Jacinto Point

between 12%j(NO,)) and 26% j(Os)) and 1 min integra-  _ | ‘;{ 80
tion times. 22Radon was detected using a dual flow loop Ship Channel / GatestonBay 18 0 S
two filter detector Bates et a.2008, located on the upper 267  Lapore §

Texas City ——__ " |,

The Houston/Galveston area is home to one of the busiest

2.3 The TexAQS 2006 cruise of the RA\Brown ports of the United States. The port opens at Galveston Bay
and ends in the Houston Ship Channel (RBg), which is

The Texas Air Quality Study 2006 campaign took place dur-currently one of the most important waterways for the move-
ing the summer of 2006. The campaign was part of thement of petrochemical products, goods and grains in North
more comprehensive TexAQS/GoMACCS (Gulf of Mexico America. The Houston Ship Channel is approximately 160 m
Atmospheric Composition and Climate Study) regional air wide and 80 km long and is entirely surrounded by loading
quality and climate change study and its main objective wasdocks and petrochemical industries. The ship traffic between
to investigate air quality and meteorology along the Gulf the Houston Ship Channel and the Gulf of Mexico mostly

Atmos. Chem. Phys., 11, 2472485 2011 www.atmos-chem-phys.net/11/2471/2011/
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consists of tankers, freighters and large number of barges _4,- _ax10°
and tugboats. This, together with the rest of the industrial £120
activity and the urban traffic in and around the Greater Hous-
ton metropolitan area, results in high emissions ofyN@Ad

VOC, responsible for the high photochemical activity and _ 1607728 812 8/ 8/12 817 _4x0°
formation of ozone in the regiorRferson et a).2003 Par- S120 F3 &
rish et al, 2009. The ocean along the coast of Southern % jg: M ﬁ QMJ(M m :i g
Texas is also subject to considerable ship traffic and a large 2 ;3 [\ W AN S W b WAL H
number of oil extraction platforms, mostly located on the 8124 8/29 /3 o/
continental shelf. Other industrial areas are present all along T

the coast of Texas: during the 2006 cruise, the Bfgwn = 2 I
sampled in Port Arthur and in Beaumont, near the border & 7 153
with Louisiana, in Freeport and in Matagorda, southwest of g 401 5 g
Galveston along the Gulf Coast (Figp). 0- 0

(qdd) OHOH

Bay can arise when moderate offshore synoptic-scale winds aa oo
are strong enough to override and suppress the early after-
noon bay breezeBanta et al.1998 2005. This allows for 50 300,

accumulation of photochemical ozone over Galveston Bay, & 5 2008
20 L L1005
10 L <
0l L Lo =

which is subsequently advected over Houston in the low-
breeze.Tucker et al.(2010 also observed the effect of the 50128 8/2 8 8/12 817 300,

. . 1204128 8/2 8/ 8/12 8/17 25
The local meteorology in the Houston/Galveston region .= | 20
has a profound influence on ozone concentration and radical £ ™ ®
chemistry. Stagnant conditions over the shores of Galveston £ 7] L1k ) 5
Ogﬁ*'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_ﬁﬁﬁﬁﬁf 0
9/3 9/8
GMT

géthene (ppb)

est few hundred meters by the late afternoon on-shore se

synoptic conditions on boundary layer mixing height and im- g - lzoo§
pact on the concentration of ozone in this area. § 20 }mo%

Previous studies in the region (eRyerson et aJ.2003 ® o Lo =
Jobson et al.2004 Kleinman et al. 2005 have high- o124 8129 o3 ol

GMT
lighted the special chemical characteristics of the Hous-

ton/Galveston area: co-located large emissions of W@ Fig. 4. Measurements of H&ZRO,, j(OD), NOyx, HCHO,

of highly reactive VOC (particularly light alkenes) combined ethene and propane during the RB¥bwncruise.

with the unique meteorology described above result in some

of the highest concentrations of urban ozone in the United

States. Measurements of peroxy radicals in such photoradicals, and of NQ(Fig. 1). During the first few days of the

chemically active air masses provide a unique look into theircruise (28 July to 2 August) the RBfownwas en route from

chemistry and assists in understanding the factors that influCharleston, South Carolina, to Houston, Texas (Ba),

ence ozone production across the region. sampling the cleanest air masses of the campaign. Measured
day-time peroxy radicals maxima were, on average, between
35 and 50 ppt during this periocilman et al(2009 showed

3 Measurements of HQ3+3X RO that VOC accounted for approximately 32% of the total OH
reactivity and the most important VOC were formaldehyde

Total peroxy radicals were measured continuousip@% (0.5 ppb), acetaldehyde (0.1ppb) and light alkenes (0.01-

of data coverage) from 28 July to 11 September on board.06 ppb). CO and CiHaccounted, respectively for 38% and

the R/V Brown during TexAQS 2006. The entire dataset 27% of the total OH reactivityGilman et al, 2009); it can

is shown in Fig.3 and, together with measurements of O be inferred that, during this period, H®XRO, was com-

photolysis ratesj(O'D)), NOy and selected VOC in Figt. prised mostly of HQ and CHO,. These measurements in

The concentrations of total peroxy radicals were clearly cor-clean marine air ([NQ] = 0.2-0.4 ppb, on average), origi-

related with Q photolysis rates throughout the cruise; this is nating in the subtropical Atlantic Ocean and the Caribbean

expected as ozone was always a major radical source, even negion, can be considered representative of background ma-

the most polluted areas, where HCHO and HONO were alsaine conditions.

important radical source®{aguer et a.2009. Peroxy radicals were also measured at night during the

Day-time (08:00—20:00 local time) maximum mixing ra- entire cruise with mixing ratios typically between 5 and

tios of HO,+X RO, ranged from 25 to 110 ppt. The highest 25 ppt, depending on the conditions and the location of the

average levels were observed in the industrial areas B5ig. R/V Brown On occasion, very high mixing ratios were mea-

owing to the abundance of VOC, the precursors of peroxysured, such as during the night of 7 September when the

www.atmos-chem-phys.net/11/2471/2011/ Atmos. Chem. Phys., 11, 24832011



2476

R. Sommariva et al.: RGneasurements ands@roduction during TexAQS 2006

Table 1. Day-time (08:00-20:00) and night-time averages and standard deviations pf 3D, (in ppt), NO (in ppb) and total OH
reactivity of VOC (zo in s~1) measured at different locations during the FBXdwncruise.

Species \ Open Ocean Gulf Coast GalvestonBay Industrial Areas Barbours Cut
day
HO2+2RO, | 20.5+12.4  30.221.0 25.4:18.8 27.4:21.9 14.6:11.2
NOx 0.7+1.8 2.4t4.0 8.2£17.7 15.&19.5 14.%14.9
1/t0H 0.4+0.2 2125 3.3:4.0 7.8£14.0 5.8t5.7
night
HO»+Z RO, 5.6+£3.9 12.6t4.6 8. A7.9 11.2418.8 11.#13.3
NOx 1.0+£3.4 1422 13.5:11.9 60.1231.0 14.412.3
1/t0H 0.3+0.2 1.9t2.4 2.3:2.0 13.8£32.9 9.4:15.0
28 510° 120 4x10° composed of C2-C5 alkenes with a combined mixing ratio

0
£ o] orenouean] 5

@ 2
SN 20 1
I 0+ X ‘o
00:00 12:00 00:00
GMT
2 8 4x10°
o
£ 6o |Gulf Coast s, 3 .
o~ £ O
Q 40 5 25
G20 1w,
I 0+ . " (o
00:00 12:00 00:00
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—~ -5
2 80+ r4x10
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GMT
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£ o4 |Industrial Areas% L3 _
oN 5‘ [e)
O 404 : F2 6
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GMT

Fig. 5. Average diurnal profiles of H&*X RO, (in blue), NG
(in green) andj(O!D) (in red) at different locations during the

NO, (ppb) NO, (ppb) NO, (ppb)

NO, (ppb)

80 35
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R/V Browncruise. The shading corrsponds te 1-

of 190 ppb Gilman et al, 2009. NO3 measurements for that
night were not available. However, during the event, [NO]
was about 4 ppb, which suggests that ozone reactions with
alkenes was responsible for the formation of such high level
of peroxy radicals, because N@vould be titrated by NO
faster than it could react with any other species.

The measurements taken during the RB¥bwn cruise
were divided into 5 groups, defined by the location of the
ship. They are referred to hereafter as: Open Ocean, Gulf
Coast, Galveston Bay, Industrial Areas and Barbours Cut.
Diurnal profiles of the H+X RO, and NG measurements
at each location are shown in Fi§. The diurnal and noctur-
nal averages and standard deviations of,HDRO,, NOy
and VOC reactivity are shown in Table The data taken
when the ship was in the Atlantic Ocean and in the Gulf of
Mexico (Fig.3a) were divided between the Open Ocean and
Gulf Coast groups usingf?Radon counts???Radon is a by-
product of the degradation éf8Uranium with half-life of
3.82 days; it is commonly released in the atmosphere from
granitic soils and rocks and therefore can be used as a tracer
of continental influence.

Gulf Coast air masses were rich f8°2Radon and con-
tained continental outflow and anthropogenic influence, with
higher mixing ratios of total peroxy radicals and NChe
day-time maxima of H+X RO, were about 60 ppt (diurnal
average = 30.2 ppt and average N©2.4 ppb, respectively,
Fig. 5). Open Ocean air masses poorfiRadon were less
impacted by recent anthropogenic emissions and had lower
mixing ratios of peroxy radicals and NOthe day-time max-
ima of HO+ X RO, were about 30-35 ppt (diurnal average =
20.5 ppt) and average NG- 0.7 ppb (Tablel, Fig.5). The
sources of peroxy radicals in these two areas were likewise
different: in the Open Ocean they were formed mostly by

R/V Brownwas docked in Jacinto Point at the entrance to theCO and CH, which together accounted for about 65% of the

Houston Ship Channel (Figb). On this night, HQ+X RO,

total OH reactivity, on average. The role of VOC in the for-

reached a campaign maximum of 134 ppt, related to nightimation of peroxy radicals was mostly due to the reactivity

time oxidation reaction (or NOgz) of highly reactive VOC.

of oxygenated compounds, especially formaldehyde and ac-

During this event, the GC-MS sampled a plume, likely emit- etaldehydeGilman et al, 2009. In the Gulf Coast, owing to
ted from one of the nearby petrochemical plants, largelythe outflow of polluted air from the continent, the production

Atmos. Chem. Phys., 11, 2472485 2011
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of peroxy radicals was controlled by VOC, particularly alka- 1004 100 -
nes, alkenes and oxygenates, which accounted for a much, s 2 801 _;_ rzn;sw;:‘“ percentile
larger fraction ¢53%, on average) of the reactivity of OH 7 e & 51 o 10" 90" percentile
(Gilman et al, 2009. % 0] 5 a0

The data grouped under Galveston Bay include all the ® 2 201
measurements taken when the ship was in Galveston har- °t—F—— e
bour and in Galveston Bay itself (Figb). These data were %% NG, ot %\, pt)

affected especially by shipping emissions and, to a certain 100, 100+ 100
extent, by industrial emissions, but not as much as those. so- 80-| 80

grouped under Industrial Areas, which were taken close;)&; 60
to the emission points (that is the Houston Ship ChanneI,EN 404

60 60

40

HO,+RO, (ppt)
HO,+RO, (ppt)

20+ 20

404
Freeport, Matagorda and Beaumont, RYy. Day-time per- * 20+ ’@\
oxy radicals and NQmixing ratios were, on average, around LR . LA e 0
40-45 ppt (day-time maximum) and 8.2 ppb, respectively, in ~ ** 3, et} oot
Galveston Bay, while they were about 45-50 ppt (day-time
maximum) and 15 ppb, respectively, in the Industrial Ar- Fig. 6. Day-time measurements of B®XRO, vs. NG at different
eas (Tablel, Fig. 5). Measurements in the Industrial Areas locations during the R/\Browncruise.
showed greater variability than those in other places @ig.

partly because of the smaller number of samples in the diur-

nal averages, and partly because of the spatial and temporHPnS plotted Versus NQduring the day in the different re-
variability of local, industrial emission sources. The sourcesd/ons. As the ship moved from the Open Ocean to the Gulf

of peroxy radicals in these areas were dominated by oxida"0ast and into Galveston Bay (Fig), there was a transi-

tion of non-methane hydrocarbons, which accounted for 729410 from low to high NG. Accordingly, the peroxy radical
of the reactivity of OH Gilman et al, 2009. While C2-C4 mixing ratios increased from 10-20 ppt in the clean marine
alkanes were the most abundant Recursors, the largest boundary layer to several tens of ppt in the most polluted ar-

fraction of the OH reactivity was due to light alkenes and eas. . . .
formaldehyde Gilman et al, 2009. The concentrations of HE3 X RO, peaked at intermedi-

Although the chemical characteristics of the air masset® [NQ] and decreasec_l at highe_r [NP but the depen-
sampled in Barbours Cut (Fig8b, 5) were not dissimilar dence of HQ+ER,OZ on ”,'”993” oxides is not always c!ear
from those measured in the Galveston Bay or in the Industriapec"’luse of the h'gh variability of the measureme_nts in the
Areas (depending on the meteorology), these data were anRolluted areas (like Barbours Cut and the Industrial Areas)
lyzed separately since this was the single location where thgompared to the c_:lean _Opgn Ocean. The concentrations of
ship spent the most time; it is alse6 km from the ground NOx and the relationship with total peroxy radicals in Bar-

site (LaPorte airport) of the TexAQS 2000 field campaign, bours Cut was similar to the .Industr.ial Areas, although with
thus enabling the most direct comparison of radical measurel?Wer HO:+ZRO; concentrations (Figh). Average peroxy

ments between the two study years. Day-time mixing ratiogr@dicals mixing ratios in the Industrial Areas showed larger

of HO»+XRO; in Barbours Cut were about 30—35 ppt (day- variability and were more influenced by outliers, probably
time maximum), with about 15 ppb of NQFig. 5). Air because of individual emission plumes characterized by high

masses at this location were influenced principally by thel€VelS Of reactive VOC and N(Grom nearby industrial com-

neighbouring Houston Ship Channel and Texas City (Biy.  PIexes (the PERCA measurements frequency was 1 min, suf-

and/or by air masses from Galveston Bay. TICIent. to detect individual p_Iumes). By contrast, peroxy_rad—
Barbours Cut measurements showed a distinctive decreaé‘éal,S n Barbours Cut, which were farther from Igcallzeq

in HO»+ X RO, concentration around 12:00 GMT (07:00 lo- emissions and underwent_ more mixing and chem|st_ry with

cal time), which was also observed, to a lesser extent, irjfhe regional background air, were somewhat less variable.

the Industrial and Galveston Bay average diurnal profiles

(Fig. 5). This d_ip in HQ+2R02 was Igrggly related to_a 4 Photochemical formation of O;

corresponding increase in NQvhen emissions from traffic

and industries started to build up, just before sunrise, in the4.1  Net photochemical ozone formation

shallow ¢ 200 m) nocturnal boundary layeficker et al,

2010. The breakup of this shallow layer after sunrise and Total peroxy radical measurements have been used in sev-

the subsequent mixing with cleaner air from aloft caused aeral previous studies (e.gSalisbury et al.2002 Fleming

sharp decrease in NQCO and the precursor VOC and an et al, 2006 Parker et a].2009 to calculate the net photo-

increase in H+X RO, concentrations. chemical ozone formation rat®lét(©z3)). Net(©s) is defined
Figure 6 shows the medians and the 10-th, 25-th, 75-thas the difference between in-situ photochemical production

and 90-th percentiles of measured X RO, concentra- and loss rates of ozone (Eg). The production of ozone is

0.01

1100 1 100
NO, (ppb) NO, (ppb)
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Fig. 7. OH and HQ/(HO»+XROy) calculated with the MCM box-model.

equivalent to the formation rate of NOwhose photolysis is box-model contained the oxidation scheme of 65 measured
the only known mechanism for ozone formation in the tro- VOC, plus a complete inorganic mechanism taken from the
posphere (ReactioR2), via the reaction of HQand organic  I[UPAC evaluation and was constrained to the chemical and
peroxy radicals with NO (EB). The loss of ozone is equal physical parameters measured on board the B8¥vn dur-

to its photolysis rate times the fractiorf (n Eq. 5, where  ing the cruise. The MCM box-model setup and assumptions
koipym is the average okqip y, andkoip, o, Weighted  have been described in detail in previous publicati®@wng-

by the abundances ofNand &) of the Q'D) product that ~ mariva et al, 2006 2009. The PERCA measurements and
goes on to react with water vapor rather than quenching téhe modelled H@/(HO2+XR0;) ratio were used to calculate
produce ground-state atomic oxygen and, ultimately, reformHOz and RQ in Egs. @), (4).

ozone. Ozone is also lost via reactions with OH and,HO A local sensitivity analysis was performed on the calcu-
(Eq. 4). The reaction of ozone with NO forms NQvhich  lated Prod(Os), LossQ3) and Net(©s) to assess the rela-
reforms @, so it is neutral in terms of the ozone budget and tive importance of each parameter and of the assumptions
not included in Eq.4). Loss of ozone, as calculated here, made. The local sensitivity analysis was made by varying
includes only the direct terms involvingsQtself and does  the value of the input parameters in Eqgg), ((3) and @)

not include such indirect losses of ozone as removal,of O (i.e., NO, Q, HO2+XRO,, kHo,+NOs kRO, +NO» kHO,+03,

The rate coefficient used for RONO was 254x 10712%  j(O'D), HO2/(HO,+ZRO;) and OH) by+1%. The percent
exp(360/ T') cm®molecule s, which is the generic value Vvariation in the calculate@rod(Os), Loss©3) andNet(©z)
used in the Master Chemical Mechanism (MQitp://mem.  is indicated asa X*1% and used to calculate the sensitivity
leeds.ac.ul/ for all RO,+NO reactions for which no ex- index S, Eq.6) for each of these parameters.
perimental values are available. The other rate coefficients

were taken from the 2007 IUPAC evaluatioktkinson et al, _ WAXTI®_0pA X 1%

Sl= 6
2006. 100x 0.02 ©
The results of the local sensitivity analysis are shown in
Net(Os) = Prod(O3) —LossOs) (2)  Table2 as campaign averages of the calculaBd Photo-
Prod(O3) = (kHo,+No - [HO2] +kro,+No - [RO2]) - INOJ 3) chemical production and loss rates of ®ere not very sen-

LossO3) = (f #](O'D) + kots0 - [OH] +ktoy 05 - [HO2D) - 03] (4) sitive to the calculated concentration of OH or to the cal-
culated HGQ/(HO»+X ROy) ratio, but they were sensitive to
the concentrations of NO, £and HQ+XRO,, which were
measured in-situ. The net photochemical ozone formation
Measurements of NO, £j(O'D) and HO were used in  rate was most sensitive to NO and (X RO,, whose over-
Egs. @), (4), (5). A box-model based upon the MCM and all uncertainty was 3.8% (Se@.2) and 40% (Sect.1), re-
constrained to the chemical and physical parameters measpectively.
sured on board the R/Brownduring the cruise was usedto  The net photochemical ozone formation rate was also very
calculate OH and the HE(HO»+XRO,) ratio (Fig.7). The sensitive takro,+No (Table2), a generic rate coefficient for

_ koipih,0°[H20] )
kotpih,0%[H20]+koipm - [M]
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Table 2. Campaign average of sensitivity indexes (E).for 2.0
Prod(Os), LossQ3) andNet(©s). —&— Open Ocean
15 ©— Gulf Coast
£ 27| Galveston Bay
Parameter Prod(O3) LossQ3) Net©s3) '§ & Industrial Areas
NO 1 _ 0.89 i 1.04 —o— Barbour's Cut
03 - 1 0.11 o
HO,+X RO, 1 0.18 0.90 2
kH02+NO 0.36 - 0.32 - 05 [
kRO,+NO 0.63 - 0.57
kHO,+ 05 - 0.18 0.01 0.04
i(o'D) - 0.75 0.09 o ‘ ‘ ‘ ‘
HOL/(HO,+ZROy) 0.02 018 003 01:00 04:00 07:00 10:00 13:00 16:00 19:00 22:00 01:00
OH - 0.07 0.01 GMT
160 5
140 °
the reaction of organic peroxy radicals with NO. The com- = 120 1 s 1
position of the peroxy radical pool was unknown; therefore, § 100+ o L
all organic peroxy radicals had to be considered as a singles 80 o
species for the purpose of this calculation. In principle, the & 7 /Z\ \
MCM box-model could yield this information; however ex- T 607 3 | ‘ \\/\ &
perimental kinetic data are not available for every individual & 40+ O/\\ ) ,// ¢ /a
species in the MCM, so ageneriq rate coefficien_t Wo_uld_ h_ave 20 ol v g,.\g/o\/o - ¢ \ > J
to be used regardless. The error in this assumption is difficult PN AV S - .
i 1 i 1 1 T T T T T T
to estimate, put, c_onmdgrmg the typlcgl uncertainty range of 1300 1500 1700 1900 2100  23-00
known reactions involving peroxy radicals (15-60%), it is oMT

probably comparable to the uncertainty in the HGRO,
measurements (Se@.1).

Fig. 8. Median profiles oL.ossQ3) andProd(O3) at different loca-

To estimate the impact of the two most sensitive param-tions during the R/\Browncruise.

eters,Net(©s) was recalculated changing HEZRO, and
kro,+No by their uncertainties#40% and+30%, respec-
tively). On averagelNet(©s) changed byt40%, when vary-
ing HO,+X ROy, and by+18%, when varyingro,+no. The
results indicate that measured b#X RO, was the most crit-
ical parameter in determininget(©gz).

4.2 Ozone formation during the R/V Brown cruise

The net photochemical formation ratdet(©s), calculated
with Eqg. @) during daylight hours was divided on the basis
of the location of the R/\MBrown in the same way as the
HO,+X RO, data (Sect3). The median profiles d?Prod(O3)
andLossQ3) in each location are shown in Fi§. Photo-
chemical production (E¢3) was 1-2 orders of magnitude
higher than photochemical loss (E4).in all areas, except in
the Open Ocean, where the two components of Bghéd

in Galveston Bay and Industrial Areas (up to 100 fipb
Prod(Os) decreased in the afternoon in the Gulf Coast, Bar-
bours Cut and in the Industrial Areas (F8), largely because

of the decrease in the H®XRO, concentrations. In the
Open Ocean and Galveston Bay, photochemical formation
of ozone was sustained in the late afternoon by increasing
levels of HQ+X RO, (Figs.5, 6), probably related to oxy-
genated VOC, which photolyze at longer wavelengths and
act as radical precursors in these areas (Sgct.

The high values oProd(O3) shown in Fig.8 resulted in
high values of net photochemical ozone production, partic-
ularly in Barbours Cut, Galveston Bay and in the Industrial
Areas. The high production rates were comparable to those
observed and calculated at the LaPorte site during the previ-

similar magnitude, resulting sometimes in net photochemicabus TexAQS 2000 campaign (see SdcB) and were mostly

ozone destruction (negatiwet(©z)). LossQs) was similar
in all locations (0.5-1 ppth), because the main component
in Eq. @) was the photolysis of ozone, which accounted typ-
ically for 70—-95% ofLoss(3). This also explains the char-
acteristic diurnal variation of photochemical ozone loss in
Fig. 8.

The lowest median values &rod(O3) were observed in
the Open Ocean and along the Gulf Coast (0.6-1Zlppb
while the highest median values Bfod(O3) were observed

www.atmos-chem-phys.net/11/2471/2011/

driven by high concentrations of NO (E8). In Barbours Cut
and in the Industrial Areas, the median mixing ratios of NO
were 7.4 ppb and 13 ppb, respectively, which led to produc-
tion rates on the order of tens to hundreds of fipbWhile
high, these values are not uncommgiteinman et al(2005
reported ozone production rates on the order of tens oftppb
in several US urban areas and, in particular, in Houston,
Texas, where production rates were up to 155/ppbThe
higher ozone production rates in Houston compared to other

Atmos. Chem. Phys., 11, 24832011
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Fig. 9. Frequency distributions dfiet©3) at different locations during the R/Browncruise. The bin size is 0.1 pphb for Open Ocean and
1 pplyh for all the other locations. The values on thexis are the number of data points in each bin.

urban areas were attributed to the co-location ofyNMDd dent. It implies that the measurements taken in the Industrial
highly reactive olefins emissions from the petrochemical Areas were a collection of individual plumes from different
plants in the Houston/Galveston arédeinman et al(2005 industrial sources rather than representative of the area as a
also noted, by looking at data from Philadelphia, Pennsylva-whole. This is also true for Galveston Bay data, which were
nia, and Phoenix, Arizona, that morning and afternoon ozondikely influenced by emissions from passing ships, tugboats
production rates were generally comparable. Although aand bargesNet(©3) was very high in the Industrial Areas,
straightforward comparison is not possible, this is consistenBarbours Cut and Galveston Bay with values in the range
with the data presented in this work (FR). of tens up to hundreds of ppb. The mediarNet©3) in

the Industrial Areas was 43.8 pfih although values as high
as several hundreds of pffbwere as frequent as lower val-
ues (Fig.9). In Barbours Cut and Galveston Bay the median
Net(©s3) was similar, between 23 and 26 piph but the aver-

The occurrence of a large number of higtrod(O3)
episodes was likely related to sampling of individual plumes
characterized by high concentrations of Né@nd reactive

VOC, especially in the Industrial Areas. This tends to bias :
pecialy ! Ut ! ! ge was lower in Barbours Cut (60 vs. 150 pip} because of

the analysis of the measurements towards higher values. Joa HO+TR rati din this |
better understand the probability of such events, the net pho-, e lower HQ Oz concentrations measured in this loca-

tochemical 0zone formation ratiétQs), Eq.2) at different tion (Sect.3). Ozone formation in Barbours Cut is discussed
locations of the R/VBrown cruise is shc;wn in Fig0 as fre- in more detail in Sec#.3in relation to VOC reactivity and

quency distributions. Except in the Open Ocebiet©s) the geographical distribution of the emission sources around

G . the commercial shipping dock (Figb).
was positive, indicating that these were all ozone producmgI Sustained hotosﬁergical oz(ong f)ormation rates on the or-
areas. In the Open Ocean, ozone destroying conditions Werr$ P

often encountered, when very clean air masses from the ce er of tens or even hundreds OT pipbwould rapidly gen-
tral Gulf of Mexico or from the Atlantic Ocean were sam- €ate extremely high concentrations of ozone, much larger

: ; : than observed by, for example, the ozone monitoring network
pled (Fig.9). The mediarNet(©3) was 0.5 ppbh in Open .
Ocean, although the average value was higher (5.5p)pb aro_und.the Houston are&leinman et al.(2005 no_ted that .
In the Gulf Coast, the mediaNet(Os) was 2.4 pph (and while high ozone ev_ents were preceded by perlod.s of high
the average 7.4 ppgh). These values are comparable to the Prod(Os), not all periods of higtProd(Os) necessarily led

net ozone formation rates reported by previous studies in thé0 high ozone e_vents. Thls. Is because dll_utlon also play_s an
semi-polluted and clean marine boundary layer (Salis- important role in determining the downwind concentration
bury et al, 2002 Fleming et al, 2008 of ozone and can be more important than the photochemical

processesHanta et al.2005 Tucker et al.2010. For exam-

In all locations, the mediaNet(©s) was much lower than  ple, during TexAQS 2008,angford et al(2009 found that
the averagé\et(O3) because of the presence of a large num-high photochemical activity on 4 August resulted in compar-
ber of outliers (Fig9). This was related to the high variabil- atively low 0zone concentrations because of the strong winds

ity in the local emissions, particularly in the Industrial Areas, that lowered the regional ozone background.
where a clear distribution of thdet(©s) values was not evi-
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¢ wind direction|

Net(O;) The OH reactivities of different VOC classes can be used
— average //”ﬂa%\ to investigate which species most influencegf@mation in
/ ] . \ different sectors. Alkenes clearly were the dominant class
1% of reacting VOC, with values of /kon on the order of tens

| o of s71 (Fig. 10), followed by alkanes, biogenics, oxygenates
0 and monomers (e.g., 1,3-butadiene and vinyl acetate), with
values of ¥ton on the order of a few 5. Aromatics,
halogenated VOC and nitrogen or sulphur containing VOC
(such as DMS) showed the lowest reactivity to OH (Hi@).
This is consistent with the analysis Gilman et al.(2009),
who showed that the concentration of OH was controlled by
alkenes, C2—C4 alkanes and highly reactive species, such as
isoprene, oxygenates, 1,3-butadiene and vinyl acetate. Al-
though there are industrial sources of isopréigman et al.
(2009 concluded that isoprene in the Houston area is mostly
biogenic in origin.

The importance of the different classes in each sector was
varied and was dependent on the emission sources surround-

\ ‘ ) . ing Barbours Cut. Alkanes, alkenes and monomers showed
/ ‘9%\ / ""/“\ a s_lmllar patter_n,_ which can be traced to common emissions

e T CETh of industrial origin. These species were most important in

‘ air masses from the E-NE and W-SW sectors (E@l. cor-
responding to industries on either side of the Houston Ship
Channel (Fig.3b). Aromatics, although much less reactive,
Fig. 10. Net(Os) (in ppb/h) and OH reactivity of VOC classes (in ponFributed to the OH reactivity in these air masses and also
s~1) as function of local wind direction in Barbours Cut during Tex- N &ir masses from the S—SW sector (Fig). The different
AQS 2006. The values on theaxis are the medians (blue) and the Pattern of aromatics is related to the fact that these species are
averages (red); the values on thexis indicate the frequency of of urban (i.e., traffic) as well as industrial origin and there-
the wind direction. fore impacted a broader range of air masses. In the SW,
S and SE sectors, OH reactivity was largely controlled by
biogenic and oxygenated VOC. The S—-SW sector, in par-
ticular, was dominated by biogenics (mostly isoprene) and

. . their oxygenated products, such as methyl vinyl ketone and
In Barbours Cut (Fig3), the R/VBrownwas either docked or methacroleinGilman et al, 2009. The E-SE sector was al-

stationary and therefore it is possible to analyze the net pho- : .
tochemical @ formation on the basis of the local wind di- most completely dominated by oxygenated VOC (Rig),

. .~ the most important of which was formaldehyde. The main
rection and relatdlet(Os) to the sources around the shipping source of HCHO was determined to be secondary formation
dock. Figurel0showsNet(O3) and local wind direction po- N : o
lar distributions for Barbours Cut together with the OH reac- from the oxidation of hydrocarbons rather than primary emis

o . . sion Gilman et al, 2009. As explained earlier, these air
tivity of dlﬁgrent c!as;es of VOC (megsured m'sas ]/TOH’. masses were recirculated from Galveston Bay and contained
wheretoy is the lifetime of a VOC with respect to reaction

. more pr ir.
with OH). The S—SW and S-E sectors were the most fre- ore processe da . .
To summarize, the highest net ozone formation rates were

quently sampled during the period when the Rdwnwas measured in the E-SE sector and the most important pre-

If?o?nalr\? gﬁ:jsSw’sggggisowgrgcscﬁr?Olr;?j”y aIr masses coming ., -sors were oxygenated VOC and, to a lesser extent, bio-
The highest values dflet(Os) Wepre measured when the 96MC¢ VOC (Fig.10). Inthe E-NE and in the W-SW sec-
. 9 3 ) tors, on the other hand, the most important ozone precursors
wind was from the E-SE and E-NE sector (Fig). Given
: . were alkenes, followed by alkanes and monomers (E0y.
the location of Barbours Cut (Figb), these correspond to . . .
air masses that had spent some time over Galveston BaB|ogen|cs, followed by oxygenates, were the most important
! P : v v jrecursors in the S—SW sector (Fid)). Other species, such

vszrEX(gZngdete:lr I'leég(;;g%;) ﬁ]ned 2;%5;?%29%2{?“3 as aromatics and halogenated VOC, contributed very little to
: ' P 9y reactivity of OH and hence to the formation of ozone, either

of the area can lead to stagnant conditions around the north- . o
. . ecause of lower emissions or because of slower oxidation
ern shore of Galveston Bay, leading to a buildup of 0ZOne . o

concentrations that are then transported back over Houston The measurements taken in Barbours Cut can be com-

by the onshore sea breeze. pared with those taken at LaPorte airport during the previous

Alkanes Alkenes Aromatics

] N i)
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4.3 Ozone formation in Barbours Cut
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Fig. 11. Comparison of modelled (with the TexAQS 2000 model) and measuregd HO»,+X>R0O, andProd(O3) in LaPorte (2000) and
Barbours Cut (2006). The shaded areas and the bars indicate the 10-th and 90-th percentiles.

TexAQS 2000 campaign. LaPorte is only 6 km west of Bar-  In-situ O3 photochemical productionP¢od(Os), Eq. 3)
bours Cut (Fig3b). In 2000, HQ was measured by laser- was calculated using only HCfor the 2000 campaign: the
induced fluorescencévi@o et al, 2010, but there were no  agreement between the modelled and measered(Os3)
measurements of organic peroxy radicals. Therefore, a direanedians was within 30% for [NQ <20-30ppb. At
comparison between the measurements in 2000 and in 2006igher [NQ], measured’rod(O3) showed a steep increase,
is not possible. However, a model can be used as a proxyhile modelledProd(O3) decreased (Figll). It must be
to compare the 2000 and 2006 observations. The model, daroted, however, that the HQlata points observed at [ND
scribed in detail inFrost et al.(1999, was tailored for the <50 ppb were few and scattered, which might bias the cal-
2000 campaign and constrained to the measurements takenlation. Prod(Os) calculated using He+X RO, from the
at LaPorte, Texas. TexAQS 2000 model was then compared with the one calcu-
In Fig. 11, modelled HQ@ and HG+XRO, were com- lated from the H@+X RO, measurements in TexAQS 2006
pared to measured HCand 2x HO», respectively, for the in Fig. 11. Despite the difference in space and time between
2000 campaign at LaPorte x2HO, was used as an estimate the two datasets, there was reasonable agreement (median
of total peroxy radicals, a reasonable assumption in urbarvalues within 20-40%).Prod(O3) from the 2006 PERCA
influenced outflow \\ood et al, 2009. The model results, measurements showed similar N@ependence d&rod(O3)
which agree with the results of the MCM box-model used in calculated with the 2000 model with a maximum centered
Sec4.1, support the hypothesis that H@as approximately  around 30-40 ppb (Fid.1).
half of the total peroxy radicals pool (Fig). The comparisons illustrated in Fi@jl suggests that con-
The model generally underestimated the measurementslitions in LaPorte in 2000 and in Barbours Cut in 2006 were
although the range of the model results was within the vari-very similar. The level of [NQ] was somewhat lower in
ability of the measurements (Fig1). The modelled and 2006, consistent with other observatioRa(rish et a].2009
measured medians H@greed to within 27—48%, while the and ozone production remained NOmited in this area,
the modelled H@+X RO, and measured 2 HO, medians  likely because of the abundance of VOC emitted from the
agreed to within 15-47%. Given an instrumental uncertaintysurrounding industries.
of ~40% (Mao et al, 2010 the agreement can be consid-
ered satisfactory. The estimated median concentration of
HO,+Z RO, in 2000 (i.e., 2« measured HE), was compara- 5 Summary and conclusions
ble, within 30%, to the median concentration of H# X RO,

measured at Barbours Cut in 2006, and showed a similar dg¥ieasurements of total peroxy radicals (fKXROz) were
pendence on [N@ (Fig. 11). made during the TexAQS 2006 cruise of the RBvown

with a dual-channel PEroxy Radical Chemical Amplifier
(PERCA). The ship sailed across the Gulf of Mexico and
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