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Abstract. Night-time chemistry in the Marine Boundary action of ozone with light alkenes. The cycling between
Layer has been modelled using a number of observationalllHO»/RO, and OH was maintained during the night by the
constrained zero-dimensional box-models. The models weréow concentrations of NO and the overall radical concentra-
based upon the Master Chemical Mechanism (MCM) andtion was limited by slow loss of peroxy radicals to form per-
the measurements were taken during the North Atlantic Ma-oxides. A strong peak in [Ng) during the night 31 August—1
rine Boundary Layer Experiment (NAMBLEX) campaign at September allowed an insight into the radical fluxes and the
Mace Head, Ireland in July—September 2002. connections between the §@nd the NQ cycles.

The model could reproduce, within the combined uncer-
tainties, the measured concentration of H@ithin 30—
40%) during the night 31 August-1 September and of ]
HO,+RO, (within 15-30%) during several nights of the 1 Introduction
campaign. The model always overestimated the; N@a-
surements made by Differential Optical Absorption Spec-"° . >
troscopy (DOAS) by up to an order of magnitude or more, tivity of ozone and of the nitrate ra@cql. NGs formed by
but agreed with the N§Cavity Ring-Down Spectroscopy Fhe reactlop of ozone and nltrogen.d|OX|de (Reag:RdJ)l but'
(CRDS) measurements to within 30-50%. The most Iikely's_ preggnt |n_3|gn|f|cant concentrathns only o!urlng the night,
explanation of the discrepancy between the two instrumentSiNCe itis quickly photolyzed by sunlight yielding either NO
and the model is the reaction of the nitrate radical with in- ©"
homogeneously distributed NO, which was measured at con-
centrations of up to 10 ppt, even though this is not enoughN02 +03 > NOs + 02 (R1)

to fully explain the difference between the DOAS measure-l\Io3 reacts with NG to form N,Os, which thermally de-

ments and the model. composes giving back NCand NG (Eq. R2). In the night-

A rate of production and destruction analysis showed thattime boundary layer N@and NyOs quickly reach an equi-
radicals were generated during the night mainly by the re—Iibrium unless the concentration50f NGs very low Allan

Correspondence tayl. J. Pilling et al, 2000. NyOs therefore acts as an important reservoir
(m.j.pilling@Ileeds.ac.uk) of oxidized nitrogen, directly or through the production of

Radical chemistry during the night is controlled by the reac-
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HNOj3 via the reaction with water (ReactioR8-R4) (Atkin-
son et al,2003. N>Os and NG are also uptaken on aerosol.

NO3z + NO2 + M = N2Os + M (R2)
N2Os + HoO — 2HNO3 (R3)
N>Os + 2H,0 — 2HNOs + H,0 (R4)

NOj3 reacts with alkenes and some aromatistkinson and
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(Aberystwyth, Bristol, Birmingham, Cambridge, East An-
glia, Edinburgh, Leeds, Leicester, UMIST, York) and the Na-
tional University of Ireland, Galway. A complete overview
of the campaign is iHeard et al(2006. Description and
analysis of the radical measurements of {hd NG can

be found inSmith et al.(2006§ andSaiz-Lopez et al2006),
respectively. Another paper by Bitter et al. (200Wjll dis-
cuss the N@ and NbOs measurements and try to resolve
with a model the differences between the two instruments
used during the campaign. A complementary papédflbyn-

Arey, 2003. The reaction proceeds either by H-abstractioning et al.(2006 used the same model results of this work to
or by addition to the double-bond producing peroxy andcompare with the measurements of total peroxy radicals dur-

nitro-peroxy radicals which then react with NO, K@r other

ing the day and during the night. This paper focuses on the

peroxy radicals. Reaction with NO leads to the formation of model-measurements comparisons of21B0,+R0O,, NO3

HO, and, via the reaction of HOwith NO and/or @, to the

and NbOs during the night and uses the model, based on an

formation of OH. In this way the nitrate radical acts as a explicit chemical mechanism, to study the connections be-

source of HQ during the night, when ozone and formalde-
hyde photolysis, the main sources of iadicals during the
day, are absent.

Another significant source of HQduring the night is the

tween HQ and the N@/N2Os system. A companion paper
(Sommariva et al.2006 describes OH and Hfday-time
chemistry.

Section2 of the paper briefly describes the models and the

decomposition of Criegee intermediates from the reaction oimeasurements used in this work. Secti8asd4 discuss the

ozone with alkenesAtkinson and Arey2003. The relative
importance of N@Q and G as HQ, sources during the night
depends on NQand hydrocarbon concentrations.

Many studies on N@chemistry have been reported, e.g.
Allan et al. (1999 2000; Brown et al.(2003 2009); Vrek-
oussis et al(2004, but comparatively few have been pub-
lished on HQ night-time chemistry, especially in the ma-
rine boundary layer. H®was measured at night at con-
centrations of up to .Bx 10’ molecule cm® at Oki Island
(Kanaya et al.1999, 1.4x10% molecule cm® at Okinawa
(Kanaya et a].2001) and 11x 10 molecule cmi® at Rishiri
Island Kanaya et al.2002. In all three campaigns the rad-

ical source was attributed to the reactions of alkenes an

monoterpenes with ©with little or no contribution by N@
chemistry. Carslaw et al(1997 found a positive correla-
tion between N@ and HQ+RO; during spring and autumn

at Weybourne on the North Sea, evidence of production off!€Xit:

model-measurements comparisons of OH,,HBO0,+R0O,

and of NG, NOs+N2Os, respectively. SectioB® contains

a detailed rate of production and destruction analysis and
Sect.6 an analysis of one particular night of NAMBLEX (31
August—1 September). Finally, Segétcontains the summary
and the main conclusions of this work.

2 Models and measurements

The models used in this work are described in detadam-
mariva et al.(200§. They were built following the guide-

Jz'nes detailed irCarslaw et al(1999 and inSommariva et al.

20049 and using version 3.1 of the Master Chemical Mech-
anism (MCM,http://mcm.leeds.ac.uk/

Four base models, with different degrees of chemical com-
were used to study the impact of hydrocarbons, oxy-

peroxy radicals from reactions of the nitrate radical. No oH 9enates and peroxides on the calculated concentrations of

and HQ measurements were made during that campaign

Salisbury et al(2001) reported a study of nocturnal peroxy

radicals at Mace Head under comparatively clean condition

during the EASE97 campaign. HQvas measured on two
nights at concentrations of up ta15 10’ molecule cnm3.

Their study showed that ozone-initiated oxidation routes o

alkenes outweighed those of NQexcept when the air was

coming from the west and south-west sector. An analysis
of peroxy radicals during the night at Cape Grim was also

reported byMonks et al.(1996.

This paper discusses night-time modelling and measur
ments of radicals (OH, H& organic peroxy radicals and
NOg3) at Mace Head, Ireland, during the North Atlantic Ma-
rine Boundary Layer Experiment (NAMBLEXHeard et al.

radicals. All the models were constrained to 15 min averages

of measured concentrations of CO, £HHo, O3, NO, NOp,

g-ICHO, selected NMHCs, $O and to measured temperature

and photolysis rates (j(D), j(NO2), (HONO), both chan-
nels of j(HCHO), j(CHCOCH;), j(CH3CHO)). The con-

fstraints of the different models used in this work are shown

in Tablel.

The time resolution of the NMHCs measurements was
40 min (Lewis et al, 2005. The data were linearly inter-
polated to 15min. The measured species were: ethane,

gPropane, i-butane, n-butane, i-pentane, n-pentane, n-hexane,

1Bitter, M., Ball, S. M., Povey, I. M., Jones, R. L., Saiz-Lopez,
A., and Plane, J. M. C.: Measurements of jiM,05, OIO, I,
water vapour and aerosol optical depth by broadband cavity ring-

2006. The campaign took place during the summer of down spectroscopy during the NAMBLEX campaign, in prepara-
2002 (July—September) and involved ten British universitiestion, 2007.
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Table 1. Models used in this work.

Base Models Constraints

“clean” Ho, O3, NO, NO;, HCHO and KO, temperature, photolysis
rates. CO, Clg

“full” as “clean” + 22 hydrocarbons, DMS, CHgl

“fulloxy” as “full” + 3 oxygenates

“fulloxyper” as “fulloxy” + 2 peroxides

Test Models Constraints

“fulloxy-n205” as “fulloxy” with yN,0,=0.016

“fulloxy-no” as “fulloxy” with [NO]=0

“fulloxy-dms” as “fulloxy” with [DMS]=0

“fulloxy-dms-no” as “fulloxy” with [NO] and [DMS]=0

n-heptane, ethene, propene, acetylene, trans-2-butene, buie pattern dominated over the local conditioht(ton et al,
1-ene, i-butene, cis-2-butene, 1,3-butadiene, isoprene, ber2006. A boundary layer height of 400 m, based on the wind
zene, toluene, ethylbenzene, m-xylene + p-xylene, o-xylengrofiler measurementdlprton et al, 2006, was used for the
plus three oxygenates (acetaldehyde, methanol, acetone) amaodelled nights. Sensitivity tests showed that BL height was

two peroxides (HHO, and CHOOH) (Lewis et al, 2005. not a significant parameter for the concentration of the mod-
SO, was not measured and was set to a constant value doflled species.
55 ppt Berresheim et al2002. Heterogeneous uptake was calculated using B@agsum-

. . ing irreversible loss of gas-phase species on aerosol.
No peroxides measurements were available after 30 Au- 9 gas-p P

gust. Even before 30 August, their concentrations, and in_ Avy 1
particular [CHOOH], were often below or close to the de- “het= 4 @)
tection limit (0.02 ppbMorgan and Jacksi2002. HCHO

whereA is the total aerosol surface areas the mean molec-

was measured with two techniquesti{l et al, 2006§. The | d is th q d Jsurf
University of East Anglia (UEA) measurements were used & SPe€ and/_ 1S the temperature dependent gas/surface
reaction probability. The values of used for HQ, NOgs,

o eyt e Lot e oW BECe Vere DTSt 293K). 0008 and 0032 spesively
' ratpanche et gl1996 Allan et al, 1999 Behnke et al.

data were not available after 21 August, therefore the mod—lgg./)
els for the following days were not constrained to HCHO, i

which was instead calculated. Also, measurements of chlo- The models were used to calculate OH, H®tal peroxy
roform (CHCE) were not available before 3 August. The radicals (HQ+RO,), NOs (or NOg*N20s) for several nights

. ; . of the campaign (sunrise was between 05:00 and 06:00 and
omission of peroxides, formaldehyde and chloroform did not ) P
. U . . sunset between 19:30 and 20:30 in August 2002). The model
influence significantly the calculated concentrations of radi-
. ) ; results were compared to the measurements. OH ang HO
cals at night. In the models which were not constrained to : :
: : were measured by laser-induced fluorescence (LIF) using the
the concentrations of oxygenates and hydroperoxides con: . :
. . Y I . AGE (Fluorescence Assay by Gas Expansion) technique.
centrations (“clean” and “full” models), these species were

: . . ~During the night the detection limits for the two radicals were
calculated as intermediates and the calculated concentrations 4 & -1 1. 10f molecule cnt3 respectively, with signal-

were, especially for species with longer lifetimes, more thanto_noise ratio (S/N) = 1 and integration time = 208ith

an order of magnitude less than the measured concentrations :
i [, 2009. Total Is (H&*R -
because of the importance of transport. €t al, 2009. Total peroxy radicals (H&*RO,) were mea

sured by the PERCA (Peroxy Radical Chemical Amplifier)
Dry deposition terms were also included using the valuestechnique with a detection limit of about 0.5 ppt (with S/N
of Derwent et al(1996 except for peroxides (1.1 crfor =1 and 1 min integration time). The FAGE and the PERCA
H,0, and 0.55cm<s! for organic peroxides), methyl and instruments are described, together with a discussion of un-
ethyl nitrate (1.1 cmst) and HCHO (0.33cms!) (Brasseur  certainties, inSmith et al.(2006 andFleming et al (2006,
etal, 1999. Dry deposition velocity for CHCHO and other  respectively.
aldehydes was assumed to be the same as that for HCHO. NO3 was measured by Differential Optical Absorption
A clear diurnal cycle of the boundary layer (BL) was not al- Spectroscopy (DOAS). The DOAS instrument was located
ways recognizable during NAMBLEX and often the synop- about 100 m from the shore with the retro-reflector on an

www.atmos-chem-phys.net/7/587/2007/ Atmos. Chem. Phys., 7 55872007
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Table 2. Average (20:00-05:00) measurements on some selected nights during NAMBLEX. Concentrations in moletLieromperature
in°C.

Measurements 1-2 Aug 18-19 Aug 19-20 Aug 20-21 Aug 31 Aug-1
Sep
O3 7.8x101 7.0x1011 6.1x101 5.8x101 8.8x101
NO 32x108 15x108 2.0x10° 1.3x108 9.2x107
NO, 7.1x10° 1.8x10° 3.2x10° 6.1x10° 1.6x10°
CHy 5.0x 1013 4.7x1013 4.8x1013 4.7x1013 4.6x1013
co 40x10!2 2.2x1012 2.0x1012 2.0x1012 3.0x1012
Ho 1.4x10%3 1.3x10%3 1.3x10%3 1.3x1013 1.3x1013
HCHO (UEA) 17x1010 3.1x10° 35x10° 5.6x10° -
HCHO (Leeds) Px 1010 1.5x1010 1.4x1010 1.8x 1010 -
Propene Bx 108 3.6x10° 5.3x10° 5.8x10° 2.5x10°
DMS 6.4x10° 2.6x10° 1.0x10° 1.1x10° 1.1x10°
Acetylene 72x10° 1.5%x10° 1.9x10° 1.5x10° 35x10°
Acetaldehyde Bx10t0 1.2x1010 1.1x10%0 9.9x10° 6.5x10°
cis-2-butene Bx 10 2.5x107 2.5x107 2.8x107 2.6x107
trans-2-butene 8x107 1.0x108 1.3x108 1.4x108 1.1x108
Temperature 15 138 128 143 141

island about 4 km west of Mace Head. The total light pathorology during the campaign can be foundNerton et al.
was 8.4 km and N@was measured in the 645-680 nm spec- (2006.

tral region with a detection limit of 0.4—0.5 ppt and integra-

tion time of 20 min Gaiz-Lopez et a|2006. A Cavity Ring-

Down Spectrometer (CRDS) was also present at Mace Heads OH, HO, and RO,

It was located about 25 m inland from the DOAS. The CRDS

measured N@and NQ+N20s in the spectral region 655-  OH and HQ were measured during one night (31 August-1
675nm with an estimated light path 6f20km and a de-  september). OH was always below the instrumental detec-
tection limit of approximately 1 ppt (with a 100's integration tjon [imit (6x 10* molecule cnt3). Late evening and early
time), depending on the aerosol loadifit(er et al, 2003.  morning measurements showed concentrations of the order
The details of the two instruments are givendaiz-Lopez o 12 10° molecule cn3, about twice as much as the mod-
et al.(2009; Bitter et al.(2009, where the measurement un- gjled concentration during the night (Fia). The model
certainties are also discussed. overestimated the measurements at sunset, but underesti-
The modelling of the night-time chemistry in the marine mated them at sunrise suggesting the presence of an OH
boundary layer was concentrated on a few nights, which carsource unaccounted for or underestimated by the model, such
be divided roughly in two periods. The semi-polluted pe- as HONO Emith et al, 2006.
riod at the beginning of August (1-5 August), and the un- HO, concentrations of the order of 1-
polluted period during the rest of the campaigteard et al. 3x 10" molecule cnt® were detected, similar to previous
2006. The semi-polluted period was characterized by com-measurements in Mace Head during two nights of the
paratively high concentrations of NOCO, and NMHCs EASE97 campaign (5-5x 10’ molecule cn3, Salisbury
(Table2). Acetylene, an anthropogenic marker, was 2 to 3et al, 200)). The models overestimated Hy about
times higher than during other periods of the campaign. The30-40% (Fig.1a). Compared to daytime, when the model
five-day back trajectories showed that the air masses arriveverestimated the measurements by about a factor of 2
ing at Mace Head were coming from east-northeast, passfSommariva et al.2006, the agreement between the model
ing over Northern England and Irelaniddrton et al, 2006. and the measurements is reasonably good and well within the
Most of the rest of the campaign and particularly the nightcombined uncertainties of the model and of the instrument
31 August-1 September was characterized by comparativel{25-30% and 50%, respectively. Note that the uncertainty
unpolluted conditions, with low NQand hydrocarbons con- of the model is an estimate calculated with a model similar
centrations (Tabl@) and air masses of oceanic origin com- to the “clean” model used in this workS¢mmariva et aJ.
ing from west, north-west and south-west. More details on2004). It should be taken as a lower limit due to the influence
the chemical conditions during NAMBLEX can be found in of alkenes at night and the importance of thg+t@lkenes
Heard et al(2006 and a complete discussion of the mete- reactions as a night-time radical source. In the earlier

Atmos. Chem. Phys., 7, 58398 2007 www.atmos-chem-phys.net/7/587/2007/
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Fig. 2. Model-measurement comparison for BHIRO, during
the period 15-21 August of NAMBLEXa). Model-measurement
comparison for N@, HO, and HQ+RO, during the night 15-16
February 1999 of SOAPEX-gb). The equivalent of the “clean”
model was used for the SOAPEX-2 campai@oihmariva et a).
2004.

Fig. 1. Model-measurement comparison for OH, HQ) and
HO>+RO, (b) during the night 31 August—1 September.

analysis Sommariva et a).2004 ozone photolysis, which
suffers from much smaller uncertainties, was the main
radical source).

PERCA measurements were taken every night during the
campaign. The comparisons with the model results arednd in good agreement with the results of the EASE97 cam-
shown in Figs1b and2a. The agreement between modelled Paign bySalisbury et al(2001). During the semi-polluted
and measured HEO-RO, was within 15-30% during most Period CHO2 was up to 40% of H@+RO,, while HO, was
of the modelled nights. Contrary to the day-time, the modelabout 40% of H@+RO; indicating a faster production of in-
showed a tendency to underestimate the PERCA measurdrganic radicals in presence of higher jéhd NMHCs con-
ments during the night (see Fig. 4bRteming et al. 2006). centrations. The modelled HIHO,+RO,) ratio was about
During the night 20—21 August the model underestimated theéd0% higher than the measured ratio, as a consequence of the
measurements by about 50% (Figb—2a). On some occa- Overestimation of H@ (Fleming et al, 2006.
sions measured [HE-RO;] increased throughout the night, Comparing the results of the different models (Tab)e
which appeared to be related to N@vents (e.g. 17-18 Au- it is clear that the difference between the “full”, “fulloxy”
gust).Fleming et al(2006 showed that the measured peroxy and “fulloxyper” models was negligible (Figs.and2a), in-
radicals concentration during the night was generally higherdicating that additional constraints of oxygenates and per-
at higher [NQ]. The models were not able to reproduce the oxides did not influence significantly the concentrations of
measured peroxy radicals concentrations during thesg NOHO, and RGQ. However for the “clean” model, which was
events, which might point to some neglected source of perconstrained only to CO and GHcalculated concentrations
oxy radicals in the chemical mechanism or to the presence o0bf HO, (Fig. 1a) and HG+RO, (Figs.1a and2a) were about
some unmeasured R@recursor. an order of magnitude lower than the concentrations calcu-

The speciation of modelled peroxy radicals during NAM- lated by the “full” and “fulloxy” models. This was due to the
BLEX, showed that CBO, was the dominant radical during fact that the only peroxy radical of the “clean” model was

the night. In the unpolluted period GB2 was up to 60% of
HO,+RO,, while HO, was about 20% of H&*RO,. This

CH30,, which mainly came from Cldoxidation, a very slow
reaction at nighticp,+No; <1x 10~ cm® moleculet s71,

was approximately the reverse of the day-time proportionAtkinson et al, 2003.

www.atmos-chem-phys.net/7/587/2007/
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Fig. 3. Model-measurement for N§*N,Os, also showing the
impact of NbOg uptake, during the night 1-2 Augug¢a) and

for NO3 during the period 18-22 Augugb) and the night 31
August—1 Septembefc). The CRDS uncertainty was1x10°

molecule cn before midnight ane:3.8x 107 molecule cni3 af-

ter midnight on 1-2 August.
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Since the more detailed models (“full”, “fulloxy” and “ful-
loxyper”) provide much better agreement with the NAM-
BLEX observations of HQ+RO,, this observation suggests
that even in the extremely clean conditions of Cape Grim
(Sommariva et a).20049 CO and CH alone cannot ac-
count for the radical budget and even low concentrations of
NMHCs play a significant role.

4 NOs3

The nitrate radical was measured for many nights during
NAMBLEX by DOAS and CRDS $aiz-Lopez et a].2006
Bitter et al., 2007). Data from the CRDS instrument were
available only for the initial semi-polluted period of the cam-
paign when the concentrations were higher (Té)le The
model-measurements comparisons are shown in3-ig.

The models always underestimated the DOAS measure-
ments of [NQ], on average by about a factor of 4-5 up to a
factor of 10 (Figs3b—c). On some nights, like 18—19 and 19—
20 August, the modelled concentrations of N@ere up to
60 times lower than the DOAS measurements. This was sim-
ilar to the results obtained for the one nightin the SOAPEX-2
campaign which was modelled (15-16 February 1999) and
for which NO3 measurements were available (R2b).

The agreement between modelled N®,05 and the
measurements by CRDS was generally better @&y. Mod-
elled concentrations were typically within 30-50% of the
measurements, with the model showing a tendency to under-
estimate the measurements. Note that on the night 1-2 Au-
gust the high CRDS measurements before midnight @&y.
were subject to a larger uncertainty than the measurements
taken later in the night, due to the higher aerosol optical depth
(Bitter et al., 200%).

A detailed comparison between the DOAS and CRDS
measurements and a discussion of the possible reasons for
the different [NQ] measured by the two instruments is pre-
sented in Bitter et al. (200¥) An important point to note
is that while the DOAS measurements were averages over a
long path (8.4 km at Mace Head) crossing a branch of sea, the
CRDS measurements were point measurements made about
100 m from the shoreHeard et al.2006. The fact that the
model-DOAS discrepancy was similar in such diverse con-
ditions as SOAPEX-23ommariva et al.2004 and NAM-
BLEX (Table2) in contrast with the good agreement between

Similar results were obtained during the baseline periodg¢he model and the CRDS point measurements suggests that
of the SOAPEX-2 campaign in the Southern Hemisphere usthe zero-dimensional approach used in this work might not

ing a model similar to the “clean” modeS¢mmariva et al.

be suitable to model DOAS measurements.

2004). On one occasion (15-16 February 1999), late evening Under the relatively low [N@] conditions at Mace Head,

and early morning measurements of OH and ;Hfere
made, showing late evening concentrations of;Hbout a

NO3 and NOs rapidly equilibrate (EqR3) and any loss
of N2Os resulted in the removal of NOfrom the system.

factor of two larger than the predictions of the “clean” model N2>Os can be removed by reaction with,& and by uptake

(Fig. 2b). The model underestimated HERO, by about al-

on aerosol. Previous studies have shown that, under cer-

most an order of magnitude, a similar factor to that foundtain conditions (semi-polluted air masses with little marine

when using the “clean” model for NAMBLEX (Figlb).

Atmos. Chem. Phys., 7, 58398 2007

influence), removal of BOs can be a major loss pathway
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8.0E+08

for NOs (Allan et al, 1999 2000. Semi-polluted conditions - NO3 [fulloxy] - NO3 [fulloxy-no]
were experienced at the beginning of the NAMBLEX cam- ~NO3 [fulloxy-dms] ~NO3 [fulloxy-dms-no]
paign (1-2 August). To test the impact 0p@® uptake on  _ 6.0E+08 | L ° NO3 measured (DOAS)

modelled [NG+N2Os] the model was run with an uptake
rate coefficient for NOs equal to 0.016 (in the base model
"N,0:=0.032). The effect on modelled [N@N,Os] was
negligible (model “fulloxy-n205” in Fig.3a), because het-
erogeneous loss, under these conditions, was not a major 10s$ 5 oe+0s |
process for the coupled NON,O5 system.

An important issue in night-time chemistry is the con-

4.0E+08 -

O3] / molecule cm”

centration of nitric oxide. NO rapidly reacts with radicals, ~ *°=* "~ 7200 oo a0 o0 o0
for which there are few night-time sources, and with ozone. Time (GMT)

With 30 ppb of @, NO has a lifetime of about 1 min at 283 K. ~ #0E+08

Its concentration is therefore expected to be extremely low o ~ NO3 [fulloxy]

during the night. However, this is not always the case, since, ;gg.gs | ~NO3 [fulloxy-no]

NO local sources might be present. During NAMBLEX, NO
concentrations above the detection limit of the instrument (3—3
4 ppt) were often detected during the night. The night-time é 2.0E+08 1
average mixing ratio was about 15-20 ppt during the semi-=,
polluted period and about 6.5-7 ppt during the unpollutedgll0E+08 |
period. This suggests the presence of a local source of NO,
possibly emissions from the soil during the night.

The emission of NO from soils might provide an impor-  0.0E+00 ‘ ‘ ‘
tant NQ; sink (via the NO+NQ@ reaction), particularly in 2000 22:00 O:QIQime (em%:oo o0 o0
Ireland, because of the presence of peaty soils around Mace
Head Williams and Fehsenfe]d 991 Williams et al, 1992 Fig. 4. Model-measurement comparison for jl€howing the im-
Regina et al.1998. Since the DOAS sampled over the sea, pact of [NO]=0 and [DMS]=0 during the night 1-2 Augys) and
while the CRDS sampled over the land, local NO soil emis-31 August-1 Septembéb).
sions might explain the difference between the two instru-
ment's measurements and the underestimation of the DOAS
observations by the model. This hypothesis is discussed iing in a higher [NQ] and the models became more sensitive
more detail in Bitter et al. (200¥) who used a simple box to DMS. Therefore, when both [DMS] and [NO] were set
model to show how NO emitted over land could suppressto zero, [NGQ] became 3—4 times larger than when NO was
NOs at the levels observed by CRDS but, as the air masgresent. However, this was not enough to increase the cal-
was advected over the sea and away from the NO source bgulated [NQ] up to the values measured by the DOAS and
off-shore winds, the concentration of N@ould steadily in-  caused an overestimation of the CRDS measurements (about
crease to the levels observed by DOAS. Conversely under 40-50% and up to a factor of 3).
sea-breeze, the higher N@oncentrations maintained over  Another issue which might be significant in explaining the
the sea are rapidly titrated by the NO emissions at the shordifferences between the DOAS, the CRDS and the models is
when the air mass arrives over the land (Bitter et al., 2007) the vertical profile of N@. Saiz-Lopez et a(2006 observed

The “clean” and the “fulloxy” models were therefore run a positive vertical N@gradient over Mace Head, which they
with measured NO during the day and [NO]=0 during the attributed in part to the temperature and N@rtical profile
night to understand the impact of nitric oxide on modelled and in part to the reaction of NQvith DMS, whose concen-
NOs and to see if this could explain the discrepancy be-tration was higher near the sea surfaBearyis et al. 2005.
tween the model and the DOAS measurements. The resultShe NG; gradient could also cause a downward motion of
of these test runs are shown in Fify. Also shown are the NOj3 over the ocean. This could in part explain the fact that
results of model runs with [DMS]=0 and with both [NO] and the DOAS measurements were higher than the CRDS mea-
[DMS]=0. surements (Bitter et al., 2007) In fact, while the heights

Figure4 suggests that setting [DMS] to zero did not have of the CRDS and of the DOAS telescope were roughly the
a significant effect on the calculated NGexcept when the same, the DOAS retro-reflector was located at a higher posi-
models were also constrained to zero [NO]. In fact, whention, so the average height of measurement for DOAS mea-
the models were constrained to measured NO, the main fatsurements was greater than that of the CDRS. One contrib-
of NO3 was the reaction with NO. The models showed thatutor to a vertical gradient in [Ng) would be a decrease in
when both [DMS] and [NO] were set to zero, N@ainly NO with altitude, arising from a surface source, coupled with
reacted with NMHCs. These reactions were slower, resultioss of NO by reaction with ozone. A significant vertical

— NO3 [fulloxy-dms-no]

ule cm

o NO3 measured (DOAS)
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LOBX05 ; < HO2+03->0H August-1 September and in Figjfor NO3 during the nights
/\ = HO2 +NO -> OH + NO2 of 1-2 August and 31 August—1 September.
6.0E+04 - \ . .
. 7\ gjffepifdejg:p"s"'°" -~ There were essentially two interacting chain cycles, one
m; 205404 | s\ A A ~+~OH + NO2 -> HNO3 directly linking OH to HGQ vi_a C_:O, the_ other proceeding via
S /.Q/ N e, OH + NMHCs -> products ROy, with CH303 as the main immediate precursor of KO
3 somon | o OH + Oxygenates > The time constant of the former was quite short, of the order
g products of 1 s, and was largely determined by the OH reactions shown
o R+ HCHO > HO2+ CO in Fig. 5a, primarily involving CO, but also HCHO, £and
' OH + 03, H2-> 2 HO2 H,. The route through C§O5 involved not only reaction of
o0 OH + CH4 -> CH302 OH with CHg, but also with NMHCs. There were also two
O T T . o o | ~oH+cosHo2 other, longer time constants associated with the chain cycle,
S g A P involving the conversion of CgD, to HO, by reaction with
Time (GMT) NO and of HQ to OH by reaction with @ and NO, with
: ; e latter decreasing in importance with time. ere was no
1.0E+05 OH +CO ->HO2 the latter d g port tht If th
=+ CH30 + 02 -> HO2 + HCHO source term, the coupled radical pool would slowly decay, via
6.0E+04 ~-OH + 03, H2 -> 2 HO2 both peroxy-peroxy and OH+NQreactions. In the models
< -+ OH + HCHO -> HO2 + CO constrained to measured hydrocarbons (“full”, “fulloxy” and
e 2.0E+04 Criegee decomposition -> “fulloxyper”) alkenes provided such a radical source. Forma-
2 — HOZNO2 ion o an > via the Criegee intermediates forme
H Hoands et tion of OH and CHO via the Criegee intermediates formed
S -2.06+04 | ~ HOZ -> aerosol from the reactions of alkenes (mainly propene, c-2-butene,
E - HO2 + peroxy radicals -> t—2—.but(.ane, c—2—pentene, t-2- pgntene) with ozone helped to
-6.0E+04 - \/ o [igduets . roon maintain the radical concentrations, although there was gen-
e HOZ 4 NO = OH + NO? erally a slow decrease with time.
-LOE+05 © e o o e . HOZ + 03 -> OH Fleming et al(2009 calculated .the fluxes of rgdicals from
S g P alkenes+@ and alkenes+N@during several nights of the
Time (GMT) NAMBLEX campaign. They showed that ozone reactivity

dominated the formation of radicals most of the nights, ex-
Fig. 5. Rates of production and destruction of OF) cept when the N@ concentration was high, such as in the
and HGQ (b) during the night of 31 August-1 Septem- semi-polluted period at the beginning of the campaign. This
ber. OH+O3,H2>2HO2 indicates the sum of the rates of s in broad agreement with the results of the reaction rate
OH+03—HO, and OH+H—HO5. analysis discussed above (it must be notedfherhing et al.

(2006 used [NQ] as measured by DOAS, which was typi-

Il der of itude higher than th delled §NO
gradient in [NQ] would compromise the zero-dimensional Sze)éigg) er of magnitude higher than the modelled N

model used in this study and lead to poorer prediction of the _ . _
measured [NG|. The approach, which relies on the con- On.the night of 1-2 August, the main formation and de-
straint of longer-lived species to measured values, works besttruction routes for N@ were NQ+O3 and NG+NO re-
for very short-lived modelled species such as OH. For longeSPectively (Fig.6). The NG+NO2=N20s equilibration
lived radicals, such as Ngsignificant transport along a con- Was rapid but led to a net sink for NObecause of the loss
centration gradient on timescales comparable to the radicaff N2Os by hydrolysis and heterogeneous uptake. On 31
lifetime would not be captured by the model. August-1 September, thes loss was less significant than
on 1-2 August, so that the forward and reverse steps in the
equilibration balanced. The main losses of N@n both
5 Analysis of the radical fluxes nights were the reactions with NO and with DMS. On the
unpolluted night 31 August—1 September the two reaction
The rates of production and destruction of modelled OH,rates were comparable-6x 10° molecule cn®s~1), while
HO; and NG were calculated for the nights 1 and 2 Au- on the semi-polluted night 1-2 August the reaction with NO
gust, characterized by semi-polluted conditions and highemwas about a factor of 4 faster (Fi§)- In fact, on this night the
[NOs], and 31 August and 1 September, characterized byconcentration of NO was generally higher (about a factor of
unpolluted conditions and lower [N{P(Table 2). The ob- 3 during the night), as polluted air arrived at Mace Head from
jective of the analysis was to identify the most important re- the north-east, and the DMS concentration was lower. Other
actions and the processes driving the night-time chemistrysinks for NG were the reactions with a range of NMHCs
under those conditions. The “fulloxy” model was used as(mainly alkenes like but-1-ene and t-2-butene and aromat-
reference. The results of the rate of production and destrucics like phenol and cathecols) and peroxy radicals £ld@d
tion analysis are shown in Fi§.for HOx during the night 31  CH30y).
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3 -=-NO3 + VOCs -> products = 5 >
2 =
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Time (GMT)

Time (GMT) Fig. 7. O3, DMS and NQ concentrations measured during the

night of 31 August—1 September.

Fig. 6. Rates of production and destruction of Bl@uring the night

of 1-2 August(a) and during the night of 31 August—1 September

(0). the reaction N@+NO and through the equilibrium of JDs.
Thus the change in the concentration of Nquickly prop-

) agated through the cycles to affect all of the shorter lived
6 A case-study night species. The fluxes during the N®vent (23:00) and under

Measurements of HOHO,+RO, and NG were all made on normal” conditions (24:00) are shown in Fi§.

the night between 31 August and 1 September. OH was also

measured, but was always below the detection limit. A large7 Conclusions

spike of NGQ occurred in the middle of the night allowing

the couplings between the species and the cycles gf&@  Night-time measurements of radicals were made during a

NOs to be studied. field campaign (NAMBLEX) in a marine environment in the
Between 22:00 and 24:00 on 31 August the measured conNorthern Hemisphere. OH was always below the detection

centration of NQ rose from its “normal” value of 40 ppt to  limit (6 x10* molecule cnt3), but HO, concentrations of 1—

about 300 ppt. The concentration of NO did not change as3x 10’ molecule cnt® were measured during one night (31

much (Fig.7). The spike appeared to be related to a changeAugust—-1 September). H®RO, and NG were measured

in the local wind direction from~200° (S-SW, from the  on several nights. On the night of 31 August-1 September

open sea) to~150° (S-SE, along the coastline). Since NO simultaneous measurements of HMO,+RO, and NG

is the major component of NCemitted from both combus- were available, together with many other supporting mea-

tion and soil sources, the most probable explanation was asurements, allowing a thorough study of night-time chem-

upwind source of NO, which was converted into NGy re- istry. The radicals concentrations were calculated using a set

action with & during transit to the measurement site. Fig- of zero-dimensional box-models, based on the Master Chem-

ure 8 shows the reactions of the most important species inical Mechanism and constrained to measured species and pa-

the night-time chemistry on 31 August-1 September (Sgct. rameters.

and their connections via ozone and NG i@particular had The agreement between the model and the measurements

a double role. It converted HQo OH, and also reacted with was reasonably good for HQwith a tendency to overesti-

NO> to generate N@ NOs and NG were linked through  mate the measurements by less than 40%. The agreement

www.atmos-chem-phys.net/7/587/2007/ Atmos. Chem. Phys., 7 55872007



596 R. Sommariva et al.: Night-time radical chemistry during NAMBLEX

units in 10° molecule cm® s

2300 On 31 August-1 September a spike of NOf up to

Os + alkenes - 300 ppt allowed an examination of the coupling between
NOs3 and HQ,. The increase in N@caused an acceleration
of the reaction with @, increasing the production of NO

No, and hence the rate of formation of peroxy radicals especially

through its reaction with DMS.
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