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Abstract

Real time monitoring of volatile organic compounds (VOCSs) using a Proton-Transfer Reaction Mass Spectrometer we
performed at the Mauna Loa Baseline Station (19.54N, 155.58W) in March/April 2001 (March 23, 2001-April 17, 2001).
Mixing ratios for methanol, acetone, acetonitrile, isoprene and methyl vinyl ketone (MVK) plus methacrolein (MACR) ranged
between 0.2 and 1.8, 0.2 and 1, 0.07 and &@2,02 and 0.3, ane:0.02 and 0.5 ppbv, respectively. Biomass burning plumes
transported from South-East Asia and the Indian Subcontinent across the Pacific influenced part of the measurement campe
AAcetonitrile/ACO andAacetoneAacetonitrile ratios in these cases werB & 103 to 2.5 x 10~3 and 2-5 ppbv/ppbv,
respectively. Overall Asian outflow events were not as frequent during Spring 2001 as in previous years. Methanol did n
show significant correlation with CO, acetonitrile, and acetone. The abundance of acetone and CO seemed to be influen
but not dominated by biomass burning and domestic biofuel emissions. (Int J Mass Spectrom 223—-224 (2003) 527-538)
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Detailed trajectory analysis by Newell and Evans
[2] revealed the seasonal patterns of trans-Pacific
Taking into account the expected economic expan- transport and the relative importance of Asian and
sion around the Pacific Rim and in the rest of the European sources. Polluted air in Springtime is typ|-
world, it becomes obvious that pO”UtiOﬂ can be deliv- Ca"y lifted to the upper troposphere and Subsequenﬂy
ered across the Pacific unless preventative measuresransported across the Pacific by the aloft. About 40%
are taken. Sharma et dl] reported high concentra-  of the backtrajectories arriving at the Climate Moni-
tions of nonmethane-hydrocarbons (NMHC) at Oki toring and Diagnostics Laboratory (CMDL) monitor-
Island in Japan and concluded that the East Asia Pa-ing station on Mauna Loa in Spring point westwards
cific Rim Region is significantly contaminated from and indicate fast ‘outflowing’ Asian air massfgj.
anthropogenic emission transported from the Asian The pan-Pacific air quality problem has recently been
continent by rapid convective movement of air masses. impressively demonstrated by satellite remote sens-
ing images of trans-Pacific aerosol transport in April
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of Pollutants in the Troposphere) data revealed sub- 1/8in.) pumped by a diaphragm pump (Pfeiffer, MD4)
stantial export of CO from South-East Asia due to at a pumping speed of 30 L/min was used to bypass
biomass burning activity in this region in Spring 2000 part of this air stream into the PTR-MS sampling line.
[50]. Singh et al[5] published results of several abun- At its end, another bypass (i.d. 1/16in.) led 15sccm
dant oxygenated volatile organic compounds (VOCs) into the PTR-MS instrument. The pressure in the 5-m
in the Southern and Northern Pacific Hemisphere. The sampling line was reduced down to 400 mbar in order
authors concluded that current atmospheric global to avoid condensation inside the building, minimize
models are incapable of reproducing ambient mixing memory effects and assure a fast response time. The
ratios of several oxygenated species such as methanolpverall delay time was less than 5s. Leak tests were
acetaldehyde, and acetone. The latter three com-performed with methanol using the fast monitoring
pounds account for more than 65% of the total VOC capabilities of the PTR-MS.
loading at remote places, such as the Southern Indian The Proton-Transfer Reaction Mass Spectrometer
Ocean6,7]. These compounds play an important role has been described in detail elsewhfta]. H3O"
in the oxidant balance of the troposphere. Recent ev- ions are used to ionize VOC via proton-transfer reac-
idence suggests that on a global basis acetaldehydetions. Since any VOC having a higher proton affinity
methanol, and acetone contribute to the “large, diffuse than water can be ionized bysB™, reported concen-
and hitherto-unknown sources of oxygenated organic trations have to be regarded as upper limits. However,
compounds” seen in the atmosphfk Results from as demonstrated, potential interferences for several
the Indian Ocean Experiment (INDOEXP,8-10] VOCs (such as acetonitrile, acetone, and methanol)
demonstrated the importance of biofuel on the Asian are either very small (e.g., propanal on mas$)sér
Subcontinent. Wisthaler et 6] measured the rela- nonexisten12,13] The value forE/N (E being the
tive abundance of acetonitrile, which represents a se- electric field strength ani the buffer gas density) in
lective tracer for biomass burning, to CO suggesting a the drift tube was kept at about 123 Townsend (Td)
strong biomass burning source in West India. Similar high enough to avoid strong clustering o§®f" ions
results were obtained by de Gouw et [@]. Results with water and thus a humidity-dependent sensitivity.
from the Trace P (Transport and Chemical Evolution The sensitivity of the PTR-MS instrument during the
over the Pacific) experiment show significant pollu- Mauna Loa field study was typically on the order of
tion off the coast of East Asia and suggest transport 140 Hz/ppbv (counts per second per ppbv) for acetone
of polluted layers into the Pacific. In this paper, we and 64 Hz/ppbv for methanol at 2.3 mbar buffer gas
present measurements of methanol, acetonitrile, ace-pressure with a reaction time of 148 and 4 MHz
tone, isoprene, and methyl vinyl ketone (MVK) plus HzO™ ions and was obtained from a calibration stan-
Methacrolein (MACR), measured by Proton-Transfer dard as well as from the theoretical first order reaction:
Reaction Mass Spectrometry (PTR-MS) at the Mauna k
Loa Baseline Station during Spring 2001. HsO™ + VOC—VOCH + Ho0, @

with k being the reaction rate constant. The detec-

tion limit (DL) for compounds investigated in this
2. Experimental work was inferred from a signal to noise rati§'{)

of 2 according to DL= 2 x S.D.pank/Sensitivity,

The PTR-MS instrument was situated inside the with S.Dyjank being the standard deviation of back-

Keeling building of the CMDL network station on  ground countrates. For a 10-s integration time, this
Mauna Loa. Air was pulled through a 10-m manifold resulted in detection limits of 54, 6, 8, 10, and 10 pptv
(i.d. 10 cm) down from the top of the sampling tower at for methanol, acetonitrile, acetone, isoprene, and
a pumping speed 6£300 L/s. The pressure inside the MVK + MACR, respectively. The uncertainty of the
manifold was approx. 640 mbar. A 5-m PFA-line (i.d. concentration measurement w&20% according to
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the specifications of a high concentration standard the North Pacific and migrated as far as the Mid-West
used for calibration in this work. The PTR-MS was of the US. Backtrajectory analysis suggests that part
operated in a selective ion mode from March 23, 2001 of these air masses, while crossing the Pacific, were
until April 17, 2001 with a cycling rate of-6 min. mixed south to the MLO.
Reference measurements were taken through a cat- The local meteorological patterns at the site are
alytic converter (platinum wool at 43@) and were mainly governed by the strength of synoptic-scale or
performed about every 30 min to 2 h. trade winds, the height and strength of the trade wind
Meteorological data and various other atmospheric inversion, the flow of the synoptic winds around the
components, such as surface CO, Cldzone, and island mountain topography, and the daily heating and
halocarbons were available from continuous long-term cooling cycle on the island. Daytime heating of the is-
measurements being made at the Mauna Loa station.land causes a pronounced sea breeze circulation that
Detailed backtrajectory analysis for Spring 2001 with can force surface air as far as 10 km inlda8é]. The
data from the global ECMWF model were available warmer land mass results in upslope winds, which typ-
from CMDL, NOAA (National Oceanic and Atmo- ically reach a maximum during the early afternoon and
spheric Administration), and the HYSPLT4 (Hybrid mix boundary layer air up to the site. Afternoon ups-
Single-Particle Lagrangian Integrated Trajectory) lope conditions can bring humid aiFig. 1, panel 1)
model[14]. along with increased concentrations of some locally
produced compounds (e.g., from the rain forest and/or
ocean) to the observatory. Daytime upslope flow weak-

3. Results ens after sunset. Winds become light and variable dur-
ing the evening transition period. When the mountain
3.1. Meteorology has cooled sufficiently, dry downslope flow develops.

Nighttime drainage winds dissipate a few hours af-

Long-range transport to the Mauna Loa Observa- ter sunrise as a result of rapid surface heating. At
tory (MLO) is governed mainly by the interplay of the mid-morning, turbulent upslope flow begins again and
northeasterly trades, the subtropical jet, the seasonalcumulus clouds usually form in the saddle region be-
variation of the quasi-permanent North Pacific sub- tween Mauna Loa and Mauna Kea. At times, when
tropical anticyclone and synoptic scale disturbances the inversion is weak (approx-1°C), upslope winds
[15]. In Spring, the anticyclone starts to intensify and can carry moist boundary layer air up to the observa-
migrate northwest, which allows air masses to arrive tory. The thickness of the surface layer at the site is
at the MLO from Asia anticyclonically by curving in  approximately 600 m during upslope and 55 m during
the last few days to the south and then west to Hawaii. downslope condition§19]. As discussed by Walega
This typical Spring pattern seemed to have mixed etal.[20], ozone exhibits a well-known afternoon min-
air masses coming from the East Pacific Rim Region imum (Fig. 1, panel 2) due to low NO concentrations
south to the observatory on April 13-17. A synoptic in the marine boundary layer in upslope flow.
scale disturbance shifted the large-scale flow from SE
to NE on March 28-29 and caused north easterlies 3.2. Isoprene and MVK + MACR
along with elevated pollutant concentrations on the
subsequent three days (March 29-31). Spring is char- Isoprene &ﬁ%s = 1 x 107 1%cmP/molecule s[21])
acterized by the highest frequency of Asian dust trans- and MVK + MACR (averaged’cﬁ%8 =27x101
port to Hawaii[16] and the time of maximum ozone cm?/molecule s[21]) were monitored at protonated
concentrations at the observatfty]. Indeed, around  masses 69 and 71", respectively. These ions showed
the second and third week in April 2001, a large dust a very pronounced diurnal cycle with concentrations
storm originating from Inner Mongolia passed across peaking in the afternoon during upslope conditions.
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Fig. 1. Averaged diurnal variations of humidity [measured by theQJiH3O" cluster], ozone, isoprene, MVK MACR, methanol,
acetone, and acetonitrile. Dashed curves in panels 5, 6, and 7 show the averaged diurnal cycle from April 11 till 17.

Nighttime concentrations were close to and below concentrations around 4-46 pptv during the MLO
the detection limit<10pptv. Several potential in- Photochemistry Experiment 2 (MLOPEX 2). This is
terferences exhibiting mass 6%ave been reported close to the mean upslope concentratior8 pptv)
[12,13] For example, unsaturateds-@lcohols and observed on mass 6during this studyFig. 1 (pan-
Cs-aldehydes, which can be released by freezing els 3 and 4) shows the averaged diurnal variation of
vegetation, dehydrate partially during proton transfer mass 69 (isoprene) and its oxidation products mass
and thus interfere on mass 69In addition, Harley 71t (MVK + MACR) during the 4-week measure-
et al.[22] and Goldan et al23] reported that several ment period. Isoprene is most likely emitted by local
North American pines release substantial amounts of vegetation and brought up to the observatory by the
a Gs-alcohol, 2,3,2-methylbutenol (232-MBO), in a diurnal land—sea breeze circulation. Milne et[2b]
light- and temperature-dependent manner. These in-reported that isoprene can be produced by phytoplank-
terferences cannot be excluded a priori and ambientton and thus emitted by the ocean. Major biogenic
concentrations for isoprene, therefore, represent aninterferences can be excluded due to the warm climate
upper limit. Greenberg et aJ24] reported isoprene  (no wound compounds due to temperatures below
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freezing) and the local tropical vegetation, which

531

age HO density (ca. 25% of maximum concentration)

does not accommodate MBO emitting species such asof 1 x 10° molecules/cri[27] and a reaction constant

North American pine trees. Helmig et §26] inves-

tigated the presence of 86 organic species by detailedfor methanol and 5 =

GC-FID and GC-MS analysis during the MLOPEX

with HO of k3% = 9.3 x 1013 cm®molecule §21]
298 _ 21 x 1013 cmP/molecule s
for CO [21]. This is significantly lower than the ob-

2 study. None of the reported compounds (except served ratios. Methanol to acetonitrile ratios were

isoprene) would contribute to the observed signal on
mass 69. On an average, two to three times higher
mixing ratios of MVK + MACR were observed. As-

suming that no significant interferences for the oxida-
tion products of isoprene chemistry exist and taking

significantly higher ACH3OH/ACH3CN 5-14)
than estimates from biomass burning experiments
(ACH30H/ACH3CN = 2.2 + 3) [28]; our observa-
tions, therefore, suggest that the ambient mixing ra-
tios were not greatly influenced by biomass burning.

OH densities on the order of % 10° molecules/cri Methanol, an ubiquitous species in the atmosphere,
[27], we derive an average daytime photochemical has many sources. Global emission inventories reflect
age between emission and arrival at the observatory the fact that measurements of this compound are still
of roughly 48 min or a radius of 15km at an average very scarcg29]. To our knowledge, this was the first
windspeed of 5m/s. This is consistent with the idea time that ambient mixing ratios of methanol were
that upslope winds transport these locally emitted measured on Mauna Loa for a 4-week period. Singh
compounds to the site. et al. [5] speculate that there might be large primary
sources from biogenic emissions. Indeed, first results
from several flux studies show high methanol emis-
sion rates on the order of several mgm(T. Karl, C.
Methanol showed concentrations between 0.2 and Spirig, P. Prevost, C. Stroud, J. Rinne, J. Greenberg, R.
1.8 ppbv, close to values (0.5 and 1.6 ppbv) measured Fall, A. Guenther, personal communication). The bio-
by Wisthaler et al.[6] and Warneke and de Gouw genic sourcd30] and emission from dead/decaying
[7] in the remote Indian Ocean. Average nighttime plant matter[31] of methanol is probably far big-
concentrations around 800 pptv were a little lower ger than secondary production from methane/NMHC
than reported by Singh et 46], who measured mean oxidation (2CHO, — CH3OH + Oy, 30 Tg/year).
methanol concentrations around 900 pptv in the re- Heikes et al.[29] estimate 320 Tg of methanol per
mote Pacific. The diurnal profile for methanol is shown year released by biogenic activities. Biomass burning
in Fig. 1 (panel 5). Maximum concentrations were and oceanic sources are thought to be the second ma-
typically observed around 14:00 together with masses jor global sources for methanol estimated to account
697, 71+, and humidity (measured by the second wa- for as much as 22% of the totf9].
ter cluster (HO),H30"). This suggests that methanol
had local sources and was advected to the station by3.4. Acetone
upslope winds. Correlation of methanol and CO was
poor with correlation coefficientsbetween—0.4 and Interest in acetonekf® = 1.9 x 10~ cm¥/mole-
+0.1 in general, thus suggesting different origin (ex- cules[21]) comes from its potential importance in
cept for times when local pollution caused enhanced the upper troposphere, where acetone oxidation can
CO levels at the site by upslope winds, e.g., on April produce HQ radicals (HO+ HO) [32] and thus con-
12, 2001). Methanol to CO ratios are showrFig. 2a tribute to ozone formatiof33,34] Acetone can also
(panel 3). The straight lind={g. 23 panel 3) reflects  act as an intermediate sink for NQadicals (NO+
an average emission factoh CH3OH/ACO = 3.3 x NO) by forming peroxy-acetyl nitrate (PAN) and
10-2) inferred from burning experimenf8] and was transport these radicals over long distances. Highly
estimated for a 10-day-old air parcel assuming an aver- variable acetone mixing ratios have been observed

3.3. Methanol
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Fig. 2. (a) Panel 1: methanol mixing ratios plotted together with relative humidity (shaded area); panel 2: correlation coelffetieaén
methanol and CO; panel ZCH3OH/ACO ratios, the straight line indicates emission ratios from biomass burning. Correlation coefficients
and ACH3OH/ACO ratios were calculated on an 8-h running mean basis. (b) Panel 1: acetone mixing ratios plotted together with relative
humidity (shaded area); panel &CH3COCHs/ACO ratios; panel 3ACH3COCH;/ACH3CN ratios; straight solid lines indicate emission

ratios from biomass burning, dashed lines reflect the observed variahilziisCOCH/ACO and ACH3COCH;/ACH3CN ratios were
calculated on an 8-h running mean basis. (c) Panel 1: acetonitrile mixing ratios plotted together with relative humidity (shaded area); panel
2: correlation coefficient between acetonitrile and CO; panel RCH3CN/ACO ratios, the straight solid line indicates emission ratios

from biomass burning, dashed lines reflect the observed variability. Correlation coefficientsChyCN/ACO ratios were calculated on

an 8-h running mean basis.
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Fig. 2. (Continued).

in several previous field studies. Arnold et 5] close to values reported by Greenberg e{28] dur-

report 3 ppbv in the upper troposphere in the North ing the MLOPEX 2 studyACH3COCH;/ACO ratios

Atlantic flight corridor, similar enhanced concentra- (Fig. 2k panel 3) around % 102 with reasonably

tions (26+ 1 ppbv) above the tropical rainforest were high correlation coefficients (0.5-0.8) occurred during

published by Pdschl et §B6], whereas much smaller the first part of the study (March 23—April 2) and were

values around 100 pptv were found in the Pacific re- lower (ACH3COCH/ACO = 5 x 10~3) from April

gion during PEM-West (Pacific Exploratory Mission) 12 onwards. Emission factors from biomass burning

[33]. de Gouw et al[9] report mixing ratios around  would predict values in the range of64t 2.7 x 103

500 pptv at altitudes between 4-12 km and 2000 pptv as indicated by the straight lines ig. 2b (panel 3).

in the lower troposphere<@@km) during the IN- Correlation coefficients from April 12 onwards show

DOEX. Clean background concentrations in the pris- significant variation, withr close to 0 during day-

tine boundary layer of the Indian Ocean were observed time upslope anda around 0.5-0.8 during nighttime

to be around 45(6], 350[7], and 300-800 ppt{37]. downslope winds; the higher correlation in free tro-
In this study, acetone concentrations ranged be- pospheric airmasses can be rationalized by common

tween 200 and 1000 pptig. 2b. In contrast to acetone and CO sources on a larger scale. This is

methanol, isoprene, MVK- MACR, and acetonitrile, also supported by the cross spectrum of acetone and

the averaged diurnal acetone profiled. 1, panel 6) CO, which shows that most of the positive cross cor-

shows no clear trend. Enhanced levels were found dur- relation occurs on a time scale arour®—10 days;

ing downslope conditions on March 29 (1000 pptv), wavelet analysis (using the morlet wavelét;= 6)

30 (800 pptv), and 31 (600 pptv), when 10-day back- [54] revealed that this mode was dominant throughout

trajectories suggest a shift from SE to NE winds. almost the whole measurement period; superimposed

The mean acetone concentration 60@00 pptv was a second mode on a 1-2 day basis reflected differences
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in diurnal variations. Acetonitrile can be regarded as
a reasonably good marker for biomass burning. Emis-
sion factors for AacetoneAacetonitrile have been
reported for direct emissions (3.1-5.8 ppbv/ppby,
corrected for a~10-day-aged air mass froij28])
and processed plumes (16.2—20 ppbv/pB9). Val-

ues measured at the MLO are closer to the primary
emissions (2-5 ppbv/ppbv) and are showrFig. 2b
(panel 3). Peak values (8-9 ppbv/ppbv) are typically
related to upslope winds and/or poor correlation coef-
ficients. Highest coefficients were observed on March
29 (r = 0.85), 30 ¢ = 0.5), and April 14 ¢ = 0.5).

3.5. Acetonitrile

Acetonitrile (2% = 2.2 x 10-*cm¥/molecule s
[21]) is thought to be primarily released from biomass
burning, although minor contributions from fossil
fuel emissions €£6% [40,41) and biogenic emis-
sions from the breakdown of cyanogenic glycosides
similar to HCN might exis{42]. Tropospheric back-
ground measurements were reported in the range of

T. Karl et al./International Journal of Mass Spectrometry 223-224 (2003) 527-538

0.075-0.2 ppbv for remote areas and up to 0.4 ppbv
in polluted regions during the INDOEX studg,37].
Warneke and de Gouy’] measured 122, 154, and
145 pptv in the Southern and Northern Indian Ocean
and the Gulf of Aden, respectively. Mixing ratios on
ML during Spring 2001 showed minimum concentra-
tions around 70 pptv and peak values up to 300 pptv.
This fits well within the previously published concen-
tration range ig. 2b panel 1).

The lifetime according to the reaction with HO rad-
icals is~912 days assuming an average HO density of
1 x 108 molecules/cri. This does not agree well with
observed variability trend$], which suggests a much
lower lifetime. de Laat et a[10] need an ocean sink
assuming dry deposition velocities of 0.01-0.05cm/s
in order to fit modeled acetonitrile data to mixing
ratios measured during the INDOEX campaign; how-
ever, state that stratosphere/troposphere exchange was
not included in their ECHAM (European Center for
Medium Range Weather Forcasting) model. Wet de-
position of acetonitrile through rain out is currently
thought to play a minor rol¢43,44] Fig. 3 shows a
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Fig. 3. Variability—lifetime plot of methanol, acetone, acetonitrile, CO,sChiethylchloroform, chlorofluorocarbon 11 (F11), chlorofluo-

rocarbon 12 (F12), and carbon tetrachloride. Lifetimes were calculated according to reaction losses due to photolysis and HO radicals.

Troposphere Stratosphere Exchange was not considered.
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variability—lifetime plot gnc = Ar~?) for some se- by a pronounced diurnal profile showing lower mixing
lected long-lived species. The straight lime={ 0.99) ratios during upslope (140 pptv) and higher mixing
was fitted through all compounds except acetonitrile. ratios during downslope conditions (200 ppti#d. 1,

The b factor (0.66) which can be considered as an panel 7). Extreme events caused diurnal variations up
age factor (the more distant to potential sources the to a factor of 2 (March 29-31, April 13-17). These
higher)[45,46]is rather large close to values reported observations seem to support the idea of a missing
during INDOEX (0.4 [7]), PEM-West (0.54[45]), sink or polluted layers transported by the aloft. Can
and LBA-Claire (Large Scale Biosphere-Atmosphere the pronounced concentration gradient between ma-
Experiment in Amazonia ) (0.647]). The A coef- rine boundary layer (upslope) and free tropospheric
ficient (3.58) can be interpreted as a range factor for air (downslope) be explained by an ocean sink?
sampled air mass ages. The observed value (3.58) Statistical analysisHig. 4) of the concentration dif-

in Fig. 4 is comparable to those measured during ferences3C in up- and downslope conditions during
LBA-Claire (4.63)[47] and PEM-West B (4.3)45] the Mauna Loa Spring 2001 experiment can be used
and indicates a rather large age range of sampledto test, if the mean gradient seen between the mixed
pollutants. It is obvious that acetonitrile does not lie layer and the free troposphere is due to an uptake in
within the normal trend# = 912 days) if the only =~ ocean water. Using a steady-state approach and the
considered sink is loss due to reaction with HO rad- typical marine, convective boundary layer structure,
icals. Instead, a lifetime of = 183 days seems to be the concentration jumpAC) at the top of the bound-
more realistic. The high variability is mainly caused ary layer should be proportional to the ratio of dry
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2001) and two subsets (March 29, 2001-March 31, 2001 and April 12, 2001-April 17, 2001).
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Table 1
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Estimated (est.) and experimental (exp.) acetonitrile deposition velocitig$rém the literature compared with values obtained from this

work (ve, entrainment velocity in cm/s)

Reference Reportedy (cm/s) Comments Method
[51] 1x 103103 x 103 Estimation using molecular diffusivities est.
[52] 0.04-3.7 Adopted from HCNog ~ u?; used in est.
Harvard Global Model
[53] 0.05 Parameterized resistances est.
[10] 0.01-0.05 New parametrization according to exp.
experimental data from the INDOEX
1999
MLO 2001 Ve
March 28, 2001-April 17, 2001 0.10 Downslope: 19:00-7:00 0.5
March 23, 2001-April 28, 2001 and 0.09 Downslope: 19:00-7:00 0.5
April 1, 2001-April 14, 2001
March 28, 2001-March 31, 2001 0.24 Downslope: 19:00-7:00 0.5
April 14, 2001-April 17, 2001 0.17 Downslope: 19:00-7:00 0.5

deposition and entrainment velocities. A simple form
of the mixed layer can be written as,
aC aC AC g

ARy § i == -
ot + ax + Zi Cml Ve

W —WCs _ o

2
with C (mixing ratio),Cy, (concentration in the mixed
layer), U (horizontal wind speed)wc;; (entrainment
flux), wcs (surface flux),z (boundary layer height),

S (chemical loss term)yy (deposition velocity) and
ve (entrainment velocity). Taking typical values for
ve (0.5cm/s) measured above the remote odd&h
and data obtained from this study, we find that the
mean gradient could be caused dyyof 0.1 cm/s for
the average concentration profile during the whole
study and 0.24 and 0.17cm/s during March 29-31
and April 13-17, respectivelylable 1shows a com-
parison with data fopg from the literature. Compared
to model results from de Laat et dlL0], the mean

vg (0.1cm/s) is higher by a factor of 2. Two peri-
ods (March 29, 2001-March 31, 2001 and April 13,
2001-April 17, 2001) were characterized by a sig-
nificant enhancement of free tropospheric acetonitrile
concentrations resulting in at least five times higher
deposition velocities. Even if an uncertainty for en-
trainment velocities by a factor of two is considered,

show that extensive vegetation fires in South-East
Asia and the Indian Subcontinent occurred during
March and April 2001. Backtrajectories from April
13-16 point westward towards these regions. This
supports the idea of air masses influenced by biomass
burning which were transported across the Pacific
by the aloft within 5-10 days and had not entirely
reached an equilibrium with lower marine boundary
layer air.

The correlation between GEN and CO is shown
in Fig. 2c (panel 3). The ratios range from 1.0 to
2.7 x 1073. The period from April 13 on is charac-
terized by ACH3sCN/ACO ratios around .5 x 103
during downslope conditions falling close to values
reported for biofuel (B + 1.0 x 103, corrected for
a ~10-day-aged air mass frof28]). The correlation
coefficientsrch;en/co Were reasonably high, around
0.6, 0.5, and 0.7 on March 24, March 29-30, and April
14-15, respectively.

4, Conclusion

Continuous ground-based measurements of acetoni-
trile, acetone, methanol, isoprene, and M¥KIACR

these enhanced free tropospheric concentrations canimade with a Proton-Transfer Reaction Mass Spec-
not only be explained by dry deposition in steady trometer were performed at the Mauna Loa Baseline
state. Remote sensing data (World Fire WéB]) Observatory (CMDL, NOAA) in Spring 2001.
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Local influence from the islands caused elevated und Forschung, Wien, Austria, the Climate Monitor-
concentrations for some biogenic and/or oceanic ing and Diagnostics Laboratory (NOAA), and NOAA
VOCs, such as isoprene, its oxidation products Grant No. NAO6GP0483.

MVK + MACR and sometimes methanol, during af- T.K. was also supported by the Atmospheric Chem-
ternoon upslope conditions with mean concentrations istry Division and the Advanced Study Program at the
of 30 pptv, 100 pptv, and 1ppbv, respectively. Ace- National Center for Atmospheric Research. The Na-
tonitrile, acetone, and CO were highly correlated on tional Center for Atmospheric Research is sponsored
scales between 5 and 7 days during March and the be-by The National Science Foundation. The authors
ginning of April (March 23, 2001-April 2, 2001); on  also want to express thanks to Carsten Warneke, Joost
March 29-31 specifically, high correlation between de Gouw, and Brian Heikes for sharing unpublished
these compounds can be rationalized by the back- results, Claire Granier and Guy Brasseur for helpful
trajectories suggesting that air masses were passingdiscussions and Russ Schnell, Fred Fehsenfeld, Ray

the Pacific in northern latitudes and shifting ‘back’
south-east before hitting the US West coast. Influ-
ence from both, the Asian continent and the western
part of the US is likely. Acetone levels in these cases
(0.2—1 ppbv) showed reasonably high correlation with
CO (ACH3COCH/ACO ~ 7 x 1073; r = 0.8).
Highly variable and enhanced free tropospheric ace-
tonitrile concentrations, a marker for biomass burning
and domestic fuel, suggest that the site was partly
influenced by biomass burning activities. Detailed
backtrajectory analysis showed that between April 13
and 17 air masses from South-East Asia and the In-

Fall, and Alex Guenther for their support.
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