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Introduction
The role played by non-methane hydrocarbons (NMHC) in the atmosphere is now well established as
central to the processes controlling the production and destruction of tropospheric ozone. An in situ PTVGC-FID system was deployed at Mace Head during the ACSOE EASE 96 and 97 field campaigns. The
instrument produced hourly data for a range of light molecular weight hydrocarbons (ethane - toluene)
plus dimethyl sulphide (DMS) with detection limits approaching 1 part per trillion. Over 1200 discrete
samples were automatically analysed during the two campaigns. NMHC data have been used to
constrain the Leeds Box Model (LBM) simulations of boundary radical chemistry.
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Figure 1 shows a section of a typical chromatogram obtained in ‘clean’ marine air and
the PTV-GC assembly. The lower GC trace shows raw signal from FID, the upper,
the results from unique digital signal processing electronics applied for the first time
in GC atmospheric measurements as part of this project.
Figure 1. Typical Chromatogram In Westerly Air (select the image to enlarge)

Peltier Cooled PTV injector developed specifically for continuous cryogen free
NMHC measurements as part of this project (select the image to enlarge)
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Strong diurnal cycles of some alkenes in marine air were observed during EASE 97, these can clearly be
seen in Figure 2. The relatively short atmospheric lifetimes of these compounds (<12 hrs) indicates that
the source region must lie within ~300 km of the site. The production of hydrocarbons by photochemical
degradation of dissolved organic carbon has been recently reported from laboratory studies and these
measurements support this mechanism. Alkenes from oceanic sources may therefore play an important
role in tropospheric ozone production in the background atmosphere of the Northern Hemisphere.
Figure 2. Diurnal Cycles In Alkenes Observed In Clean Atlantic Air
Select the image to enlarge
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The combination of NMHC data and back trajectory analysis allows for high
resolution air mass classifications to be obtained. Figures 3 & 4 show the wide variety
of different air mass types observed during the EASE 96 & 97 campaigns when
classified using wind field back trajectories and NMHC abundance. Different species
show clearly differing source regions, highlighted by plots of alkanes, DMS and
isoprene with respect to time. During EASE 96 a strong covariance between DMS and
CH3I was observed and has been reported in Bassford et al 1999.
(Select the image to enlarge)
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The changes in ratio between a pair of hydrocarbon species is commonly used as an indicator of the
extent of photochemical processing between source region and monitoring location. For example ‘new’
anthropogenic pollution contains considerably higher levels of toluene than benzene (~4:1) a result of
emission profiles at source. The reaction with the hydroxyl radical is the major loss process of both
species, and toluene reacts considerably faster (~ x4) than benzene. Hence, as the time since emission
into the air mass increases, the ratio of the two species decreases - a result of photochemical action.
Dispersion and dilution processes also occurring during transport affect both species equally, having no
impact on the change in ratios observed. Figure 5 shows benzene and toluene ratios observed in different
air masses during the EASE 97 campaign.
Figure 5. Variation In Benzene / Toluene Ratios As Function Of Airmass Age. (Select the image to
enlarge)
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Continuous measurements at the Mace Head Observatory in Westerly and South
Westerly airflow, in conjunction with more recent studies at Cape Grim, Tasmania,
has allowed for a comparison between Northern and Southern Hemisphere
background hydrocarbon values. Table 1 demonstrates the significantly higher levels
of most alkane species in Northern Hemisphere Atlantic background air.
Table 1. Comparison Of Northern And Southern Hemisphere Background NMHCs
(Select the table to enlarge)
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The measurements show that very significant inter-hemispheric differences exist in the background
boundary layer concentrations of all alkanes measured with the exception of iso pentane and iso butane.
Most striking is the differences observed in C2 and C3 alkanes where concentrations in background
Northern Hemisphere boundary layer air are up to a factor of 4 higher than in those measured over the
Southern Ocean. The two alkanes that differ from the trend of elevated concentrations in Northern
Hemisphere background air, are those of iso butane and iso pentane. Whilst both species have been seen
previously to have oceanic sources, they are predominantly released from anthropogenic sources. A
possible explanation for the low branched chain isomer concentrations may lie in the significantly higher
abundance of NO3 radical in the Northern Hemisphere background when compared to the boundary
layer of the Southern Ocean. However individual case studies of iso/n ratio variability using back
trajectory analysis often produce unrealistic simulations of nitrate radical concentrations, and
considerable further long term study is required to explain the deviations found in these branched chain
hydrocarbons.
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The value of long term continuous NMHC measurements has been demonstrated during the ACSOE
Mace Head projects. High temporal resolution from in situ measurements allows for accurate airmass
classification subsequently yielding valuable information on emission sources and chemical processing
within an airmass. In the maritime air of the North Atlantic it is clear that trace levels of NMHCs may
play a central role controlling in situ ozone production, a combination of long range transport of
anthropogenic pollution including odd nitrogen species and oceanic emissions. The variations in NMHC
abundance are a key input in constraining computational models of tropospheric processes used to
simulate radical chemistry.
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