HO, Budgets during HOxComp: a Case Study of HO, Chemistry under
NO, limited Conditions

Y. F. Elshorbany®2%" J. Kleffmanni, R. Kurtenbach?, A. Hofzumahaus?3, H.-P. Dorn3, E. Schlossers, T.
Brauerss, H. Fuchs?, F. Rohrer3, A. Wahner3, Y. Kanaya*, A. Yoshino®, S. Nishida>, Y. Kajii®>, M. Martinez®, M.
Rudolf®, H. Harder®, J. Lelieveld®, H. Berresheim?’, T. Elste’, C. Plass-Dulmer’, G. Stange’, P. Wiesen*

IPhysikalische Chemie, FB C, Bergische Universitat Wuppertal, Wuppertal, Germany. “Environmental Research Division, National Research Centre, Cairo,
Egypt. SForschungzentrum Juilich, 1ICG-2: Troposphare, Jilich, Germany. “Research Institute for Global Change, Yokohama 236-0001, Japan. °Tokyo
Metropolitan University, Tokyo, Japan. °Max-Plank Institute fir Chemie, Atmospheric Chemistry Department, Mainz, Germany. ‘Deutscher Wetterdienst,
Meteorologisches Observatorium, Hohenpeissenberg, Germany. 8now at Max-Plank Institute fir Chemie, Atmospheric Chemistry Department, Mainz, Germany.
*yasin.elshorbany@mpic.de, Tel. +49 (6131) 305450, Fax. +49 (6131) 305511.

www.mpic.de

#) JULICH

FORSCHUMNGSZENTRUM

+ The hydroxyl radical (OH) Is the primary oxidant in the atmosphere, 4 300 1.5E+07 — 30 4 2.0
. . . . - 3.E-05
responsible for the oxidation and removal of most natural and anthropogenic = 3 —— modelled .
trace gases. B 2008 T HOERT | —IOW) 2605 & i
2 ° ST S 2 0
. . . T 100 S O 5.0E+06 | 1 E-05 o
+ Recent studies have shown that measured OH radical concentrations under ¢ 1 G 2
.. - . . = -15
NO, limited, rural conditions are many times higher than modelled OH, from 0.E+00 0.E+00
which NO independent OH regeneration pathways were proposed. £ 20} e b)
o4 | —— HONOJ NO, 2 T 4| "
: . : 2 9 a X
+ Very recently, studies showed that uncertainties in HO, measurements as 3 55 5| T L5 & ‘% G o0 o &
result of RO, interferences may lead to even higher than the currently estimated ~ §° S | 2 | 210 W‘% ;?W &&
gap, thus persisting the need for new OH sources. = = £ R <5, o
-~ < — measured ) T .15 0.5 .
— =primary 1 1 1 1 Hoz ! o2
7 2 -30 0.0
] ] ] o 3 E % 8 00:00 06:00 12:00 18:00 00:00 00:00 06:00 12:00 18:00 00:00
» Detalled analysis of the HO, radical budgets under low NO,, rural conditions . s time (UTC) time (UTC)
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destruction rates of OH and HO,, during the HOxComp campaign using the base model
(upper panel) in comparison to that of the Base 10xNO scenario (lower panel). The
upper panel (a) shows the complete radical recycling during the high NO, period and
the less efficient recycling during the low NO, period. The lower panel shows that
Increasing the NO levels (artificially by 10 times) resulted in efficient radical recycling.
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Left: 10 min average diurnal profiles of the measured parameters on July 10" during

HOxComp. The figure shows the high NO, conditions from 6-10 h and the low NO,
conditions from 11-18 h.

»The model results to be compared and contrasted with the different HO, radical
measurements performed during the international HOxComp campaign carried
out In Julich, Germany during summer, 2005.

Right: 10 min average measured and modelled OH, HO, and OH reactivity during the
HOxComp campaign. Grey-shaded areas determine the minimum and maximum
measured HO, levels.

Simulated HO, diurnal profiles lay within the measurement range of all instruments.
OH reactivity is in excellent agreement with that measured.

The formal part of the campaign included three days of ambient measurements
from July 9-11, 2005 and six days of chamber experiments in the SAPHIR
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three Laser-Induced Fluorescence (LIF) instruments operated by Max-Planck

nstitute Mainz (MPI-LIF); Forschungszentrum Julich (FZJ-LIF) and the Japan
~rontier Research Centre for Global Change (FRCGC-LIF) and one Chemical-
onization Mass-Spectroscopy (CIMS) instrument operated by Deutscher

Wetterdienst (DWD-CIMS), each using their own calibration scheme. All LIF
iInstruments measured additionally HO, through the chemical conversion to
OH by addition of NO In the gas expansion, followed by LIF detection of the

additionally formed OH.

Measured trace gases included HONO, HCHO, NO, NO,, CO, O, volatile
organic compounds (VOCs) and photolysis frequencies j(NO2), j(O'D),
J(HCHO), J(HONO) and meteorological parameters.

Turnover rates calculated based on measured OH reactivity and a) mean measured
OH and HO, by the FRCGC_LIF and FZJ_LIF and b) by measured OH and HO, by
MPI1_LIF. Pg= J(HONO)[HONQO] + P5,(03) + Poy(alkenes).

Turnover rates calculated based on the mean measured OH and HO, by FRCGC_LIF
and FZJ_LIF (a) indicate the need for additional OH source during the low NO, period.
n addition to the afternoon gab, turnover rates calculated using measured OH and
HO, levels by MPI_LIF (b) would reveal an excess OH production during the high NO,
period.

» Different measured HO, levels by different instruments may lead to different

conclusions!

and production (P,,(HO,+NO)) are balanced during the high NO, period but
Indicating a net radical loss during the low NO, period. Secondary radical

production of P, (ROOH+hv) and P,,(HO,+0O,) during the low NO,
than an order of magnitude higher than during the high NO, period.

Measured HO, diurnal profiles were well simulated. Turnover rates

period IS more

calculated based

on measured OH and HO, indicate an afternoon gab, which may due to: Uncertainties
iIn HO, measurements and/or the need for additional OH sources. Nevertheless, more
fleld measurements-modelling comparisons under similar condition are urgently

needed to explore the source of this gap.




