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Abstract. HO, is an important atmospheric trace gas, whosehydroperoxyl radical (HQ). As well as participating in gas-
sink to aerosol is poorly understood yet significant. Previ-phase reactions, HOs also taken up by aerosol particles
ous parameterisations of the rate of uptake have been lim¢Jacob 2000. The uptake of H@ reduces H®@ concentra-

ited by the lack of laboratory studies. This paper creates dions and thus reduces OH ang €oncentrations. H®up-
parameterisation fopno, based on the available laboratory take has received less attention in laboratory and modelling
studies. The calculated global megano, is 0.028, signifi-  studies than the uptake of;,Ns, but may play a significant
cantly lower than previous work (0.2). Modelled concentra- role in the atmospheric systefi¢ et al, 2001, Martin et al,

tions of HG, show significant regional sensitivity to the value 2003 Liao et al, 2009.

of yHo, (up to +106 % at the surface with the parameterisa- The rates of reactions on aerosol particles (“heterogeneous
tion of yHo, in this work as compared with a value of 0.2), reactions”) are determined by the available aerosol surface
but global sensitivity is small (+3.2%). The modelled re- area, and an uptake coefficient gamma, [defined as “the
sponse in @is also highly regional, being up to +27 % at the probability that a molecule impacting the surface of the par-
surface over China, and only +0.3 % globally (with the pa- ticle undergoes irreversible reactiorBg¢hwartz 1989. De-
rameterisation ofHo, in this work as compared with a value terminations of the value gfo, from laboratory, field, and

of 0.2). The impact ofy4o, on sulfate is more complex, modelling studies span several orders of magnituel& @02

with up to +16 % over China and5 % over high latitudes, to 1.0) Mozurkewich et al.1987 Hanson et a).1992 Ger-
resulting in a global change of +1.2 % (with the parameteri-shenzon et al.1995 Cooper and Abbatt1996 Gershen-
sation ofyHo, in this work as compared with a value of 0.2). zon et al, 1999 Saathoff et al.2001, Remorov et al.2002
Uncertainty in the reaction mechanism and hence product3hornton and Abbat2005 Bedjanian et a).2005 Taketani
(previously assumed to be;B,) impacts the processing of et al, 2008 2009 Cantrell et al. 1996ab; Plummer et al.
sulfur and hence aerosol loads. Further laboratory studies are996 Jaegé et al, 2000 Loukhovitskaya et al2009. This
desirable to constrain the rate of reaction and to elucidate th@aper reviews the laboratory studies of fiptake by tropo-
reaction mechanism and products. spheric aerosol and constructs a parameterisation based on
these studies. It then assesses the impact of this on tropo-
spheric composition with a global model.

1 Introduction

) _ 2 Previous studies
Oxidants are a key component of the atmospheric system

as they help control the concentrations of some pollutantsThe uptake of H@ by tropospheric aerosol is thought to pro-
and greenhouse gases. The key oxidants in the tropoceed via acid-base dissociation of H@acol 200Q and
sphere are the hydroxyl radical (OH), the nitrate radicalreferences therein) followed by electron transfer to produce
(NO3), ozone (Q), and hydrogen peroxide ¢gd,) (Logan H,0, (Reactions R1-R3):

et al, 1981). Many of these oxidants are linked by the

HOz(g) = HOzaq) (R1)

HO =0, H R2

Correspondence td4. L. Macintyre 2@9 = Yoag + Nag (R2)
BY (h.macintyre@see.leeds.ac.uk) HOx(ag + O% g H0 H205(ag + O2(ag + OHyq (R3)
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A yHo, value of 0.2 was recommended for use in models 1000 e
of tropospheric chemistry bhacob(2000. This value 0.2 is '
based on a combination of limited laboratory data (yielding
values of 0.05-0.2)Hanson et a).1992 Gershenzon et al.
1995 Cooper and Abbatt1996 Gershenzon et al1999
together with results from model-observation comparisons 0.100¢

& H,SO, Pedt
@ H,SO, (CusO,) ¢
1 ® NH,HSO, (Cuso,) ®

(giving higher values of 0.2-1.0Cantrell et al. 19964ab; A (NH,),S0, **¢
Plummer et a].1996 Jaegg et al, 2000. The very high val- é (“::e:io (@)

ues foryno, required by these modelling studies may in fact S
reflect the omission of halogen chemistry which cycles;HO | o kore
to OH (Kanaya et al.2002 Bloss et al. 2005 and hence , NH,NO, °°
decreases H&concentrations. X synthetic sea salt ™

A limited set of laboratory determinations gfo, exist for ) natural seawater particles "

* NacCl, NaBr, MgCl,.6H,0 °'

0.010F

conditions relevant to the troposphe&agthoff et al.200%; X soot
Remorov et al.2002 Thornton and Abbaft2005 Bedja- 0.001. . v
nian et al, 2005 Taketani et al.2008. Generally these stud- 220 240 Tgri%e,atﬁff K 300 320

ies find much lower values than the recommended value of

0.2 Jacob 2000. However, laboratory determinations of Fig. 1. Summary of laboratory data fog0, plotted as a function
the rate of reaction have also found that transition metalsof temperature. Filled symbols denote the aerosol was doped with
(such as Cu(ll) and to a lesser extent Fe(Il)) catalyse the reaccu. The colours indicate composition as follows: red is sulfurous
tion, leading to very largeno, values often greater than 0.5 aerosol; green is Cl (or Br) containing salts i.e. sea salt; black is

(Mozurkewich et al.1987 Cooper and Abbat996 Thorn- soot; yellow is ammonium nitrate; blue is water. Solid lines indicate
ton and Abbatt2009 ' temperature dependencies on ;D3 (Gershenzon et al1999,

A parameterisation based on aqueous-phase reactio%nd on solid NaClRemorov et al.2002). Error bars are given if

- ted in the ref d indicat ter than/less than.
mechanisms has been suggestedbgrnton et al (2008 quoted in the reference, and arrows indicate greater than/less than

The dot-dash line indicates the temperature dependence of the pa-
On all aerosol types other than dust, an aqueous phase Mameterisation in this work (assuming 50% relative humidity). The

combination mechanism based on Reactions (R1) to (R3) iglack dotted line indicates a value of 0.2, as recommendedhby
used to calculate uptake of H@ aqueous aerosol. Uptake cob(2000, and the dashed black line indicates the parameterisation
to dust is assumed to be uniform at 0.2 due to potential transief Thornton et al.(2009 (assuming pH=5, r = 100nm,a =1,
tion metal ion catalysation. They fingho, to be low (<0.05)  [HO,] =108 cm™3), used byMao et al.(2010. Letters indicate
in the lower troposphere especially in the tropics, but largerreferences as follows: Mozurkewich et al. 1987, b Hanson et aJ.
(0.1-0.3) in the upper troposphere. This trend is due to thel992 © Gershenzonf et al1995 9 Cooper and Abbat.996 ® Ger-
temperature dependence of Reaction (R1). The calculationgenzon etal1993 " Thornton and Abbaf2005 9 Taketani et al.
assume there is enough free Cu(ll) in dust aerosol (and alsg?08 * Taketani etal.2009 " Loukhovitskaya et 22009 Bed-
in the continental boundary layer) to give larggo, values Janian et al.2005 © Saathoff et a].2001
(0.2), and thus higho, values are reached at the surface
near dust outflow regions (e.g. the Sahara). As acknowledged
in the paper, assumptions concerning aerosol pH, Cu ion spdCooper and Abbatt1996 Gonzalez et a].2010 which
ciation, and the value of the accommodation coefficient mearyvould not lead to HO> production. Only one laboratory
the parameterisation ofhornton et al.(2009 is an upper ~ Study indicates that 0, is the product of the reaction
limit, in some cases leading to higher calculaed, values ~ (Loukhovitskaya et al.2009. In this study HO; is ob-
than those found from laboratory studies. served from the reaction of HQpn solid (dry) sea salt par-
The gas-phase self-reaction of bHiQproduces HO, ticles. However, the majority of aerosol surface area in the
(Atkinson et al, 2004. It has been assumed that this is troposphere is not dry sea salt. For other aerosol types (such
also the product of the reaction on aerosdlogurkewich ~ as sulfate) the observed kinetics suggest other reactions may
et al, 1987, and model studies generally represent the het-occur Cooper and Abbatfl996 Gonzalez et a]2010. Re-
erogeneous reaction as KO % HyO,. However, labo- action with sulfur-compounds in the aerosol (forming water
ratory studies tend not to monitor the composition of the and sulfate) have also been suggested as alternative reaction
products, thus the actual products of this reaction are uncefProducts Mao et al, 2010. Available laboratory studies and
tain. Many laboratory studies have observed first- rather thaarameterisations gfio, are summarised in Fig-
second-order kinetics, which suggests a mechanism other Thus the measured value fio, varies widely (by two
than self-reactionHanson et a).1992 Gershenzon et al. orders of magnitude), with the majority of laboratory stud-
1995 Cooper and Abbatt1996 Remorov et al.2002. It ies sinceJacob(2000 giving lower values than the currently
has also been postulated that a reaction involving sulfur comaccepted value of 0.Z:hornton et al(2008 use an aqueous-
pounds may occur, or that a H@vater complex may form phase mechanism giving a range)@f, values, but this is
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Table 1. Uptake coefficients for H@

Aerosol Reaction probability)? Reference
Sulfate o x B where
o =5.14545x 10~ 4exp(1560/ T) Remorov et al(2002P
B =(—26.1818exg—0.078x RH)+1.74545  Taketani et al(2008§°
Organic carbon  0.025 Ivanov et aI.(lQQS)d
Black carbon 0.01 Saathoff et al(2001).
NaCl 566x 10 exp(1560/ T) (RH < 62 %) Remorov et al(2002.
0.05 (RH> 62 %) Taketani et al(2007).
Dust 0.1 (RH> 50 %); 0.05 (RH< 50 %) Hanel(1976

reported inDentener et al(1996

a7 is temperature (K), RH is relative humidity (%).

b Temperature dependent relationship as for NaCl, as it fits datati@mson et al(1992), Cooper and Abbait1996 andThornton and Abba(t2005).
¢ Exponential fit to available data.

d 104 to 5x 102 reported at room temperature. Mid-value of the range is used.

likely an upper-limit. There is some limited evidence to sup- Abbatt 2005. As the potential impact of transition metal
port H,O, as the product of the reactiohqukhovitskaya catalysis is not considered in the parameterisation presented
et al, 2009 but this is uncertain. Previous parameterisationshere, this likely represents a lower limit.
of HO, uptake by aerosols have been based on gross simpli- We use the GEOS-Chem global chemical-transport model
fications (all aerosol types have the same valugsef, under  version v8-02-04 Http://acmg.seas.harvard.edu/g¢d8ey
all temperature and relative humidity conditions) or upon theet al, 2001), driven by assimilated meteorological fields from
assumption that the underlying chemistry for the uptake isthe Goddard Earth Observing System (GEOS) of the NASA
based on our limited understanding of aqueous-phase chenGlobal Modelling Assimilation Office (GMAQ). Simulations
istry. In this work we develop a new parameterisation basedare run at 4 latitude by 3 longitude, with 47 vertical layers.
on the available but limited laboratory data. We then ex-The model carries five externally-mixed aerosol types (sul-
plore the impact of assumptions about the reaction productfate, black carbon, organic carbon, dust, and sea-salt), with a
on global composition. relative-humidity-dependent size distribution basedvar-
tin et al. (2003 and references therein. Simulations are run
usingyHo, of 0.2 as recommended Bpcol(2000, and then
3 Anew parameterisation with the parameterisation as given in TalileA simulation
is also run with the mechanism ®hornton et al(2008. Fi-
A new parameterisation is built up from available laboratory nally a simulation witho, of zero is run to simulate no het-
data (Tablel) in a similar manner t&vans and Jaco2009.  erogeneous reaction. In order to test sensitivity to the reac-
This includes data for different particle compositions, as welltjon products, the simulations just outlined are repeated with

as temperature and humidity as determining factors (whergy,0, production shut off (i.e. HO— no products, rather
data is available). A significant portion of the available labo- than HQ — 1 H,0y).

ratory measurements have been made on sea salt aerosol. Agoy each grid-boxyio, is calculated as the meanover

temperature dependence has been dgtermined for the uptakg aerosol components, weighted by the relative contribution
onto sea saltRemorov et al.2009, with colder tempera-  of each component to the total aerosol surface area of that
tures giving largero, values. The effect of temperature grig-pox Evans and JacoB005. First-order loss rate coef-

on uptake to sulfate aerosol has not been measured systefjgients are calculated using the equatiorsohwart21986.
atically. The data points that exist (for different studies at

different temperatures) fit the temperature dependence found r 4\ 1
for sea salt aerosol. Thus this relationship is applied to sulkhet= ( > A (R4)

fate aerosol alsoTaketani et al(2009 measure uptake of

HO2 on (NH4)2S0O, at a range of relative humidities, finding wherer (cm) is the aerosol particle effective radiuBg

an increase iy, With increasing relative humidity. These (cm? s~ 1) is the gas phase diffusion coefficieptis the reac-
data are used to incorporate humidity as a determining factotion probability (also often referred to as the uptake parame-
in calculating uptake of HOby sulfate aerosol. This depen- ter or uptake coefficientyy (cms1) is the mean molecular
dency on humidity is only applied above 35 % RH, as therespeed (calculated as= [8 kT/x m]*/?), andA is the aerosol
are limited data available at humidities below this value. Be-surface area concentration (8om—3). Each simulation is
low 35% RH, yHo, is assumed to be 0.0Tlfornton and  run for two years. The analysis is performed on the second
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Fig. 2. Surface and zonal mean H@eaction probabilities)fo,) for January and July as calculated in the model using the parameterisation
in Tablel.

Table 2. Impact on global annual mean tropospheric burdens and concentrations of oxidants and sulfur species of different uptake schemes
expressed as a fractional change as compareddg of 0.2 Jacob2000. The simulation with no KO, production is run withyyo, as in
Tablel.

Mean burdens Fractional changes
YHO, = 0.2 (Jacob, Thorntonetal. Thiswork  (ne®h 0.0
2000) (2008) production)
HO> (pptv) 5.47 +2.7% +3.2% +2.9% +4.0%
OH (106° molec cnt3) 1.17 +0.8% +1.1% +0.7 % +1.7%
H>0, (ppbv) 0.85 —6.2% -73%  -112% -92%
O3 (Tg) 429 +0.1% +0.3% +0.3% +0.7%
SO, (Tg S) 3.62 +0.6 % +0.6 % +3.6% +0.9%
SO;™ (Tg S) 4.97 +1.0% +1.2% +1.4%  +1.6%

year of output, and the first year discarded as spin-up. Thehe zonal mean) are found at high latitudes, due to the tem-
GEOS-Chem model has been extensively used and has prevperature and humidity dependenggg, increases with de-
ously been evaluated against observations for many locationsreasing temperature and increasing relative humidity). High
(Bey et al, 2001, Martin et al, 2003 Evans and JacoR005 surface values are found over Antarctica in July (R)g.At
Zhang et al.2008 Nassar et a]2009. this time temperatures are210K, and relative humidity is
<60 %, giving ayHo, on sea salt aerosol 6f0.1. High wind
speeds generate a higher sea salt flux to the atmosphere here
4 The value ofyHo, compared to other regions. Dust outflow regions (such as
to the west of the Sahara and off the tip of South America)
Figure 2 shows the surface and zonal mea#p, for Jan-  also have highto, values. Over dust emission areas them-
uary and July as calculated in the model using the parameselves however, the uptake is low, as they are dry. The lowest
terisation in Tablel. The highest values ofio, (~0.1in  values ofyno, are found in the tropical regions and around
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Fig. 3. Surface and zonal mean H@eaction probabilities)o,) for January and July as calculated in the model using the parameterisation
of Thornton et al(2008.

January July upper troposphere (0.1-0.3) and low values in the lower tro-
2 T 20 T posphere £0.01). The global mass-weighted annual aver-
R BS ° P g% S ] age yHo, is 0.1. Figure4 shows the ratio ofyno, calcu-
g ol J L g wp e T lated using the parameterisation in Tatlleompared to the
£ - £ ek scheme offhornton et al(2008. This work findsyno, val-
5’“\/\ 0 ] ues up to 2-5 times greater in the lower troposphere than
0L - % the parameterisation in Table However, in the cold up-
90°S  45°S 0° 45°N  90°N 90°S  45°S 0° 45°N  90°N

per troposphereThornton et al.(200§ find yno, an or-

der of magnitude greater than this work. The majority of
e . = aerosol surface area above 5km is contributed by sulfate

rameterisation in this work, and those using the parameterlsatlorlw2 Ilmz Cm‘3) with the next highest contribution from or-

of Thornton et al(2008. Using laboratory data (this work) yields . ' 0P em=3 . .

lower values ofyyp, in the upper troposphere (dashed lines) and ganic carbont1unt cm™). The strong gradient ipo,

higher values nearer the surface (solid lines) than the parameterisd¥ith altitude seen bfrhornton et al(2008 is not simulated
tion of Thornton et al(2008. in this work, as the available laboratory studies suggest a

weaker temperature dependence than thdthmirnton et al.
I(2008. Laboratory studies on cold sulfuric acid measure
YHo, Of around 0.05Klanson et a).1992 Gershenzon et al.

Fig. 4. Zonal mean ratio ojo, values calculated using the pa-

30° N-5C° N in the summer. Sulfate and organic aeroso

dominate at this tlm_e, wh|ch (_:omb_lned_ with higher temper- 1995 Cooper and Abbattl996. For the same conditions,
atures and low relative humidity, give rise #no, values of . : .
. : theThornton et al(2008 mechanism predicts highes(.1)
~0.01. The global mass-weighted annual averpgs, is . .
. values. Laboratory studies have yet to confirm the strength of
0.028, around an order of magnitude lower than 0.2 recom; . o
mended bylacob(2000 the temperatqre dependence for either parameterisation, the
' only study being on sea salt aerosBefnorov et al.2002),
) which has been adopted by this work. The discrepancy be-
Figure 3 shows the surface and zonal megio, as cal-  tyeen these two approaches suggests our understanding of

culated in the model using the parameterisatiolrbérn-  he appropriaterio, values is weak, and further laboratory
ton et al.(2008. The stronger dependence on temperaturegt dies are needed to resolve these issues.
of Thornton et al.(2008 leads to high values in the cold

The results here are in contrastfbornton et al(2008.
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Fig. 5. Impact on annual mean concentrations of oxidants and sulfur species when movingyremef 0.2 Jacob 2000 to the scheme
presented in Tablg.

5 Impact on tropospheric composition impact of different parameterisations @fio, on global an-
nual mass-weighted mean burdens and concentrations of var-
) . ious species. While the value gfio, has a significant impact
Figure5 shows the changes in annual mean surface conceny, regions with high aerosol loading and H@ncentrations
trations of HQ, OH, H0, and G, and zonal mean con-  (Fig 5 e.g. S. E. Asia, surface changes of +27 % to +106 %),
centrations of S@and S(_i_, when moving from &40, of  \when globally integrated the impact is reduced to only a few
0.2 to the parameterisation as in Tathl¢global meano, percent. From Tablg it is clear that at a global scale B,
of 0.028). Regionally significant impacts are seen, ngtablyiS the most significantly impacted species. Reaction g4
over Chmg, with surfacg concent.ranons of H@ubling in  with SO, in cloud drops is the most significant pathway by
some regions, and an increase in OH of up t0 31%.i0  \yhjch sulfate is formedSeinfeld and Pandi2006. The
also seen to increase by up to 27 % in regions wherg HO yeqyction in BO, results in less S@being consumed and
increases. Hovyever, globally the impact is small, _WitthO thus the burden of Sincreases (Fig5). This results in a
and OH changing by +3.2% and +1.1 %, respectively. Therequction in sulfate at lower altitudes. The transport 06SO
global impact on @is even smaller (+0.3 %) due to the com- {5 higher altitudes (due to its longer lifetime) results in an
peting effects of HQ+NO (which leads to N@and thus  jncrease in sulfate production here (F&). Thus while the
Oz production) and H@+ Oz (which consumes §). Re-  giopal burden change of sulfate is relatively small (Tele

gions showing an increase ing@re those with high N©  the distribution of its production is impacted.
and/or VOC concentrations. A decrease ig(H is seen in

the same regions as the H@hcrease. Tabl@ shows the

Atmos. Chem. Phys., 11, 109683974 2011 www.atmos-chem-phys.net/11/10965/2011/
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Although differing values foryo, are calculated using
the scheme presented here compared with thathofnton
et al.(2008 (Fig. 4), the resulting changes in global burdens
are rather similar (Tabl2). Figure6 shows the annual zonal
mean heterogeneous reaction rates calculated using the pa-
rameterisation in this work and that used Byornton et al.
(2008. At the surface, the extra-tropics give very similar
rates, with larger differences at the tropics. There are sig-
nificant difference in the upper troposphere which reflect the
differences in the temperature dependencies of the two pa-
rameterisations. Given much of the mass of the atmosphere
lies within the lowest 5 km, the global impact of the the dif-
ferences between these two parameterisations in the upper

This work

pressure (hPa)

90°S 45°S 0° 45°N 90°N

troposphere is relatively small. latitude
Thornton et al., (2008)

While at global scale the impact of a lowgio, has only a
small effect on concentrations of oxidants and sulfur species,
regionally the impact is significant.

6 Reaction mechanism

pressure (hPa)

As described in Sect. 2, there is mechanistic uncertainty
in the heterogeneous reaction of KHOIn order to investi-
gate this the simulations are repeated but with the hetero-
geneous reaction producing no products. Figarghows
the impact on oxidants and sulfur species when production  ;oo,!

of HO» is turned off (i.e. HQ — no products, rather than 90%s 'S e 45N SN
HO, — ¥ HyOy). By changing the reaction products, a re- T

duction in HO» concentrations of up t6-10% is seen in 0.0e+00 2.5e-05 7.5¢-05 2.5e-04 7.5¢-04 2.5e-03

the zonal mean, with surface concentrations reduced by up

to 35% in regions with h|gh aerosol |oading and ﬁa)n_ Flg 6. Zonal annual mean heterogeneous reaction rates as calcu-

centrations, such as S. E. Asia. The heterogeneous reactidﬁted in the model using the parameterisation presented in this work
therefore is a significant source ob& in certain regions, ~({oP Panel) and the schemeTifiornton et al(2008 (bottom).
even when the value giyo, is relatively small (as is the case
with the new parameterisation).,B8> can photolyse produc-
ing two OH radicals, thus the reduction i@, concentra-  There is a drop in S§7 at low altitudes, and an increase at
tions leads to a reduction in OH concentrations. The largeshigher altitudes (Fig5). The reduction in HO; increases
decrease in OH is seen at high latitudes, whege ater ~ the SQ lifetime, thus more S@escapes to the free tropo-
vapour concentrations, and solar radiation are low, leadingphere where it is oxidised there. The overall change in sul-
to H,O, photolysis being a more important source of OH in fate is smaller than the change in £&s the production is
these regionsMao et al, 2010 (locally OH decreases by up just shifted to the upper troposphere. The penultimate col-
to 8% at high latitudes). Changes in @re very small (max- umn in Table2 shows the impact of simultaneously using the
imum of <0.5% at the surface). The global annual mass-lower yno, value from the parameterisation in Talleand
weighted changes in #D,, OH, Oz, and HQ are —4.3 %, also shutting off production of $0,, as compared to using
—0.4%, —0.01% and—0.3% respectively, when produc- the recommendation as Jacob(2000 (i.e. ay+o, value of
tion of H,O», by the heterogeneous reaction is shut off (while 0.2 and with HO, produced). The most significantimpact is
keepingyro, as in Tablel). on H, O, (—11.2 %), as the rate of reaction has been reduced,
As mentioned previously, reaction of,B, with SO, in  as well as the production of#®; being shut off. The impact
cloud drops is the most significant contributor to sulfate for- 0N SQ (+3.6 %) is mainly due to shutting off #D, produc-
mation Seinfeld and Pandi£006. The decrease in4#D,  tion (as the change is only +0.6 % if onjyio, is changed).
from turning off its production by the heterogeneous reactionThe overall burden of sulfate is changed by just over 1 %, but
Compared with HO, being produced by the heterogeneous as seenin F|97 the main impact is on its distribution.
reaction (4.3 % globally) results in slightly less sulfate, and  The modelled impacts due to different parameterisa-
more SQ (globally —0.2 % and +3.0 % respectively for the tions of yno, are highly regional. For most regions the
case whereno, is the new parameterisation as in Tallje  variations are small and of the order of a few percent.
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Table 3. As Table2 but with the analysis restricted to below 5 km over China (bounded by &/t& 127.5 E longitude and 20S to 44 N
latitude.).

Mean burdens Fractional changes
YHO, = 0.2 (Jacob, Thorntonetal. Thiswork  (ne®h 0.0
2000) (2008) production)
HO5 (pptv) 7.41 +17.3% +17.8% +16.7% +23.4%
OH (10° molec cnT3) 1.69 +6.7% +7.2% +6.4%  +9.3%
H,05 (ppbv) 1.99 —157% —16.9% —275% —21.5%
03 (Tg) 2.73 +3.4% +3.9% +3.8%  +5.1%
SO, (Tg S) 4.1x1072 —-09% -1.3% +42% -11%
SC;™ (Tg S) 2.4x1072 +6.3% +7.4% +5.6%  +9.4%
OH percent change H,O, percent change
157 — © T T T T T T 150~ "~ T T T T T T
£ 10 £ 10}
(3] 3] r
o o r
=} =) E
= £ sf
© © [
0 i ! | O ey \
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Fig. 7. Impact of not producing b0, from the heterogeneous reaction of j@singyHo, as in Tablel.

Thus comparisons between available observations (e.g. thimpact of uptake of H@ is far more significant regionally
TRACE-P campaign conducted off the coast of S. E. Asia,than globally. Table shows the same impacts as in TaBle
data composites frolBmmons et a).2000 does not show a  but with the analysis restricted to altitudes below 5 km over
systematic improvement in model performance with any ofChina. It is clear that regionally the impacts are far more
the different simulations performed here. significant, with HQ showing~17 % increase (compared to

Many tropospheric chemistry models do not currently in- =3 % globally), and HO, decreasing by around 16-28 %
clude uptake of H@. The results of this study suggest that (Compared to-7-119% globally).
models that do not include uptake of H@ill slightly over-
predict sulfate formation in the lowest part of the atmosphere,7 c .

. - AN onclusions

and underestimate it in the upper troposphere. This implies
a greater role of sulfur oxidation and sulfate aerosol forma-rqre are clearly large uncertainties in the heterogeneous re-
tion in the free tropospher_e than r_nod_els which do notmclude(,jmtiOn of HG, not only in terms of the rate of reaction (as
uptake _of HQ suggest, with implications for global aerosol manifest byyo,), but also the reaction mechanism. Labo-
nucleation rates. ratory determinations ofno, suggest that the value of 0.2,

In contrast to the uptake of JDs which shows both re- recommended previously, is too large. This work uses avail-
gional and global impactsVacintyre and Evan2010, the able laboratory data to construct a new parameterisation for
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the uptake of HQ, finding a global mean value of 0.028, and calculated from trace gas measurements in the Mauna Loa
roughly an order of magnitude lower than the 0.2 recom- Observatory Photochemistry Experiment 2, J. Geophys. Res.,
mended bylacob(2000. The parameterisation in this work 101, 14653-146640i:10.1029/95JD03613.996b.
also finds lower values than recent work Blgornton et al. ~ Cooper, P. L. and Abbatt, J. P. D.: Heterogeneous Interactions
(2008 (global meamyo, ~0.1). The recent parameterisa- of OH ar_1d HQ_ Radicals with Surfaces Characteristic of At-
tion of Thornton et al(2008 yields YHO, values higher than Tgogsgherlc Particulate Matter, J. Phys. Chem., 100, 2249-2254,
those suggested by laboratory Stud!es, due to the strong te _entenér, F. J., Carmichael, G. R., Zhang, Y., Lelieveld, J., and
perature.de.penden.ce and assumptions on aerosol pH and, uCrutzen, P. J.: Role of mineral aerosol as a reactive surface in
ion speciation. This work uses measured rates from avail- global troposphere, J. Geophys. Res., 101, 22869-22889,
able laboratory studies to avoid the overestimates that may doi:10.1029/96JD01818996.
have been made previously, thus the parameterisation likelffmmons, L. K., Hauglustaine, D. A., Mer, J.-F., Carroll, M. A.,
represents a lower limit as we neglect the potential impact of Brasseur, G. P., Brunner, D., Staehelin, J., Thouret, V., and
transition metal catalysis. Laboratory studies of the temper- Marenco, A.: Data composites of airborne observations of tropo-
ature and relative hum|d|ty dependenceyqbz on various spheric ozone and its precursors, J. Geophys. Res., 105, 20497—
aerosol types should now be undertaken, together with an as- 20538,d0i:10.1029/2000J5900232000. _
sessment of the role of transition metals. Evans, M. J. and Jacob, D. J.: Impact of new laboratory studies of
Our study also suggests that models of tropospheric chem- N2Osg h_ydrolysis on global model budgets of tropospheric nitro-
. . I gen oxides, ozone, and OH, Geophys. Res. Lett., 32, DOOF10,
istry that do not currently include uptake of H@ill slightly

. L doi:10.1029/2005GL022462005.
over-predict sulfate formation in the lowest part of the atmo- sorshenzon. Y. M. Grigorieva, V. M., Ivanov, A. V., and G.

sphere, and underestimate it in the upper troposphere, poten- g R 03 and OH sensitivity to heterogeneous sinks of,H®d
tially influencing transport and distribution of sulfur in the  cH30, on aerosol particles, Faraday Discussions, 100, 83-100,
atmosphere. doi:10.1039/FD9950000082995.
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