Supplement of Atmos. Chem. Phys. Discuss., 15, 2119-2155, 2015 Atmospheric

http://www.atmos-chem-phys-discuss.net/15/2119/2015/ Chemistry
doi:10.5194/acpd-15-2119-2015-supplement and Physics
© Author(s) 2015. CC Attribution 3.0 License. Discussions

Supplement of

A comparison of measured HONO uptake and release with calculated
source strengths in a heterogeneous forest environment

M. Sérgel et al.

Correspondence tdvl. Sorgel (m.soergel@mpic.de)



N o 0o~ o W0N R

1 Site description

A detailed description of the research area andsaoreaent sites can be found in Gerstberger
et al. (2004), Staudt and Foken (2007) and Fokeal. é2012). A detailed description of the
clearing site and the intensive campaign EGER Q48 be found in Serafimovich et al.

(2011). Figure S1 shows the heterogeneity of tha and the three measurements sites.
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Figure S1: Aerial view (data source: Bayerischenvessungsverwaltung — www.geodaten.bayern.de) of the
measurement sites shows the heterogeneous fonelsickpe of the research area with the marked fsitest
floor (FF), clearing (CL) and “Pflanzgarten” (PH)he white area on the left side of the picture &ane pit.
Most roads are forest roads except the curvy roading from the middle of the bottom of the picttioethe
upper left corner (i.e. from the south to the navist of the measurement sites). This road is atcpuoad with
about 2100 cars per working day (Foken et al., 0M2e clearing has the dimensions of ~ 300 x 400 m

2 Lift system

Figure S2 shows the lift system used for samplingifé¢rent heights. The system consists of
a vertical linear guide system (Igus, Cologne, Gegnand a stepper motor with a custom
built control unit (electronics workshop, Univeysitof Bayreuth). The heights are

programmable and ranged between 0.1 m above greurtitb 1.6 m above ground level.
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Figure S2: External sampling unit of the LOPAP fgb®x) and inlet for NQinstalled on the lift system at the
forest floor. Three positions (1.6 m, 0.4 m andi@)lused for the profile measurements are indiciteed.

3 Laboratory measurements of soil fluxes

In order to evaluate potential soil HONO emissi@®sjeral soil samples were taken from the
sites where the lift system was located. The sgktis classified as haplic podzol over
granite bedrock (Gerstberger et al., 2004) for #nisa, but only the soil organic layer (O
horizon) was sampled. This organic layer is chareeté by a high water holding capacity
and very low pH values (Gerstberger et al., 20@).30 Aug 2012, the first soil sample
(Sample 1) was taken from a hemicycle with a radiuabafut 10 m around the lift system.
The green moss on top of the soil (0.8 — 1.5 cny removed, and the Oe and Oa horizons
were sampled separately in three replicates. Tlkasgples were transported on ice in a
cooling box to the laboratory. The Oe soil sampls weeasured immediately after sampling,
and the Oa soil sample was stored in a refrigefato?4 h at 4 °C before measurement. For
samples 2-4, which were taken on 11 June 2013, égetation cover was removed and the

upper 5 cm of the O horizon was sampled by sampings. Three sampling rings have been
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taken for one subsample. These samples were traedpora cooling box for about 10 h and
then stored at 4 °C in a refrigerator prior to gs@l within the following 3 to 5 days. For each
site (forest/clearing) we chose two different typésunderstory vegetation for sampling. In
the forest, the soil was covered by moss (SampleAd)a prior study found higher NO

emissions for blueberry than for moss in that respe¢orest patch (Bargsten et al. 2010), we
also sampled a stand of blueberries nearby (Samphe the clearing, the understory close to
the lift system consisted mainly of grass and somallsblueberry plants (Sample 4). We also

took soil samples from the surrounding, which was idated by blueberries on moist soil
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Figure S3: HONO fluxes from four different soil sples measured in a dynamic laboratory chamber docapr
to Oswald et al. (2013). Sample 1 was taken froenftinest floor covered with moss, whereas for sen2pthe
ground was covered by blueberries. Samples 3 aneréd taken on the clearing from moist soil covebgd
blueberries and from ground covered by grass, otispdy. The differences in the errors are due iféexent

detection limits (0.5 ppt to 6 ppt) for the LOPA#®trument.

For each understory type, three subsamples wera.tdkese have been combined into one
sample which was measured in the laboratory system.ldboratory setup to measure the
emission fluxes was described in detail elsewhergv@d et al., 2013, Wu et al., 2014).

Briefly, the soil samples were passed through 16 newesi (instead of 2 mm), reducing the
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influence of the destruction of the structure ofl wganic matter on trace gas emission
(Bargsten et al., 2010). Roots were removed teitent possible, 50 g of soil were put in a
petri dish (OD = 88 mm), and purified water (regigg 18.2 MQ cm') was added to reach
water holding capacity. The dish was placed in #ohechamber (47 L) within a climate
cabinet at 15 °C for Sample 1 and 25 °C for samplds The chamber was flushed with 8 L
min™ of dry purified air, and the trace gas mixing@at{NO, NQ, Os;, CQO,, H,O and HONO)
were monitored in the chamber outflow. N®as measured by chemiluminescence (Model
42i-TL Thermo Scientific, Franklin, MA, USA), ozor®y UV-absorption (Model 49iThermo
Scientific, Franklin, MA, USA), C@and HO by infrared absorption (Model 840A, LI-COR,
Lincoln, Nebraska, USA), and HONO was measureddng Ipath absorption (LOPAP-03,
QUMA Elektronik & Analytik GmbH, Wuppertal, GermanyThe least sensitive detection
limit of the LOPAP was 6 ppt, and the resulting imiom detectable flux was 0.004 nmofm
s'. The detection limit for NO was 50 ppt, and thenimium detectable flux was 0.04 nmol
m? s'. The uncertainties of the fluxes were calculatsthgl Gaussian error propagation
according to Oswald et al. (2013). The gravimesod water content during the laboratory
soil measurements was calculated from the lossabémusing the water vapor measurements
in the sample air (see Oswald et al. 2013).

Soil properties were analyzed according to stangasdedures: pH was measured according
to DIN 1SO 10390 in a 0.0125 mof ICaCh solution. Mineral nitrogen (ammonia, nitrite,
nitrate) was measured according to DIN ISO/TS 14256 a 0.0125 moll CaC} extract

with photometric detection of nitrite after redactiof nitrate to nitrite.

Table S1: Soil pH and nutrient content (NHNO, and NQ) for the measured samples in comparison to
previously published values (Bargsten et al., 2840 Gerstberger et al., 2004). * pH values measured
by pH electrode in soil solution (water).

Sample pH NH4-N NO,-N NOs-N
bm = before measur ement - [mg/kg] [mgrka] [mg/kal
am = after measurement

This study

Sample 1 (bm) 3.2 239.6 0.35 36.9
Sample 2 (bn 3.4 49.7 0.5C 5.C
Sample 2 (an 3.4 6.2 0.3: 2.2
Sample 3 (bn 3.1 29.2 0.8¢ 4.¢
Sample i(am) 2.€ 19.¢ 0.1z 1.7
Sample 4 (bm) 3.0 36.7 0.99 12.9
Sample 4 (am) 2.8 16.8 0.12 3.4
Sample 4 (am) replicate 2.8 17.9 0.13 3.3
Mean (bm) 3.2 38.5 0.79 7.6

Bargsten et al. (2010)
5
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M1 (moss 4.6* 194 - 2
M2 (moss 5* 14¢ - 7
G1 (grass 4.1* 207 - 1
G2 (grass) 3.6* 204 - 2
S1 (spruce) 3.5* 56 - 11
S2 (spruce) 3.5* 86 - 1
B1 (blueberry) 4.7* 139 - 1
B2 (blueberry) 3.7* 148 - 2
Mean 4.1* 148 - 34
Gerstberger et al. (2004)

pH in water Oi horizo 4.5* - - -
pH in CaC; Oi horizor 3.€ - - -
pH in water Oe horizc 3.8* - - -
pH in CaC} Oe horizon 2.9 - - -
pH in water Oa horizon 3.5* - - -
pH in water Oa horizon 2.6 - - -

4 HNO; photolysis

We determined the nitrate loading of three sprueest (Samples 1-19, Table S2) at the
clearing site by foliar rinsing, a method previgustsed to determine HNQieposition fluxes.

It was shown that nitrate recovery rates are gdgdvatter than 90 % for this method (e.qg.
Marshall and Cadle, 1989; Cadle et al., 1991).

Nitrate was washed off the needles using purifiatiew(18 M2) by exposing a branch length
of about 8 cm to 20 ml purified water in a 40 miyathylene flask, and swirling the flask for
2 min to assure mixing in the solution and wettifigll parts of the branch. The solution was
measured by ion chromatography (Central Analyticaboratory, University of Bayreuth).
The amount of measured nitrate was then normaliaetthe total needle area, which was
determined by harvesting the branch, separatingesdddles and taking photographs of the
needles on a white background containing a schlesd pictures were converted to black and
white pictures. By measuring the pixels of the sc#the number of dark pixels (projected

needle area) was converted to the needle areanfin c

Table S2: Measured leaf nitrate and needle aressall spruce trees at the clearing site.

Sampile Time of day NOs NOs Projectec Geometric
(CET) needle area needle area

number mgt mol cm3 cm3

1 (tree 1) 16:00 0.12 3.87E-08 17.2 45.5

2 (tree 1) 16:00 0.12 3.87E-08 12.7 33.8

6
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3 (tree 2 16:0( 0.0¢ 2.90E-08 11.7 31.C

4 (tree 2 16:0( 0.04 1.29E-08 12.C 31.%

5 (tree 3 16:0( 0.0t 1.61E-08 21.1 56.C

6 (tree 1) 18:15 0.06 1.94E-08 14.7 38.8
7 (tree 1) 18:15 0.10 3.23E-08 18.9 50.1
8 (tree 2) 18:15 < 16.3 43.2
9 (tree 2) 18:15 0.09 2.90E-08 16.9 44.8
10 (tree 3) 18:15 0.04 1.29E-08 12.1 32.1
11 (tree 1) 20.15 0.10 3.23E-08 17.8 47.3
12 (tree 1) 20.15 0.08 2.58E-08 23.4 62.1
13 (tree 2 20.1¢ 0.0¢ 2.58E-08 19.7 52.2

14 (tree 2 20.1¢ 0.0¢ 1.94E-08 16.C 42.F

15 (tree 3 20.1¢ < 12.1 32.2

16 (tree 2) 22:00 0.09 2.90E-08 16.0 42,5
17 (tree 1) 22:00 0.09 2.90E-08 14.5 38.3
18 (tree 3) 22:00 0.11 3.55E-08 19.7 52.2
19 (tree 3) 22:00 0.13 4.19E-08 13.8 36.5
M ean 0.09 2.8E-08 16.1 42.8
Standard

deviation 0.03 8.9E-09 34 9.0

Additionally, three field blanks have been takeasel to the institute building in Bayreuth,
where higher HN@Ilevels are expected in the gas phase. The blaskslwere kept open to
the atmosphere for two minutes instead of beingsag to a branch. The field blanks were
below the detection limit of the method (i.e. < ®.0ng L' NO3). Nitrite (NOy)
concentrations remained below the detection limiall samples (LOD = 0.04 mg*LNOy).

The measured nitrate loadings on the trees cloghetanstitute building in Bayreuth (not
shown) were 3 to 20 times higher than the maximataes at the Waldstein site.

The advantage of the nondestructive method (i.e.catiing the branches before washing
off), which can at least be applied to spruce tréeshat the branches can be marked and
sampled several times to establish time seriegubi|m same branches. Finally, the branches
can be harvested to measure the leaf area indelj.(CAe error of the sampling area for the
repeated sampling should be low (a few needles moless). It should be noted that neither
the method proposed by Zhou et al. (2011) nor cethod discriminates between ammonium
nitrate and adsorbed nitric acid, which is suppdsele photolysed to finally yield HONO.
Thus the amount of adsorbed HN@ight be overestimated.

The projected needle area can be converted totakrteedle area by multiplying by a factor
of 2.65 derived by Oren et al. (1986). Thus, if HN® distributed homogeneously on the
needle, the amount of HN@lirectly exposed to sunlight is a factor of 2.6%ér. If we then
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consider only the projected area of the whole brawith needles instead of the single
needles, the amount of HN@xposed is further reduced by a factor of 2.2 exsveld from

our branch photographs.

Nitrate loading of small spruce trees at clearing
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Figure S4: Calculated leaf nitrate loadings forduB/ 2011.
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