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Complexation of trace metal ions (TMI) influences G en eral .
= Physical properties: *
— Absorption wavelength A Aerosol particle sampling (five-stage Berner impactor) Literature +
— Absorption coefficient ¢ {} database research of
: : : stability constants .
= Chemical behavior: Aqueous extraction of impactor foils (equilibrium
— Photochemistry: [Fe!'lL]3* + hv — Fe2* + .L* ~ @ {} {} {} constants):
— Nature of L, e.g. oxalate Met. data Main ions pH values Org. acids Trace metals Br=[ML,J/[M][L]"
_ Nature of -L, e.g. -OH, -SO’, ... (T, rH, ...) (CE, IC) (CE) (TXRF) for M+ nL = [ML,]
— Quantum yield (QY) of photochemical reactions: L= OH: QY = 0.126; L = (Oxalate),: QY = 1.23 (based on Fe?*) {} {} {/
— RedOx chemistry: Particle water Est. of
— Oxidation of Fe(ll):  [Fe"(H,0)4J2* +0,/0,/-OH - Fed¥ K orative = 1 (E-AIMII[1]) missing f,
Fe'(SO,)](ad) +O0JO5/OH —Fe™  kyuye=04 VR O . 4 4 v~
Fe!l(OH), 1 + 0,/0,5/-OH - Fe3* Keeiative = S€VEral 1,000 Concentrations, lonic strength, pH in the liquid particle phase Database containing
b @ all relevant 3,
. : : . . ! ; : :
knowing the complexation of TMI is important Averaging: four meteorological/seasonal categories (see table below)

v 2

Average complexation in each category (Visual MINTEQ, [2])

RESULTS

Sampling and Averaging

— Berner impactor cutoff diameters: 0.05/0.14/0.42/1.2/3.5/10 um (- five size fractions)

i — Impactor runtime: 24 h (0:00 CET — 24:00 CET); sampled air volume: 108m3
Aerosol aqueous phase concentrations PRI ! A " )i sampledair Vol -
— Determination of the air mass origin of each sampling day using backward trajectories (NOAA HYSPLIT [3])
Aerosol aqueous phase pH is between 0.6 and 2.1 (average: 1.3; summer: 1.1; winter: 1.6). — In total, 20 size-segregated samples were taken

Aerosol aqueous phase ionic strength is between 4.3 M and 12.9 M (average: 8.6 M; summer: 10.0 M; winter: 7.2 M).
Aerosol aqueous phase concentrations are not as variable as aerosol mass concentrations and show only minor

_ _ Category Season Air mass origin Number of sampling days
differences between the categories.
Summer West May-October West 6
_ Summer East May-October East 4
COm plexathn Winter West November-April West 5
Winter East November-April East 5

Complexation of TMI (%) Complexation of TMI (ng/m?)

- —

= Modelling: Visual MINTEQ [2]

- Formation of solids is possible \/7
- lonic strength correction of p,: Davies equation: 1g 8, =lg B) + A- Az’ .Ll e 0.31- [J
_I_

with: g, = stability constant (at /= 0); A= 0.511 (water, 25° C); Az2= X272y s — 222 ; Z= charge; | = ionic strength)

ol el
reactants
- Consideration of:
- SO,%, HSO,, CI, NO5, OH-, NH,, Oxalate, H-Oxalate, Tartronate, H-Tartronate, Malonate, H-Malonate, Malate, H-
Malate, Succinate, H-Succinate.

Mn(1l)

%
O
° Ca2+, M92+, CU2+, Mn2+, F92+, F93+, H+.
= - Oxidation state of iron: Fe(ll) = Fe(lll) = 0.5 Feya) measured by TXRF
100 S EE FE E - Calculation at 25° C
—~ :g ~ - Consideration of complexes up to ML,
T T r
20 0.5 | H H
0 L 0 J]_IH == = | = | .
100 25 - CONCLUSION
80 2
= 60 = 15 -
L 40 I L1 -
20 0.5 - || Comparison to published data
0 0 (= I
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NN N OT NGO NG O P ADOTANOI T AN OOS AN O Study Matrix Mn(ll) Cu(ll) Fe(ll) Fe(lll)

So @ JooT ™ JooT ™ oo ™ . P ; e ; P ; P ; 4 Atm. droplets not complexed  notcomplexed  not studied OH, Sulfite

é&%ﬁﬁé&%ﬁ@é&%ﬁﬁéé%ﬁm é&@_ﬁ@é&@_ﬂ@é&%‘fﬁ@é&@_ﬂm 5 Rain not complexed not complexed not complexed OH

co© oo co© oo co® oo oo co® 6] Atm. water not studied not studied not complexed Oxalate

Summer | Summer | Winter Winter Summer | Summer | Winter Winter 7] Cloud, fog not complexed not complexed not complexed OH, Oxalate
West East West East West East West East 8] Rain not studied not studied not complexed OH, Oxalate
This study Aerosol particles Nitrate Nitrate, Oxalate Nitrate Oxalate
O Rest @other DCA B Oxalato @ Nitrato ® Chlorido ® Sulfato
. Mn(ll): mainly nitrate (summer, small particles: also chloride, oxalate) S umm ary
Cu(ll): mainly nitrate (summer, small particles: also chloride, oxalate; eastern categories: also DCA, oxalate) — Compared to dilute samples (rain/fog/cloud waters), complexation in aerosol particles seems to be more important.
Fe(ll): mainly nitrate (summer, small particles: also oxalate) — Organic complexation is important, especially in summer.
Fe(lll): mainly oxalate (small particles: also sulfate, coarse particles: inorganic complexes) - — Oxalate often precipitates (calcium oxalate, magnesium oxalate) and thus not always forms complexes.
. Season: more nitrate in winter than in summer; in summer more oxalate
* Air mass origin: small influence; East: more sulfate, West: more chloride ¢ OUtIOOk

Organic complexation is important, especially in summer and for aged particles (Winter East, 0.42 — 1.2 um)!
— Combination of E-AIM and Visual MINTEQ would be preferable (one model instead of two).

— Better description of stability constants' ionic strength dependence (for highly concentrated aqueous phases)?
— Better time resolution (e.g. MARGA, PILS samples: ~ 1 h resolution)?
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* ‘I:"-’ (1] Wexler, A., S. Clegg, 2002: J. Geophys. Res. 107 (D14), 4207, www.aim.env.uea.ac.uk/ aim/ aim.php. v e
* ¢ »*+' [2] Draxler, R., G. Hess, 1998: Austral. Met. Mag. 47 (4), 295-308, http://ready.arl.noaa.gov/HYSPLIT.php. " b ue " s .
. ‘:; R 3] Gustafsson, J., 2011: Visual MINTEQ 3.0, www.lwr.kth.se/english/oursoftware/Vminteqg/index.htm . _' . .
‘: :‘. o 4] Weschler, C., M. Mandich, T. Graedel, 1986: J. Geophys. Res. A. 91 (D4), 5189-5204. . ' = o "
;‘ ":‘:';:.“ :5: Plofmann, H',' - I,-Ioffmarm, - ngser, L SITES il BRI E2), S '. K }. . g:rrr?; ::ggr::’l\./linistry of Education & Research (grant 01LR0802, REGKLAM; REGKLAM is part of KLIMZUG funding)
RN 6] 2uo, ., J. Hoigne, 1992: Env. Sci. Technol. 26 (5) 1014-10.22' - " %" . «German Federal Environment Ministry (grant F&E 370343200 GUAI,\I) |
R :‘:’r‘.‘i 7] Siefert, R., A. Johansen, M. Hoffmann, S. Pehkonen, 1998: J. Air Waste Manag. Assoc. 48 (2), 128-143. * | _ _ y 9__ ’ .
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