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Introduction — mineral dust and biological ice nuclei (IN)

Mineral Dust Biological IN
* Mineral dust is thought to be the most abundant - Atmospheric relevance was expected to be rather
and thus the most important IN in the atmosphere low because of their small number (Hoose et al., 2010)

M tal., 2012 L : : -
(Murray et a ) * Freezing is induced by small single ice nucleating

- lce nucleating active sites on the surface of the active (INA) macromolecules (around 20 nm) e.g.
dust particles catalyze freezing proteins (bacteria, fungi) or sugars (pollen) (e.g.
* The larger the particle surface, the higher the Wolber et al., 1986, Pummer et al., 2012)
chance to have an active site * Very efficient IN (Maki et al. (1974) observed freezing
at-2° C)

- Observed freezing temperatures: < -20° C (Reviews

by Murray et al., 2012 and Hoose and Mohler, 2012, Still ice active if original carrier (e.g. bacteria or
Atkinson et al., 2013) pollen grain) is detached or already dead (Pummer et
al. (2012), Hartmann et al. (2013), Augustin et al.,
2013)
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Up to now this fact is not Mixing a suspension of illite-NX with either birch | Leipzig Aerosol Cloud Characterizing the particles
considered in atmospheric pollen washing water or Snomax-suspension Interaction Simulator (LACIS)
models + + + 4
ihsteimightibsialistiofiics | < > lite-NX - Snomax| == 47 +
active submicron particles, Birch pollen e +
which have a much longer washing water pm— — ) .
residence time in the with INA sugars + Tﬁ N i
atmosphere than their original "t < = Qsizeggﬂ,g\cﬁong S ++ + 4 N
carriers + o+
They may accumulate in the — % L I [ 5 3 M t o4 SNOWAX suspension
ground and come in contact lllite - N>_< L [aerosol dryer] N 7%
W!th other particl.es suspension T w CZ’—) T § Single particle mass spectrometry — SPLAT
er:fral d,,USt p_artlcles n:'ay a_Ct W T N — o Illite-NX - Snomax suspension lllite =NX - birch pollen washing water
as m_ert carriers for blo_loglcal I Q Qairsuspension)
material (Schnell and Vali, 1976) — F " o
Soil/natural dusts are more Snomax- % O T
efficient ice nuclei than pure suspension with = T a
dust, biological residues may INA proteins + ++ + ++ lllite-NX -pollen % |
be the reason for that (Conen et T washing water Suspension ] \ggﬁ‘:;;,’:;{,‘mm,
al., 2011, Sullivan et al., 2013) Fig.1: LACIS, Stratmann et al., 2004,

Hartmann et al., 2011.

Results Il — Parameterization

1.Combining the three present particle types taking into account the determined mixing state

1 1 | - | - | - | - | - | — (A1, A2 and A3 symbolize the amount of pure illite-NX, pure pollen washing water and internally mixed particles,

- - respectively, determined with mass spectrometry) 14 | | | | | e
i ~ i ) o ] ]
y ,"" g fice = A1 - [1 — exp(Ssitefnec(illite) t)] ] !
: // : +42 - [1 —exp (=2 - (1 — exp(J .. (bio) £)))] - -

01 - : ) +43 - [1— (exp(Ssieinec(illite) t) - exp (—4 - (1 — exp(J e, (bi0) £))))]  (Ea.1) - - '
. § ' om § 3 - - | hd E
. , 7 - _ —l— i .
f | i 2. Using known parameters from former investigations f . o .
ice ' . ice ] e |

E : Jnot (bi0) nucleation rate of the biological particles (Hartmann et al., 2013 for SNOMAX, %

0.01 - o N = e Augustin et al., 2013 for birch pollen washing water) 0.01 - o ; .
: ' - z z 4 :
_ , = illite-NX + BPWW 500 nm I jnet (illite) nucleation rate coefficient of illite-NX (unpublished) i b | ]
7 ’ ® ::Itoed-g|)i(||i:e?£)o(n-]|-agp5\?vown rgOO am | ] i only ir!t_ernally mixed particles .
i S model illite-NX + Snomax 500 nm{] | : :::::Z:E§ I grl?(\)/:lﬂvgfggonr:nm |
1E-3 - , moge: Sg‘\’NmV?/X;O%O nm _ 1E-3 - model illite-NX + BPWW 500 nm ||
. ; e X 500 : 3. Correct the data to account for the internally mixed particles only ] model ilite-NX + Snomax 500 nm |4

1 | ' T ' | A ' | ' | ' - | ' | ' | | | | | | ' | !

- - - - - - - s -10 -15 -20 -25 -30 -35 -40
1 O 1 5 2 O 2 5 3 O 3 5 4 O fice — Al - [1 o exp(ssite]het(lulte) t)]
O . (o)
T [°C] — 42 - [1 —exp (=4 - (1 — exp(Je; (bi0) 1)))] T [°C]

‘I;lgt:r (IIRO?S:)Itrsnioxftltjl::slrr_lrrrr::r;ig(r;eflzedeiz(i:r;gfrea):g;r'i]r:eor;ttsh:fdt:setig:gl:n)g;?:;rgaa):él;l;c;rgda:: g;:cill(li;?\-:ﬁ;l?:l:iir;:v&s;i;;g i = A3 - [1 — (exp (Ssitejhet(illite) t) - exp(—)], - (1 — exp(]het(bio) t))))] (Eq.2) Fig.3: Results concerning the immersion freezing behavior of the internally mixed particles only: black: illit-NX-Snomax

Additionally, parameterizations derived from nucleation rates determined in former measurements considering pure
substances are shown as grey lines.
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"Summary and Conclusion

mixture and blue: illite-NX-pollen washing water mixtures. The modeled ice fractions of the dust bio mixtures are
plotted as black and blue lines.
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