S1 Calculation of average settling velocity and particle distance
S1.1 Settling velocity

The settling velocity v; [cm s7'] of a (spherical) aerosol particle with diameter D,, [cm] and density p,, (1.05 g cm™, Section
S2.1) can be calculated as
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whereas C. is the dimensionless slip correction factor (Table 9.3 in Seinfeld and Pandis (2006)), g is the acceleration of gravity
(9.807 m s2) and p is the viscosity 1.72-10* g cm™' 57! (Equation 9.42 in Seinfeld and Pandis (2006)). Using a global model,
(Burrows et al., 2009) estimated the mean atmospheric residence times for CCN active bacteria with equivalent diameters of 1
pm and 3 pm which are indicated in Figure S1.
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Figure S1. Settling velocity [cm s™'] for spherical aerosol particles with diameter Dy. Totmos denotes the mean atmospheric residence times
for CCN-active bacteria as estimated by Burrows et al. (2009). These numbers are only added for guidance; we do not imply a directly linear
relationship between Tatmos, Dp and vy.

S1.2 Average distance between particles (bacteria cells)

We assume an equidistant distribution of particles (or droplets or bacteria cells) in a cube of air. Figure S2a shows schematically
a distribution with a concentration of N = 64 (4 x 4 x 4) particles in a cube with the volume V (side length V1/3). The distance
& between neighboring particles is thus

5= VN (S2)

Figure S2b shows the approximate distance J [cm] of aerosol particles, cloud droplets and airborne bacteria cells in the atmo-

sphere for the respective typical concentrations N in cm™.
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Figure S2. a) Schematic equidistant distribution of particles with a concentration of N in a cube Wj@ | side length a. The cube can be
partitioned into smaller cubes. The distance between the centers of these smaller cubes corresponds to N; b) average distance ¢ between
bacteria cells, cloud droplets or aerosol particles for their typical atmospheric concentrations N.

S2 Amount of water surrounding airborne bacteria

S2.1 Calculation of Ny20.qr and l20:4r

A bacteria cell is composed to ~70% of water (e.g., Nature Scitable). Assuming a typical cell density of p.e;; = 1.05 g cm™
(1.035 - 1.093) (Bakken and Olsen, 1983), the water mass M.y, 20 inside a cell with an equivalent diameter of Dy = 104
cm (1 zm) can be calculated as 3.8-107" g cell”! according to

T
Meell, H20 = ¢ D3, peet - 10% (S3)

which corresponds to 1.3+ 10'° water molecules per cell using
Neell, H20 = Meell, 1120 * Mm20 - Na (S4)

whereas M0y is the molecular weight of water (18 g mol ™) and N, is the Avogadro constant (6.023-10%* molecules per
mole).

Based on the equations by Rose et al. (2008), a relationship between the dimensionless hygroscopic growth factor G and
the hygroscopicity parameter « (Petters and Kreidenweis, 2007) can be derived:
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Replacing the wet diameter D,, by
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https://www.nature.com/scitable/content/the-composition-of-a-bacterial-cell-14705043/

which can then be converted to
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Using Equation S8 and the growth factors by Lee et al. (2002) and Després et al. (2012), we can derive an (average) Kpact -
0.1 for bacteria under subsaturated conditions (RH < 100%).

Table S1. Hygroscopic growth factors for bacteria as a function of RH based on the study by Lee et al. (2002) and the review by Després
etal. (2012).

RH/% | G | &
E coli, Lee et al. (2002)

50 1.05 | 0.16

70 1.065 | 0.1

90 1.16 | 0.06

95 1.32 | 0.07

Various bacteria, Després et al. (2012)
95 1.3 0.07 Bacillus subtilis
90 1.22 | 0.09 Saccharomonospora viridis
0.1 | = Kqv; estimate in the present study

To calculate how much water is surrounding the bacteria cells, we convert Equation S8 to

G- o[ (59)

Using the growth factors G, we calculate the number of water molecules in the hydration shell as
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Based on the schematic in Figure S3 and using Equation S6, the number of water layers may be approximated as (assuming
that each layer thickness is the length of water molecule)

Dcell(G_ 1) (S11)
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Table S2. Growth factors G for 50% RH  95% using Kpact = 0.1 and the corresponding water amount expressed in number of water
molecules ng20 (Equation S10) and water layers 20 (Equation S11). While strictly the concept of hygroscopic growth does not apply at
RH > 100%, we also list G values for cloud droplet sizes (i.e. RH 100%) as the same equations can be applied to calculate nr20 and lr20
based on the water volume.

RH/ % G ng20/ 10" lH20

50 1.03 1.8 59

70 1.07 4.1 132

90 1.24 15.8 434

95 1.32 333 775
100 (Dy =5 pm) 5 217 7200
100 (D, =20 pm) 20 14000 34500
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Figure S3. Schematics of a bacteria cell surrounded by water (not to scale) to illustrate how the number of water layer [ 20 (Equation S11)
is calculated using the size of a water molecule of 2.75 A (101% m)

S2.2 Droplet lifetime joug

Cloud droplets form near cloud base where the water vapor saturation reaches values of > 1. The number of cloud droplets (=
activated cloud condensation nuclei) depends on the supersaturation, which, in turn, is a function of the updraft velocity w [m
s''1 (proportional to the cooling rate) and the concentration of droplets on which water vapor can condense (condensational
sink). Cloud droplets grow while they are lifted towards cloud top across the cloudy layer (= cloud thickness d.jouq [m]).
Eventually evaporational cooling causes air parcels to descend, leading to downward motion (downdraft, -w) during which the
droplets shrink. The time scale of the life cycle of a cloud droplet can be, thus, approximated as

. 6cloud (S 1 2)

This cycle is illustrated in Figure S4a; in panel Figure S4b the results of Equation S12 are shown with the grey square indicating
the typical range of 6.4, and w for stratocumulus clouds, the most abundant clouds on Earth. The figure shows a range of 10
min - Teoud - 30 min. This value may be even valid for other (e.g., more convective) cloud types that usually exhibit higher

updraft velocities and greater thickness.

a) Schematics of cloud thickness &, b) lllustration of droplet lifetime 7,4
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Figure S4. a) Schematics of vertical air movement in clouds of thickness J.iouq; air may cycle multiple times through a cloud but these
cycles are always interrupted by periods at which the particle encounters RH < 100%. b) Cloud droplet lifetimes as a function of cloud
thickness d.;0uq and updraft velocity w (Equation S12). They grey square denotes the approximate d.;o.,4-w range for stratocumulus clouds
(e.g., Rogers and Yau (1996)). The figures shows that individual cloud droplets exist for 10 - 30 min.






