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IdenGfying	
  atmospheric	
  bioaerosol	
  
Anne	
  Perring	
  

Pollen:	
  >~10	
  um	
  	
  Spores:	
  2-­‐10	
  um	
  	
  Bacteria:	
  ~1	
  um	
  	
  

•  Atmospheric	
  bioaerosol	
  is	
  composed	
  of	
  airborne	
  
bacteria,	
  fungal	
  spores	
  and	
  pollen	
  

•  There	
  is	
  currently	
  high	
  uncertainty	
  as	
  to	
  the	
  loadings,	
  
transport	
  and	
  effects	
  of	
  these	
  parGcles	
  in	
  the	
  
atmosphere	
  

•  CSD	
  research	
  in	
  this	
  field	
  began	
  in	
  2013	
  with	
  
laboratory	
  evaluaGons	
  of	
  new	
  instrumentaGon	
  and	
  
ambient	
  measurements	
  in	
  various	
  locaGons	
  



Atmospheric	
  
bioaerosol	
  

Poschl	
  et	
  al.,	
  2012	
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Fig. 3. Evaluation of simulated fungal spore number concentrations. (a–g) Comparison of ob-
served (circles) and simulated (black lines) monthly mean concentrations. (h) Comparison of
simulated and observed annual mean concentrations. Observations are from Ho et al. (2005),
Sousa et al. (2008), Grinn-Gofron et al. (2011), Herrero et al. (2006), Lim et al. (1998), Hen-
riquez et al. (2001), Hasnain et al. (2012) respectively.
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  effects	
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•  Can	
  have	
  numerous	
  cloud	
  effects	
  including	
  	
  
•  Temperature	
  of	
  glaciaGon	
  via	
  ice	
  nucleaGon	
  

(IN)	
  acGvity	
  
•  Droplet	
  size	
  distribuGon	
  
•  Onset	
  of	
  precipitaGon	
  

•  Feedback	
  mechanism	
  between	
  the	
  biosphere	
  
and	
  atmosphere?	
  

•  Impacts	
  for	
  human	
  health	
  
 
è Exis;ng	
  measurements	
  are	
  so	
  sparse	
  that	
  it	
  is	
  
difficult	
  to	
  assess	
  the	
  true	
  importance	
  of	
  
bioaerosol	
  on	
  local,	
  regional	
  and	
  global	
  scales	
  
	
  



The	
  Wide-­‐band	
  integrated	
  
bioaerosol	
  sensor	
  (WIBS)	
  

•  New	
  technique	
  in	
  atmospheric	
  applicaGons	
  
•  WIBS	
  counts	
  and	
  sizes	
  parGcles	
  >	
  0.8	
  um	
  
•  Working	
  with	
  DMT	
  on	
  improvements	
  and	
  evaluaGon	
  of	
  

WIBS	
  capabiliGes	
  and	
  limitaGons.	
  
•  CollaboraGon	
  w/	
  CU-­‐Boulder	
  to	
  build	
  a	
  reference	
  library	
  

à	
  CSD-­‐developed	
  classifica;on	
  scheme	
  allows	
  good	
  
discrimina;on	
  between	
  bacteria,	
  fungi	
  and	
  pollen	
  based	
  
on	
  measured	
  proper;es	
  
	
  

Bioaerosol	
  detecGon	
  using	
  
autofluorescence	
  

Colors	
  show	
  
different	
  response	
  

signatures	
  

Hernandez,	
  Perring	
  et	
  al.,	
  in	
  prep.	
  2015	
  

Bacteria	
   Fungi	
   Pollen	
  



Perring	
  et	
  al,	
  2015	
  

Model-­‐measurement	
  comparison	
  

CloudLab	
  Study	
  

Model	
  underesGmate	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  Good	
  agreement	
  

Bioaerosol	
  size	
  distribuGons	
  
Larger	
  in	
  the	
  west	
  

Flight	
  track,	
  fall	
  2013	
  

In	
  collabora;on	
  with	
  DMT,	
  Leeds,	
  
MIT,	
  CU-­‐Boulder	
  

Su
pe
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ro
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3 )
	
  

•  1st	
  published	
  airborne	
  WIBS	
  
measurements	
  

•  Wide	
  longitudinal	
  extent	
  and	
  
numerous	
  ecosystem	
  types	
  

•  Strong	
  trends	
  observed	
  in	
  bioaerosol	
  
characterisGcs	
  and	
  loadings	
  



Bioaerosol	
  at	
  Reunion	
  Island	
  

Maido	
  Observatory,	
  2200m	
  ASL	
  

Measurements	
  
WIBS:	
  real-­‐Gme	
  fluorescent	
  aerosol	
  
Collec,on	
  via	
  impac,on:	
  opGcal	
  microscopy,	
  
geneGc	
  and	
  component	
  analyses,	
  size-­‐
segregated	
  ice	
  nuclei	
  concentraGons	
  

256 S. M. Burrows et al.: Marine ice nuclei: biogenic particles or dust?

Fig. 5. Simulated relative contribution of marine biogenic IN to ma-
rine boundary layer IN concentrations at�15� C, as a percent of an-
nual mean dust IN and marine biogenic IN. Middle: estimate using
“control” dust IN concentrations and “best” biogenic IN concentra-
tions; Top: with “high” biogenic IN concentrations; Bottom: with
“low” biogenic IN concentrations. For zonal mean comparison of
simulated marine IN and dust IN, see Figu. 7.

is because marine biogenic IN, emitted from a local source,
are present in highest concentrations in the boundary layer,
and decrease in concentration with increasing altitude. Dust
IN, by contrast, originate from a distant source, and are this
more well-mixed in the remote marine troposphere. For com-
parison, CLOUDSAT satellite data show that the majority of
Southern Ocean clouds have cloud tops below 3 km (Mace
et al., 2007), so biogenic particles do not have to reach very
high altitudes in order to potentially impact clouds. While
we consider average concentrations here, since the variability

Fig. 6. Simulated relative contribution of marine biogenic IN at
�15� C, as a percent of annual mean dust IN and marine biogenic
IN (“control” dust IN and “high” biogenic IN concentrations). Top:
horizontal cross-section at 2 km altitude. Bottom: vertical cross-
section at 60� S latitude.

in both marine emissions and long-distance transported dust
concentrations is very high, local marine emissions could
dominate the cloud-height IN population at certain times,
while long-distance transport dominates at other times (in
analogy to the observations over the Amazon rainforest by
Prenni et al., 2009a).
The impact of marine IN emissions on clouds would be ex-

pected to be significant only during the Austral winter, when
the temperature is low enough to render significant ice nucle-
ation in the marine boundary layer. Furthermore, IN activity
may change as particles age: exposure to UV radiation may
cause certain particles to break down; and coating with sul-
fate may make marine particles good CCN, but may limit
their effect as IN by deactivating IN active sites on particle
surfaces.

Atmos. Chem. Phys., 13, 245–267, 2013 www.atmos-chem-phys.net/13/245/2013/

Oceanic	
  upwelling	
  

Surface	
  IN	
  biological	
  frac;on	
  from	
  Burrows,	
  2013	
  	
  	
   In	
  collabora,on	
  with	
  CU-­‐Boulder,	
  University	
  of	
  
Denver,	
  DMT,	
  Blaise-­‐Pascal	
  Clermont,	
  Meteo	
  France	
  

and	
  Universite	
  de	
  la	
  Reunion	
  

Objec;ves	
  
•  CharacterizaGon	
  of	
  southern	
  hemisphere	
  and	
  marine	
  

bioaerosol	
  
•  La	
  Reunion	
  is	
  downwind	
  of	
  areas	
  of	
  high	
  oceanic	
  

producGvity	
  
•  Ground	
  staGon	
  with	
  regular	
  nighame	
  sampling	
  of	
  free	
  

tropospheric	
  air	
  
•  First	
  ambient	
  comparison	
  of	
  WIBS	
  observaGons	
  with	
  direct	
  

bacteria,	
  spore	
  and	
  pollen	
  counts	
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