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My background

= Microbial ecology
= Marine microbiology group- Bergen, Norway
= Focus: algae, bacteria, protozooa, virus



My background

= Microbial ecology
= Marine microbiology group- Bergen, Norway

= Focus: algae, bacteria, protozooa, virus
= Methods

2 Nutrient uptake/turnover

1 Production rates

1 Genetic diversity/biodiversity
1 Viral activity

1 Modelling (vs experiments)



Why airborne bacteria?

2 Curiosity...new field

o Biodiversity and transport rates
Microbial production

Improved/new methods...possibilities?
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Bacteria in the air
=from where?

Bacteria Virus
= Soil (terrestrial) ~10° g ??
= Sea /fresh water ~108 mL-1 ~107 mL-!




Bacteria in the
=from where?

Bacteria
= Soll (terrestrial) ~10° g’
= Sea /fresh water ~106 mL-"

= We know:

air

= Most marine bacteria are assumed to be alive

= Nutrient limited N ,PorC

Virus

??

~107 mL-?

= <1% growing on agar plates (sea water and soil samples!)



Counting airborne
bacteria

= | iquid samples!
1 Rain or air sampled in liquids
= Methods:

Flow cytometry (FCM)

= DNA/RNA staining - fluor /scatter signals from single particles
Quantitative PCR (Q-PCR)

= DNA staining — amount of bacterial DNA in a bulk sample
Colony forming units (CFU)

= Bacteria willing to grow on agar plates
Epifluorescense microscopy (EFM)

= DNA/RNA staining - fluor signals from single particles
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Flow cytometry of air
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Flow cytometry of air
samples

* ~ | [To=Blank

LIl
o
[

T T T T T T T T T T T T TTTm

FL1-H
FL1-H

Fluorescence

T5~3,5m3 in 5 mL

T TTTI T T TTTI I T TTTIT [T TTTTI I T TTTTI [T TTTITT
SC-H

Scatter signal

Fluorescence

RERALLL T T TTIT AE:I_HIIIIIII T TTTTIm T TTTTIT T T TTTTm Ju_IHIIIIIII LILLALLLLLLL

Scatter signal



Flow cytometry of air
samples
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T5~3,5m3 in 5 mL

T TTTI T T TTTI I T TTTIT [T TTTTI I T TTTTI [T TTTITT
SC-H

Scatter signal

~10°3 pr m?®

Fluorescence

RERALLL T T TTIT AE:I_HIIIIIII T TTTTIm T TTTTIT T T TTTTm Ju_IHIIIIIII LILLALLLLLLL

Scatter signal



Flow cytometry vs Q-
PCR

8
_ = Alr: vsllow
= Q-PCR:FCM ~10 = PRain: red
= Calibration going on! s | * Sea water:blue -
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Q-PCR (Log bact pr m3)



Flow cytometry vs Q-
PCR

Al vallow
= Rain: red
s | = Sea water:blue L3

= Q-PCR:FCM ~10
= Calibration going on!

CFU: around 1-2%
compared to FCM

Epifluorescence microscopy:s
difficult to discriminate ’
signal/noise =
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Snow and rain samples

snow ~500-10% pr mL Rain ~10% pr mL
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Snow and rain samples

snow ~500-10% pr mL Rain ~10% pr mL
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Bacterial production:

Addition of H? leucine, 24 h incubation




Snow and rain samples

snow ~500-10% pr mL Rain ~10% pr mL

. P1

FLIH
FL1-H

FL1-H

FL1-H

[T [ TTTTIT
SSC-H FL3-H

T T TTTTI T TTTTTI
SSC-H FL3-H

Bacterial production:

Addition of H? leucine, 24 h incubation

Result: activity pr bacteria ~ as in sea water

Estimated generation time~ 1day



Comparison of 3
bioaerosol samplers

= Time series
= FCM and CFU counts
= | iquid loss rates



Sampler 1

= Xmx-cv (Dycor

- 07 m2min

£



Sampler 2

= SKC 225-9595 (SKC)
10,0125 m3 min-?
1 Sampling time 0-60 min
2 Liquid: MilliQ
1 Refill~25% milliQ at 10 min



ampler 3

= Karcher DS 5550

Die Wirkung des Karcher Wasserfiltersaugers
Wasserfilter AquaSelect £ Zwischenfilter ; HEPA

Lungengéngige Partikel

Feinstiube

Hausstaubmilben {Ausscheidungen)

Bakterien

Staub

Sporen

Pallen

Grobschmutz (Tierhaare, Flusen, Kriimel...)

Abscheidegrad in Prozent aller Partikel Gber 0.2 um




Sampler 3

= Karcher DS 5550
1 3,3 m3 min*?
2 1500 mL
1 Max sampling time: 120 min
o Liquid: PBS
1 ~10% pbs loss after 120 min
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FCM counts - time series

Black: direct counts FCM ”bacteria pr mL”
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CFU counts - time

cearianc
Black: direct counts CFM ”“bacteria pr mL”
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CFU as % of FCM

FCM m3 CFU as % of FCM
Sampler 4 FCMx=std. 4 FCM
(‘;ilnillf) V(E:::;;l ¢ CFUzerr? dev* FC%\(/{:Z?:S;SreV FCM raw data data TO
raw data subst.
XMX-CV 10 1.41 18+13 1800+330 1600+330 1.0 1.1
Karcher 120 0.26! 33435 2500+£690 1400+690 1.3 2.4
SKC 60 0.0381 6777 880042200 4200+£2200 0.8 1.6
slit sampler 60 1.8? 37
Mas-100 20 2.02

Table xx. cfu and fecm bacterial counts in sa

s with the highest theoretical concentration factor in this experiment.

1. estimated air volume sampled pr ml sampling liquid.
2. Air volume sampled.

3. std dev except slitsamplers,

4. std dev of 3 dilutions



CFU as % of FCM

FCM/K.\

sampling data CFU pr m? CFU as % of FCM
Sampler A FCMz=std. FCM
tm.le VOlll;Il £ CFU+err? dev* (ldan FCM raw data  data T0
(min) (m°) TO substr
raw data subst.
XMX-CV 10 i 18+13 1800+330 1600+330 1.0 i
Karcher 120 0.26! 33435 2500+690 1400+690 1.3 24
SKC 60 0.038! 67+77 8800+2200 4200+2200 0.8 1.6
slit sampler 60 1.8? 37
Mas-100 20 2.0 40+14

Table xx. cfu and fcm bacterial counts in samples with the highest theoretical co

1. estimated air volume sampled pr ml sampling liquid.
2. Air volume sampled.
3. std dev except slitsamplers,
4. std dev of 3 dilutions

tration factor in this experiment.



CFU as % of FCM

CFU as % pt FCM

sampling data CFU pr m? FCM m?
Sampler A FCMz=std. 4 FCM
tm.le VOlll;Il £ CFU=zerr? dev* L FCM raw da data TO
(min) (m°) TO substr
raw data subst.
XMX-CV 10 L 18+13 1800+330 1600+330 1.0 1.1
Karcher 120 0.26! 33435 2500+690 1400+690 1.3 24
SKC 60 0.038! 67+77 8800+£2200 4200+2200 0.8 1.6
slit sampler 60 1.8? 37
Mas-100 20 2.0 40+14

Table xx. cfu and fcm bacterial counts in samples with the highest theoretical concentration factor in this experi
1. estimated air volume sampled pr ml sampling liquid.

2. Air volume sampled.
3. std dev except slitsamplers,
4. std dev of 3 dilutions




The dice is thrown...

mEvaluation
mBackground noise
MLiquid volume
mSampling volume
mSampling time
mSampling efficience — concentration factors

mReliability
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In the end

= Bacteria in air pr m3:;
- CFU 10-50
- FCM ~103

= Bacteria in snow/rain pr mL:
G CFU 10‘200

. Bactenal actnvnty in snowlram SW bacterla -



In the end

= Bacteria in air pr m3:;

Sampler test:
- CFU 10-50

1. XMX-CV
_ ~ 3
FCM 10 2. Karcher
3. SKC

= Bacteria in snow/rain pr mL:
.- CFU 10-200
- FCM ~104
1 Bacterial activity in snow/rain ~ SW bacteria




Sampler test:

In the end 2 Kirchar

3. SKC
= Bacteria in air pr m3:
. CEU. 050 Thanks to:
» FCM ~103 = University of Bergen, Dep Biology

2 Jorn Einen

1 Ruth-Anne Sandaa
4 Gunnar Bratbak

2 Mikal Heldal

=  Norwegian Defence Research Establishment
4 Janet Martha Blatny

= Bacteria in show/rain pr mL: 4 Gunnar Skogan
5 CFU 10-200 1 Else-Marie Fykse
1 Tone Aarskaug
- FCM ~104

1 Bacterial activity in snow/rain ~ SW bacteria



