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Outline:

❑ The role of microbes in the fate and transport of organic 

particles (marine snow) in the ocean.

❑ My own path towards microbes and microplastics.

❑ Case study I: Interactions between phytoplankton, 

marine snow and microplastics.

❑ Case study 2: Bacterial responses to photooxidation of 

microplastics. 



The life aquatic at the microscale (Raina, 2018)



N Atl spring bloom:
→ ~50% of NPP exported out of EZ via sinking marine snow (Buessler and Boyd, 2009) 



Schwing et al. (2020) Ziervogel et al. (2012)

Marine oil snow (MOS): Hotspots for oil-degrading bacteria

Marine snow: Hotspot for microbial biogeochemical processes
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Sinking rates of Marine snow and Microplastics (2-µm PS beads; Long et al., 2015): 
Species-specific patterns of aggregate sinking rates 

Marine snow formation in roller tanks; sinking velocities in 
graduated cylinder:

Solid markers: w/MPs
Open markers: w/o MPs

Open questions:

➢ Aggregation and sinking behavior of 

larger MPs (mm-scale);

➢ Sinking rates of MPs vs. MPs-containing 

marine snow.

Long et al. (2015)



Sinking rates of Marine snow and Microplastics (2-µm PS beads; Long et al., 2015): 
Species-specific patterns of aggregate sinking rates 

Marine snow formation in roller tanks; sinking velocities in 
graduated cylinder:

Solid markers: w/MPs
Open markers: w/o MPs

Our hypotheses:

H1: MPs act as coagulation kernels for algae, 

accelerating the formation of plastic-containing 

marine snow (i.e., marine plastic snow -- MaPS). 

H2: Incorporation into marine snow enhances  

sinking velocities of MPs through the water 

column.

Long et al. (2015)



Case study I: Interactions between phytoplankton, marine snow and microplastics, MPs 
(post-consumer HDPE, 5 mm2)



Marine snow
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No measurable effects of MPs on aggregation efficiencies 

But: Marine snow formation more rapid w/MPs (day 1); 
w/o MPs (day 8) [H1]!

Expt 1: Marine snow formed in all treatments (w/ and w/o MPs) 



E. hux marine snow in roller tank

Expt 2: Marine snow sinking velocities

a – Marine snow; b – MP w/cells; c – Marine plastic snow (MaPS)
Roller tank (1.5 L) with
marine snow
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Settling of MPs and marine snow through sharp density layers

Shadowgraph setup for tracking particle settling, 10 cm x 10 cm x 50 
cm (Mandel et al., 2020) 

HDPE particle (b) and marine snow (c) 
during sinking through the tank. 

What are the effects on water column stratification on vertical transport of MPs and marine snow?
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Case study I – summary and conclusions

H1: MPs act as coagulation kernels for algae, accelerating the formation of marine plastic snow (MaPS). 

➢ Algal cells aggregated more rapidly in the presence of MPs compared with the non-MPs control.

➢ Aggregation efficiencies w/ and w/o MPs were comparable among the same algal treatments. 

H2: Incorporation into marine snow enhances sinking velocities of MPs through the water column.

➢ MaPS were double the size and had two times higher average sinking velocities compared with MPs. 

➢ MaPS and MPs sinking through a stratified water column showed comparable sinking patterns. 

Conclusions:
❖ Marine snow may accelerate the downward flux of MPs under certain conditions (unstratified vs. stratified);

❖ MaPS formation and sinking → pathway of MPs into food webs in ocean’s interior. 



Case study II: Microbial responses photooxidized MPs

DOC 

Jacquin et al. (2019)

Microplastics

Ward et al. (2019); Zhou et al. (2019); […] 



Photochemical dissolution of microplastics to DOC

1 -- DOCPP amended 
(~5x background) 

System comparison: offshore, coastal, river

Parameters: DOC, DOM, bacterial cell abundance, community composition, 
enzyme activities (lipases, glucosidases, peptidases). 

2 -- unamended control 1 control 2 

DOCPP

Ward et al. (2019); Zhou et al. (2019); […] 

Hypothesis: Biodegradation rates of DOCPP will differ among 
the systems (bacterial community structure and functions).



Dissolved organic carbon (DOC)
Coastal water experiment
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Mineralization rate of DOCPP: ~60 uMd-1  (week 1), ~16 uMd-1 (week 2)



Dissolved organic carbon (DOC) and bacterial abundance
Coastal water experiment
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Azam and Malfatti, 2007

Enzyme activities (lipases) as indicator for DOCPP degradation? 

DOCPP : Carboxylic acids ≤ 700 Da (Gewert et al., 2018) 
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DOCPP-
amended SW

Cell#s Lipase Esterase Glucosidase Peptidase

DOC -0.66 
(0.15)

0.90 
(0.01)

0.02 
(0.002)

-0.76 
(0.08)

0.18 
(0.13)

Correlation coefficients (p-value):

Coastal water experiment

labile DOC recalcitrant DOC

72%

28%

Open questions:

• System comparison?

• Elevated respiration of DOCPP: consequences for 

elemental cycling (nutrients, oxygen, …).

Coastal ocean:
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