
Pristine Micro- and Nano-Plastics Readily Form
Microorg-Agglomerations in Sea Surface Simulated
Conditions
Stephen	Summers*,	M.	Al-Sid-Cheikh**,	A.I.	Catarino*,	T.B.	Henry*,	S.J.	Rowland**,	R.C.	
Thompson**	and	T.	Gutierrez*.	
*Heriot	Watt	University,	Edinburgh,	UK;	**Plymouth	University,	Devon,	UK.
Email:	s.summers@hw.ac.uk

Nano- and micro-plastics in the marine environment
As plastic production rates increase, the ultimate fate of
these plastics and what effect they could have on the the
marine environments has become an area of intense study.
As these plastics enter the environment they begin to
weather and form micron-scale particles. It is predicted that
nano-scale plastics also form, but these have been largely
overlooked due to the difficulty in collection and detection.
Much of the scientific effort to date has been on
environmental detection of plastics and in-vitro examination
into their fate and toxicity. However, laboratory studies have
tended to use commercially-purchased plastics that are
pristine in nature. Plastics in the environment, though, are far
from pristine. Here, we investigated what happens to these
plastics upon their initial entry (within hours/days) in the
marine environment.
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Figure 1. shows polystyrene plastics as
examined by microscopy. (A) is a TEM image of
50 nm spheres of pristine PS (scale = 0.2 𝜇m);
(B) is a confocal image of a marine snow
particle with 1 𝜇m PS, using coastal FF seawater
(scale = 10 𝜇m); (C) is a light micrograph of an
agglomeration, formed in offshore FSC
seawater; 10 𝜇m PS spheres are seen held
together by a matrix of exopolymeric
substances (stained by Alcian blue; scale = 50 𝜇
m).Methods

Fluorescent polystyrene spheres (Sized from 50 – 10000 nm) were added to unfiltered natural seawater
(5 ng mL-1) that had been collected from the Faroe-Shetland Channel (FSC; unpolluted water in the
North-East Atlantic) or from The Firth of Forth (FF; polluted coastal water). These treatments were
placed on a roller table for 7 days at 7˚C (in-situ water temp.). Transmission and scanning electron
micrographs were taken at various time points of these incubations.
Once agglomerations were formed, a random selection were chosen for each visualization method:
Alcian Blue staining to visualize presence of exopolymeric substances (EPS); Fluorescence microscopic
examination to observe plastics within agglomerates; Nucleic acid staining to visualize the microbial
community within the agglomerations.
Finally sedimentation rates were empirically measured to determine the effect of plastic on the
deposition of the marine snow.

Figure 2. shows three different sizes of
polystyrene plastics and associated
microbial communities. (A) is a single 20
𝜇m PS sphere; (B) represents an
agglomeration of 1 𝜇m PS spheres; (C)
represents an agglomeration of 50 nm
PS spheres. Microbial cells are shown in
orange after stain with acridine orange;
PS spheres appear green. Scale bars = 5
𝜇m.
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Figure 3. reports the equivalent size
of agglomerations formed over the 7
day incubations (n=9). Additionally,
the sedimentation rate of these
agglomerations was measured. Two
well cited data sets were added to act
as a comparison of these data.

Discussion and Conclusion
The pristine polystyrene plastic spheres, of all sizes employed, rapidly became incorporated into a complex of
microbial, plastic and EPS, not unlike marine snow. We hypothesize that the EPS acted as a binding agent. One
observation was the 3D matrix like structure of the agglomerations which offers microorganisms to colonize the
interior of the structure, potentially offering them some protection from the surrounding seawater environment
or an enriched source of nutrients.
The ultimate fate of the nano-micro-plastics was also influenced, as the sedimentation rates change with size of
plastic incorporated. Smaller plastics and agglomerations appear to have more colloidal stability, suggesting a
persistence in the water column. Also observed was the instability of larger agglomerations. Both handling and the
shear stress from sedimentation was observed to cause fragmentation, resulting in smaller agglomerations.

• Plastics of all sizes form agglomerations by encapsulation into marine snow and EPS
• These agglomerations act as a habitat for a rich microbiological community
• Larger plastic particles form larger agglomerations and may result in a more transient existence
• Smaller plastics and agglomerations were more persistent
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