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U.S. Geological Survey (USGS)
• Federal, non-regulatory science 

agency
• Water Mission Area - provide 

reliable (unbiased, objective), 
timely scientific information needed 
to understand the Nation’s water 
resources

• USGS Washington Water Science 
Center
• ~300 real-time, publicly-available 

streamflow sites
• Provides data to WA cooperators to 

support decision making (water 
availability, water quality, protection 
from floods and other natural 
disasters) http://wa.water.usgs.gov
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USGS Microplastic Research
• Are microplastics a problem in Inland waters?

Great Lakes microplastics study
(Eriksen et al. 2013, Marine Pollution Bulletin)

- Among first freshwater studies
- Alarming numbers  of plastic microbeads in 

some samples

Sources to the Great Lakes
(Baldwin et al. 2016, Environmental Science and Technology)

- USGS study was designed to look at rivers and 
estuaries that discharge to the Great Lake



Summary of Great Lakes Studies
• Microplastics present in every tributary sample to date (up to 32 particles/m3)

• Land use: litter-related particles (fragments, foams, films) more common in more urban 
watersheds; fibers seem unrelated to land use

• Streamflow conditions: litter-related particles (fragments, foams, films) more common in 
stormflow conditions; fibers seem unrelated to flow condition

• Tributary concentrations 10-1000 times greater than in Great Lakes

• Fibers dominate over other particle types in tributaries (53% of all sampled particles)

• May be settling out in lakes

• Sources beyond WWTP effluent?  (Atmospheric deposition?  Overland sludge 
application?)

• Beads/pellets rare (<2% of sampled particles) 



Current and proposed USGS microplastics studies

Funded projects

Proposed projects

6 funded projects

2 additionally proposed



Need for standardization

• Increase in the number of USGS related microplastic studies

• Great Lakes studies utilized single university laboratories, no longer 
feasible with increase in the number of studies

• Use of different university laboratories results in multiple different 
analytical methods

• Move to increase USGS in-house analytical capabilities with goal for 
standard sampling and field techniques 



Sample collection methods



Sample processing



Samples now shipped to WAWSC for analysis

Nearshore sediment, bed sediment, sediment cores, and water samples



Analytical Methods
WAWSC Lab procedures for sediments

Initial density separation of 355 µm --
1000 µm sediment size fraction using 
1.6 g/mL lithium metatungstate 
solution.

Digestion of organic 
matter using wet 
peroxide oxidation

Microplastic sediment 
samples Initial drying of 
sediment at 90oC



Final Microplastic 
density separation

After wet peroxide 
oxidation - Density 
separation of 355 µm -
1000 µm sediment size 
fraction Float material 
is collected for analysis. 

Dissection scope and 
light tubes

Float material is 
“picked-through” 
visually to identify 
plastic material

Gridded filter paper 
with sample

0.45 µm cellulose filter 
with 3mm printed 
gridlines aid in visual 
identification of plastics

Analytical Methods
WAWSC Lab procedures, cont.



Particles counted & categorized 
using light microscope

Fibers

Foam

Fragments

Films



Current challenges with analysis
• Time consuming and labor intensive (expensive)

• Subjective based on the analyst, lab, method, and sample handling

• Quality Assurance/Quality Control (QA/QC) not universally used

• What endpoint to measure? counts, weights, surface area of 
particles, etc.

• Oxidation precludes organic chemical analysis

As research questions increase in complexity these 
challenges become more important to address…



Method improvements 
Improvement of sample 
handling to reduce potential 
of plastic breakage

Reduction of steps to 
reduce handling 
(contamination potential) 
and speed up analysis



Spike Samples- confirming that our methods 
isolate the microplastics we’re looking for…

• Spike samples are necessary to confirm recovery

• Working with National Institute of Science and Technology to develop 
Standard reference material



QA/QC Procedures- Laboratory and field 
procedures

Field:
• Sampling equipment blanks
• Field Replicates

Laboratory:
• Laboratory blanks
• Sorting blank
• Process Replicates

Future additions
• Inter-laboratory comparisons with blind Standard Reference Material
• Addition of field blanks spiked with Standard Reference material



USGS’ Dispersive Raman System (ThermoDXR): 
semi-automated particle analysis

Raman spectroscopy : light scattering by vibrating molecules 
with polarizable bonds

Symmetric stretch

electron cloud changes shape

Polystyrene

Infrared Spectrum

Raman Spectrum
• Non-contact,  nondestructive, 

reflection technique
• Measurements can be collected 

from liquid samples (or through 
liquids) and through glass vials or 
glass windows

• High spatial resolution



Automated analysis of micro plastic particles 
Immobilization on filter substrates recently demonstrated

100x

Aluminum-sputter coated on to polycarbonate filter

Particles on filter 
(darkfield image)

automated location of 
particles using black and 

white image



Next Steps

• Confirmation of plastic types using Raman spectroscopy in cooperation 
with US Geological Survey research labs. 

• Formalization of methods and publication of a USGS techniques and 
methods document to include both laboratory processing and field 
sampling. 

• Continued optimization of both sediment and water method to increase 
lab throughput and provide consistent reproducible analysis. 

• Questions…


