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Abstract

It is widely understood that microplastics (MPs) are ubiquitous in the marine environment yet less 

is known about MP abundance in freshwater rivers, particularly those of the western United States. 

This study documents MP pollution along the Snake River (~1735 km) and from its confluence 

with the Columbia River to the Pacific Ocean. Grab and plankton net samples (mesh size 100 μm) 

were collected from the top 25 cm of surface water every 80.5 river km. MPs were identified if 

they met visual criteria and were verified with the hot needle test. A small representative subset of 

MPs from the net samples (16.7%) were selected based on appearance for micro-Raman 

spectroscopy in effort to provide examples of polymer types found in this study. Seventy-five 

percent of grab samples and 92.8% of net samples contained MPs, with concentrations ranging 

from 0 to 5.405 MPs L−1 and 0 to 0.014 MP L−1 (0 to 13.7 MP m−3), respectively. The majority of 

fragments, films and beads were between 100 μm-333 μm. This study identifies potential hotspots 

of MP pollution along the Snake and Lower Columbia rivers and prioritizes areas where more 

intensive sampling is needed. Sites with low flow or those further down river had higher numbers 

and the top two hotspots were located in areas with low population density but high agricultural 

use. Monitoring MP abundance in freshwater systems is important for establishing baseline levels 

of MP pollution and can direct laboratory toxicology studies in using more environmentally 

relevant concentrations for a better indication of how MP pollution affects ecosystems.
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Capsule:

This study documents microplastic (MP) pollution in the Snake River using two sampling methods 

and identifies MP hotspots as the river flows through multi-use landscapes.
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1. Introduction

As of 2015, over 5 billion tons of plastic have been produced worldwide and, based on 

current trends, a projected 40 billion tons will have been produced cumulatively by 2050 

(Zalasiewicz et al., 2016). Less than half of plastic products are consigned to landfills or 

recycled leaving over half of all plastic in use or polluting the environment (Rochman et al., 

2013a). Jambeck et al. (2015) estimate that 4.8 to 12.7 million metric tons of plastic enter 

the ocean annually. Microplastics (MPs), small plastics less than 5mm, are gaining attention 

in both the scientific and political realms, and are globally recognized as an emerging 

environmental contaminant (Hurley et al., 2018). In response there is a current boom in 

research addressing the prevalence of MPs and their potential negative effects within a 

variety of ecosystems (Ivar Do Sul and Costa, 2014).

Sources include primary MPs such as pre-production resin pellets or microbeads used as 

exfoliants in personal-care products, and secondary MPs resulting from the deterioration of 

larger plastics, including microfibers shed from textiles (Eerkes-Medrano et al., 2015; 

Hidalgo-Ruz et al., 2012). MPs can enter the environment via industrial spills, atmospheric 

deposition, littering and effluent from waste water treatment plants (WWTP) (Dris et al., 

2015; Eerkes-Medrano et al., 2015). Microbeads and microfibers may not be captured by 

WWTPs due to their small size and buoyancy, while dense MPs are captured in sludge and 

made available as fertilizer on agricultural land (Browne et al. 2011; Estahbanati and 

Fahrenfeld, 2016; Mason et al., 2016). In 2016, researchers calculated that between 3 and 23 
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billion MP particles are released into U.S. waterways every day via municipal wastewater 

(Mason et al., 2016).

MPs are extremely mobile in aquatic environments due to their lightweight, insolubility, and 

durability (Holland et al., 2016). The small size of MPs allows for ingestion by aquatic 

organisms from different trophic levels with varying feeding strategies (De Witte et al., 

2014; Graham and Thompson, 2009; Holland et al., 2016; Wright et al., 2013). Once 

ingested MPs can interfere with digestion and can lead to decreased feeding, impaired 

reproduction, oxidative stress, or death (Cole et al., 2015; Ivleva et al., 2017; Jeong et al., 

2017; Sussarellu et al., 2016).

Growing evidence suggests there could also be a chemical effect of MP ingestion. Many 

plastic additives are considered toxic (e.g. flame retardants, phthalates, BPA), some of which 

are known carcinogens (Browne et al., 2007; Rochman et al., 2013a). The hydrophobic 

nature of plastic attracts persistent organic pollutants as well as metals and other chemicals 

(Brennecke et al., 2016; Llorca et al., 2018; Napper et al., 2015). Leaching of these 

pollutants into the tissues of organisms may cause various health issues (Nobre et al., 2015; 

Rochman et al., 2013b; Teuten et al., 2009). Despite growing evidence of the potential 

negative effects on organisms in lab studies, the ecological exposure risks of MPs are still 

unknown. Lenz et al. (2016) found that MP concentrations in exposure studies tended to be 

two to seven orders of magnitude higher than MP concentrations reported from field studies. 

Understanding baseline environmental concentrations of MPs in a variety of ecosystems is 

an important step in quantifying relevant exposure risks for future lab studies that yield 

realistic estimates of sub lethal effects (Lenz et al., 2016; Yu et al., 2018).

It is widely understood that MPs are ubiquitous in marine environments (Avio et al., 2017; 

Eriksen et al., 2014), while less on MP abundance in freshwater is known (Wagner et al., 

2014). Freshwater systems are typically smaller in size and closer in proximity to sources, 

and therefore may present different MP distribution patterns than those of marine 

environments (Eerkes-Medrano et al., 2015). They are considered important MP transport 

pathways, including transport to marine systems (Jambeck et al., 2015; Mani et al., 2015). 

Although variability in sampling methods makes comparing MP concentrations across 

studies challenging, the few studies on U.S rivers report similar if not more MPs than have 

been found in marine systems. For example, McCormick et al. (2014) found MP levels 

(mean 1.94 MP m−3 upstream and 17.93 MP m−3 downstream from WWTP) in the North 

Shore Channel of Chicago, Illinois, which either match or exceed levels observed in ocean 

studies. Moore et al. (2002) used a similar sampling technique (333 μm mesh size net), in 

the coastal ocean near Long Beach, CA and found 7.25 MP m−3, while Di Mauro et al. 

(2017) found 11.1 ± 2.8 MP m−3 in shelf waters of the Northern Gulf of Mexico.

The objectives of this study were 1) to document MP pollution in the Snake and Lower 

Columbia Rivers and 2) to determine if MP hotspots identified by two different sampling 

techniques were the same. Volume-reduced net sampling is a commonly used method in MP 

field studies, with variations regarding mesh size. However, MPs smaller than the net mesh 

size and microfibers are susceptible to passing through a net due to their small diameter 

(Barrows et al., 2017). Small volume grab sampling is a simpler and more economical 
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technique adapted from water quality studies and commonly used in citizen science 

programs (Barrows et al., 2018). Given that less is known about MP pollution in rivers, this 

study is an important step in identifying the presence of MP pollution in a large river basin 

in the continental United States. The Snake River stretches 1,735 km through Wyoming, 

Idaho, Washington, and Oregon, where it empties into the Columbia River, and eventually 

the Pacific Ocean. While beginning in one of the least populated and intact ecosystems 

worldwide, the Snake River is not immune from the impacts of human activities and flows 

through many different land use types: urban, rural, industrial, protected wilderness, 

reservoirs, and intense agriculture.

2. Methods

2.1 Study Area

The Snake River begins in the mountains of western Wyoming, flows across the arid Snake 

River Plain then north along the Idaho-Oregon boundary and west into Washington where it 

joins the Columbia River which flows to the Pacific Ocean. The Snake River Basin is 

approximately 240,765 km2, and is 36 percent of the Columbia River Basin (Northwest 

Power and Conservation Council, 2018). The headwaters (elev. 2,987 m) lie within 

Yellowstone National Park, a subalpine ecosystem that creates a snowmelt driven river 

system.

The Snake River is prized for its scenic beauty, wildlife, boating, and world class fishing. 

The Columbia and Snake rivers have productive populations of salmon and steelhead fish 

(natural and stocked). The Snake river is still the most important production area in the 

Columbia River Basin for these threatened anadromous fish, despite it being highly 

regulated and intensively used. There are 22 hydropower dams on the main stem of the 

Snake River, producing more than 1,100 megawatts of electricity, and simultaneously 

promoting the storage and pumping of water for irrigation and recreational purposes 

(Northwest Power and Conservation Council, 2018). Irrigation water from the Snake River 

transformed over three million acres of once-arid land into one of the United States most 

productive croplands (Collier et al., 2000). The Snake River no longer follows a natural flow 

regime, as over 50 percent of surface water is used primarily for irrigation and livestock, and 

dams manage the flow of the river to meet these irrigation needs (Clark et al., 1995). In 

2016, 75% of the water reuse permits issued were for municipal water, the majority of which 

were used for irrigation (Idaho DEQ, 2016). In addition to irrigation needs, there are several 

urban and industrial areas dependent upon the Snake and Lower Columbia rivers for not 

only electricity, but also drinking water and industrial production.

2.2 Quality Assurance and Control

Exposure times during all stages of sample collection and processing were limited. Samples 

were covered at all times with clean jar lids, aluminum foil or glass eyewashes. All 

glassware and equipment used in this study were cleaned with Decon-90, rinsed three times 

with tap water followed by a final rinse using filtered water (0.45 μm cellulose nitrate, 

Whatman). In the field and lab, only 100% cotton clothing and white lab coats were worn. 

All samples were filtered inside a clean air cabinet and covered during filtration. Filters were 
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immediately placed in clean Petri dishes until after initial visual inspection. Once all fibers/

questionable particles were recorded, lids were removed to access suspect particles for 

verification.

Two wet peroxide oxidation controls using filtered water (0.45 μm cellulose nitrate, 

Whatman) were processed identical to our environmental samples to estimate procedural 

contamination. In addition, air contamination controls were conducted during lab processing 

and filtering of samples (n = 4). Filters moistened with filtered water (0.45 μm cellulose 

nitrate, Whatman) were exposed to the air next to where vacuum filtration occurred for 30 

minutes.

2.3 Sample Collection

Surface water samples were collected once every 80.5 river km from June 25-27, July 5-7 

and 15-18 and 22-23, and August 15, 2016 (Table S1), when spring runoff began to subside, 

but prior to the low flow, dry season. Weather during all of these time periods was hot and 

dry, with no significant rain events prior to and during sampling dates. Two types of samples 

were collected from the top 25 cm of surface water: 1) grab samples (n = 28, mean volume 

1.85 L) in glass jars attached to a sampling pole approximately 3-4 m from the bank, and 2) 

net samples (n = 28, mean volume 3,207 L) using a 100 μm mesh circular plankton net. As a 

result of using a smaller mesh size, the net was submerged for only 1-2 minutes (average 

time 72 seconds) as any longer led to issues of clogging with organic matter (e.g. algae).

The net was submerged only halfway to a) maximize the water surface area sampled, and b) 

to reduce force caused by strong current. A flow meter (Sea-Gear Corp., Miami, FL, USA) 

was attached to the center of the net for water volume calculations. After sampling, the net 

was rinsed with river water from the outside to capture any remaining matter into the cod 

end. Organic matter and potential plastics were stored in glass jars previously cleaned with 

Decon 90 and rinsed three times with filtered water (0.45 μm Whatman cellulose nitrate 

filter). Once emptied, the net was pulled vertically through the water column and agitated 

without the cod end at least three times to dislodge potential particles or invasive species 

entangled in or on the outside of the net. All sampling gear was sprayed and immersed in 

Formula 409® solution to reduce the risk of spreading invasive species, and rinsed at the 

next sampling site with tap water. Prior to sampling, the cod end was rinsed while the net 

was pulled vertically at least three times through the water column and agitated prior to 

sampling. The purpose was to remove any particles that may have entered the net during 

rinsing at the previous site or during transport.

Depending on site characteristics (velocity of water, depth and access), samples were 

collected from a dock (n = 3), bridge (n = 2), riverbank or riprap (n = 4), boat (n = 1) or by 

wading (n = 18). For the boat sample, the net was held out from the bow and away from the 

wake using a wooden pole. For bridge samples, the net was suspended using a bright orange 

line. For dock samples, the net was attached to the long sampling pole and held away from 

the dock while being pulled upstream. For the riverbank or riprap samples, the net was held 

away from the bank into the current. Finally, for wading samples, one person waded 

approximately 5 m from shore into moving water when possible, and held the net in front 
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and away from their body. If there was little flow (< 0.2 m/s), the sampler held the net in 

front while they walked parallel to the river bank upstream to simulate flow.

2.4 Lab Methods

Grab Samples—Grab samples were filtered (0.45 μm Whatman cellulose nitrate filter) 

using a vacuum filtration system inside a laminar flow hood. Each filter was immediately 

placed into a clean glass Petri dish and dried at 60°C for 2-24 hours. Plates were sealed shut 

until initial microscope inspection was complete.

Net Samples—All samples were sieved through a 100 μm stainless steel mesh sieve. 

Between samples, sieves were cleaned in an ultrasonic water bath and rinsed with filtered 

water (0.45 μm cellulose nitrate, Whatman). Sieved contents were rinsed into small clean 

glass beakers with the help of a clean metal spatula, then dried at 80°C for 24-48 hours. 

Potential plastics were isolated from organic material using wet peroxide oxidation (WPO) 

developed by National Oceanic and Atmospheric Administration (Masura et al., 2015). 

WPO was followed with two density separation techniques. First, NaCl was added to the 

digest to reach a solution density of 1.15 g cm−3 (Masura et al., 2015) and left to settle in 

density separation funnels for 30 to 60 minutes. The settled sediment was drained into a 

clean beaker. Second, a NaI saline solution (1.8 g cm−3) of equal volume was added to the 

drained sediment and left to settle for an additional 30-60 minutes. The supernatant collected 

from the density separation steps were combined and filtered through a 100 μm stainless 

steel mesh aided by vacuum filtration. This step helped to remove the fine salt precipitate 

that can clog the 0.45 μm filters. The filtered supernatant was rinsed from the mesh into a 

clean beaker while the mesh was added to a separate clean beaker, filled with filtered water 

and placed in an ultrasonic water bath for 5-7 minutes. The mesh was then removed and 

rinsed with filtered water into the beaker containing the filtrate, which was vacuum filtered 

(0.45 μm Whatman cellulose nitrate filter). The mesh was inspected under a stereoscope to 

ensure no particles remained behind. Each filter was immediately placed into a clean glass 

Petri dish and dried at 60°C for 2-24 hours. Plates were sealed shut until initial microscope 

inspection was complete.

2.5 Microplastic Identification

Filters were visually inspected under a stereoscope (Nikon SMZ800N, magnification 15x – 

120x, equipped with Infinity camera) in sealed Petri plates to prevent airborne contamination 

and all putative MPs were recorded. If particles met visual identification criteria (Dris et al., 

2015;Hidalgo-Ruz et al., 2012; Zhao et al., 2017), potential particles were photographed and 

measured (the longest dimension recorded as length, using Infinity Analyze software, 

Lumenera Corp., CAN). MPs were classified into four categories: 1) fiber, 2) fragment, 3) 

granule or bead, and 4) film. MPs less than 100 μm were not considered in this study 

because they are difficult to identify microscopically (Barrows et al., 2017; Dris et al., 2015; 

Lenz et al., 2015).

2.6 Microplastic Verification

Visual identification of microplastics alone is susceptible to false identification (Silva et al., 

2018; Lusher et al., 2017a) and therefore MPs must be verified. It is recommended that 
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5-10% of MPs >100 μm identified in a study are subject to verification techniques. These 

techniques can be as simple as the hot needle test, or involve more expensive equipment 

such as FTIR or Raman spectrometry (Campbell et al., 2017; Lusher et al., 2017b). In this 

study, all MPs were verified using the hot needle test. Although the hot needle test cannot be 

used to identify MP to polymer type, it is accepted as an economical way to verify particles 

based on their response to a hot needle (Campbell et al., 2017; Lusher et al., 2017a; Silva et 

al. 2018). If putative MP identified by visual identification melted when exposed to the hot 

needle (Lusher et al., 2017a; Gorokhova, 2015) they were confirmed as MPs (SI Figure 1 for 

images of MPs found in this study). Particles that easily broke apart with forceps we 

excluded from this study.

2.7 Polymer Identification

A small representative subset of MPs from the net samples (16.7%, 31 of 185) were selected 

based on appearance for micro-Raman spectroscopy in effort to provide examples of 

polymer types found in this study. Only particles from the net samples were selected because 

they underwent cleaning during the WPO process, which reduces interference from 

biofouling. Raman spectrometery was chosen over FTIR due to the availability of 

equipment.

Raman spectra were collected using a Sierra IM-52 Portable Raman Microscope (Snowy 

Range Instruments, Laramie WY) equipped with a 785 nm laser. Laser power (ranging from 

2.4 to 18.5 mW), integration time (average 14 seconds) and the number of multi-acquisitions 

varied for each individual particle to enhance spectral quality and reduce fluorescence. All 

spectra were analyzed using the BioRad KnowItAll Software and compared to the following 

spectral libraries: Horiba Raman Forensics, Horiba Raman Minerals, Bio-Rad Sadtler 

Raman Polymers and Monomers and Bio-Rad Sadtler Polymers and Processing Chemicals. 

The BioRad KnowItAll Software program compares unknown spectra to known library 

spectra using a correlation algorithm. Search results are ranked with a Hit Quality Index 

(HQI) value from 0-100%. Only values of 70% or higher were accepted as a positive match 

(Lusher et al., 2017a).

2.8 Statistical Analysis

All statistical analyses were conducted in RStudio (R 3.4.3, R Core Team, 2018) with p = 

0.05 indicating statistical significance. A Shapiro-Wilk test indicated that the MPs per site 

for net and grab samples were not normally distributed, therefore only non-parametric tests 

(e.g. Spearman’s rank correlation, Kruskal-Wallace, Wilcoxen signed rank) were used in the 

analysis. Descriptive statistics, barplots and histograms were produced to display data. Maps 

were created using open source QGIS software (QGIS Development Team, 2018).

3. Results and Discussion

3.1 Microplastic abundance, type and size

The following results are conservative because: a) Four of the net samples (07,10, 11, and 

13) contained heavy salt precipitates after filtration, interfering with microscopic 

identification of plastics; b) Clear, opaque, and natural colored particles are more difficult to 
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differentiate from biological material and may be under-represented; c) All clear fibers (n = 

25) were eliminated as it was impossible to determine if they were contamination from the 

net, which is made of clear nylon; d) When net samples were vacuum filtered through the 

100 μm sieve, some particles (especially fibers) may have been forced through the sieve and 

lost; and e) Results from the wet peroxide oxidation controls (n = 2) yielded 1 pink fiber and 

therefore all similar pink fibers (a total of 2) were eliminated from the results (no particles 

were detected in our air contamination controls (n = 4)).

A total of 233 MPs were observed in this study. MPs were detected in 92.8% of the net 

samples and 75% of the grab samples. MPs were not detected at the two sites located in 

Grand Teton National Park, WY. Grab samples collected more MPs than net samples (Table 

1). Fibers were the dominant form of MP pollution (Fig.1).

Length measurements were recorded for 78% of all films, fragments, and beads. The 

majority of those not measured were folded and twisted films from Site 14, making it 

difficult to obtain a reliable measurement. Of those measured, 57% were 100-333 μm and 

79.4% were less than 500 μm (Fig. S1). Grab samples collected smaller MPs when 

compared to net samples. These results suggest that using nets with smaller mesh size (100 

μm or less) or bulk sampling will collect more MPs and more accurately measure 

environmental concentrations.

3.2 Comparison of sampling methods

There was no significant difference in the frequencies of each MP type between net and grab 

samples (chi-square = 0.196, df = 3, p = 0.98); although there was a high degree of 

variability in the type and number between sites and sampling type (Fig. 2 and Table S1). As 

other studies report (Barrows et al., 2017; Lusher et al., 2017; Tamminga et al., 2018; 

Vermaire et al., 2017) small volume grab samples provided different MPs L−1 than net 

samples. A Wilcoxon Signed Ranks Test indicated that the MPs L−1 in grab samples were 

significantly higher than those from the net samples (Wilcoxon Signed Rank, p < 0.001).

Although grab samples are easier to analyze (no WPO or other digest process needed) and 

more economical, Tamminga et al. (2018) suggest that small volume sampling may not be 

representative of MP prevalence in the environment and recommend a minimum of 1000 L 

(1m3) for comparability among studies. According to Vermaire et al. (2017), collecting large 

volume samples better approximates MP prevalence in open water, however more research 

on the lower limit of sampling volume needs to be addressed.

3.3 Site Characteristics and Microplastic Abundance

The variation in MP prevalence among sites is not surprising (Table S1), given the number 

of influential environmental factors such as differing flow regimes (e.g., rapids and dams), 

surrounding land use (e.g., urban areas, agriculture, national park, and wilderness), 

population density, and proximity to wastewater treatment effluent (Baldwin et al., 2016; 

Mani et al., 2015). These are complex factors that require more intensive and long-term 

sampling than what this study provided. However, we conducted Spearman’s rank 

correlation tests to determine if certain sampling site characteristics showed correlations 

with the number of MPs found in our results. Due to the differences in the net and grab 
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samples described above, we use only the results from net samples in the following 

correlation analyses. Results from the correlation tests are reported in Table 2.

Results showed a positive correlation in MP m−3 between each site and distance in 

kilometers downriver (Fig. S2) A second correlation test was run solely on the Snake River 

sampling sites to confirm this was not a result of the Lower Columbia River sampling sites 

having higher MP counts. While the Lower Columbia and Snake Rivers did not differ 

significantly in the total number of MPs (Wilcoxon Signed Rank, W =107. p=0.13), the 

Columbia River did contain significantly higher numbers of MP fibers (Wilcoxon Signed 

Rank, W=131, p=0.006). This suggests that the increasing number of fibers could be due to 

their higher abundance in the Lower Columbia River.

To explore if population density was correlated with MP abundance, we calculated 

population density within circular plots of increasing size directly upriver from each 

sampling site using Population Explorer (Version 2018-01-25). Contrary to findings in other 

studies (Baldwin et al., 2016), Spearman’s rank correlation tests revealed no correlations 

between total MPs m−3 per sample site and population density. In rivers MPs can travel 

miles downriver and accumulate elsewhere in the water column or settle out.

Little is currently known about MP abundance in relation to flow dynamics in rivers. With 

22 dams constructed along the course of the Snake River, sites exhibited variability in flow 

(Table S1). Zhang et al (2015) found that MPs were significantly higher in the Three Gorges 

Reservoir, China, and suggested that reservoirs are potential hotspots for MP accumulation. 

Results from this study reveal a negative correlation between MPs m−3 and velocity of water 

(m/sec) also suggesting that dams, or periods of low flow, may accumulate MPs.

3.4 Potential Hotspots

Hotspots are sites where the highest number of MPs were observed. Since the net and grab 

samples did not show similarities in identified hotspots (Fig.3 and Fig. 4), we describe only 

those identified in the net samples. More frequent and year-round sampling is recommended 

for a thorough profile of MP pollution per site and overall MP load in the river. For example, 

MP pollution could increase greatly during spring snowmelt and runoff events, changing the 

location of the hot spots identified in this study.

Site 14 had the highest number of MPs (13.7 m−3). This site is located on the western shore 

of Brownlee reservoir (~ 93 km-long and ~ 53 km2) along the border of Oregon and Idaho, 

and downriver from the confluence with the Weiser, Payette, and Boise Rivers. In 2014 it 

was listed as an impaired waterbody due to mercury, pesticides, reduced oxygen, total 

phosphorous levels, and sedimentation (EPA, 2018), most of which may be attributed to 

non-point source pollution (Bjorneberg et al., 2015; Etheridge, 2013). Brownlee Reservoir is 

the first downstream from the Snake River Plain which contains concentrated areas of 

agriculture. Cyanobacteria blooms have been frequent as a result of increased nutrients from 

agricultural runoff (Etheridge, 2013).

When river water transitions from high to low flow, buoyant MPs may accumulate in surface 

water until they settle due to biofouling. Thus dams can easily accumulate MPs, acting as a 
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sink for MPs (Zhang et al., 2015). Our results suggest that Brownlee Reservoir is also a 

hotspot for MP pollution. It is possible that the high levels of MPs are caused by multiple 

effects of agriculture, recreation, and WWTP effluent from facilities serving these areas. For 

example, less than 100 miles upriver there are at least six WWTP that empty treated effluent 

into the Snake River or into one of its tributaries. Also, it cannot be overlooked that the 

reservoir is a popular fishing destination, and therefore the high number of films counted at 

this site could be the result of localized fragmentation of larger litter, such as plastic bags 

and food wrappers.

Site 12 is approximately 160 km upriver from Site 14 and contained the second highest 

number of MPs (9.5 m−3), 80% of which were fibers. The surrounding land near this site is 

used for agriculture (primarily alfalfa, corn, and winter wheat), as is much of the land 

upriver. Site 9 is also located down river (~80 river km) from an agriculturally rich region 

and the populated city of Twin Falls, Idaho. In agricultural areas where biosolids 

(wastewater treatment sludge) have been applied there is potential for MPs to enter the river 

during storm runoff events (Eriksen et al., 2013). Approximately 44,000-300,000 metric tons 

of MPs are applied to agricultural land in the US annually through land based application of 

biosolids (Nizzetto et al., 2016), arguing that a potential reservoir of MP in the ecosystem is 

farm soil. Synthetic fibers in soil may be a predictor of past biosolid application, even from 

5 to 15 years prior (Zubris and Richards, 2005). The presence of MPs in biosolids from 

WWTP in this region has not been documented, therefore results only suggest that land 

based biosolids application. Other possible sources of MPs in agricultural systems are plastic 

mulches, irrigation tape, hay bale wrap, row covers, greenhouse plastics, and plastic foams 

and flakes in soil conditioners (Ng et al., 2018; Zalasiewicz et al., 2016). Further study is 

needed to understand if and to what extent plastics used in agriculture and biosolid 

application on agricultural soils contribute to MP pollution in the Snake River.

While the hotspots discussed above suggest agriculture could be a possible source of MPs, 

recreation may also be an important factor. Sites 17 and 23 are located at popular boating 

access areas with a lot of human traffic. Site 17 is located just downriver from a popular boat 

ramp near Asotin, Washington, while Site 23 is located at a popular sailboat racing 

destination near Cascade Locks, Oregon. Site 7, although not identified as a hotspot by the 

net samples, contained an alarming number of MPs (5.4 L−1) in the grab sample and is also 

located at a popular recreation area immediately downstream from a WWTP. The sample, 

taken from a dock frequented by fishermen, jetskiers, kayakers, and canoeists, contained 

globular shaped beads, colorful fragments, and fibers. Although the net samples did not 

reflect a high enough number of MPs for Site 7 to be identified as a hotspot, we suggest 

more thorough sampling at this site in addition to the other 5 identified hotspots.

3.5 Polymer Identification

Challenges using micro-Raman spectroscopy to identify polymer type in environmental 

plastics have been documented (Karami et al., 2017; Lenz et al., 2015; Löder, 2015; Ribeiro-

Claro et al., 2017; Shim et al., 2017; Van Cauwenberghe and Janssen, 2014; Zhao et al., 

2017;). Plastic additives and pigments can mask the underlying polymer spectra while 

environmental degradation can weaken the Raman signal (Ribeiro-Claro et al., 2017; Van 
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Cauwenberghe and Janssen, 2014; Yu et al., 2018; Zhao et al., 2017). Furthermore, the 

commercial databases referenced in this study cannot cover the variety and complexity of 

plastic additives (Lenz et al., 2015) and the library spectra are obtained from pure materials 

not previously exposed to environmental conditions resulting in decreased HQI scores.

Of the MPs analyzed with micro-Raman, 67.6% were confirmed to be of synthetic nature. 

Of these, 35.4% had HQI scores >70 matching them to a specific type of polymer (9 

immediately and 2 only after subtraction of interfering spectra). Polymers identified were 

polypropylene, polyethylene, polyethylene terapthalate and polyester (Fig. S4). An 

additional 32.3% (10 MPs) matched chemical additives or pigments commonly used in 

plastics (e.g. chrome-yellow, cromophtal violet B, barium yellow, copper 

phthalocyanine,titanium oxide and diaminobenzidine) but the underlying polymer could not 

be determined. It is assumed that these particles are plastic (confirmed by visual inspection, 

the hot needle test, and the presence of these chemicals) and the spectra of the pigment or 

additive interfered with the identification of polymer type. The remaining particles could not 

be identified due to poor quality spectra likely resulting from reasons listed above, therefore 

it is unlikely that the MPs reported in this study are an overestimation. Increasing the 

acquisition time could have allowed for more visible and identifiable peaks (Ribeiro-Claro et 

al., 2017) and using a different laser wavelength could reduce fluorescence (Lenz et al., 

2015). Furthermore, the hot needle test used to verify MPs may have altered spectra through 

thermal degradation.

4. Conclusion

This study aimed to investigate MP pollution along the Snake River as it flows through 

Wyoming, Idaho, Oregon and Washington, and is the first to confirm MP presence in the 

river. We determined if MP pollution existed at the sample sites and, if so, identified areas of 

increased MP concentration (hotspots) using two sampling techniques. The grab and net 

sampling techniques did not identify similar hotspots, which could be a result of the 

different sampling volumes. We placed more emphasis on the hotspots identified with the 

net samples due to the larger volume sampled, however further study is needed to identify 

ideal sampling volumes in MP research. Due to the size of the study area, a comprehensive 

study measuring the MP load would require extensive resources and collaboration efforts to 

increase the number of samples collected at each sampling site multiple times during the 

year. The hotspots identified in this study can be used to prioritize areas for further research 

designed to identify and quantify the sources and dynamics driving MP pollution in this 

large river basin.

Although variations in sampling protocols abound, MP abundance in this study is 

comparable to those reported in other rivers. Vermaire et al. (2017) also used a 100 μm mesh 

net and reported a mean of 1.35 MPs m−3 in the Ottawa River, Canada. This is less than the 

2.54 m−3 MPs that we report in this study. Baldwin et al. (2016), although they used a 333 

μm mesh net, reported a mean of 4.2 MPs m−3 in tributaries of the Great Lakes, United 

States. Miller et al. (2017) reported a mean of 0.98 anthropogenic microfibers L−1 in the 

Hudson River, New York using 1 L grab samples. In this study, although we considered only 

microplastic fibers, we report a mean of 0.53 microfibers L−1. Variety in freshwater and 
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marine ecosystems (e.g., current, depth, wind) has prevented the adoption of a standardized 

sampling protocol for identifying MP pollution (Browne et al., 2015). To improve 

comparability among MP studies, such protocols must be established.

With minimal MP pollution data available on rivers in the U.S. and worldwide, these results 

are valuable in providing information on the abundance of MPs along a river that flows 

through multiple land uses (e.g., National Park, wilderness, urban, agriculture, and 

recreation areas). Further research is needed to address MP prevalence in agricultural areas, 

particularly those irrigated with recycled WWTP water and where biosolids have been 

applied. By comparing hotspots to sites with less MP pollution, scientists can begin to 

understand the ecological effects of MPs. Monitoring freshwater systems is important in 

establishing baseline levels of MP pollution and can direct laboratory toxicology studies in 

using more environmentally relevant concentrations for a better indication of how MP 

pollution affects ecosystems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

• First surface water sampling for microplastics along the Snake and Lower 

Columbia Rivers

• MPs were detected in 75% of grab samples and 92.8% of net samples

• 57% of the plastic beads, fragments and films identified were less than 333 

microns in length

• Fibers were the dominant type of MPs, comprising 48% (net) and 58% (grab) 

of particles

• Highest MPs were observed at sites with low population density but high 

agricultural use
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Fig. 1. 
Percent MPs (100μm – 5mm) by category in grab and net samples.
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Fig. 2. 
Percent of each MP type observed in grab (top) and net (bottom) samples at each site. No 

MPs were found in the two sites located in Grand Teton National Park (sites −01 and 00). 

Site 07 was repeated one year later and is included as 07B.
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Fig. 3. 
Sampling location, site number, and number of MPs L−1 for grab samples. Sites 7 and 22 

contained the highest MPs. Two samples were collected at site 7, which explains the 

presence of two points at this site.
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Fig. 4. 
Sampling location, site number, and MPs m−3 for net samples. Sites 14 and 12 contained the 

highest MPs.
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Table 1.

Results summary of MPs collected in grab and net samples.

Grab Net

Total MPs counted 48 185

% containing MPs 75% 92.5%

Mean ± SD 0.91 ± 1.14 MP L−1 0.00257 ± 0.003 MP L−1

2.57 ± 2.95 MP m−3

Range 0 to 5.405 MPs L−1 0 to 0.014 MP L−1

0 to 13.7 MP m−3

Percent fibers 58% 48%

% MPs 100-500 90% 76.3%

% MPs 100-333 76% 51.3%
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Table 2.

Spearman Correlation Coefficients (rs) between certain site characteristic and MPs m−3.

Site Characteristic MPs m−3

Population Density

   50.3 km2 (4 km radius) 0.25

−0.02

Flow Rate (m/sec) −0.40*

Distance Downriver (km)

   All Sites 0.65*

   Snake River Sites 0.63*

*
indicates significant correlations with p < 0.05
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