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Abstract:  9 

The majority of microplastics (MPs) found in the environment originate from plastic fragmentation occurring in the 10 

environment and is influenced by environmental factors such as UV irradiation and biotic interactions.  However, the 11 

effects of river drying on plastic fragmentation remains unknown, despite the global prevalence of watercourses 12 

experiencing flow intermittence. This study investigates, through laboratory experiment, the coupled effects of 13 

drying duration and UV irradiation on PVC film fragmentation induced by artificial mechanical abrasion. This study 14 

shows that PVC film fragmentation increases with drying duration through an increase in the abundance and size of 15 

formed MPs as well as mass loss from the initial plastic item, with significant differences for drying durations >50% 16 

of the experiment duration. The average abundance of formed MPs in treatments exposed to severe drying duration 17 

was almost two times higher than in treatment non-exposed to drying. Based on these results, we developed as a 18 

proof of concept an Intermittence Based Plastic Fragmentation Index that may provide insights into plastic 19 

fragmentation occurring in river catchments experiencing large hydrological variability. The present study suggests 20 

that flow intermittence occurring in rivers and streams can lead to increasing plastic fragmentation, unraveling new 21 

insights on plastic pollution in freshwater systems. 22 

Graphical abstract: 23 

 24 

 25 
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Synopsys:  29 

We evidenced the substantial role of drying duration on the fragmentation of plastics exposed to UV radiation, 30 

providing a novel pathway along which plastic may contaminate river ecosystems. 31 

 32 
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 34 

Introduction: 35 

The overwhelming presence of plastics in modern society, coupled with an inability to efficiently treat plastic waste 36 

has resulted in large-scale plastic pollution of the environment
1–3

. Plastic debris of all sizes can be found in the 37 

environment, however, microplastics (MPs), generally defined as particles smaller than 5 mm
4
, or smaller than 1 38 

mm
5
, are raising global concern due to their ubiquitous presence in ecosystems

6–8
, their potential toxicity to 39 

organisms
9–12

 and the threat they represent to ecosystem functioning and human health
13–15

. Microplastics can be 40 

subdivided into two categories
16

 : primary MPs, manufactured purposely at these specific small sizes
17,18

 and 41 

secondary MPs, that result from the fragmentation of larger plastic items due to abiotic
19,20

 and biotic factors
21,22

. In 42 

the environment, secondary MPs are formed due to the weathering of plastic items, which leads to the fragmentation 43 

and degradation of plastic under the impacts of environmental factors such as temperature, wind, water motion, 44 

thawing/freezing cycles and UV irradiation
23–25

. Photodegradation associated with UV irradiation is considered one 45 

of the most important drivers of plastic weathering
24,26

. Although photodegradation alone can lead to microplastic 46 

generation
27,28

, this process is enhanced by mechanical stress applied to plastic items by mechanisms such as 47 

sediment abrasion and water motion, that will fragment the weathered plastics
29–32

. In streams and rivers, mechanical 48 

stress alone can lead to plastic fragmentation. For example, during floods, the sediment transport caused by the 49 

increase of stream flow velocity and shear stress, enhances the mechanical strain and abrasion applied to the plastic 50 

debris
33

. Conversely, in aquatic ecosystems, the water column reduces the UV irradiation impacts on plastic, 51 
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combined with lower oxygen level and buffered temperatures, resulting in reduced plastic weathering
34–36

. Plastic 52 

fragmentation has previously been reported to be lower in aquatic than in terrestrial environments
37–39

. However, this 53 

conclusion can actually only be applied to perennial aquatic systems that have been previously studied and not to 54 

intermittent systems that periodically dry throughout the year where the impacts of drying and rewetting dynamics 55 

have not yet been explored. 56 

 57 

Intermittent rivers and ephemeral streams (IRES) are watercourses that periodically cease to flow or dry for some 58 

period of the year
40

. They represent the most common type of river ecosystems in the world, representing 51-60 % of 59 

world rivers by length
41

. Due to global change, IRES are expanding in space and time
42–44

. This raises substantial 60 

concerns regarding the preservation of the functional integrity of river networks and the services they provide to 61 

societies. Notably, it is still unknown whether the duration of dry conditions in IRES following water depletion alters 62 

the generation of secondary MPs in rivers and streams. In IRES, drying could affect plastic fragmentation because 63 

abiotic factors affecting plastic fragmentation drastically vary between aquatic and terrestrial phases. In marine 64 

ecosystems, plastic items present in the swash zone (i.e., the land-ocean boundary at the landward edge of the surf 65 

zone, where waves runup the beach)
45

 are subjected to both terrestrial and aquatic conditions
39

. This specific 66 

exposition leads to significant plastic embrittlement, principally driven by photodegradation, that is coupled with the 67 

mechanical stress caused by water motions, leading to important plastic fragmentation
46

. To date, it has not been 68 

explored how drying can stimulate the fragmentation of plastic deposited on riverbeds, causing a critical knowledge 69 

gap, particularly considering the global expansion of IRES. 70 

 71 

This study aimed to identify the effects of different durations of drying coupled to UV irradiation on the 72 

fragmentation of polyvinyl chloride (PVC) film commonly used in the food industry as food wrap and representing 73 

one of the most common plastic polymer 
47,48

. This was achieved by measuring the plastic film mass loss as well as 74 

the abundance and size of the subsequently formed MPs (defined here as particles smaller than 1 mm) under 75 

controlled conditions in the laboratory. We first hypothesized that the number of MPs produced would increase with 76 

the duration of dry condition, because the absence of water would fail mitigating the effects of UV radiation (H1)
49

. 77 

We further hypothesized that plastic mass loss would increase with the duration of dry condition, because a positive 78 

correlation between mass loss of the plastic film and generation of MPs would exist (H2). We finally hypothesized 79 
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that the mean size of fragmented MPs would decrease with drying duration, because plastic fragmentation would 80 

increase with the duration of dry condition (H3). Finally, the results obtained in controlled conditions were applied to 81 

a river catchment prone to drying, using a calibrated hydrological model. This upscaling of our results aimed to 82 

calculate, as a proof of concept, an intermittence based plastic fragmentation index at the scale of an entire river 83 

catchment and its potential evolution under future climate change scenarios.  84 

 85 

MATERIALS AND METHODS: 86 

UV-C irradiation and fragmentation of plastic 87 

Food grade transparent PVC thin film (~8 µm) was cut in disks of 2 cm in diameter (average mass of 3.45 ± 0.2 mg) 88 

to obtain plastic pieces of identical shape and size (Fig. S1). PVC film was chosen based on the high density of PVC 89 

allowing the disks to sink when placed into water and low thickness allowing for rapid and important weathering in 90 

presence of UV radiation
50

. The list of additives used in the fabrication of the PVC film provided by the 91 

manufacturer (Table S1), revealed the presence of several additives known for their light stabilizing effects
51

. A total 92 

of 70 plastic discs were prepared and each plastic disk was placed in a 1L glass beaker filled with vacuum filtered 93 

ultrapure water (VF-UP). All disks sank to the bottom of the beakers as the density of the PVC film (1.30 g/cm
3
, 94 

density measured in the lab) is higher than water density (1 g/cm
3
). Using 70 experimental units, each consisting of 1 95 

PVC disk placed in 1L glass beaker, 7 experimental treatments, with 10 replicates per treatment (Table 1), were set 96 

up to test the influence of different artificial drying duration (DD) on plastic weathering during an experimentation of 97 

6 days: 1) no exposure to dry conditions (0D6W), 2) 17 % of time under dry conditions (1D5W), 3) 33 % of time 98 

under dry conditions (2D4W), 4) 50 % of time under dry conditions (3D3W), 5) 67 % of time under dry conditions 99 

(4D2W), 6) 83 % of time under dry conditions (5D1W) and 7) no exposure to aquatic conditions (6D0W). The 100 

0D6W treatment referred to perennial watercourses (i.e., rivers and streams that never cease to flow), whereas the 101 

6D0W treatment referred to a terrestrial environment that is never submerged by water. Drying-duration in between 102 

these two extremes have been chosen as being representative of natural flow intermittence (defined as the annual 103 

proportion of no-flow days per year; FI) condition prevailing in many IRES in France
52

. For all treatments, the 104 

beakers were placed under a UV-C lamp with wavelengths centered at 254 nm (UVITEC LI-315.G, 3x15 W, 105 

intensity: 95 µW/cm²). For each experimental treatment, 10 beakers previously filled with VF-UP were emptied to 106 
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switch from aquatic to dry conditions. Therefore, beakers emptied at day 0, 1, 2, 3, 4, 5, and 6 corresponded to the 107 

treatments 6D0W, 5D1W, 4D2W, 3D3W, 2D4W, 1D5W and 0D6W, respectively. Two controls accounting for the 108 

effects of the environmental matrices without UV-C exposure were set up with plastic disks spending 6 days in the 109 

dark in empty beakers (C-UV treatment, n=10 experimental units) and in beakers filled with VF-UP (C-W, n=10 110 

experimental units). UV-C radiation was used as it allows for an intense photodegradation in a short period of time in 111 

comparison to UV-A and UV-B irradiation
53,54

. The distance between the UV lamps and the plastic disks was 41 cm, 112 

under aquatic conditions, the disks were under a water layer of 13 cm. The average air and water temperatures under 113 

the UV-C lamps did not exceed 30°C. 114 

 115 

To assess the correspondence between UV-C and natural sunlight irradiation effects on plastic film, two 1 m² pieces 116 

of PVC film were exposed to sunlight for 12 weeks from early July to late September 2022, at the Lyon 1 University 117 

campus experimental platform “Les étangs” (45°46'47.5"N 4°52'05.6"E). The pieces of PVC film were taped to rigid 118 

polyethylene sheets, to prevent the film from being torn off by the wind, the polyethylene sheets were then placed, 119 

facing south, on top of a 2-meter-high metal structure to maximize exposure to the sun and limit potential abrasion 120 

from sediment transported by wind. Each week, 10 disks of 2 cm in diameter were cut, resulting in 12 duration 121 

treatments, one for each week of sunlight irradiation. The three months of sun exposure represented a total of 122 

approximately 846 hours of insolation with an average of 10:30 hours per day. During the whole duration of the 123 

experiment, it has been recorded 99 mm of precipitation spread over 22 days with 8 days experiencing more than 5 124 

mm of daily precipitation. All the meteorological data were obtained from the nearest meteorological station located 125 

8 km south from the experimental set-up (45°43'33.6"N 4°56'19.4"E). 126 

 127 

Once the irradiation process finished (UV-C or sunlight) the plastic disks were kept at room temperature in the dark 128 

for 24 hours before fragmentation processing. This fragmentation processing consisted in applying a mechanical 129 

stress to plastic disks for simulating the abrasion that can occur during the reestablishment of continuous flows in 130 

IRES. These events are often unpredictable and can take the form of floods transporting large quantities of material 131 

with high velocity
52,55,56

. To simulate this, each plastic disk was individually weighed to determine its initial mass 132 

and then transferred into a 50 mL glass vial filled with 40 mL of VF-UP and 5 g of organic matter-free sand (burned 133 

at 500 °C during two hours, d50 = 225.5 µm). Each glass vial was sealed and then vertically mixed for 250 minutes 134 



6 
 

at 1000 rpm (5 agitation periods of 10 min intercepted by breaks of 3 min, repeated five times), using an automated 135 

tissue homogenizer (Geno/Grinder SPEX sample prep). Between each agitation cycle, the position of each glass vial 136 

in the automated tissue homogenizer was randomly changed, to account for any potential effect of the positioning of 137 

the glass vials on the fragmentation process. The settings used in this abrasion process were set based on preliminary 138 

tests that determined the minimal abrasive conditions to obtain a significant fragmentation, albeit low, of disks not 139 

exposed to UV-C. In addition to all treatments, 10 glass vials containing only VF-UP and sediment were also 140 

processed as a negative control (C-). 141 

 142 

Table 1: Summary of the DD treatments and their respective drying duration percentage  143 

 

Treatment 

 Number of days 
Drying Duration 

percentage 

 

UV-C exposure Exposed under terrestrial 

conditions (D) 

Exposed under aquatic 

conditions (W) 
 

0D6W Yes 0 6 0 % 

1D5W Yes 1 5 17 % 

2D4W Yes 2 4 33 % 

3D3W Yes 3 3 50 % 

4D2W Yes 4 2 67 % 

5D1W Yes 5 1 83 % 

6D0W Yes 6 0 100 % 

C-UV No 6 0 100 % 

C-W No 0 6 0 % 

 144 

Quantification of plastic fragmentation 145 

After application of the abrasion process, each glass vial was individually emptied and rinsed with VF-UP above 146 

woven wire stainless-steel sieves with square openings mesh sizes of 1 mm and 20 µm, respectively. Woven wire 147 

steel sieves were used as they retain more efficiently thin flexible plastic particles
57

.  The 1 mm sieve was used to 148 

separate macroplastics (>1 mm) and microplastics (<1 mm). Fragments retained on the 1 mm sieve, hereafter 149 

referred as Fraction 1 (F1), were placed in glass pillboxes covered in aluminum foil and left to dry at room 150 

temperature. After drying, F1 was weighed (± 0.01 mg) to quantify the mass of the plastic disk that was fragmented 151 
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into particles larger than 1 mm. The difference between the initial disk mass and the mass of F1 allowed the 152 

calculation of the mass of plastic fragmented in particles smaller than 1 mm, present in the 20 µm sieve. Sediments 153 

and MPs present in the 20 µm sieve (Fraction 2 (F2)) were retrieved and placed in a separation funnel filled with a 154 

solution of filtered ZnCl2 (1.5 g/cm
3
, filtered using GF/F filter of 0.07 µm porosity), allowing for the separation of 155 

the plastic particles from the sediment
58

. Due to the low mass of the initial plastic disk, the mass of produced 156 

particles <20 µm was considered as negligible. Moreover, assessing the mass of particles <20 µm was difficult due 157 

to loss of particles during the density separation step but also due to the potential adhesion of these particles to the 158 

surface of larger particles present in F1
32

. After 24 hours, the supernatants that contain the MPs, were retrieved and 159 

abundantly rinsed with VF-UP in a 20 µm woven wire stainless-steel sieve. The supernatants were dyed with Nile 160 

Red (0.01 mg/mL
-1

) and filtered on GF/F filters using a vacuum filtering device. The filters were then dried at 55°C 161 

during 48 hours for later microscopic analysis to quantify the abundance and size of F2 MPs. To avoid MPs 162 

contamination, the whole laboratory process was conducted wearing cotton lab-coats with the air conditioners turned 163 

off. Additionally, all the glassware and laboratory equipment were thoroughly rinsed with VF-UP before and 164 

between each use.   165 

 166 

Stereo microscope for counting microplastics 167 

Microplastics counting was conducted using a Nikon SMZ1270 fluorescent stereo microscope (magnification x15, 168 

exposure time 100 ms). On each GF/F filter used to recover MPs particles after extraction, 9 sub-areas of 5000 x 169 

7500 µm subdivided into 6 square sections of 2500 x 2500 µm were selected, covering 33.17 % of the total colored 170 

filter area (Fig. S2). Pictures of each sub-area were taken with and without fluorescence and MPs present on pictures 171 

were manually counted and measured using the ImageJ software
59

. Particles were considered as MPs based on their 172 

size (<1 mm), form and coloration (with and without fluorescence), only plastic particles originating from the initial 173 

plastic disk were counted and measured (i.e., external contamination such as synthetic fibers were excluded). 174 

Particles <50 µm were not considered because of identification difficulties due to their small sizes, representing 1 175 

and 4 % of the total abundance of MPs <1 mm counted for all combined treatment and controls of the UV-C 176 

exposure and sun exposure, respectively. Counted MPs from sub-areas of each filter were multiplied by 3 to express 177 

the total abundance of MPs between 50 µm and 1 mm per filter, each filter recovering all MPs produced from one 178 

PVC disk in each treatment.  179 
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 180 

Statistical analysis 181 

The drying duration effect on plastic fragmentation was assessed across 3 variables: formed MPs abundance (H1), 182 

PVC disk mass loss (H2) and formed MPs size (H3). These variables were measured for MPs recovered in the F2 183 

fraction; all plastic particles >1 mm found in F2 were not considered in this analysis process. These particles >1 mm 184 

likely entered F2 due to the flexibility of the PVC film that, with the weight of the VF-UP used for rinsing, might 185 

have led to folding of the particles allowing them to pass through the 1 mm sieve
57

. For H2, F2 estimated mass loss 186 

values were expressed in proportion of PVC disk mass (the sum of the two proportions F1 and F2 being equal to 1). 187 

To evaluate the correspondence between UV-C and natural sunlight irradiation effects on plastic film, we compared 188 

the abundance and size of formed MPs between the PVC disk exposed to sunlight, the C-UV control and the 6D0W 189 

treatment. For all these variables, normality and homoscedasticity were verified using the Shapiro-Wilk’s test and the 190 

Bartlett’s test, respectively. These assumptions were not met for all variables. Thus, non-parametric Kruskal-Wallis 191 

tests were performed, using the agricolae package
60

, to compare the effects of DD treatments or duration of sunlight 192 

exposure on the three plastic fragmentation variables (number, mass, and average size of produced MPs). All 193 

analyses were conducted on R studio [R version 4.2.2 (2022-10-31)], ggplot2 package was used for graphical 194 

representations
61

.   195 

 196 

Flow intermittence: present and future projections 197 

The results of this fragmentation experiment were coupled to hydrological modeling of the flow intermittence (FI) 198 

occurring in the Albarine river catchment, in order to extrapolate, as a proof of concept, the effect of FI on plastic 199 

fragmentation at the scale of a whole river catchment. The Albarine river catchment is a 354 km² watershed located 200 

in eastern France (Fig. S3), characterized by the presence of perennial and intermittent (with a contrasted FI 201 

magnitude) watercourses located throughout its area (Fig. S4)
62

. River intermittence was studied for more than 10 202 

years on the Albarine river catchment
63

, which is also  part of the DRYvERS Horizon 2020 project 203 

(https://www.dryver.eu/). In the DRYvER project, a model of FI was developed to study the spatio-temporal patterns 204 

of drying in the Albarine river catchment and their possible future evolution under climate change. 205 

https://www.dryver.eu/
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(1

) 

For this study, the FI model was used to simulate the state of flow (flowing or dry) at daily time step in each of the 206 

495 river sections of the Albarine river catchment. The detailed method is fully described in Mimeau et al. (2024)
64

. 207 

A reference simulation was carried out for the period 1991-2020 using ERA5-land climate reanalysis data as model 208 

input to simulate FI in the Albarine in the present climate
65

. For future climate simulations, climate projections from 209 

global climate models (GCMs) from the CMIP6 project used in the last Intergovernmental Panel on Climate Change 210 

report were used (data was retrieved from the ISIMIP project and is available on the website www.isimip.org/)
66,67,68

. 211 

To consider the level of uncertainty in climate modeling, downscaled climate data from 5 GCMs were used (GFDL-212 

ESM4 / IPSL-CM6A-LR / MPI-ESM1-2-HR / MRI-ESM2-0 / UKESM1-0-LL) and 2 Shared Socio-Economic 213 

Pathways (SSPs) representing the quantity of greenhouse gas emissions were considered: SSP3-7. 0 regional rivalry, 214 

SSP5-8.5 fossil-fueled development
69

.Both scenarios predict continuous increases in greenhouse gas emissions 215 

throughout the 21
th

 century. FI simulations for climate change projections were carried out over the period 1991-216 

2100. The FI simulations were then used to calculate for each reach the average percentage of year spent in dry 217 

condition during two 30-year time periods (to limit the effects of climate variability on the IBPFI calculation) for the 218 

scenarios SSP3-7.0 and SSP5-8.5. The reference period (1991-2020) and the end of the 21
st
 century (2071-2100) 219 

were selected because of their contrasting climatic conditions.  220 

 221 

Intermittence Based Plastic Fragmentation Index 222 

In order to regroup reaches of the Albarine river catchment that were characterized by comparable FI magnitude, the 223 

percentage of FI per year was divided into seven FI classes based on the DD treatments used in the fragmentation 224 

experiment, and each reach was classified into these classes according to its own FI (Table S2 and Table S3). Based 225 

on this classification, the Intermittence Based Plastic Fragmentation Index (IBPFI; Eq. 1) is defined as the estimated 226 

number of formed MPs within the river catchment from an initial plastic object per year and was calculated as 227 

follows: 228 

       
   

  
     

     

Where RDi is the length in meter of the reaches of the FI class i (i corresponding to 1 of the 7 FI classes), TR is the 229 

total length of all reaches within the river catchment and FRi represents the average number of MPs (< 1 mm) 230 

http://www.isimip.org/
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formed by fragmentation on the associated DD treatment i. Based on the fragmentation measured in the laboratory 231 

experiment, the average number of formed MPs used in the IBPFI calculation was calibrated for the field by using 232 

the correspondence in the formed MPs abundances between plastic disks exposed 6 days under UV-C lamps and 233 

plastic disks exposed during 3 months under natural sunlight (see Fig. 2). Using this correspondence, it was decided 234 

to arbitrarily multiply the obtained number of MPs by a factor of four in order to obtain yearly estimations. Of 235 

course, this extrapolation does not take into account seasonal variations in radiation intensity, nor the future 236 

projected changes in UV radiation intensity due to human activity
70,71

. Nevertheless, the presented IBPFI was a first 237 

step toward coupling hydrological modeling and laboratory experimental approach to give a rough estimate of the 238 

role of flow intermittence on MPs formation at the river catchment scale. The IBPFI was calculated for the reference 239 

scenario (ERA5-Land) at the 1991-2020 time period and for the 5 GCMs over the 1991-2020 time period as well as 240 

for the 5 GCMs over the two SSPs for the 2071-2100 time period. The average of those results being the final 241 

reported IBPFIs (Fig. 3; Table S3).  242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 
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RESULTS AND DISCUSSION: 254 

● Drying duration promotes MPs generation and plastic film mass loss (H1 and H2) 255 

 256 

 257 

 258 

 259 

 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

The laboratory experiment with PVC disks exposed to seven DD treatments evidenced that the abundance of formed 271 

MPs, between the size of 50 µm and 1 mm, increased with the duration of dry conditions (Fig. 1A, p<0.05). As 272 

expected, lower MPs abundances were recovered from the controls (C-UV and C-W) than from the other treatments 273 

Fig. 1A, p<0.05). Disks exposed to radiative forcing related to dry duration ≤ 50 % of irradiation process duration 274 

(0D6W, 1D5W, 2D4W, and 3D3W) produced lower abundances of MPs than disks exposed to radiative forcing 275 

Fig. 1: A) Average abundance of MPs recovered in the F2 fraction depending on the DD treatment. B) Estimated mass proportion of 

the MPs recovered in the F2 fraction depending on the DD treatment. C) Mean size of the MPs recovered in the F2 fraction depending 

on DD treatment. Different letters indicate significant differences between each treatment. 
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related to dry duration >50 % (4D2W, 5D1W, 6D0W; all p<0.05). The abundances of MPs formed were comparable 276 

among the 4D2W, 5D1W and 6D0W treatments (Fig. 1A, all p>0.05). A total of 20 MPs were found for all C- 277 

negative control, even when multiplied by 3, the average MPs contamination per filter remained low (n=6) and 278 

negligible when compared to the abundances obtained in the others treatments. The mean estimated masses 279 

recovered in F2 (i.e., masses of MPs) also varied among DD treatments (Fig. 1B, p<0.05). The highest mean 280 

estimated masses were obtained from the 5D1W, 4D2W and 3D3W treatments (all p>0.05). Surprisingly, the 281 

treatment representing terrestrial conditions (6D0W) resulted in a significantly lower mass of MPs than these 282 

treatments (Fig. 1B, p<0.05). Despite this last observation, the obtained results validate the initial hypotheses stating 283 

that the abundance of formed MPs and the mass loss of the initial plastic item would increase with dry duration. It 284 

confirms the conclusion of several studies that demonstrated that plastic weathering and fragmentation tended to be 285 

higher under terrestrial conditions
37–39,72

. Furthermore, the present study highlights that in cases of long dry duration 286 

(i.e., when there is a presence of water for short periods (less than 33 % of time)), reduced UV exposure did not 287 

cause a reduction in plastic weathering resulting in fragmentation that were comparable with a terrestrial exposure 288 

(i.e., the 6D0W treatment). Conversely, in the case of low and medium dry duration (i.e., dry conditions that last less 289 

than 67 % of time), disk fragmentation was similar to that obtained in aquatic environments (0D6W).  290 

Overall, the abundance of formed MPs and mass loss of the plastic films showed comparable patterns with 291 

treatments producing high abundances of formed MPs and high mass losses (4D2W, 5D1W) and treatments leading 292 

to low abundances of formed MPs associated with low mass losses (0D6W, 2D4W). This is not unexpected because 293 

the mass loss of a plastic item due to fragmentation would be positively linked with an increase in the abundance of 294 

MP originating from the plastic item
57,73

. However, this link was not observed in the 3D3W and 6D0W treatments, 295 

which produced higher and lower mass losses than those expected from the abundances of MPs formed, respectively 296 

(Fig. 1). This discrepancy between the abundances and the masses of formed MPs may be explained by different 297 

sizes of PVC formed particles (e.g. PVC particle mass increases with its size). Our results suggest that formed MPs 298 

would be of higher mean size in the 3D3W treatment than in the settings having comparable abundances of formed 299 

MPs (2D4W). It would also be expected that MPs of smaller sizes would be obtained from the 6D0W treatment than 300 

from the 4D2W and 5D1W treatments. These expectations were validated by the results on the sizes of formed MPs 301 

(Fig. 1C). Thus, the relationship between the abundance of formed MPs and mass loss of initial plastic item strongly 302 

depended on the size of formed MPs. Although this observation seems trivial, most works on plastic fragmentation 303 
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focused on one or two of the three variables considered in the present study
22,39,53,74,75

.  Consequently, the links 304 

among the abundance, the mass and the size of MPs should be more thoroughly investigated in future studies to 305 

better characterize MPs particles resulting from plastic fragmentation.  306 

Surprisingly, the highest abundance of formed MPs and mass loss of plastic film were not observed in the 6D0W 307 

treatment but in the 5D1W treatment (Fig. 1). Although the difference is slight and statistically non-significant this 308 

result remains unexpected. We expected photodegradation to be more efficient in complete terrestrial conditions 309 

(6D0W) than in conditions experiencing aquatic phases, due to the reduced UV impact caused by water and the 310 

higher oxygen availability in the air. These aforementioned parameters, coupled with UV irradiation, have previously 311 

shown to induce free radicals along the polymer chain that lead to the formation of peroxy free radicals resulting in 312 

the embrittlement and loss of mechanical properties of plastic items
27,76–79

. Our results demonstrate that the presence 313 

of water covering the PVC plastic film for at least 50 % of the irradiation exposure time is necessary to partially 314 

mitigate the above-mentioned photodegradation effects, unraveling new perspectives on the effects of river drying on 315 

plastic fragmentation. 316 

 317 

● Increasing dry duration generates large MPs (H3) 318 

Contrary to our expectations, the size of formed MPs (between 50 µm and 1 mm) increased with the duration of dry 319 

condition for settings experiencing aquatic conditions (Fig. 1C, p<0.05). Indeed, treatment 5D1W produced a high 320 

number of MPs (Fig. 1A) which were characterized by the highest mean particle size of all treatments (Fig. 1C). In 321 

contrast, treatments leading to low abundances of formed MPs (0D6W, C-UV, C-W) produced MPs of low mean 322 

sizes (Fig. 1C). In these treatments, the photodegradation process was limited due to the presence of a constant water 323 

column or null due to the absence of UV exposure
80,81

. Due to this low photodegradation, the plastic disks were 324 

mostly unaltered or fragmented into only two or three coarse particles (>5 mm) and the few formed MPs likely 325 

originated from the edge of these newly formed particles. Thus, even  with low photodegradation effects, mechanical 326 

stress alone can lead to plastic fragmentation
29,53,57,82

. In contrast, in treatments where plastic disks were weakened 327 

substantially by UV exposure, high numbers of MPs were formed and characterized by high mean sizes (e.g. 328 

treatment 5D1W). These plastic disks were completely fragmented into a multitude of fragments of a wide size 329 

range, among which some have not been investigated due to the detection limits of the stereo microscope (<50 µm). 330 
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Furthermore, the presence of large particles might have also led to the concealing of smaller particles. As discussed 331 

above, the fact that the treatments 6D0W and 5D1W produced comparable abundances of formed MPs but of 332 

different mean sizes was likely due to the lack of an aquatic phase in the 6D0W treatment. A lack of physical and 333 

chemical interactions between water and PVC disks might have affected the disk fragmentation, modifying the size 334 

of formed MP particles. Although the present study focused on PVC as one specific polymer, the influences of 335 

complex interactions between aquatic/dry periods and UV irradiation on the size of formed MPs are likely to be not 336 

dissimilar for other polymers and could have significant ramifications on ecosystem functioning, as the impact of 337 

MPs on aquatic organisms is often negatively correlated with the size of the MPs
10,83

. However, more experimental 338 

evidences considering a wider range of plastic polymers and properties will be required to understand the full 339 

complexity of mechanisms involved in these interactions. Overall, our results showed that the aquatic treatment and 340 

those with low dry duration led to low plastic film fragmentation, whereas high dry duration led to increased levels 341 

of plastic fragmentation with coarse MPs being formed. Conversely, under terrestrial exposure, plastic film 342 

fragmentation was high, causing rather small MPs to be formed. More precisely, we demonstrated that drying can 343 

lead to substantial plastic fragmentation, providing new insights on environmental controls of the fate of plastic items 344 

in streams and rivers. The alternance of aquatic and terrestrial phases occurring in IRES is known to lead to 345 

expansion and contraction cycles of terrestrial and aquatic habitats through time
84

. This strong hydrological 346 

variability can promote transfers of MPs towards the adjacent terrestrial ecosystems as well as downstream aquatic 347 

ecosystems through multiple possible pathways
52,85,86

. Such pathways could be related to the different phases of 348 

drying and flooding, wind dispersal during dry phases as well as the significant transfer of resources between the 349 

aquatic and terrestrial environments governing these ecosystems
7,87,88

. IRES could be considered both as hotspots for 350 

plastic fragmentation and dispersal-corridors of the formed plastic particles. However, future studies should 351 

investigate other mechanisms leading to plastic fragmentation, such as biological degradation, throughout microbial 352 

activities, as well as thermal degradation of plastic exposed to drying
26,89

. 353 
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Fig. 2: Abundance (A) and mean size (B) of MPs recovered in the F2 fraction according to the 

number of weeks spent exposed to sunlight compared to plastic disk exposed for 6 consecutive day to 

UV-C (6D0W) and non-exposed to any UV irradiation (C-UV). Different letters indicate significant 

differences between each treatment. 

Correspondence between UV-C and sunlight irradiation on plastic film fragmentation  354 

 355 

 356 

 357 

 358 

 359 

The abundance of MPs formed by fragmentation rose 360 with increased duration of sunlight exposure (Fig. 2A, 360 

p<0.05) to 361 reach 361 

MPs abundances comparable to values obtained 362 from PVC disks exposed to UV-C 362 

during 6 days (6D0W treatment displayed on Fig. 1A) after 10 weeks of sunlight exposure (p>0.05). As observed 363 

after UV-C exposure, the mean size of the formed MP rose with increased duration of sunlight exposure (Fig. 2B, 364 

p<0.05). Mean MP size reached comparable values than those measured in the 6D0W treatment after 12 weeks of 365 

sunlight exposure (Fig. 2B, all p>0.05). These results showed that a continuous six-days (=144 hours) terrestrial 366 

exposure to UV-C radiation produced weathering effects comparable to 3 months (≈ 846 hours) of direct sunlight 367 

exposure in a terrestrial environment during the summer season and under temperate climate. This suggests that the 368 

UV-C exposure was almost 6x more intense than natural sunlight which is in line with the results of previous 369 

studies
53

. As the number of days with non-negligible precipitation was low (n=8) and that the PVC film was exposed 370 

at two-meter-high, limiting the effects of blown-sediment, it is highly likely that the photodegradation was the main 371 

factors that contributed to the weathering of the plastic film. Although concerns have been raised regarding the 372 

limited environmental transferability of accelerating plastic weathering protocols
54,77

. These approaches remain 373 



16 
 

necessary in preliminary studies, enabling rapid exploratory experimental approaches to rigorously evaluate the 374 

influence of selected environmental factors on plastic fragmentation. Based on these exploratory results on the 375 

influence of drying on plastic fragmentation, the next step will be to obtain a field validation of these results by 376 

measuring the fragmentation of plastic occurring in river network exposed to a wide range of natural FI.  377 

The Intermittence Based Plastic Fragmentation Index under different scenarios 378 

 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

Based on the abundances of formed MPs obtained in the laboratory for the 7 DD treatments, the Intermittence Based 391 

Plastic Fragmentation Index (IBPFI) could vary from 336 to 984, in the hypothetical scenario where all reaches 392 

within the Albarine river catchment have a FI of 50 % and 83 %, respectively (Table S4).  Using the FI model 393 

outputs for the Albarine River, average IBPFI varied from 429 calculated for the SSP5-8.5 at the 2071-2100 time 394 

period to 444 calculated for the reference (Fig. 3). The average IBPFI slightly decreased in both climate projections 395 

(Fig. 3) but the IBPFI changes (444 to 429) were limited compared with the potential variation of the IBPFI index 396 

(from 336 to 984) derived from laboratory results. No clear differences were observed between model outputs 397 

Fig. 3: IBPFI of the Albarine river catchment depending on the used model dataset, time period and scenario. The 

IBPFI of the reference (ERA5-land) is 444, the average IBPFI for the SSP3-7.0 at the 1991-2020 and 2071-2100 time 

periods are 443 (SD=0.5) and 433 (SD=6.4). For the SSP5-8.5 at the 2071-2100 time period the average IBPFI is 429 

(SD=7.9). 
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because, regardless of the scenario used, the majority of the reaches were within the four FI classes which 398 

experienced terrestrial conditions for less than 50 % of time and which were expected to produce comparable 399 

abundances of formed MPs (based on laboratory results displayed on Fig. 1A). Moreover, the FI class corresponding 400 

to permanent aquatic phase during UV-C exposure (0D6W) represented 92 % of all reaches within the Albarine river 401 

catchment for the reference, and, on average, 76 % for the SSP3-7.0 at the 1991-2020 time period and approx. 60 % 402 

for the other two simulations (Table S3). The proportion of reaches within the 1D5W FI class corresponding to 17 % 403 

of dry duration, was lower in the reference than in the other simulations (7 % vs 18, 19.5 and 24 %). As this 1D5W 404 

FI class had the highest mean abundance of formed MPs of all DD < 50 % treatments, we would expect the lowest 405 

IBPFI in the reference. However, the slight increase in the proportion of reach length classified in 1D5W FI class in 406 

simulations was associated with an increase in the proportion of reach length of the 2D4W FI class (33 % of DD) 407 

which had the second lowest abundance of formed MPs of all DD treatments. Finally, these multiple changes of the 408 

proportion of reach length associated with FI classes between reference and simulations canceled out the increase in 409 

IBPFI expected from the increasing proportions of reaches within the 1D5W FI class in simulations compared with 410 

the reference. These exploratory results on the IBPFI in the Albarine catchment are reassuring concerning the MP 411 

contamination in the future as the ability of the catchment to produce MPs, estimated by the IBPFI, did not increase 412 

in future scenarios.  413 

However, this conclusion must be taken with caution as the IBPFI index is in its seminal phase of proof of concept 414 

and thus this first approach only considered a restrained number of experimental conditions. As indicated earlier, the 415 

experimental design used for the IBPFI creation only evaluates the plastic sensitivity to drying with a given, 416 

continuous and stable radiation level without considering changes in radiation intensity. There are also uncertainties 417 

in the modelling chain for the simulation of IBPFI projections under climate change, particularly with regard to the 418 

flow intermittence model. Mimeau et al. 2024 have shown that, although the model is capable to predict more than 419 

90% of observed droughts in the Albarine river catchment, it still has significant uncertainties, which are mainly 420 

linked to the availability of observed flow intermittence data. At this stage, the IBPFI must be considered as a 421 

demonstration of feasibility giving rough estimates of the role of flow intermittence on plastic fragmentation in 422 

streams and rivers. Several steps are needed to improve the applicability of the IBPFI, the first one being to test it 423 

onto other river catchments exposed to environmental conditions and hydrological variability which differ drastically 424 

from those occurring in the Albarine river catchment. The second step would be to couple current results of the 425 
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IBPFI with fragmentation of the PVC film exposed in multiple reaches, experiencing contrasting drying intensity, 426 

within the Albarine river catchment. The final step would be to investigate the role of drying in interactions with the 427 

wide variety of environmental factors which can affect plastic fragmentation. For example, photodegradation can be 428 

affected by differences in plastic exposure to UV radiation due to adjacent vegetation canopy shading, biofilm 429 

formation or the presence of a sedimentary layer, all of which can limit UV exposure of the plastic
89,90

. Other 430 

mechanisms can lead to plastic fragmentation such as the aforementioned biological and chemical degradation of 431 

plastic items and must be implemented in future iterations of the index. In addition to sediment abrasion, other 432 

factors apply mechanical stress that will fragment the weathered plastic such as flow velocity and biotic 433 

interactions
21,53

. Furthermore, several polymers must be tested because the weathering and fragmentation of plastic 434 

depend on the type of polymer, plastic items and fabrication process
91–93

. While more and more perennial reaches are 435 

shifting intermittent due to global change
42–44,56

 our preliminary application of the IBPFI at the field scale suggests 436 

that these shifts might have limited effects on IBPFI at the river catchment scale, as long as the proportion of reaches 437 

with an FI > 58.5 % within the catchment remains low. Plastic fragmentation within the catchment is thus, mostly 438 

driven by the most represented hydrological variability pattern, with potential hotspots of plastic fragmentation 439 

localized in highly intermittent reaches. This reflects what is occurring in specific areas of marine ecosystems such 440 

as the aforementioned swash zones, that are considered as MPs generation hotspots due to the important plastic 441 

fragmentation occurring in these areas
30,39

. Identifying those hotspots and understanding their specific plastic 442 

fragmentation mechanisms and patterns is essential for the development of new policies addressing MPs pollution. 443 

Moreover, the effects that small plastic particles, such as micro and nanoplastics, may have on the numerous 444 

ecosystem services provided by IRES
94

, the important biodiversity of these ecosystems
95

 as well as their functioning, 445 

is critically under-investigated. Unfortunately, because non-perennial rivers and streams are often not considered in 446 

management practices
96–98

, and because they are increasing with global change, efforts are needed to understand the 447 

multiple ways in which plastic pollution can impact rivers and streams to secure the functional integrity of flowing 448 

waters in an uncertain future.  449 

 450 
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