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1. Burial

To assess the streambed morphological classification of a river reach, we utilize the

median grain size of streambed material (d50) and the gradient of the stream (S), following
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the categorization outlined by Montgomery and Buffington (1997). The criteria for each

morphological type are specified as follows:

• For dune morphology: S ≤ 0.009 and d50 < 4 mm.

• For pool-riffle morphology: 0.009 < S ≤ 0.05 and d50 > 4 mm.

• For step-pool and cascade morphology: S > 0.05 and d50 > 4 mm.

The estimation of (d50) is based on the formulation provided by Lee and Julien (2006), as

shown in Equation S1, which incorporates the bankfull discharge (Q), the stream gradient

(S), and the critical Shield’s parameter (θc). For streambeds possessing an armor ratio,

defined as the ratio of the median grain sizes of the surface to subsurface materials, of

1.8, θc is set to 0.05, consistent with experimental observations in natural river settings

(Andrews, 1983). The applicability of Equation S1 has been corroborated by Marzadri et

al. (2021), who confirmed its strong agreement with values documented in the literature,

thereby justifying its selection for our analysis.

d50 =

(
S

4.981 ·Q−0.346 · θ0.966c

)1.047

(S1)

Furthermore, the hydraulic conductivity (KH) was determined using Equation 8 from

the study by Salarashayeri and Siosemarde (2012), which depends on the granulometry

of the streambed. The efficacy of this equation was also tested by Marzadri et al. (2021)

through a comparison with a suite of empirical formulations and the ranges of values

reported in the literature by Bouwer (1978).

1.1. Dune Morphology

Using the empirical formula to calculate the half amplitude of dynamic head variation

proposed in Elliott and Brooks (1997) and by assuming that the dune height is dependent
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of the mean flow depth according to the expression from Yalin (1964) (Hd = 0.167Y0) we

have:

hm =
0.28V 2

2g

(
Hd

Y0

)3/8

(S2)

Lbed = 6 · Y0 (S3)

1.2. Pool-Riffle Morphology

Ys =
1

0.18d0.45s β1.45
(S4)

ds =
d50
Y0

(S5)

β =
2W

(Y0)
(S6)

Lbed = 6.5 ·W (S7)

2. Sedimentation

Fig. S1 was used to estimate a relationship between the grain shape factor (E) and the

Corey shape factor. Moreover a boxplot of the csf and equivalent diameteres used for the

different types of MP particles can be seen in Figures S2 and S3

3. Bank Retention

Table S1 presents the dataset used to estimate the relationship between transient storage

time, characteristic length, and Reynolds number, as reported by Jackson (2010)
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4. Discharge Estimation

Based on Table 2 from Burgers, Schipper, and Jan Hendriks (2014), we have extracted

the power-law formulation to describe the relationship between the cumulative drainage

area (CDA [km2]) and the discharge (Q [m3/s]) as follows:

Q = 0.09838CDA0.78 (S8)

5. Literature Based MP Composition

To provide additional context, we compiled average MP type proportions from existing

literature (Akdogan et al., 2023; Liu et al., 2023; Yuan et al., 2022; Han et al., 2020; Mani

et al., 2015; Woodward et al., 2021; Margenat et al., 2022; Schrank et al., 2022; Kunz et

al., 2023). These values may be useful for comparative studies or cases where empirical

MP proportions are unavailable. The densities values used for the different types of MP

are derived from the average values reported in the studies of Van Melkebeke, Janssen,

and De Meester (2020) and Le Roux (2004), as showed in Figures S1-S3.

6. ADRE Model

The Advection Dispersion Reaction Equation (ADRE), together with the chosen bound-

ary and initial conditions (Eq.s 5), can be formulated in the Laplace Space as follows:

s Ĉ + v
dĈ

dx
−DL

d2Ĉ

dx2
+ kĈ = 0

Ĉ(0, s) =
C0

s

(
1− exp

(
−tc
s

))
d Ĉ

dx

∣∣∣
x→∞

= 0

(S9)

where Ĉ is the MP concentration in the Laplace space and s is the transformation variable.

The general solution to the transformed ADRE equation (Eq. S9a) is as follows:
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Ĉ(x, s) = c1 exp

(
vx

2DL

(
−1−

√
1− 4DL(k + s)

v2

))
+

c2 exp

(
vx

2DL

(
1 +

√
1− 4DL(k + s)

v2

)) (S10)

to evaluate the integration constants, c1 and c2 must satisfy the boundary conditions in

Eq.s S9b and S9c. Deriving with respect to x yields:

⇒ C1

2

(
v

DL

− 1√
DL

√
v2

4DL

+ k + s

)
exp

(
vx

2DL

)
exp

(
x

DL

√
v2

4DL

+ k + s

)

+
C2

2

(
v

DL

+
1√
DL

√
v2

4DL

+ k + s

)
exp

(
vx

2DL

)
exp

(
x

DL

√
v2

4DL

+ k + s

)
= 0

(S11)

When x → ∞, the first term tends to zero. While in the second term, to meet the

condition in Eq. S9b, c2 must be equal to 0.

⇒ Ĉ(x, s) = C1 exp

(
vx

2DL

)
exp

(
− x√

DL

√
v2

4DL

+ k + s

)
(S12)

Replacing S9b

⇒ Ĉ(0, s) =
C0

s

(
1− exp

(
−tc
s

))
(S13)

C1 =
C0

s

(
1− exp

(
−tc
s

))
(S14)

In the Laplace space the solution of the problem in Eq.S9 is:

Ĉ(x, s) =
C0

s
[1− exp(− tc

s
)] exp

(
vx

2DL

)
exp

(
− x

DL

√
v2

4DL

+ k + s

)
(S15)

Or equivalently:
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Ĉ(x, s) =
C0

s
exp

(
vx

2DL

)
exp

(
− x

DL

√
v2

4DL

+ k + s

)

− C0

s
exp

(
−tc
s

)
exp

(
vx

2DL

)
exp

(
− x

DL

√
v2

4DL

+ k + s

) (S16)

The solution in the real space can be obtained by the inverse Laplace transform of the

solution in Eq. S15. Following Van Genuchten (1981), the solutions of a first order type

boundary conditions, particularly case B1 with Ci = 0, R = 1, λ = 0, µ = k, we have:

C(x, t) = C0H̃(x, t) if 0 < t ≤ tc

C(x, t) = C0H̃(x, t)− C0H̃(x, t− tc) if t > tc

(S17)

Ĥ(x, t) is defined by Van Genuchten (1981) (Refer to Eq. 27 in (Van Genuchten, 1981)),

therefore:

g(x, t) =
1

2
exp

(
− vx

2DL

)
exp

(
− vx

2DL

√
1 +

4kDL

v2

)
erfc

x− vt
√
1 + 4kDL

v2

2
√
DLt


+

1

2
exp

(
vx

2DL

)
exp

(
− vx

2DL

√
1 +

4kDL

v2

)
erfc

x+ vt
√

1 + 4kDL

v2

2
√
DLt


if 0 < t ≤ tc (S18a)

g(x, t) =
1

2
exp

(
− vx

2DL

(
1−

√
1 +

4kDL

v2

))
erfc

x− vt
√

1 + 4kDL

v2

2
√
DLt


+

1

2
exp

(
− vx

2DL

(
1 +

√
1 +

4kDL

v2

))
erfc

x+ vt
√

1 + 4kDL

v2

2
√
DLt


− 1

2
exp

(
− vx

2DL

(
1−

√
1 +

4kDL

v2

))
erfc

x− (t− tc)v +
√

1 + 4kDL

v2

2
√

DL(t− tc)


− 1

2
exp

(
− vx

2DL

(
1 +

√
1 +

4kDL

v2

))
erfc

x+ (t− tc)v +
√

1 + 4kDL

v2

2
√
DL(t− tc)


if t > tc (S18b)
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The same solution has been reported in Fan, Fleischmann, Collischonn, Ames, and Rigo

(2015). Additionally, for the cases where Pe −→ ∞, advective-dominated problem, the

analytical solution for the step pulse injection after applying the Laplace transform is:

C(x, t) = C0 exp

(
−kx

v

)[
H
(
t− x

v

)
−H

(
t− x

v
− tc

)]
(S19)

Likewise, in scenarios in which an instantaneous injection is assumed, the set of equa-

tions 5 is transformed into the Laplace space as:

Ĉ(0, s) = C0 (S20a)

d Ĉ

dx

∣∣∣
x→∞

= 0 (S20b)

Ĉ(x, s) = C1 exp

[
vx

2DL

− x√
DL

√
k + s+

v2

4D2
L

]

+C2 exp

[
vx

2DL

+
x√
DL

√
k + s+

v2

4D2
L

]
(S21)

∂Ĉ

∂x

∣∣∣∣
x→∞

⇒ C2 = 0 (S22)

Ĉ(0, s) = C0 ⇒ C1 = C0 (S23)

⇒ Ĉ(x, s) = C0 exp

[
vx

2DL

]
exp

[
− x√

DL

√
k +

v2

4D2
L

]
(S24)

Returning to the real domain, as outlined by Chandran (2001), the equation becomes:

L−1

{
exp

(
−k

√
s+ α

)}
=

k

2
√
πt3/2

· exp
(
−αt− k2

4t

)
With k = x/

√
Dl and α = k + v2/4DL the analytical solution becomes:
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C(x, t) =
C0x

2
√
πDLt3/2

exp

[
−(vt− x)2

4DLt

]
exp [−kt] (S25)

When neglecting dispersion (high Pe) the analytical solution for an instantaneous

injection is as follows:

C(x, t) = C0 exp

(
−kx

v

)
H
(
t− x

v

)
(S26)
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Figure S1. Scatter plot displaying the relationship between the grain shape factor (E) and

the Corey shape factor (csf). The fitted power-law curve is represented by a black line, with

the equation E = 1.149csf−0.097 indicating a moderate negative correlation. The coefficient of

determination, R2, is 0.599. Data extracted from Van Melkebeke et al. (2020) and Le Roux

(2004).
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Figure S2. Boxplot displaying the Corey Shape Factor (CSF) for different types of MP

particles. All pellets have a CSF of 1 due to their perfectly round shape, which results in the

collapsed boxplot representation, whereas fragments and fibers exhibit a wider variation shape

(Van Melkebeke et al., 2020; Le Roux, 2004).

Figure S3. Boxplot of the equivalent diameters (Dn) for various MP types. The plot shows

a comparison of the median, range, and outliers for the sizes of fragments, fibers, pellets, and

other MP forms, such as films (Van Melkebeke et al., 2020; Le Roux, 2004).
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Figure S4. Modeled spatial distribution of microplastic (MP) concentrations [µg/L] across

the river network for Scenario 1 (High Fibers).
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Table S1. Summary of Transient Storage Time (τ), Reynolds Number (Re), and Characteristic

Length (L), data extracted from Jackson (2010)

τ [s] Re [−] Lc [m] τ [s] Re [−] Lc [m]
Lab: Pool&Riffle 324 3.40E+04 8.5 River 1200 2.20E+06 95
Lab: Pool&Riffle 220 4.40E+04 8.5 River 900 1.20E+06 100
Lab: Pool&Riffle 208 5.00E+04 8.5 River 1860 6.70E+06 125
Streams 37 3.60E+04 1.5 River 1890 3.80E+06 125
Streams 56 4.90E+04 2.5 River 1770 3.60E+06 125
Streams 95 3.90E+04 2 River 2190 6.30E+06 70
Streams 29 2.70E+04 1 River 1830 4.30E+06 70
Streams 76 3.40E+04 1.9 River 1380 2.80E+06 70
Streams 100 9.90E+03 1.5 River 2220 6.30E+06 70
Streams 107 4.90E+04 2 River 1200 2.50E+06 85
Streams 56 6.30E+04 2.1 River 2820 6.70E+06 100
Streams 55 4.60E+04 2.1 River 3210 4.30E+06 111
Streams 71 4.60E+04 2.3 River 2700 7.50E+06 250
Streams 77 3.60E+04 3.1 River 2500 8.80E+06 250
Streams 48 3.10E+05 3.2 River 4000 1.00E+07 250
Streams 93 2.50E+05 3.9
Streams 70 2.60E+05 3.1
Streams 206 3.50E+04 2.4
Streams 162 1.40E+05 2.4

Table S2. Average proportions of microplastic types (fibers, pellets, fragments, others) across

selected studies. Only country names are shown.

Study Country Fibers Pellets Fragment Others Total [%] Scenario
Akdogan et al., (2023) Turkey 88.00 2.00 8.00 2.00 100.00
Liu et al., (2023) China 72.10 0.00 23.40 4.60 100.10
Yuan et al., (2022) China 62.01 4.54 15.59 17.86 100.00
Han et al., (2020) China 93.12 4.74 2.14 0.00 100.00
Mani et al., (2015) Germany 2.50 58.40 37.50 1.10 99.50 3
Woodward et al., (2021) UK 97.59 1.21 0.80 0.40 100.00 1
Margenant et al., (2021) Spain 0.70 4.00 95.30 0.00 100.00 2
Schrank et al., (2022) Germany 6.50 1.72 90.70 1.00 99.92
Kunz et al., (2023) Taiwan 1.10 96.63 2.19 99.92
Average 52.82 9.58 34.18 3.37 99.94 4
Sources: Akdogan et al. (2023); Liu et al. (2023); Yuan et al. (2022); Han et al. (2020); Mani et

al. (2015); Woodward et al. (2021); Margenat et al. (2022); Schrank et al. (2022); Kunz et al.

(2023)
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