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20 Table S1

21 Some river parameters are not recorded in the Hunan Hydrological Bureau official
22 website database and have no major influence on the calculation of the main process
23 parameters of AgNPs migration in the river, so the parameters in the research of

24 Praetorius et al.(1) and Ding et al.(2) are used instead.

25 Table S1 Hydrological Parameters table of Xiangjiang River Basin

Parameter Symbol Value Unit ref.
river flow velocity Viiverflow  0.65 ms! (2)
water temperature Twater 287 K (1)
water density Pwater 1000 kg m (1)
shear rate G 10 s (1)
dynamic viscosity of water Hwater 1.002 x 10 Pas (1)
velocity of sediment transfer (bed load shift) Vsegranst 3 kg s! (1)
sediment resuspension velocity Vresusp 3.17< 1012 ms! (1)
sediment burial velocity to deep sediment Vhurial 9.50%x 1012 mys! (1)
sediment density PSed 2.60x 10° kg m ()
Boltzmann constant kg 1.38x 102 JK'! (1)
gravitational acceleration on earth g 9.81 m s (1)
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27 Table S2

28 Table S2 Table of model size and compartment division of Xiangjiang main

29 stream
Parameter Symbol Value Unit
length of the river IRiver 768.1 (770) km
Model 1
number of boxes in the river model Apoxes 6
River segmentation and compartment division method
box length for boxes n =1 (Yongzhou) Tbox,1 2.27 x 10° m
box length for boxes n = 2 (Hengyang) lbox,2 2.26 x 10° m
box length for boxes n = 3 (Zhuzhou) Tbox,3 8.96 x 10* m
box length for boxes n = 4 (Xiangtan) lbox,4 425 x 104 m
box length for boxes n = 5 (Changsha) Tbox,s 7.40 x 10* m
box length for boxes n = 6 (Yueyang) Tbox.6 1.09 x 103 m
Model 2
length of river box n Ivox.n increasing*
number of boxes in the river model Apoxes 527
depth of flowing water (W1) hwi 41.98 m
depth of stagnant water (W2) hwa 5.14 m
depth of sediment (Sed) Nsed 0.26 m
cross sectional area of first box of flowing water Awi 7.78 x 103 m?




cross sectional area of last box of flowing water

volume of box n of flowing water (W1)

volume of box n of stagnant water (W2)

volume of box n of sediment (Sed)

River segmentation and compartment division method

box length for boxes n = 1,...,100 (0 to 10 m)

box length for boxes n = 101,...
box length for boxes n = 191,...
box length for boxes n = 281,...
box length for boxes n =371,...

box length for boxes n =461,...

,190 (10 to 100 m)
280 (100 m to 1 km
;370 (1 km to 10 km)
4460 (10 km to 100 km)

,527 (100 km to 770 km)

AW], n boxes +1
Vwin
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31 Table S3

32 Table S3 Nanoparticles and natural colloid parameters
Parameter Symbol Value Unit ref.
particle diameter dagnps 9.05x10% m 3)
AgNPs
density P AgNPs 8478 kg m-3 3)
particle diameter dnes 291 x107 m 3)
density PNCs 1250 kg m-3 (3)
NCs
concentration (determined by 3)
Cnes 1.03E x 10> kg m
dry weight after filtration)
33 Table S4
34 Table S4 Table for calculating the life process rate constant of AgNPs
Parameter Symbol Value Unit  ref.
deposition rate constant of AgNPs in Vdep AgNPs ] 0
kdep,AgNPs,Wl - S
flowing water hwr
deposition rate constant of AgNPs in Vdep AgNPs 1 )
kdep,AgNPs,WZ - S
stagnant water hyra
deposition rate constant of NCs in VdepNCs 1 0
kdep,NCs,Wl S
flowing water hw
deposition rate constant of NCs in Vdep NCs 1 0
kdep,NCs,WZ S
My

stagnant water



heterogeneous aggregation rate

- ) 3
ket khet khet,crit gl 3)
constants of AgNPs and NCs in water
water exchange rate constant between 4
Kexch 12 1.00E-05 5! (4.5)
flowing and stagnant water
water exchange rate constant between Vit 45
kexch,z-l 1% S_l ( > )
stagnant and flowing water Kexch,1:2*" W2
sediment burial rate constant to deep Vouri
urial ( 1 )
Kourial P st
sediment Sed
. . vresusp ( 1 )
sediment resuspension rate constant Kresusp s
h Sed
rate constant of horizontal sediment Vg
ed - trans |
kSed—trans,n (—)/ VSed,n s
transfer (bed load shift) of box n Psed
Ay,
river flow rate constant of box n Kriver flow.n v *— gl

river,flow,n V.
w
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42

In Table S4, v, represents the sedimentation rate (m s!) of AgNPs or NCs particles

in the water, which can be calculated according to the Stokes equation.

27’2 (pP - pwater)g
I

1]dep =

where pp represents the density of AgNPs or NCs (kg m™), and g represents the
gravitational acceleration on earth (m s2).

Eq. S1-Eq. S12

The concentration conservation equations of free AgNPs in each phase of the first

compartment:



43 ® flowing water (W1): (Eq. S1)
AgNP
de'wry
dt
|
_ AgNP!
- (kexch,l -2 + kriver,ﬂow,l * kdepAgNPs,Wl + khet) *e Vl%l ls(t) + kexch,2 -1 *-
44 |
45 ® stagnant water (W2): (Eq. S2)
ag
dt
AgNP!
= (kexena 1 + Kgep agnps w2 + ko) * g O+ (ogeny -2+ Kep,a
V.
(t) + kresusp Vv — Sged ]S(t)
46 w2,1
47 ® scdiment (Sed): (Eq. S3)
de AgNPs v
dt o ( resusp + kburial + kSed - transfer,l) ¢ Sgd ls(t) + kdep,AgNPs,WZ i V. * W%Z ls(t)
48 Sed,1

49 The concentration conservation equations of AgNPs aggregated with NCs in each

50 phase of the first compartment:

51 ® flowing water (W1): (Eq. S4)
AgNPs + NC
ey
dt
_ AgNP +NC AgNP
52 T (kexch,l -2 + kriver,ﬂow,l + kdep,NCs,Wl) ¥ s S(t) + kh * I/Ig/l ls(t
Pwa, % AgNPs +NCs
— Ny,
53 Vw1
54 ® stagnant water (W2): (Eq. S5)
AgNPs + NC
Ay
dt
_ AgNP +NC AgNP
- (kexch,Z -1 + kdep,NCs,WZ) ¢ £ S s(t) + kh * VI%Z ls(t) + (kexch,l
Vwa,1
*
55 VW2,1

%
Sed,1
% cAgNPs +NCs (0

AgNPs + NCs %
¢ (t) kresusp Sed,1

w1,

56 VW2,1
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72

sediment (Sed): (Eq. S6)

AgNPs + NCs
dec™ geq1
dt
% AgNPs +NCs % Vw2, « Agd
T (kresusp + kburial + kSed - transfer,l) € 7 Sed,l (n+ kdep,NCs,WZ 1% c
Sed,1
(0

The concentration conservation equations of free AgNPs in each phase of the 2-n

compartments:
® flowing water (W1): (Eq. S7)
AgNPs
dc yq 14
o AgNPs W2n  AgNPs
- % 8 % O8
dt - (kexch,l -2 + kriver,ﬂow,n + kdep,AgNPs,Wl + khet) CWin 0+ kexch,Z -1 Cw2n (n+
Win
V,
k % Wl,n -1 % c AgNPS (t)
riverflow,n - 1 Vv Win-1
W1n
® stagnant water (W2): (Eq. S8)
AgNPs
dc W2n
dt
_ AgNPs '
- (kexch,2 -1 + kdep,AgNPs,WZ + khet) *e W2n (t) + (kexch,l -2 + kdep,AgNPs,Wl.
V.
w Sedn AP
resusp Sed,n
W2n
® scdiment (Sed): (Eq. S9)
AgNPs
dc 14
Sed,n A W2n
o * gNPs * " AgNPs
- (kresusp + kburial + ksed - transfer,n) € Sed.n ( t) + kdep,AgNPs,WZ Cw2n ( t> +
dt VSed,n
v
Sed,n - 1 AeNP:
gNPs
ksed - transfer,n - 1 * * CSed,n -1 (t)
Sed,n
The concentration conservation equations of AgNPs aggregated with NCs in each

phase of the 2-n compartment:

flowing water (W1): (Eq. S10)
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de AgNPs + NCs

W1in *CAgNPs+NCs (l) +kh % AgNPs (t) +
et

dt = (kexch,l -2 + kriver,ﬂow,n + kdep,NCs,Wl) W1in CWin
vV V
K W2n AgNPs+NCs (1) + w WLn-1  AgNPs+NCs (1)
exch,2 - 1 1% rlverﬂow n- 1 % ¢ Win-1
W1ln Wiln
® stagnant water (W2): (Eq. S11)
de AgNPs + NCs
W2n
dt
_ % AgNPs+NCs % AgNPs
- (kexch,2 -1 + kdep,NCs7W2) ¢ " w2n (t> + khet W2,n (t) + ( ex
*
V, V
Win AgNPs+NCs (1) + Sedn AENPS ENCs ()
V. resusp v Sed,n
W2n W2n
® sediment (Sed): (Eq. S12)
de AgNPs + NCs
Sed,n
dt
_ (k kot k )* AGNPS ENCs (1) 4 p *VWZ
7 Uresusp burial sed - transfer,n Sed,n dep,NCs, W2 1%
Sed
(1) +
v
k g Sedn-1  AgNPs+NCs (t)
sed - transfer,n - 1 V. ¢ Sed,n - 1
Sed,n
Section A. Establishment of mass conservation equation

The whole life process of free AgNPs and AgNPs bound NCs are established to form
first-order rate constant concentration balance equations, as shown in Eq.S1-S12. It is
assumed that AgNPs are in a steady state in each compartment, which is reflected in
the equation as dc;/d=0. Furthermore, each equation is equivalent to the multivariate
linear equation g-a;*c;+a,*c,+as;*cs+....=0, which contains multiple unknowns, where

q is the emission rate of AgNPs (kg s!) , a; represents the coefficient term, and c¢;



89 represents the concentration term.

90 Extractall a;, a,, a;... to form a coefficient matrix 4, which represents the rate constant

91

of migration and transformation in the medium (s!); ¢;, ¢», ¢;... are all proposed to form

92 an unknown matrix C, which represents the steady-state concentration of AgNPs;

93

94

95

96

97

extracting ¢q;, ¢, ¢;... to form a constant matrix Q, and the equation 4*C=-0 can be

obtained.

AIZ

C]Z |c

AgNPs
Cwi,
AgNP
gy (1)
AgNP
¢ sged,lS (1)

A C
¢ gN‘;’/sl-’*-lN S (l)

(1)

(1)

AgNPs + NCs
¢ " w2
AgNPs + NCs

(1),

Sed, 1

0=

input
€ AgNPs

[e>NeNe NN an)

- (kexch_l -2

+ Kiverftow,1  Kaep.agnpsw1 * ki)

Vw1
(kexch,\ 2t kdep,AgNl“s,Wl) %
w2,1

0

Kot

k . VW2.|

exch,2- 1
Vw1

- (kexch,Zr 1+ kgepagnpswz t khel)
Vw21

k 9 *
dep AGNPSW2
sed,1

0

Kot

Vsed. 1

k, —
tesusp
Vw2,

- (krcsnsp + Kyurial * Ksea - (mn<fcr,l)
0
0

0

98 In compartment 2-n, the constant matrix 4,, the unknown number matrix C,, and the

99 constant matrix Q, are as follows:

100

101

A=

- (ke -2+ Friventown * Kgep.agnps1 + Knet)

Vwin
(kexch_l Ehs kdep,Agy\Ps,Wl) m
0
khcl
0
0

k « VWZ,n

exch,2- 1
Vwin

- (kexchl 1 Kgep agnpswa T khe\)

Vw2

k o
dep. AGNPW2
sed.n

0

™

v

. 4 sedin
resusp
Vw2

- (krcsmp + kyurial * Ked - anstern)

0

0

- (kexet1 -2 *+ iy

(kexet1 -2+ e

(

(

= (hexet -2+ ver,

(kexeni 2+ Kaep,

(
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C=k

Ywin-1
0k

| AgNPs |
kriverﬂow,n -1 V. ‘w1 n-1 ( t>
W1n
0
V.
AN () k g Sedn-1 cARPs ()
w1 N sed - transfer,n - 1 1% Sed n-1
AgNPs Sed,n
w2, (1) 1%
n Win-1
AgNPs ) k. x_ 0 % cAgNPs +NCs (t)
€ Sed,n ( t riverflow,n - 1 % Win-1
AgNPs +NCs (t) Win
Wiln 0
AgNPs +NCs V.
W2.n (1) i w Sedn-1  AgNPs+NCs (1)
AgNPs +NCs ( t) sed - transfer,n - 1 1% Sed,n - 1
Sed,n i Qn= ] Sed,n [

103 Section B. R language programming calculation

104

105

106

107

108

Start

|

Define constants and number
of iterations  count

!

Calculate according to the formula

|

Get initial data Source
Start iteration =1
coefficient matrix A
constant matrix @
unknown matrix result
Solve A *result + Q=10

|

i < count

1 Yes

Substitute the i-th iteration value of Source
into the A and A (inverse matrix of A)

!
i=1
lNO

Yes  First iteration,

assign value to Q1

save the iterative approximate solution -4~ * Q to result
i—i+l  Enter the next iteration

End of iteration
Output result

Figure S1 Model calculation programming flo

Calculate the current Q) according to the previous result and parameters,

w chart

Use R language programming to assist the calculation. The programming flowchart is

shown in Figure S1. According to the relevant calculation formula, the value of the rate

constant of AgNPs life process is shown in Table S5.



109 Table S5 Table for life process rate constant calculation numerical of AgNPs

Parameter Symbol Value Unit

deposition rate constant of AgNPs in flowing water  k(dep.agnps wi) 7.94 x 10710 gl
deposition rate constant of AgNPs in stagnant water  kgep, agNps w2) 6.48 x 10° st
deposition rate constant of NCs in flowing water kidep,NCs. W) 1.10 x 10° ¢!
deposition rate constant of NCs in stagnant water k(gep,Nes,w2) 8.96 x 10° st

heterogeneous aggregation rate constants of AgNPs

k(het) 3.03 x 10° s
and NCs in water
water exchange rate constant between flowing and

k(exch,1-2) 1.00 x 107 s
stagnant water
water exchange rate constant between stagnant and

K(exch2-1) 833 x10° ¢!
flowing water
sediment burial rate constant to deep sediment K burial) 3.65 x 1011 !
sediment resuspension rate constant Kiresusp) 1.22 x 10711 gl
rate constant of horizontal sediment transfer (bed

k(sed-trans,n) 9.61 x 10-10 S-l
load shift) of box n
river flow rate constant of box n Kisiver flow.n) 7.17 x 106 ¢!
110
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