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Supporting Environmental Section

Chemicals

The following chemicals were used: benzene, toluene and ethylbenzene from Riedel-de Haén,
supplied by Sigma Aldrich, Germany, 2,6-dichlorobenzamide (Sigma Aldrich, Germany), s-
metolachlor (Chemos GmbH &Co. KG, Germany), potassium chloride (Sigma Aldrich,

Germany), uranine (Sigma Aldrich, Germany), and sodium hydroxide (Sigma Aldrich, Germany).

Setup of the two-dimensional flow-through sediment tank experiment

The setup of the two-dimensional (2D) flow-through sediment tank experiment (Figure S1) was
adapted from Bauer et al!. The tank was built with two glass sheets fitted into the frame made of
teflon and aluminum and had the dimensions of 0.955 m % 0.185 m x 0.012 m (L x H x W); the
small width of the tank simplified the flow-through system to be two-dimensional. Sixteen inlet
and outlet ports were vertically distributed along the left-hand and the right-hand boundaries of
the tank with a 1 cm vertical distance between each port. Two peristaltic pumps (Ismatec,
Germany) with the same pumping rate (45 + 2 uL/min per port) at the inlet and outlet boundaries
established constant and homogeneous flow conditions within the flow-through tank system.
Pumping rates of the pumps with a maximum standard deviation of 8% were calibrated before the
experiments. The inlet and outlet ports consisted of stainless steel capillaries (1/16 inch, Alltech,
USA) that penetrated the Teflon at the sides of the 2D tank which were connected at the outer side
with Viton pump-tubes (ID: 1.02 mm; Ismatec, Glattbrugg, CH) of the peristaltic pumps. At the
outlet each steel capillary was in addition covered by steel wire gauze inside the tank to prevent
blockage by sands. The tank was sterilized with 12 g/ NaOH solution and rinsed with autoclaved

ultra-pure MQ water before each experiment. Autoclaved sands (diameter 0.8-1.2 mm in the BAM
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and metolachlor experiment, diameter 0.4-0.8mm in the toluene experiment, MKK Mairkische
Kies- und Kalksandsteinwerke GmbH, Germany) were homogeneously wet packed into the tank.
A solution containing the target compounds (BAM 400 mg/L, metolachlor 100 mg/L and toluene
34.2 mg/l) at natural isotopic abundance was introduced through the central inlet port (z = 8 cm)
of the tank, and the medium solution was pumped in through the rest of the inlet ports. Sampling
of BAM and metolachlor were assessed by collecting samples from the 16 outlet ports; sampling
of toluene was carried out with a syringe pump (Ismatec, Germany). Sampling for the isotope
measurements started when steady-state conditions had been established. For BAM and
metolachlor sampling was conducted from day 5 to day 20; for toluene sampling was conducted

from day 5 to day 8.

Sample preparation and solid-phase extraction (SPE)

Samples from tank experiments were frozen at -20 °C immediately after each sampling until
enough sample volume was collected for isotope analysis. For carbon and nitrogen isotope
measurements of BAM and metolachlor samples from diffusion cell experiments (40 mL) and tank
experiments (1 L) were first filtered through 0.2 pM PES filter (Nalgene Thermo Scientific,

Germany) and then were concentrated by SPE.

The SPE method was adapted from Torrent6 et al>. 0.2 g hydrophobic polymer-based sorbent
Bakerbond SDB-1 (J.T. Baker, USA) was self-packed in the 6 mL empty PP SPE cartridge with
PE frit (20 um pore size; Sigma Aldrich, Germany). The SPE steps are illustrated in the figure

below.
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Column Sample Impurities Drying Elution
conditioning loading washing

3 mL Ethyl acetate sample with 2x 3 mL Milid water 120 mins 3 x 1 mL Ethyl acetate
o

BAM
2 x 3 mL Methanol Metolachlor (Elute BAM and

2 x 3 mL MiliQ water * Impurities Metolachlor)
6 __ & & )
[ . 06 6‘

Figure 1 SPE steps

Concentration measurements on HPLC-UV-DAD

BAM and metolachlor concentrations were measured on Prominence HPLC (Shimadzu Corp.,
Japan) with a 75 x 4.6 mm Kinetex 2.6um C18 100 A column and a SecurityGuard ULTRA
cartridge for C18 UHPLC (both from Phenomenex Inc., Golden, CO). The volume of injected
sample was 50 pL. Separation was performed with a binary gradient flow rate of 1 mL/min at 40
°C. The mobile phase A was a 5 mM KH,PO, (pH 7) buffer solution and the mobile phase B was
pure acetonitrile. The initial mobile phase composition was 90% A and 10% B with a 4 min
gradient ending with a composition of 70% A and 30% B, followed by a 4 min gradient ending
with a composition of 22% A and 78% B. This composition was held for 2 min thereafter returning
to the initial conditions in 0.5 min. BAM was detected with UV absorbance at 201 nm, and
metolachlor was detected with UV absorbance at 215 nm. All peaks were quantified by

LabSolutions V 5.71 SP2 (Shimadzu Corp., Japan).

Concentration measurements on GC-MS

The method of concentration measurements of volatile organic compounds on GC-MS was
adapted from Anneser et al.> Concentrations of benzene, toluene and ethylbenzene were measured

on a Trace DSQ GC-MS system (Thermo Electron, Germany) equipped with a Combi PAL
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autosampler (CTC Analytics, Switzerland). A DB-5 analytical column (30 m, 0.25 mm i.d., 0.5
pum film, Agilent Technologies, Germany) with carrier gas He at a flow rate of 1 mL/min was used
for separation. 250 pL gas sample were injected at a split ratio of 1:10 in the headspace
measurement. The oven temperature started at 80 °C, where it was held for 1 min, then increased
to 140 °C at a rate of 15 °C/min, then increased to a final temperature of 220 °C at a rate of 25
°C/min and held for 1.8 min. The MS was operated in the selected ion monitoring mode (SIM).
Internal standards of fluorobenzene and 1,4-dichlorobenzene (EPA 524 internal Standard Mix,

Supelco, Bellefonte, PA) were added to the samples and standards.

Carbon and nitrogen isotope measurements on GC-IRMS

For the carbon and nitrogen isotope measurements, the samples concentrated in ethyl acetate
after SPE were measured on a GC-IRMS system in which a TRACE GC Ultra gas chromatograph
(Thermo Fisher Scientific, Italy) was coupled to a Finnigan MAT 253 isotope ratio mass
spectrometer (IRMS) through a Finnigan GC Combustion III interface (Thermo Fisher Scientific,
Germany). In addition, for carbon isotope measurements of benzene, toluene and ethylbenzene, a
Velocity XPT purge and trap sample concentrator with an AQUATek 70 liquid autosampler
(Teledyne Tekmar) was connected before the gas chromatograph. The IRMS was operated with a
vacuum in the ion source of 2.1 x 10% mbar, an accelerating potential of 9 kV and an emission
energy of 1.5 mA for carbon isotope analysis and 2 mA for nitrogen analysis. A DB-5 analytical
column (30 m, 0.25 mm i.d., 0.5 um film, Agilent Technologies, Germany) was used in the gas
chromatograph for separation. Helium (grade 5.0) was used as the carrier gas. Samples were
injected using a GC Pal autosampler (CTC, Switzerland). For the measurements of high
concentrations of BAM and metolachlor the Thermo injector in the split/split-less injection mode

was used; for the measurements of BAM and metolachlor at low concentrations and the
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measurements of benzene, toluene and ethylbenzene, a programmable injector controlled by an
Optic 3 system with liquid N,-cyofocusing (ATAS GL, distributed by Axel Semrau, Germany)
was used. BAM and metolachlor at low concentrations were measured in the on-column injection
mode in which a Rxi retention gap (fused silica, 3 m x 0.53 mm inner diameter) (RESTEK,
Germany) was connected to a custom made on-column liner, whereas benzene, toluene and

ethylbenzene were measured after purge and trap by cryofocusing in a split injection liner.

Vienna PeeDee Belemnite (V-PDB) and Air-N, were applied to determine the carbon isotope
values 0'3C [%o] and nitrogen isotope values 6'°N [%o] of the samples. The carbon and nitrogen
isotope values 0!3C and 6'°N of the samples were calculated in relation to a lab reference gas (CO,
and N,, respectively) which was measured against V-PDB and air in the beginning and the end of
each run by using international reference materials (provided by IAEA), e.g. the CO, gases RM

8562, RM8563 for CO,, and RM 8564 and NSVEC (N,) for N,.

For the measurements of BAM and metolachlor in the split/split-less injection mode, the GC
method for BAM and metolachlor started at 80 °C, and then increased to a final temperature of
280 °C at a ramp rate of 15 °C/min, after which the temperature was held for 7 min. A constant
flow rate of 1.4 mL/min was maintained during the measurement. The method of on-column
injection was adapted from Ehrl et al.* The GC oven started at 35 °C, was held for 30 s, and then
increased to 80 °C at a ramp rate of 5 °C/min to allow a complete solvent evaporation and
compound transfer from the retention gap to the analytical column. Then the temperature increased
from 80 °C to 280 °C at a ramp rate of 15 °C/min. The method in the Optic 3 started at an initial
temperature of 40 °C, which was held for 300 s and then increased to 250 °C at a ramp rate of 2

°C/s. The column flow rate started from 0.3 mL/min, which was held for 120 s and then increased
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to 1.4 mL/min within 2 min. Thus, a stable flow rate of 1.4 mL/min was established before the GC

temperature program started.

The method for carbon isotope analysis of benzene, toluene and ethylbenzene on the GC-IRMS
was adapted from Qiu et al.> The GC oven temperature started at 50 °C, was held for 120 s, and
was then increased to 150 °C at a ramp rate of 10 °C/min, where it was held for Imin. Then the
temperature increased with a second ramp rate of 100 °C/min to 250 °C, where it was held for 13
min. The method in the Optic 3 started at an initial temperature -80 °C, where it was held for 10 s,
then it was increased to 250 °C at a ramp rate of 10 °C/s. The flow rate was kept constant at 1.4

mL/min.

Tracer test with uranine

To determine the properties of the flow system and to validate the numerical simulation of solute
transport, we conducted tracer tests with uranine before the transport experiments. For the tracer
test before the experiment with BAM and metolachlor, a 30 pg/LL uranine solution was
continuously injected into the middle inlet port (z = 8 cm) of the tank, at a constant pumping rate
of 45 £ 2 uL/min/port. For the tracer test before the experiment with toluene, the pumping rate
was 44 £+ 2 uL/min/port. The concentration of uranine was measured at the outlets. Figure 2 shows
the vertical distribution curve and the breakthrough curve of the measured outlet-to-inlet
concentration ratio of uranine C,./Cj,. The measured results were fitted by the numerical
simulation. The determined seepage velocity, and longitudinal and transverse dispersivity can be

found in the Table .
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Figure 2 Tracer test results for the continuous injection of uranine before the flow-through tank

experiments with (a)-(b) BAM and s-metolachlor, and (c)-(d) with toluene: (a), (c) vertical

concentration distribution along the outlet profile; (b), (d) breakthrough of uranine at the central

outlet port located atz= 8 cm .

S9



Supporting Figures

BAM and metolachlor sampling
in experimental set 1
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Syringe pump for toluene sampling in experimental set 2

Figure S1 Setup of the two-dimensional flow-through sediment tank experiment
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Figure S2 Concentration change with increasing duration in the diffusion cell experiments of (a)

BAM and metolachlor (MET) and (b) benzene, toluene and ethylbenzene
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Figure S3 Dependence of 48 induced by transverse dispersion on the f-value and the ratio between
molecular mass of heavy to light isotopologues My /M. A6 was the maximum isotope fractionation
at the lowest concentration site along the vertical outlet profile of the tank system. Panel (a, b):
simulations for a test range of f = (0.01- 0.5) and My/M, = (1.001-1.099) by using classical
equation and Chiogna et al. equation, respectively; panel (¢, d): simulations for organic compounds
at natural isotopic abundance for a test range of f = (0.01-0.09) and My/M,, = (1.004—1.063) by
using classical equation and Chiogna et al. equation, respectively. The lightest regions in the
contour plots represent absolute A5-values smaller than 1%.. The initial isotope ratio '3C/!?C was

arbitrarily set to be 0.0108.
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Figure S4. Simulated isotope fractionations A§*3C or AS?>N induced by transverse dispersion at
different outlet-to-inlet concentration ratios Cgyypet/Cinlet Using different f-values and e-values.
Solid lines: with classical linear parameterization of transverse dispersion; dashed lines: with
nonlinear parameterization by Chiogna et al.; dotted-dashed lines: nonlinear parameterization by
Chiogna et al. with € = -0.1 and -0.4%.. We used light and heavy isotopologues of BAM (My =
190.02 Da, M} = 191.02 Da) as the target compounds, with D;= 6.08 x 101 m?/s. Both dispersion
scenarios with the transverse dispersion coefficient D, =1.5 x 10 m?/s. Gray zone represents the
+1%o tolerated standard deviation of the original standard isotope value. Red zone represents the

isotope fractionation range predicted by using Chiogna et al. equation with £ =-0.1 and -0.4%eo.
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Supporting Tables

Table S1 Initial and final concentrations and calculated remaining fraction and diffusion

coefficient of each compound in each diffusion cell experiment running for a different time period

Compound C(0) C(r) f t o Daq[m?/s] Daq' Daqpean STDEV Daq¢
[mg/l] [mg/L] [] [day] [m?] [m?/s] [m?%/s] [m?/s] [m?/s]
Benzene 4847 2601 05366  4.27 1053 1.60x10°
Benzene 4847 2522 0.5204 4.7 1053 1.68x10°0  1.58x107
Benzene 4847  27.64 05703 427 1053 1.45x10° L12x10°  316x10°0  (940-11.60) x 1070
Benzene 19522 3591 0.1839 1792 1053 1.04x10°  1.04x10?
Benzene 488.97 047 0.0010 75.08 1053  1.02x10°  1.02x10°
Benzene 488.97 041 0.0008 10413 927  8.48x101°  8.48x100
Toluene 18.87  9.88 05237 427 1053 1.66x10°
Toluene 18.87  9.25 04903 4.27 1053 1.83x100  1.67x107
Toluene 18.87 1050  0.5566  4.27 1053 1.51x10° LO6X10°  415K10°0  (8.34-9.70) x 1079
Toluene 4199 954 02272 1792 1053 9.09x10°0  9.09x10"°
Toluene 13581 029  0.0021 75.08 1053 9.00x10°0  9.00x10-1°
Toluene 13581 026 0.0019  104.13 927  7.49x1070  7.49x10?
Ethylbenzene  5.76 2.91 0.5056  4.27 1053 1.76x10°1°
Ethylbenzene  5.76 2.75 04778 427 1053 1.90x100  1.74x107
Ethylbenzene  5.76 3.2 05421 4.27 1053 1.58x101° LOMI00  475KI00  (7.85-9.20) x 1079
Ethylbenzene 1279 2.89 02256 17.92 1053 9.13x10°  9.13x10-10
Ethylbenzene  50.85  0.17  0.0034  75.08 1053  8.33x10-°  8.33x10-10
Ethylbenzene  50.85  0.16  0.0032  104.13 927  6.90x10°  6.90x10"
BAM 360.65 29117 0.8074 397 886 7.05x1071°
BAM 360.65  298.92  0.8288  3.97 927 591x1010  6.62x107
BAM 360.65  281.33  0.7801  3.97 1053 6.88x101°
BAM 360.65  266.87 0.7400 600 886 6.56x10M0 oo
BAM 360.65 24871 0.6896  6.00 1053 6.81x1071°
BAM 360.65 21845  0.6057  9.90 886  6.62x10710 6.08x1070  5.08¢1011 432 x 1010
BAM 360.65  222.87  0.6180 9.90 927  6.08x1070  6.48x107
BAM 360.65 19629  0.5443  9.90 1053 6.76x10710
BAM 360.65  89.36 02478 27.02 1053 5.68x100  5.68x101°
BAM 360.65 5898 0.1636 4026 886  5.88x100  5.88x1010
BAM 360.65  27.87  0.0773 5938 927  539x100  5.39x1010
BAM 360.65  0.03  0.0001  104.00 1773 5.86x100  5.86x10°
Metolachlor 9337 78.14  0.8369 397 886 5.87x101°
Metolachlor 9337 7891  0.8451 397 927  530x10l0  5.70x107°
Metolachlor 9337 7535 0.8070  3.97 1053 5.94x1010 5.02x10%  5.64x10""  (4.82-5.16) x 10717
Metolachlor 9337 72.92 07809 6.00 886  539x10% . o,
Metolachlor 9337 67.91 07273 6.00 1053 5.83x10-1°
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Metolachlor 9337 6193 0.6633  9.90 886  5.42x1070

Metolachlor 9337 62.99  0.6746 9.90 927 4.97xl¢l0  5.36x107
Metolachlor 9337 5593 05990 9.90 1053 5.69x100

Metolachlor 9337 29.06 03113 27.02 1053 4.75x10°  4.75x1010
Metolachlor 9337 21.36  0.2288  40.26 886 4.79x10°  4.79x1010
Metolachlor 9337 131 0.1404  59.38 927 4.13x10°  4.13x1010
Metolachlor 9337 0.05  0.0005  104.00 1773 4.77x1070  4.77x10-10

Table S2 Estimation of the characteristic factor ¢ of each diffusion cell, with CI- as test solute”

No.cell C(0)[g/L] C®)[g/L] f[-] time[h] o[cm?] Ope[m?] STDEV [m?]
new 1 3.52 3.07 087 22 0.08812 oo 65

new 1 4.42 3.29 074 47 0.08903

new 2 4.42 3.12 071 47 010503 <, 43

new 2 3.84 1.92 0.50 93 0.10563

new 3 3.52 3.04 0.86 22 0.09444 )53

new 3 4.42 3.27 0.74 47 0.09087

new' 4 3.48 1.25 0.36 75.2 019305 ... -
new' 4 3.35 1.59 048 65.3 0.16158

* Test experiments were conducted with 0.1 mol/L KCI solution. Dyq.cr = 1.96 x 10 m?%/s

Table S3 Measured D,q of benzene, toluene, ethylbenzene, BAM and metolachlor

Compound D,g-measured [m?/s]  Daq-from literature [m?/s]
Benzene 11.2+3.2x 1010 (9.40-11.60) x 10-10©9)
Toluene 10.6 £4.2 x 101 (8.34-9.70) x 10°10 (6-3)
Ethylbenzene 10.4 +4.8 x 1010 (7.85-9.20) x 10°1079
BAM 6.08 £0.51 x 10710 4.32 x 1010 (10)
Metolachlor ~ 5.02+0.56 x 101 (4.82-5.16) x 1010 - 1)

*Uncertainties express standard deviations.
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Table S4 Parameters for transport modeling

Symbol Parameter Values Unit References
Transport parameters

V(BAM, MET) seepage velocity 1.25 [ms!] experimental

Vi(toluene) seepage velocity 1.16 [ms'] experimental
desseammery  effective grain size for classical equation 0.001 [m] fitted

dessaM)-Chiogna  €ffective grain size for Chiogna et al. equation 0.0025 [m] fitted

efftoluene) effective grain size for classical equation 0.0005 [m] fitted

D Bam, MET) porosity 0.450 [-] experimental

D oluenc) porosity 0.434 [-] experimental

OUBAM, MET) longitudinal dispersivity 6x10 [m] fitted

Olf(toluene) longitudinal dispersivity 2x104 [m] fitted

Ol(BAM, MET) transverse dispersivity 1.9x10+# [m] o, = dee*x 3/16
O(toluene) transverse dispersivity 9.4x10°  [m] o = dege < 3/16
D,BaM diffusion coefficient of BAM 6.08x10°1% [m?s] diffusion experiment
D, MET diffusion coefficient of metolachlor 5.02x10°1 [m?s!] diffusion experiment
D, gotuene diffusion coefficient of toluene 1.06x10° [m?s'] diffusion experiment
DBAM Transverse dispersion coefficient of BAM 2.99x10° [m?s!] Di=a, v+ Dy®
DMET Transverse dispersion coefficient of metolachlor  2.94x10° [m?s] Di=0,v+ D,®

D, Toluene Transverse dispersion coefficient of toluene 1.72x10° [m2s1] Di=a, v+ D,
Inflow concentrations

C;,BAM Inlet concentration of BAM 400 [mg L] experimental

C;,MET Inlet concentration of metolachlor 100 [mg L] experimental

C;, Toluene Inlet concentration of toluene 34.2 [mg L] experimental

Table S5 Summary of diffusion-induced isotope fractionation e4;¢r and exponents of an assumed

power law mass dependency of labelled organic compounds, noble gases and ions from literature.

Species Heavy to light isotopes Dy/Dy, &gitr [%0] pI-]** References
isotopologues

Labeled organic compounds

Isopropyl alcohol C;D,HO/C;H0 0.993+0.006* -7+6° 0.06:+0.05° LaBolle et al., 20082

tert-Butyl alcohol C,DyHO/C4H,,0 0.997+0.0022 -3420 0.023+0.023° LaBolle et al., 20082

benzene C¢Dy/CsHs 1.019+0.0022 19420 -0.247+0.026° Rolle and Jin, 2017¢
1.000+0.005¢ 0+£5¢ 0.0+0.1° Kopinke et al., 2020"3
1.00+0.01¢ 0+10¢ 0.0+0.1° Kopinke et al., 201814*
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Noble gases
He

Ne

Ar

Xe

Tons

Li

Mg

Ca
Fe

Zn

CeD12/CeHiz
C;Dy/C;Hg

C;DsH5/C;Hg
CsDio/CsHio

“He/*He
ZZNCZONe
ZBNeZONe

YOAr/3Ar
OAr/3Ar

YOAT/*°Ar
84K r/%2Kr
84K r/%2Kr
80K r/$2Kr
MK /Ky
80K /%K
132Xe/12Xe
136Xe/129Xe
132Xe/B31Xe
136Xe/132Xe
134Xe/132Xe

"Li/°Li

TLi/°Li
TLi/°Li
24Na/22Na
3Mg/*Mg
41K/39K
4440
S6Fe/>*Fe

6671/647n

137Ba/134Ba

31C125CL
S1C125CL

81Br/”Br

1.00+£0.01¢
0.962+0.0022
0.963+0.0022
1.00+0.01¢
1.00+0.01¢
1.00+0.01¢
0.960+0.022

0.87+0.03¢
0.990+0.0032
0.9931+0.0008¢

0.948+0.0042
0.9961+0.0003¢

0.9963+0.0003*
0.9995+0.0023¢
0.9995¢
0.9986¢
0.998+0.010¢
0.9965+0.0052¢
1.0015+0.0025¢
0.9990¢
0.9997+0.0012¢
0.9993+0.0020¢
1.0014+0.0018¢

0.9965¢

0.99772+0.00013"
0.989+0.002"
0.998+0.0022
1.00003+0.00003"
0.9979¢

0.9997¢
0.99991+0.000021

0.9999+0.00001"

0.99978¢

0.99857+0.0004"
0.99836+0.00020?

0.99920+0.000172

0£10¢
-38+22
-37+28
0+10¢
0+10¢
0+10¢
-40+£22

-130+30¢
-10+£32
-6.9£0.8¢

-52+42
-3.90+0.3¢

-3.69+0.25*
-0.50+0.23¢
-0.50¢
-1.408
-2+10¢
-3.50+0.52¢
1.5£2.5¢
-1.00¢
-0.3£1.2¢
-0.7£2.0¢
1.40+1.8¢

-3.5¢

-2.28+0.13f
-1142f
-240a
0.03+0.03f
-2.108
-0.43¢
-0.09+0.02!

-0.06+0.01

-0.22¢

-1.43+0.041
-1.64+0.20*

-0.80+0.172

0.0£0.1°
0.46+0.022
0.455+0.0232
0.0+0.1°
0.0+0.1°
0.0+0.1°
0.455+0.0272

0.486+0.012>
0.104+0.032>
0.073+0.008"

0.508+0.040°
0.037+0.003°

0.035+0.002°
0.021+0.050°
0.021¢

0.029¢
0.200+0.423"
0.149+0.111°
-0.065+0.056°
0.019¢
0.039+0.079>
0.023+0.035"
-0.093+0.060°

0.023¢

0.015+0.001"
0.071+0.010°
0.023+0.020°
0.0007+0.0007°
0.042+0.002i
0.0045+0.0005
0.0024+0.0001°

0.0019+0.0000°

0.010+0.002"

0.025+0.007°
0.030+0.004°

0.032+0.007°

Kopinke et al., 2018!4*
Rolle and Jin, 2017 ¢
Jin et al., 2014°
Kopinke et al., 20184*
Kopinke et al., 20203
Kopinke et al., 20184*
Jin et al., 2014°

Jahne et al., 198713
Tyroller et al., 20181

Tempest and Emerson,
201317
Tyroller et al., 20148

Tempest and Emerson,
201317*

Seltzer et al., 20191%*
Tyroller et al., 20186
Seltzer et al., 201919*
Seltzer et al., 201919%*
Tyroller et al., 2018'®
Tyroller et al., 2018'®
Tyroller et al., 2018'®
Seltzer et al., 201919%*
Tyroller et al., 2018'¢
Tyroller et al., 201816
Tyroller et al., 2018'¢

Kunze and Fuoss,
196220

Richter et al., 2006%!
Fritz, 199222

Pikal, 1972%
Richter et al., 2006%!
Bourg et al., 2010%*
Bourg et al., 2010

Rodushkin et al.,
20042

Rodushkin et al.,
20042
Van Zuilen et al.,
20162

Richter et al., 20062!
Eggenkamp and
Coleman, 200927

Eggenkamp and
Coleman, 2009.%7
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2 Published or calculated standard deviation based on the data in literature, ® B uncertainty calculated according to Gauss’ error propagation
law by including the uncertainty of Dy/Dy, © published system uncertainty, ¢ unclear uncertainty, © standard deviation recalculated based on
published standard error, f standard deviation recalculated from reported 2 times standard deviation, & uncertainty not available, " estimated
uncertainty range, ' standard deviation of isotope ratio measurements, i uncertainty from linear regression.*Studies on mass transfer of species

between two phases (water/gas phase!” 1° or water/n-octane phase!4).** B values were either the published values or recalculated based on eq
2.
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