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S1: Preparation of BGE and SL, Capillary coating and recoating procedures

CE background electrolyte (BGE) stock solution was prepared from ammonium acetate
(100 mM solution) adjusted to pH 9.7 with ammonia solution. The stock solution was
prepared in metal-free 50 mL centrifuge tubes, sealed and stored at 4 °C in a refrigerator.
The BGE was prepared freshly every day by diluting the refrigerated stock solution with
ultrapure water. The sheath liquid (SL) was prepared freshly every other day by diluting
50 yL ammonia solution (10%, by mass) and 5 mL 2-propanol with ultrapure water to a final
volume of 50 mL. The final ammonia concentration was 0.01% (by mass) and the final

concentration of 2-propanol was 10% (by volume).

The SMIL (successive multiple ionic polymer layers) coating consisted of one layer of
dextran sulfate (DS) sandwiched between two layers of polybrene (PB). The coating
procedure was conducted using the CE instrument only and cooling the capillary cassette
down to 15 °C because higher temperatures were found to result in weaker performance of
the coating. During the flushing steps, a pressure of 1000 mbar was applied at the capillary
inlet. To remove impurities and to activate the silanol groups, the capillary was flushed with
methanol (10 min), 1 mol/L HCI (10 min), 1 mol/L NaOH (25 min), 0.1 mol/L NaOH (25 min)
and ultrapure water (10 min). Subsequently, the first layer of PB was produced flushing an
aqueous solution of 5% PB (by mass) through the capillary for 30 minutes. To stabilize the
layer, this was followed by a waiting step (15 min) loading vials with BGE as inlet and outlet
to avoid clogging. Afterwards, the coating solution was flushed out with ultrapure water
(5 min). This was repeated for the DS layer using a solution of 3% DS (by mass) in ultrapure
water and for the second PB layer. Finally, the capillary was flushed with BGE (25 min), and
the coating was conditioned by applying a high voltage of -30 kV for 20 minutes. After
checking for a stable current, the capillary was flushed again with BGE (15 min) and then
installed into the CE-MS sprayer. The produced coating was stable for a few days of non-
stop measurements, but to get reproducible results, a recoating procedure was conducted
before each sequence of measurements. For the recoating, the capillary was successively
flushed with 0.1 mol/L NaOH (10 min), BGE (10 min), 1% PB (by mass) (20 min) and again
BGE (10 min), followed by a high voltage conditioning at -30 kV (10 min). After another flush

with BGE (5 min), the coating was ready for use.
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S2: Preparation of IRMs, ICP-S and river water samples

The Ag.S reference materials (IAEA-S-1, -S-2, -S-3) were digested following a procedure
modified from Das et al. [1]. Each standard was separately weighed (~10 mg) into a clean
PFA vial, 5 mL of concentrated HNO; (purified by sub-boiling distillation) was added and the
vial was left open on a 70 °C hot plate overnight. When dry, 3 mL of concentrated HNO; and
2 mL of 50% (by volume) concentrated HCI (purified by sub-boiling distillation) was added
and the solution was taken to dryness on a 70 °C hot plate overnight. The dry residue was
taken up in 0.03 mol/L HNO; and purified using an anion exchange resin (AG1-X8, 200-400
mesh, Bio-Rad) following a procedure modified from Han et al. [2]. Before use, the resin was
subjected to a pre-cleaning in bulk with the following procedure, executed twice: leaching
with 6 mol/L HCI for a day, decanting the solution, rinsing with ultrapure water. For the anion
exchange column purification, 1 mL of the pre-cleaned resin was loaded into 2 mL PP+PE
columns (Triskem International, Bruz, France) and converted to nitrate form by passing
through 10 mL of 3 mol/L HNOs. The resin was conditioned with 20 mL of 0.03 mol/L HNO;
before 1 mL of sample solution was loaded. Matrix elements were then removed by washing
the resin with 10 mL of 0.03 mol/L HNO3; and S was eluted with 5 mL of 0.3 mol/L HNO;. The
typical recovery after digestion of the IAEA standards was >96% and the recovery after
separation was >93%. Purified IAEA solutions could be run directly for the bulk MC-ICP-MS
measurements, but for CE/MC-ICP-MS measurements aliquots of these reference materials

were dried in clean PFA vials and taken up in ultrapure water before analysis.

The same purification protocol as for the reference materials was applied for the river water

samples prior to bulk MC-ICP-MS measurement.
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S3: Data evaluation

For data evaluation, three different methods for calculation of the &-values from the raw peak
signals were compared. The point-by-point (PBP) method uses an average of the raw

isotope ratios for every single data point throughout the electrophoretic peak:

z 348/328 .
(348/328)PBP= (—)I

(**S/*?S)pgp is the raw isotope ratio of a peak evaluated by the PBP method, (**S/**S); the raw
isotope ratio for one data point of the peak and n the number of data points constituting the
peak.

For the peak area integration (PAI) method, the electrophoretic peak areas are first
calculated for both isotopes and then ratioed:

34
(348/328)PA| = ;ET:;:
(**S/*?S)p is the raw isotope ratio of a peak evaluated by the PAI method, and (**S), and
(*2S); are the intensities for one data point of the peaks for **S and *S, respectively.

Both these methods require a background correction, which is done for each isotope by
averaging the background before and after the peak and subtracting this average from the
data points within the peak:

)8

i,uncorr m

(**S); is the background-corrected **S intensity for one data point of a peak, (**S)uncorr the
uncorrected **S intensity for one data point of a peak, (**S)u, the *S intensity for one data
point of the background, and m the number of data points considered for the background
evaluation.

Because the electrophoretic peaks are not completely symmetrical and different species may
have differing peak shapes, the entire peak was used for calculating the raw isotope ratios by
PAIl and PBP.

The linear regression slope (LRS) method can be used without background correction. It is
based on a two-isotope plot of all data points starting with the background before the
electrophoretic peak and ending with the background after the peak. The isotope ratio is then
represented by the slope of the best-fitting straight line (linear regression) through all data
points. The slope was calculated by using the LINEST function of Microsoft Excel software.
The 3*S value can be calculated directly from the raw isotope ratio results using the

following equation:

(348/328 )sample % ((634S)IAEA-S-1

5%s = +1>-1]x1000
sample (348/328)IAEA-S-1 1000

S-5



with (**S/*?S)aeass as the average of the raw isotope ratios of the corresponding
electrophoretic peaks for the standard and normalization to the VCDT scale by including the

5**S value of IAEA-S-1, which is an assigned value bearing no uncertainty by definition.
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Table S1 River water samples

Coordinates Sulfate
Sample Location River km concentration
Latitude Longitude (mglL)
Rhi  Koblenz Rhine  590.3 50°20'58.5"N 7°3559.5"E  15.8 +0.3
(GER)
Tel Berlin Teltow 36 52°25'31.5°N 13°3230.9°E  612+15
(GER) Canal ’ : e
Dah  DBerlin Dahme 34 52°26'38.1"N 13°34'32.3°E  67.9+2.5
OLR) . . 9+2.
Berlin .. oA » o ”
Mut SR Miggelspree 1 52°2646.1'N 13'35048'E  65.2%0.2
Berlin Muiggelspree on@? ” 0ng! ”
Mz 52°26'39.8"N  13°25'04.9°E  63.1+0.2
Sch %‘Ee[‘)t Scheldt | 51°0243.0°N 03°44'38.7°E 352+ 1.4
Ghent onA ”» oA 4> ”
Lys BEL) Lys | 51°02'19.5°N 03°41'25.0°E 327 +1.3




analysis

Table S2 Optimized operating conditions for CE/MC-ICP-MS species-specific isotopic

Parameter

Value

MC-ICP-MS parameters
Instrument

RF power (W)

Sampling cone

Skimmer cone

Resolution

Auxiliary gas flow rate (L/min)
Sample gas flow rate (L/min)
Faraday cup configuration
Data acquisition

CE parameters

Instrument

Capillary

Capillary coating

Background electrolyte (BGE)
Cassette temperature (°C)
Injection

Voltage (kV)

Internal pressure (mbar)
Postconditioning

Neptune Plus (Thermo Scientific)

1200

Jet (Ni)

X-skimmer (Ni)

Medium (~4,000) / High (~10,000)

0.8

0.15-0.35

H1 (**S), H4 (**S)

0.131 s integration, 1 Block, 1-6000 cycles

Agilent 7100 CE

75 ymi.d., 100 cm length, fused silica
PB-DS-PB SMIL

40 mmol/L NH4Ac, adjusted to pH 9.7 (NH3(aq))
15

50 mbar, 80 s (347 nL)?

-20

15

3 min Flush BGE

CE/MC-ICP-MS interface parameters

Nebulizer
Spray chamber
Nebulizer gas pressure (psi)

Sheath liquid (SL)

Sheath liquid flow rate (uL/min)

Burgener Mira Mist CE

8 mL Quartz, drainless with make-up gas

85 (external)

0.01% (by mass) NH,OH, 10% (by volume) 2-
propanol in ultrapure water, pH 10

10

% injection volume calculated with zeecalc [3].



Table S3 Operating conditions for CE/ICP-SFMS quantitative speciation analysis

Parameter Value
ICP-SFMS parameters
Instrument Element 2 (Thermo Scientific)
RF power (W) 1250
Auxiliary gas flow rate (L/min)  1.15
Additional gas 1 flow rate 0.300
(L/min)
Nuclides monitored 25, %3
Resolution Medium (~4,000)
Sample time (s) 0.002
CE parameters
Instrument Agilent 7100 CE
Capillary 75 ymi.d., 60 cm length, fused silica
Capillary coating PB-DS-PB SMIL
Background electrolyte (BGE) 20 mmol/L NH,Ac, pH 9.7
Cassette temperature (°C) 20
Injection 50 mbar, 20 s (145 nL)?
Voltage (kV) -20
Internal pressure (mbar) 15
Postconditioning 1 min Flush BGE
CE/MC-ICP-MS interface parameters
Nebulizer Burgener Mira Mist CE
Spray chamber 8 mL Quartz, total consumption with make-up gas
Nebulizer gas pressure (psi) 85 (external)
Sheath liquid (SL) 0.01% (by mass) NH,OH, 10% (by volume) 2-

propanol in ultrapure water, pH 10
Sheath liquid flow rate (uL/min) 10

% injection volume calculated with zeecalc [3].



Table S4 Operating conditions for MC-ICP-MS bulk isotopic analysis

Parameter Value
MC-ICP-MS parameters
Instrument Neptune Plus (Thermo Scientific)

RF power (W)

Sampling cone

Skimmer cone

Resolution

Auxiliary gas flow rate (L/min)
Sample gas flow rate (L/min)
Faraday cup configuration
Data acquisition

1200

Standard (Ni)

H-skimmer (Ni)

Medium (~4,000)

0.8

0.8-0.9

H1 (*S), H4 (**S)

0.262 s integration, 9 Blocks, 5 cycles

Membrane desolvation system parameters

Desolvator
Nebulizer
Sweep gas flow rate (L/min)

N, additional gas flow rate
(mL/min)

Sample uptake rate (ug/min)
Spray chamber temperature
(°C)

Desolvator temperature (°C)

Aridus Il (Cetac Technologies)
PFA 100 (ESI)

9-10.5

0

100
110

160
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Table S5 Injection protocol for standard sample bracketing in CE/MC-ICP-MS (river water
samples)

No. Inlet-Vial Time (s) Pressure (mbar) Voltage (kV)

1 H,O 5 50

2 Standard 80 50

3 BGE 5 50

4 BGE 90 0 -20
5 H,O 5 50

6 Sample 80 50

7 BGE 5 50

8 BGE 140 -20
9 H,O 5 50
10 Standard 100 50
11 BGE 5 50

Table S6 Injection protocol for sample-standard bracketing in CE/MC-ICP-MS (PSA sample)

No. Inlet-Vial Time (s) Pressure (mbar) Voltage (kV)

1 H,O 5 50

2 Standard 80 50

3 BGE 5 50

4 BGE 60 0 -20
5 H,O 5 50

6 Sample 80 50

7 BGE 5 50

8 BGE 230 -20
9 H,O 5 50
10 Standard 100 50
11 BGE 5 50

Table S7 Injection protocol for sample-standard bracketing in CE/MC-ICP-MS (mixed PSA
and sulfate sample)

No. Inlet-Vial Time (s) Pressure (mbar) Voltage (kV)

1 H,O 5 50

2 Standard 80 50

3 BGE 5 50

4 BGE 120 0 -20
5 H,O 5 50

6 Sample 80 50

7 BGE 5 50

8 BGE 320 -20
9 H,O 5 50
10 Standard 80 50
11 BGE 5 50
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