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  Table S1: Hg concentrations and Hg isotopes of bulk soil samples from cores K2 and K3

sample depth Hg δ202Hg 2SD ∆199Hg 2SD ∆200Hg 2SD ∆201Hg 2SD ∆204Hg 2SD
name [m] [µg kg-1] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰]
K2-1 0.2 34049
K2-2 0.4 14432
K2-3 0.6 3643
K2-4 0.8 201538 -0.22 0.06 -0.01 0.08 0.09 0.15 -0.02 0.04 -0.01 0.04
K2-5 1.9 42647 -0.14 0.06 -0.17 0.08 -0.12 0.15 -0.07 0.04 0.06 0.04
K2-6 2.1 528164 -0.36 0.06 -0.23 0.08 0.13 0.15 -0.10 0.04 0.06 0.04
K2-7 2.3 798542 -0.38 0.06 0.00 0.08 0.10 0.15 -0.05 0.04 0.00 0.04
K2-8 2.5 801531 -0.43 0.06 -0.02 0.08 0.00 0.15 -0.05 0.04 0.00 0.04
K2-9 2.7 191127 -0.29 0.06 -0.07 0.08 0.06 0.15 -0.05 0.04 -0.01 0.04

K2-10 2.9 20750 0.07 0.06 -0.10 0.08 0.21 0.15 -0.08 0.04 -0.03 0.04
K2-11 3.1 108335 -0.33 0.06 -0.02 0.08 -0.03 0.15 -0.07 0.04 0.02 0.04
K2-12 3.3 8114 -0.25 0.06 0.02 0.08 0.04 0.15 -0.05 0.04 0.01 0.04
K2-13 3.5 72945
K2-14 3.7 6743
K2-15 3.9 8952
K2-16 4.1 4463
K2-17 4.3 7420
K3-1 0.2 2255
K3-2 0.4 99633 -0.06 0.06 0.01 0.08 0.02 0.15 -0.01 0.04 -0.01 0.04
K3-3 0.6 99583 0.08 0.06 -0.10 0.08 -0.04 0.15 -0.04 0.04 0.01 0.04
K3-4 0.8 8903 -0.03 0.06 -0.02 0.08 -0.02 0.15 -0.01 0.04 0.02 0.04
K3-5 1.5 19644 -0.12 0.06 -0.02 0.08 0.02 0.15 -0.01 0.04 -0.01 0.04
K3-6 1.7 1544
K3-7 1.9 583
K3-8 2.1 75
K3-9 2.3 88

K3-10 2.5 2804
K3-11 2.7 2905
K3-12 2.9 76
K3-13 3.1 64
K3-14 3.3 170

Depth indicates midpoints of 20 cm core sections
Hg concentrations refer to dry mass of soil after determination of the water content on a separate aliquot.
Analytical precision of Hg concentration analysis was ±2.7 % (RSD, n=45) based on standard replicates.
2SD values for Hg isotopes refer to reproducibility of the ETH Fluka standard during measurement session.
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Table S2: Hg concentrations and relative Hg fractions of sequential extraction protocol (SEP)

sample depth  bulk Hg F1: Hg f(F1) F2: Hg f(F2) F3: Hg f(F3) F4: Hg f(F4) SEP sum
name [m] [µg kg-1] [µg kg-1] [‰] [µg kg-1] [‰] [µg kg-1] [‰] [µg kg-1] [‰] [µg kg-1]
K2-5 1.9 42647 730 1.97 3973 10.7 3158 8.52 29188 78.8 37049

K2-6 2.1 528164 3751 2.09 38941 21.7 50268 28.0 86572 48.2 179532

K2-7 2.3 798542 16460 1.73 158497 16.7 447864 47.1 327102 34.4 949924

K2-8-1 2.5 801531 17020 2.13 130453 16.3 313144 39.1 339586 42.4 800202

K2-8-2 2.5 801531 22260 3.21 132848 19.2 270905 39.1 266857 38.5 692869

K2-8-3 2.5 801531 18544 2.35 132971 16.8 320706 40.6 317665 40.2 789886

K2-8-4 2.5 801531 17223 133182 300596

K2-8-5 2.5 801531 20420 174521

K2-8-6 2.5 801531 19200

K2-9 2.7 191127 456 0.22 26701 13.0 34164 16.6 144666 70.2 205988

K2-10 2.9 20750 1237 4.08 342 1.13 2039 6.73 26691 88.1 30309

K2-11 3.1 108335 202 3.35 156 2.59 275 4.58 5380 89.5 6013

K2-12 3.3 8114 168 3.06 70 1.28 325 5.93 4917 89.7 5480

K3-2 0.4 99633 1875 2.61 1325 1.85 6854 9.55 61689 86.0 71743

K3-3-1 0.6 99583 811 1.03 136 0.17 6703 8.51 71156 90.3 78807

K3-3-2 0.6 99583 567 0.88 43 0.07 5442 8.42 58559 90.6 64611

K3-3-3 0.6 99583 845 1.20 35 0.05 5932 8.39 63903 90.4 70715

K3-3-4 0.6 99583 718 30 5663

K3-3-5 0.6 99583 540 38

K3-3-6 0.6 99583 356

K3-4 0.8 8903 312 2.73 356 3.11 2337 20.4 8427 73.7 11431

K3-5 1.5 19644 328 1.82 43 0.24 7964 44.1 9720 53.8 18055

NIST-2711-1 6250 56 0.97 11 0.20 221 3.83 5484 95.0 5773

NIST-2711-2 6250 41 0.72 13 0.23 165 2.89 5497 96.2 5717
f(Fx) refers to the fraction of total Hg in extract x relative to the sum of all extracts (x = F1, F2, F3, F4)
K2-8-y and K3-3-y (y = 1, 2, 3, 4, 5, 6) refer to replicate extracts of the same soil sample, with 4 to 6 being partial extracts 
NIST-2711-1 and NIST-2711-2 refer to replicate extracts of the NIST standard reference material 2711 (Montana Soil)
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Table S3: Hg isotope data of sequential extraction protocol (SEP)
sample SEP fraction n δ202Hg 2SD ∆199Hg 2SD ∆200Hg 2SD ∆201Hg 2SD ∆204Hg 2SD
name fraction Hg [%] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰]
K2-5 F1 1.97 3 -0.34 0.06 -0.04 0.01 0.03 0.07 -0.06 0.04 0.00 0.06

F2 10.7 1 0.15 0.11 -0.10 0.05 -0.03 0.13 -0.09 0.05 0.05 0.08
F3 8.52 1 0.21 0.11 -0.06 0.05 -0.11 0.13 -0.10 0.05 0.02 0.08
F4 78.8 2 -0.22 0.08 -0.07 0.06 -0.05 0.11 -0.06 0.06 -0.02 0.14

calc. bulk 100 -0.15 -0.07 -0.05 -0.07 -0.01
meas. bulk -0.14 0.06 -0.17 0.08 -0.12 0.15 -0.07 0.04 0.06 0.04

K2-6 F1 2.09 1 -0.47 0.09 -0.03 0.04 -0.01 0.15 -0.03 0.06 0.01 0.06
F2 21.7 1 -0.15 0.09 -0.09 0.04 -0.03 0.15 -0.07 0.06 0.02 0.06
F3 28.0 1 -0.19 0.09 -0.04 0.04 0.03 0.15 -0.01 0.06 -0.02 0.06
F4 48.2 1 -0.43 0.09 -0.02 0.04 -0.01 0.15 -0.04 0.06 -0.07 0.06

calc. bulk 100 -0.30 -0.04 0.00 -0.04 -0.04
meas. bulk -0.36 0.06 -0.23 0.08 0.13 0.15 -0.10 0.04 0.06 0.04

K2-7 F1 1.73 2 -0.30 0.03 0.00 0.04 0.00 0.06 -0.04 0.01 0.02 0.13
F2 16.7 1 0.04 0.11 -0.15 0.05 -0.07 0.13 -0.09 0.05 0.02 0.08
F3 47.1 1 -0.37 0.11 -0.04 0.05 -0.05 0.13 -0.04 0.05 -0.03 0.08
F4 34.4 1 -0.57 0.11 -0.01 0.05 -0.05 0.13 -0.05 0.05 -0.01 0.08

calc. bulk 100 -0.37 -0.05 -0.05 -0.05 -0.01
meas. bulk -0.38 0.06 0.00 0.08 0.10 0.15 -0.05 0.04 0.00 0.04

K2-8-1 F1 2.13 1 0.08 0.24 -0.06 0.04 0.01 0.15 -0.07 0.08 0.03 0.10
F2 16.3 1 -0.28 0.24 -0.05 0.04 0.13 0.15 -0.02 0.08 0.04 0.10
F3 39.1 1 -0.45 0.24 -0.05 0.04 0.03 0.15 -0.16 0.08 0.00 0.10
F4 42.4 1 -0.55 0.24 -0.02 0.04 0.02 0.15 -0.11 0.08 -0.05 0.10

calc. bulk 100 -0.45 -0.04 0.04 -0.11 -0.01
meas. bulk 3 -0.43 0.02 -0.02 0.07 0.00 0.06 -0.05 0.02 0.00 0.02

K2-8-2 F1 3.21 2 0.12 0.05 -0.06 0.02 -0.11 0.23 -0.09 0.00 0.00 0.05
F2 19.17 1 -0.25 0.09 -0.08 0.04 -0.15 0.15 -0.03 0.06 0.03 0.06
F3 39.10 1 -0.36 0.09 -0.04 0.04 0.02 0.15 -0.01 0.06 -0.01 0.06
F4 38.51 1 -0.42 0.09 -0.02 0.04 0.03 0.15 -0.02 0.06 0.03 0.06

calc. bulk 100 -0.35 -0.04 -0.01 -0.02 0.02
meas. bulk 3 -0.43 0.02 -0.02 0.07 0.00 0.06 -0.05 0.02 0.00 0.02

K2-9 F1 0.22 1 -0.11 0.09 -0.04 0.04 0.02 0.15 -0.03 0.06 0.02 0.06
F2 12.96 1 0.06 0.09 -0.12 0.04 0.01 0.15 -0.07 0.06 0.00 0.06
F3 16.59 1 -0.08 0.09 -0.09 0.04 -0.05 0.15 -0.06 0.06 -0.04 0.06
F4 70.23 1 -0.33 0.09 0.00 0.04 0.08 0.15 0.06 0.06 -0.12 0.06

calc. bulk 100 -0.24 -0.03 0.05 0.02 -0.09
meas. bulk 1 -0.29 0.06 -0.07 0.08 0.06 0.15 -0.05 0.04 -0.01 0.04

K2-10 F1 4.08 2 0.03 0.05 -0.03 0.03 0.02 0.14 -0.04 0.09 0.00 0.03
F2 1.13 1 -0.03 0.09 -0.06 0.04 -0.02 0.15 -0.04 0.06 0.03 0.06
F3 6.73 2 0.28 0.01 -0.06 0.03 0.03 0.08 -0.06 0.02 0.00 0.05
F4 88.06 2 0.09 0.08 -0.04 0.01 0.06 0.00 -0.04 0.16 0.01 0.03

calc. bulk 100 0.10 -0.04 0.06 -0.04 0.01
meas. bulk 1 0.07 0.06 -0.10 0.08 0.21 0.15 -0.08 0.04 -0.03 0.04

K3-2 F1 2.61 3 0.01 0.05 0.00 0.03 -0.02 0.13 0.02 0.08 0.00 0.07
F2 1.85 1 -0.06 0.24 0.00 0.04 -0.13 0.15 -0.07 0.08 0.00 0.10
F3 9.55 2 0.05 0.10 0.01 0.02 0.04 0.03 0.00 0.00 0.00 0.04
F4 85.99 1 0.01 0.09 -0.03 0.04 0.14 0.15 -0.04 0.06 -0.01 0.06

calc. bulk 100 0.01 -0.03 0.12 -0.03 -0.01
meas. bulk 1 -0.06 0.06 0.01 0.08 0.02 0.15 -0.01 0.04 -0.01 0.04

K3-3 F1 1.03 1 0.34 0.09 -0.02 0.04 -0.03 0.15 -0.05 0.06 0.02 0.06
F2 0.17 1 0.26 0.09 -0.02 0.04 -0.21 0.15 0.03 0.06 -0.08 0.06
F3 8.51 1 0.26 0.09 -0.03 0.04 0.03 0.15 -0.01 0.06 0.02 0.06
F4 90.29 1 -0.01 0.09 -0.09 0.04 0.04 0.15 0.01 0.06 -0.03 0.06

calc. bulk 100 0.02 -0.08 0.04 0.01 -0.02
meas. bulk 1 0.08 0.06 -0.10 0.08 -0.04 0.15 -0.04 0.04 0.01 0.04

fraction Hg [%] refers to the fraction of total Hg in the extract relative to the sum of all extracts
K2-8-1 and K3-3-2 refer to replicate extracts of the same soil sample
"calc. bulk " refers to the calculated Hg isotope composition of the bulk sample based on the weighted sum of the four extracts
"meas. bulk" refers to the measured Hg isotope composition of the total soil digest (Table SI-1) from another sample aliquot
"n" indicates the number of replicate measurements of sample solution on MC-ICP-MS (average values are given)
2SD refers to sample replicates or to reproducibility of ETH Fluka during individual analytical session (for n = 1)
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Table S5: Hg concentrations and Hg isotope data of groundwater samples

groundwater dissolved Hg δ202Hg 2SD ∆199Hg 2SD ∆200Hg 2SD ∆201Hg 2SD ∆204Hg 2SD
well  [µg L-1] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰]

BK-B3 75.6 0.75 0.06 -0.09 0.05 0.00 0.05 -0.07 0.04 -0.06 0.06

BK-B10 188.9 -0.08 0.06 -0.07 0.05 -0.08 0.05 -0.07 0.04 0.00 0.06

BK-B8 192.4 -0.13 0.06 -0.03 0.05 0.01 0.05 -0.05 0.04 0.01 0.06

"dissolved Hg" refers to Hg concentration in filtered groundwater sample (0.45 µm)

2SD refers to reproducibility of ETH Fluka during individual analytical session

Table S4: Hg concentrations and Hg isotope data of sequential water extractions of K2-8

extract dissolved Hg soil Hg fraction bulk n δ202Hg 2SD ∆199Hg 2SD ∆200Hg 2SD ∆201Hg 2SD ∆204Hg 2SD
name  [µg L-1] [µg kg-1] soil Hg [%] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰]

K2-8 F1A 429 10037 1.25 1 0.18 0.09 -0.11 0.04 0.11 0.15 -0.05 0.06 -0.01 0.06

K2-8 F1B 262 6510 0.81 1 0.13 0.09 -0.05 0.04 0.13 0.15 -0.01 0.06 -0.04 0.06

K2-8 F1C 216 6246 0.78 1 -0.05 0.09 -0.05 0.04 -0.03 0.15 -0.07 0.06 -0.02 0.06

K2-8 F1D* 165 3611 0.45 1 0.58 0.11 -0.06 0.05 0.08 0.13 -0.03 0.05 0.00 0.08

K2-8 F1E 148 3560 0.44 1 -0.21 0.11 -0.03 0.05 0.10 0.13 -0.05 0.05 0.00 0.08

K2-8 F1F 125 2858 0.36 1 -0.03 0.11 -0.02 0.05 -0.03 0.13 -0.07 0.05 0.01 0.08

K2-8 F1G 111 2693 0.34 2 -0.15 0.04 -0.02 0.02 0.04 0.17 -0.07 0.06 -0.02 0.01

K2-8 bulk 801531 100 1 -0.43 0.06 -0.02 0.08 0.00 0.15 -0.05 0.04 0.00 0.04
"dissolved Hg" refers to concentration in extract solution
"soil Hg" refers to amount of extracted Hg relative to soil mass
"fraction bulk soil Hg" refers to relative fraction of extracted Hg relative to bulk digest
"n" indicates the number of replicate measurements of sample solution on MC-ICP-MS (average values are given)
2SD refers to sample replicates or to reproducibility of ETH Fluka during individual analytical session (for n = 1)
* indicates sample that was potentially affected by artifact (Hg loss) due to longer storage time before extraction was continued (see text)

Table S6: Hg isotope data of ´ETH Fluka´ standard from this study and selected literature sources1-10

δ202Hg 2SD ∆199Hg 2SD ∆200Hg 2SD ∆201Hg 2SD ∆204Hg 2SD
[‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰] [‰]

this study (Brocza et al.) University of Vienna 52 -1.43 0.13 0.08 0.05 0.02 0.16 0.03 0.08 0.00 0.07

Grigg et al. (2018) University of Vienna 55 -1.44 0.13 0.08 0.04 0.03 0.14 0.03 0.08 -0.01 0.07

Smith et al. (2015) ETH Zurich 12 -1.45 0.07 0.09 0.04 0.03 0.02 0.03 0.03 -0.02 0.05

Jiskra et al. (2017) ETH Zurich 26 -1.43 0.12 0.07 0.05 0.01 0.05 0.03 0.07 0.01 0.11

Enrico et al. (2016) GET Toulouse 57 -1.43 0.14 0.08 0.06 n.r. n.r. n.r. n.r. n.r. n.r.

Obrist et al. (2017) GET Toulouse 38 -1.43 0.19 0.08 0.07 0.02 0.07 n.r. n.r. n.r. n.r.

Du et al. (2018) GET Toulouse 9 -1.47 0.23 0.09 0.05 0.03 0.04 0.02 0.10 n.r. n.r.

Hansson et al. (2018) GET Toulouse 9 -1.47 0.27 0.08 0.09 n.r. n.r. 0.01 0.06 n.r. n.r.

Xu et al. (2019) GET Toulouse 10 -1.44 0.10 0.08 0.06 0.03 0.04 0.00 0.04 -0.02 0.18

Goix et al. (2019) GET Toulouse 10 -1.45 0.08 0.08 0.05 0.00 0.04 0.02 0.06 n.r. n.r.

Jiskra et al. (2019) GET Toulouse 10 -1.45 0.19 0.08 0.09 0.02 0.09 0.03 0.09 -0.03 0.20

n.r. = not reported

MC-ICP-MS 
laboratorydata source n
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Table S7: Definition of the estimated source signature for industrial Hg based on the literature 
survey published by Grigg et al.1 (Fig. 3 and Supplementary material) 

    δ202Hg [‰] average   ∆199Hg [‰] average 

  Ore* Hg(0)^ Sed.+ Mean  Ore* Hg(0)^ Sed.+ Mean 
           

Average  -0.46 -0.51 -0.61 -0.52  0.01 0.00 -0.01 0.00 
           

1 SD  0.56 0.30 0.37 0.41  0.11 0.03 0.12 0.09 
n  22 8 27 57  16 5 27 48 

                      

* published data of ore samples from Hg mines around the world  

^ published data of Hg(0) storebought chemical stocks, measurements from retorting  
   experiments, and measurements of  fluorescent light bulbs 

 + published data of Hg-contaminated sediments 
  

 

 

Table S8: Calculation of the estimated maximum amount of DOC-(thiol)-bound mercury in water 
extracts (F1) of soil samples based on measured DOC concentrations, an estimated thiol content of 
DOC of 0.15 % (w/w), and the assumption that all mercury will form Hg(SR-DOM)2 complexes, as 
suggested by Skyllberg (2011).11  

 

 

sample Hg in F1 
extract

DOC in F1 
extract

SR groups 
in DOC Hg(SR-DOM)2 

Hgmax 
bound to SR

Hgmax 
bound to SR

 [µg L-1]  [µg L-1]  [nmol L-1]  [nmol L-1]  [µg L-1] [‰]

K2-5 15.1 1267 58.3 29.1 58.5 100
K2-6 153 1391 64.0 32.0 64.2 41.8
K2-7 406 2274 105 52.3 105 25.8
K2-8 882 1052 48.4 24.2 48.5 5.50
K2-9 122 1104 50.8 25.4 50.9 41.6

K2-10 20.8 1044 48.0 24.0 48.2 100
K2-11 5.40 956 44.0 22.0 44.1 100
K2-12 11.4 1247 57.4 28.7 57.5 100

K3-2 40.4 2974 137 68.4 137 100
K3-3 21.4 2433 112 56.0 112 100
K3-4 11.0 2196 101 50.5 101 100
K3-5 10.5 2042 93.9 47.0 94.2 100

SR: thiol group, DOM: dissolved organic matter, DOC: dissolved organic carbon
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Figure S1: Typical Hg release curves of selected reference compounds during PTD (from top to 

bottom): Elemental Hg sorbed on quartz sand (Hg(0)), mercuric chloride (HgCl2), mercury nitrate 

(Hg(NO3)2∙2H2O), metacinnabar (β-HgS, meta), Hg in humic acid extracted from a peat (Hg-HA 

(peat)), cinnabar (α-HgS, cinn), and mercuric oxide (HgO). Figure reprinted with permission from 

Gilli et al.12 Copyright 2018 Authors.

Figure S2: Plots of Hg isotope data (bulk samples) vs. Hg (left) and vs. 1/Hg (right) 
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Figure S3: Plots of Hg isotope data (SEP samples) vs. Hg (left) and vs. 1/Hg (right) 

 

 

 

Figure S4: Results of replicate extractions of sample K2-8 and K3-3. Partial extractions are 

sequential extractions which were stopped after a particular extraction step.   
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