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Figure S1. Free ion concentrations of Ni, Cu, Zn, Cd and Pb obtained by solution only

application of POSSMs, compared to concentrations obtained by WHAM/Model VII

speciation (UK1, UK2) or DMT measurement (NL), expressed as a proportion of the

observed solution concentration. Filled circles: UK1 dataset; open triangles: UK2 dataset;

open squares: NL dataset.
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Figure S2. Ratio of predicted to observed [Cu?*] in solution phase only speciation, for studies
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Figure S3. Ratio of predicted to observed [Pb?] in solution phase only speciation, for studies
using DMT (top) and voltammetry (bottom).
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Figure S4. Free ion concentrations in whole soil studies, predicted using the empirical model
of Groenenberg et al. (2010) and POSSMs. Predictions of POSSMs are shown as red stars.
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Figure S5. Solution metal concentrations in datasets DMT3 (open symbols) and KD1 (closed

symbols) predicted using the empirical solubility model of Groenenberg et al. (2012) and
POSSMs. POSSMs predictions are shown as red stars.
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Figure S6. Solution metal concentrations in dataset KD2 predicted using an empirical
solubility model (Groenenberg et al. 2012) and POSSMs. POSSMs predictions are shown as
red stars.
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Figure S7. Solution metal concentrations in dataset KD3 predicted using an empirical
solubility model (Groenenberg et al. 2012) and POSSMs. POSSMs predictions are shown as
red stars.
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Figure S8. Influence of soil concentration on POSSMs predictions of metal solubility.
Computations at pH = 5, SOM = 1%, [DOC] = 100 mg L', [SOIL] from 10 to 2560 g L.
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Summaries of literature datasets

Solid and solution phase studies

Dataset DMT1 (Canceés et al. 2003). Measurements of soluble and free Cu, Zn, Cd and Pb on
a soil of Northern France impacted by past metal smelting activities. Labile metal
concentrations were estimated with 0.43 mol L' HNO;3 extraction. Soluble and free metal
concentrations were measured using the soil column DMT method with 0.002 mol L™
Ca(NOs3); as the solution phase, using varying soil:solution ratio and adjusting soil pH to give
n = 26 for Cu, n = 27 for Zn, n = 22 for Cd and n = 23 for Pb.

Datasets DMT2 and ISE1 (Pampura et al. 2006). Measurements of soluble Cu and Cu?*
activities on a set of 21 soils from the Kola Peninsula, Russia, by both the soil column DMT
technique and by ion selective electrode (ISE). A dry soil mass of 100g and 193ml of 0.002
mol L™" Ca(NQOs), as the solution phase were used in the determinations. lon selective
electrode measurements were made directly in the donor portion of the solution phase. Soll
labile metal concentrations were estimated by extraction with 0.43 mol L' HNOs. Quoted Cu?*
activities were converted to true solution concentrations using estimated ionic strengths based
on ionic compositions of saturation extracts of the soils plus 0.002 mol L' Ca(NOs).. Reliable
DMT and ISE measurements were made on 15 and 12 soils, respectively. For modelling of
free Cu?* from the whole soil and the solution phase, n = 15 for DMT and n = 11 for ISE, and

for modelling of solution Cu from the soil, n = 19.

Dataset DMT3 (Koopmans et al. 2008). Measurements of soluble Ni, Cu, Zn, Cd and Pb, and
Ni2*, Cu?*, Zn?*, Cd?* and Pb?* concentrations, on four soils from Bulgaria, the Netherlands,
and China. Metal concentrations were measured on soil extracts obtained using 0.002 mol L™
Ca(NOs3), at a soil:solution ratio of 100. Free ion concentrations were measured using DMT.
Extended (Groenenberg et al. 2010) with further measurements on four Netherlands soils,
using the same experimental approach, and included 0.43 mol L' HNOs;—extractable metal
concentrations for all eight soils. For some of the dataset, results presented in each paper
(soluble metal and free ion concentration) differ, where this was encountered the geometric

mean was taken. For Ni and Zn, n = 4, for Cu and Cd, n =8, and for Pb, n = 5.

Dataset DMT4 (Fest et al. 2008). Measurements of labile (0.43 mol L' HNOs—extractable),
dissolved and free Ni, Cu, Zn, Cd and Pb from eight samples of Wildekamp, the Netherlands.
Free metals were measured using soil column DGT at a soil concentration of 500 g L. For
Ni, Cu, Zn and Cd, n =8, for Pb n = 5.

Dataset DMT5 (Schneider et al. 2016a; Schneider et al. 2016b). Measurements of dissolved
Cu, Zn, Cd and Pb, and Cu?*, Zn?*, Cd?* and Pb?* concentrations in each of two subsamples

(topsoil and subsoil) of soils sampled at three locations in France, using the soil column DMT
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technique with 0.002 mol L' Ca(NOs). as the background electrolyte and a soil concentration
of 66.7 g L'. Additionally, sequential extraction was used to probe the solid phase speciation
of Pb. Whole soil speciation of Pb was done by assuming the fractions F1-F5 (Exchangeable,
acid soluble, bound to Mn oxides, easily oxidisable, bound to amorphous Fe oxides) to
comprise the labile fraction. For the other metals, only solution speciation calculations were

possible. For all metals n = 6.

Dataset DMT6 (Ren et al. 2015a; Ren et al., 2017). Measurements of Cu, Zn, Cd and Pb in
nine soils of France and China. Concentrations of Cu?* and Cd?* obtained using the soil
column-DMT technique with  solution electrolyte 0.002 mol L' Ca(NOs); and a soil
concentration of 100 g L. Labile Cu and Cd were measured using both 0.43 mol L nitric
acid extraction and isotopic dilution. The nitric acid extractable concentrations were used in
computations as isotopic dilution did not always yield detectable values. Free metal ion
concentrations were obtained by averaging of the data presented in this work and that of Ren
et al. (2015b). Concentrations of DOM were taken from Ren et al. (2015b). For Cu, n = 8, for
Zn and Cd, n=9, and for Pb, n = 8.

Dataset KD1 (de Groot et al. 1998). Measurements of labile and porewater metal in 49 Dutch
soils of varying chemical composition. Porewaters were extracted by addition of 0.002 mol L™
Ca(NO:s); to obtain a pF of 2, followed by centrifugation and filtration (0.45um). Labile metals
were estimated by extraction with hot concentrated nitric acid. Accounting for concentrations
below detection limits, the number of usable lines for Ni, Cu, Zn, Cd and Pb were 34, 39, 49,

36 and 47 respectively.

Dataset KD2 (Gooddy et al. 1995). Measurements of labile and porewater metal in acidic
sandy soils from two profiles from Southern England, comprising 20 samples in all. Soil
organic matter content was estimated by elemental analysis of carbon, assuming all C to be
organic, and assuming organic matter to be 50%C. Labile metals were estimated using 0.43
mol L' HNO; extraction. Soil water samples were obtained by centrifugation of field—-moist
soils and filtration of the extracted water at 0.45um. One sample had a Pb concentration below

the detection limit, making the sample number 19 for this element.

Dataset KD3 (lzquierdo et al. 2013). Measurements of labile and porewater metal in alluvial
topsoils (0-15cm depth) and subsoils (35-50cm depth) of the catchment of the River Trent
(England). In all 48 soil samples were used, 27 topsoils and 19 subsoils. Soil organic matter
was estimated by loss on ignition. Labile metals were estimated by isotopic dilution analysis.
Soil waters were obtained by liquid displacement using trifluoroethane and centrifugation.
Determination of labile Zn was not possible in three soils, so n = 45 for Zn, n = 48 for Cd and

Pb. For the application of the model of Groenenberg et al. (2012), oxalate—extractable Fe in
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the soils was obtained from lzquierdo et al. (2012). An estimate of oxalate—extractable Al was
made by scaling measurements of Al made by citrate/dithionate extraction to the soil-specific

ratio of oxalate—extractable Fe to citrate/dithionate—extracted Fe.

Dataset F1 (Rennert et al. 2017). Measurements of labile metals, using 0.43 mol L' HNO3
extraction, at two locations in the floodplain of the River Elbe (Germany). At one location a
single soil horizon was sampled, at the other a profile of three horizons was measured. They
measured pH, DOC and dissolved metals in soil porewater samples (between 15 and 31
samples per soil, sampled fortnightly) obtained using suction cups. Ranges of pH, DOC and
metal concentrations in all porewaters were provided. For modelling purposes, central
estimates were made by taking the mean (for pH) and geometric mean (for DOC and metals)

of the extreme values. For all metals n = 6.

Dataset DMT7 (Duffner et al. 2014). Measurements of Zn?* concentrations on 15 samples
comprising a mixture of Zn—deficient and Zn—contaminated soils. A soil concentration of 500
g/dm® was used and free Zn?* was determined by DMT using a 0.002 mol L' Ca(NQs).
electrolyte. Soil labile Zn concentration was estimated by extraction with 0.43 mol L' HNOs.
Calculations were done with both estimates of labile soil Zn. Solution phase Zn was not

measured, so only predicted free ion concentrations can be compared with observations.

Solution phase only

Dataset DMT8 (Kim and Owens 2009). Measurements of Cu?*, Zn?*, Cd?** and Pb?
concentrations in solutions extracted from smelter—contaminated soils from Australia, using
DMT. Solutions were obtained by equilibrating soils with deionised water for 24h at 70% of

soil water holding capacity. For all metals n = 31.

Dataset DM9 (Nolan et al. 2003). Measurements of Cu?*, Zn?*, Cd?* and Pb?* concentrations
in solutions extracted from a set of 27 Australian soils using DMT. Solutions were obtained
by rewetting dried soils to their water holding capacity, incubating for 16 hours and separating
the solution phase by centrifugation and filtering. Free metal ion concentrations in the acceptor
solution of the DMT were converted to activities using the Davies equation, so the quoted
activities were converted back to concentrations using the same approach, and using quoted
ionic strengths estimated from the conductivity of the soil solutions. Free ions could not be
quantified in all solutions because of detection limits or limited sample volume, so n = 8, 26,
16 and 3 for Cu, Zn, Cd and Pb respectively.

Dataset DMT10 (Ren et al. 2015b). Measurements of Ni?*, Cu?*, Zn?*, Cd?** and Pb?
concentrations in solutions obtained from nine soils sampled in France and China, using the

soil column-DMT technique with solution electrolyte 0.002 mol L' Ca(NQOs), and a soil
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concentration of 10 gL™'. An additional set of Ni** measurements were obtained from seven
further soils using a soil concentration of 100 g L. Not all solutions were analysed for all

metals, so n = 14 for Ni, n =7 for Cu, n = 8 for Zn, n = 8 for Cd and n = 5 for Pb.

Dataset name DMT11 (Salam and Helmke 1998). Measurements of Cu?*, Zn?* and Cd?* in
solutions of two soils of the U.S.A., using Donnan analysis. Solutions were obtained by
shaking soils with deionised water (1:1 w/v ratio), centrifugation and filtration. Quoted free ion
activities were converted to concentrations using activity coefficients computed with the
extended Debye—Hickel equation. lonic strength for the activity correction was estimated by
speciation of the quoted solution ionic compositions, using WHAM/Model VII and balancing

the charge by adjusting the solution CI concentration.

Dataset name DMT12 (Weng et al. 2001). Measurements of Cu?*, Zn?*, Cd?* and Pb?
concentrations using 15 soils from the Netherlands Belgium and the soil column DMT
technique with 0.002 mol L' Ca(NOs). as the background electrolyte. Free metal could not be
quantified in some cases due to limits of detection, so n= 14, 15, 10 and 10 for Cu, Zn, Cd

and Pb respectively.

Dataset name DMT13 (Koopmans and Groenenberg 2011). Measurements of dissolved Ni,
Cu, Zn and Cd, and Ni?*, Cu?*, Zn?" and Cd?* concentrations, in four soils of the Netherlands.
Soils were extracted using 0.002 mol L' Ca(NOs), at a concentration of 100 g L' and the free

ion measured by DMT. For all metals n = 4.

Datasets DMT14 and AGNES1 (Chito et al. 2012). Measurements of concentrations of Zn?*
in CaCl, extractions (soil:solution ratio 1:10) of four soils of the Rhine catchment.
Measurements of the free ion concentration were made using both DMT and AGNES

(Absence of Gradients and Nernstian Equilibrium Stripping).

Dataset ISE2 (Cloutier—Hurteau et al. 2007). Measurements of Cu?* activities, using an ISE,
in extracts of 18 bulk and 18 rhizosphere soils obtained by water extraction at a soil:solution
ratio of 1:10 (w/v). Soil and speciation quoted are means of three replicates for each soil, so
n =12. The measured activities were converted to estimated concentrations using activity
coefficients computed using the extended Debye—Huickel equation with solution ionic strength
computed from measured electrical conductivity using the linear relationship given by Simén
and Garcia (1999).

Dataset ISE3 (Djae et al. 2017). Measurements of Cu?* activities, using an ion selective
electrode, on solutions extracted from a set of soils sampled in France, Réunion and New
Caledonia (n = 55). Soil solutions were obtained by incubation at 70% water holding capacity

with a nutrient salt solution for 22 days followed by extraction with the same solution at a
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soil:liquid ratio of 1:10 for 2 hours. The measured activities were converted to estimated
concentrations using activity coefficients computed with the extended Debye—Huckel

equation, using solution ionic strengths computed from the supplied ionic compositions.

Dataset ISE4 (Sanders 1982). Measurements of Cu?* concentrations in eight soil solutions
using an ISE, using soils from a UK site subject to a gradient of long term liming. The most
acidic soil was also used to produce a gradient of pH by addition of varying amounts of
Ca(OH).. Soil solutions were obtained by incubation of the soils at 90% of field capacity for

four or eight weeks, followed by addition of water to displace 1/3" of the initially added water.

Dataset ISE5. (Vulkan et al. 2000). Measurements of Cu?* activities, using an ion selective
electrode, on solutions extracted using Rhizon samplers from soils sampled from the UK, Chile
and China, incubated at 75% of their water holding capacity for four weeks (n =22). The
measured activities were converted to estimated concentrations using activity coefficients
computed using the extended Debye—Hickel equation with solution ionic strength computed
from measured electrical conductivity using the linear relationship given by Simén and Garcia
(1999).

Dataset name CE1 (Chaudri et al. 2000). Measurements of Zn?* and Cd?* concentrations in
solutions obtained from a set of UK agricultural soils subject to a range of past amendments
with metals. Solutions were obtained by extraction from soils incubated initially at 50% water
holding capacity then for two weeks at 75% water hold capacity, using Rhizon soil moisture
samplers. Free ion concentrations were determined using the cation exchange method
detailed in Holm et al. (1995).

Dataset CE2 (Knight et al. 1998). Measurements of Zn?* and Cd?* concentrations in solutions
obtained from a long term soil liming experiment and from sites across Europe with a history
of contamination. Solutions were obtained by extraction from soils incubated initially at 50%
water holding capacity then for two weeks at 75% water holding capacity, using Rhizon soil
moisture samplers. Free ion concentrations were determined using the cation exchange
method detailed in Holm et al. (1995).

Dataset CE3 (McGrath et al. 1999). Measurements of Zn?* and Cd?" concentrations in
solutions obtained from a long term soil liming experiment and from sites across Europe with
a history of contamination. Solutions were obtained by extraction from soils incubated initially
at 50% water holding capacity then for two weeks at 75% water hold capacity, using Rhizon
soil moisture samplers. Free ion concentrations were determined using the cation exchange
method detailed in Holm et al. (1995).
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Dataset CE4 (Sanders 1983). Measurements of Zn?* concentrations in eight soil solutions
using a cation exchange method, using soils from a UK site subject to a gradient of long term
liming. The most acidic soil was also used to produce a gradient of pH by addition of varying
amounts of Ca(OH).. Soil solutions were obtained by incubation of the soils at 90% of field

capacity for 88 days, followed by addition of water to displace 1/3™ of the initially added water.

Dataset name V1 (Stephan et al. 2008). Measurements of Zn speciation in extracts of 66
contaminated soils obtained by 0.01M KNOs; extraction at a soil:solution ratio of 1:2 (w/v).
Labile Zn was measured by anodic stripping voltammetry, assumed to be free and
inorganically complexed species, and the free Zn?* activity computed by speciation modelling.
The measured free activities were converted to concentrations using activity coefficients
computed with the extended Debye—Huckel equation, assuming the solution ionic strength to

be 0.01 mol L. Labile Zn was undetectable in two samples, so n = 64.

Dataset V2 (Sauvé et al. 2000). Measurements of Cd speciation in extracts of 64 soils of
Canada and the U.S.A., obtained by 0.01 mol L' KNO; extraction at a soil:solution ratio of 1:2
(w/v). Labile Cd was measured by differential pulse anodic stripping voltammetry, assumed to
comprise free and inorganically complexed species, and the Cd?* activity computed by
speciation modelling. The measured free activities were converted to concentrations using
activity coefficients computed with the extended Debye—Hickel equation, assuming the

solution ionic strength to be 0.01 mol L.

Dataset name V3 (Sauvé et al. 1997). Measurements of Pb speciation in extracts of soils of
Canada and the U.S.A., obtained by 0.01M KNO3 extraction at a soil:solution ratio of 1:2 (w/v).
Labile Pb was measured by anodic stripping voltammetry, assumed to comprise free and
inorganically complexed species, and the Pb?* activity computed by speciation modelling. Soil
extract DOC concentrations were not quoted, so analysis was confined to those soils (n = 45)
for which DOC concentrations were available (Sauvé et al. 2000). The measured free activities
were converted to concentrations using activity coefficients computed with the extended

Debye—Hiickel equation, assuming the solution ionic strength to be 0.01 mol L.

Computation of soil concentration

The soil concentration, [SOIL], is given by

PbulkPparticle

-10°
%WHC - (pparticle - pbulk)

[SOIL](g L™") =

where pparticie @nd ppyik are the particle and bulk densities of the soil, respectively (g cm3)

and %WHC is the soil moisture content as a percentage of its water holding capacity. The

particle density is given by
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Pparticle = 100

where ppy and pgm are densities of inorganic (mineral) and organic matter, respectively
(g cm®). Values of p;y = 2.6 and poy = 1.5 have been used in this work. The bulk density
(g cm) may be given by (Tipping et al. 2003):

Ppulk = 1.38 — 0.29 - In(OM/2)

Using this approach only a single variable, %WHC, needs to be known or estimated in order
to compute the soil concentration.
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Table S1. Literature datasets used for POSSMs evaluation.

Code and pH SOM [SO”—] [DOM] p{M}labile,obs (mOI g SOi|'1) p[M]total,aq (mOI L-1)
reference (9/g) (gL' (gL Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb
Solid phase and solution

DMTH

‘ 3.70- 2 0.0044- 769- 485 678 7.03-
sancesetal.  goa 013 gy 0.0358 6.39 474 671 544 6.36 372 566 580
Bg"r:sa::'zgal 208~ 097% 425 00152 5.93 5.83—
pa 467 g 333 0702 4.74 4.04
DMT3
;O%%rggns et 455 0034 100 8'8}22‘ 9.03- 698 7.60- 925- 7.19- 7.44- 728 6.15- 801- 822-
- 2008, 7.23 : 691 483 391 7.6 509 619 389 500 7.06 7.03
Groenenberg 0.129
et al. 2010a
st 37e- 09 0024~ 940~ 705 769~ 922~ 7.40- 728~ 643~ 643 857~ 862

: 5.27 0332 748 554 677 859 698 586 454 512 7.06 7.18

2008 0.053
DMT5
sonoderetal 3o 0947 0.0486- 544- 635 7.12- 547- 654 548
0 e 43 oo 0.216 438 601 642 474 580 481
2016b
DMT6 0012
Ren et al. 445~ %92 0.0036- 6.98- 7.19- 9.64- 6.59 726- 7.30- 9.21- 892
20153 Renet  7.60 oo 0.1196 498 419 641 522 528 438 635 6.43

al. 2017
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Code and SOM [SO”—] [DOM] p{M}labile,obs (mOI g 50"4) p[M]total,aq (mOI L_1)

pH
reference (9/9) (gL (gL' Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb
ggémtetal 349- 0999 770 00026~ 800- 752~ 7.40- 9.30- 7.70- 696~ 6.65- 6.70- 8.00- 8.00-
© 7,69 8385 00892 598 510 385 672 510 436 509 290 502 536
1998 0.323
2 wveta, 296 0092 502 0026~ 960- 962- 851- 101~ B851- 7.70- 652- 580- 840~ >9.00
yetal. 406 33333 0532 714 705 602 827 636 592 523 466 738 —656
1995 0.904
o oetg, 503~ 004 2151 0,028 6.42: 835 7.26— 659- 897— 902—
o 890  0.18 4377% 0126 504 690 582 492 711 750
Solid phase only
DMT? 0.008
Duffner et al. ‘71'2_ - 459 8?234_ 282}_
2014 : 0.056 : -
Solution phase only
Ei'\rff:n . 5.1 0.058— 6.55- 506- 828 7.42-
N o0y 82 0.814 537 538 561 567
T 3.12- 0.0362— 6.53— 7.82— 847— 8.15-
852 2.28 310 139 403 570
2003
oo 4.40- 0.0042— 8.92- 7.94— 7.70- 924 925
: 6.90 0.0158 629 640 555 7.37 812
2015b
gg/llzaTrlu1and 6.14- 0.204- 6.38— 5.02- 8.77—
Helmke 1908 097 0.366 6.05 491 8.1
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Code and SOM [SO”—] [DOM] p{M}labile,obs (mOI g SOi|'1) p[M]total,aq (mOI L_1)
f pH

reierence (9/g) (gL' (gL Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb

\[,)V'\éTze Ca 2.92- 0.0078— 764— B6A47— 8.05- T7.77-
getal 7.10 0.064 599 437 624 529
2001
DMT13
Koopmans and 4.1— 0.0244—- 6.02— 7.40- 5.42- 8.00-
Groenenberg 5.2 0.0382 5.15 6.30 4.43 7.22
2011
DMT14,
AGNESH1 4.5- 0.0356— 5.95—
Chito et al. 6.2 0.0428 5.50
2012
ISE2
Cloutier— 4.98- 0.0536— 8.40—
Hurteau et al. 7.96 0.1836 5.79
2007
'DSJES al 5.3 0.0162— 8.96—
prosd 7.6 0.6 5.43
ISE4 4.85- 0.096— 6.19—
Sanders 1982 7.45 0.238 597
{/ijan al | AT2 0.0136— 6.85—
2000 7.90 0.1422 3.58
CE1
. 5.3— 0.044— 6.04— 9.05-

ggg‘gd” etal. &5 0.074 352 689
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Code and

SOM [SOIL] [DOM]

p{M}labile,obs (mOI g SOi|'1)

p [M]total,aq (mOI L )

pH
reference (9/9) (gL' (gL Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb

Er'féht tal 3.8 0.016— 6.26— 7.65-
1998 7.5 0.308 471 552
CE3

4.4— 20.6— 6.44— 8.75—
McGrath et al.
1999 6.9 49.0 342  6.00
CE4 4.75— 35— 7.10-
Sanders 1983 6.60 75 5.60
V1

4.09— 15— 6.82—
Stephan et al.
2008 7.96 743 3.47
\Sliuvé et al. g-ﬁ‘ 11-8— g.%—
2000 ' ' '
\Slguvé etal. 3'22‘ 11-8— 2.22—
1997 ' ' '

Aassuming a soil porewater saturation of 50%
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Figures in brackets are the number of points. Italicised figures refer to datasets with points having variables outside POSSMs calibration ranges

Table S2. Root mean squared errors (RMSEs) in log[M?*] and log Ky for predictions of whole soil speciation.

removed.
Dataset Reference RMSE in log[M?*]aq RMSE in log Kq
Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb
B 0.702 0.445 0.493 1.04 B 0.271 0.495 0513 0.733
26 27 22 23 26 27 22 23
DMT1 Canceés et al. 2003 (26) 7) (22) (23) (26) @7) (22) (23)
B 0.635 0458 0.515 1.08 B 0.196 0.506 0.530 0.742
(21) (22) (18) (19) (21) (22) (18) (19)
B 0.335 B B B : 0.393 B B B
(15) (19)
DMT2 Pampura et al. 2006
B 0.430 B B B B 0.339 B B B
(5) (5)
K ¢ al. 2008 0.725 0.734 0479 0.260 0419 0.848 0.524 1.06 0.366  0.335
oopmans et al. , 4 8 4 8 5 4 8 4 7 5
DMT3 Groenenberg et al. (4) (8) (4) (8) (5) (4) (8) (4) (7) (5)
2010 B 0.644 0.279 B B B 0.327 1.12 B B
(5) (3) (5) (3)
1.28 0.817 0.560 0.491 1.65 0.905 0.446 0557 0.358 0.782
OMT4  Fest of al. 2008 ® ® ®& ® ©6&B o © & ©6 6
B B B 3 0.666 B B B 0.468
' . 6 6
DMT5  Schneider et al 2016a; (6) (6)

Schneider et al 2016b




Table S2 (contd.)

Dataset Reference RMSE in log[M?*]aq RMSE in log Kq
Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb
- 0.731 0.784 0.494 0.532 - 0.361 1.04 0.544 1.17
DvMTe  Renetal 2015a; Ren (8) ) ) (7) ) ) ) )
et al. 2017 - 0.546 0.341 0.381 0.617 - 0.173 0.615 0.417 1.24
(5) (7) (7) (5) (6) (7) (7) (7)
B 0.503 B B : : B B
(15)
DMT7 Duffner et al. 2014
B 0.531 B B B B B B
(10)
B 0.495 B B : 0.393 B B B
(11) (19)
ISE1 Pampura et al. 2006
0.631 B B B 0.339 B B B
(4) (9)
B B B 3 B 0.580 0.475 0.762 0.803 0.538
34 39 49 36 47
KD1 de Groot et al. 2008 (34) (39) 49) (36) “7)
B B B : : 0.575 0484 0.742 0.798 0.531
(31) (36) (46) (33) (44)
B B B : : 0.343 1.42 0.826 0.270 0.484
20 20 20 20 19
KD2 Gooddy et al. 1995 (20) (20) (20) (20) (19)
B B B : 0.318 0.696 0.757 0.231 0.514
(16) (4) (16) (16) (15)
B B B : : B B 0.587 0.606 0.719
: (43)  (44)  (44)
KD3 Izquierdo et al. 2013 ) ) ) ) ) ) 0.587 0.612 0.721
(42) (43 (43
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Table S2 (contd.)

Dataset Reference RMSE in log[M?*]aq RMSE in log Kq
Ni Cu Zn Cd Pb Ni Cu Zn Cd Pb
B B B B 0.484 0.641 0.389 0.363 0.917
(4) (4) (4) (4) (4)
F1 R rt et al. 2017
ennert et a ) ) ) ) 0.543 ) ) ) )
(3)
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Table S3. Root mean squared errors (RMSEs) in log[M?#*] for predictions of solution phase speciation.

Italicised figures refer to datasets with points having variables outside POSSMs calibration ranges removed.

Dataset Reference RMSE in log[M?*]
Ni Cu Zn Cd Pb
- 0.574 (26) 0.048 (27) 0.060 (22) 0.381 (23)
DMTA1 Cances et al. 2003
- 0.562 (21) 0.046 (22) 0.062 (18) 0.415(19)
- 0.554 (15) - - -
DMT2  Pampura et al. 2006
- 0.652 (5) - - -
0.533 (4) 0.459 (8) 0.449 (4) 0.260 (8) 0.585 (5)
DMT3  Koopmans et al. 2008; Groenenberg et al. 2010
- 0.350 (5) 0.510 (3) - -
1.09 (8) 0.996 (8) 0.165 (8) 0.180 (8) 1.18 (5)
DMT4 Fest et al. 2008
0.209 (6) 0.306 (6) 0.102 (6) 0.160 (6) 0.272 (6)
DMT5  Schneider et al. 2016a; Schneider et al. 2016b
- 0.575 (8) 0.468 (9) 0.188 (9) 0.897 (7)
DMT6 Ren et al. 2015a; Ren et al. 2017
- 0.612 (5) 0.456 (7) 0.206 (7) 0.921 (5)
- 1.74 (31) 0.406 (31) 0.287 (31) 1.71(31)
DMT8 Kim and Owens 2009
- 1.73 (25) 0.400 (25) 0.294 (25) 1.73(25)
- 2.61(8) 1.11 (26) 0.847 (16) 2.03 (3)
DMT9 Nolan et al. 2003
- 2.20 (3) 1.20 (10) 0.559 (5) 1.32 (1)
0.228 (14) 1.00 (7) 0.240 (8) 0.124 (8) 0.454 (5)
DMT10 Renetal.2015b
0.125 (1) 1.54 (1) 0.505 (1)  no data no data
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Table S3 (contd.)

Dataset Reference RMSE in log[M?*]
Ni Cu Zn Cd Pb
- 1.64 (2) 0.731(2) 0.271 (2) -
DMT11  Salam and Helmke 1998
- 0.519 (14) 0.105(15) 0.103 (10) 0.482(10)
DMT12 Weng et al. 2001
- 0.537 (13) 0.110(13) 0.109 (9)  0.524 (8)
DMT13 Koopmans and Groenenberg 2011 0.173(4) 0511(4) 0.252(4) 0.098 (4) —
- - 0.087 (4) - -
DMT14  Chito et al. 2012
- 0.353 (11) - - -
ISE1 Pampura et al. 2006
- 0.232 (4) - - -
- 1.13 (12) - - —
ISE2 Cloutier—Hurteau et al. 2007
- 0.892 (52) - - -
ISE3 Djae et al. 2017
- 0.767 (25) - - -
ISE4 Sanders 1982
- 0.506 (22) - - -
ISE5 Vulkan et al. 2000
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Table S3 (contd.)

Dataset

Reference

Zn

RMSE in log[M?]

Cd

Pb

CE1

CE2

CE3

CE4

V1

V2

V3

AGNES1

Chaudri et al. 2000

Knight et al. 1998

McGrath et al. 1999

Sanders 1983

Stephan et al. 2008

Sauvé et al. 2000

Sauvé et al. 1997

Chito et al. 2012

0.225 (14)

0.309 (9)

0.175 (10)

0.236 (8)
0.755 (64)
0.750 (60)

0.114 (4)

0.125 (14)

0.455 (9)

0.112 (10)

0.735 (64)
0.689 (41)

0.686 (45)
0.776 (29)
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Table S4. Summary of root mean squared errors in POSSMs prediction of free ion

from whole soil, and of partition coefficients. Italicised figures refer to datasets with

points having variables outside POSSMs calibration ranges removed.

Metal log [M?*]-DMT log [M?'] - ISE log Kg
d n RMSE d n RMSE d n RMSE

12 1.13 - - 65 0.58
Ni 2

12 1.13 - - 54 057

65 0.66 11 0.50 85 0.83
Cu 5 1

44 0.65 4 0.63 60 0.46

63 0.54 - - 134 0.77
Zn 5

50 0.47 - - 123 0.68

47 0.46 - - 125 0.64
Cd 4

41 0.45 - - 108 0.64

46 0.98 - - 136 0.72
Pb 5

40 1.02 - - 121 0.73
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Table S5. Summary of root mean squared errors in POSSMs prediction of free metal
ions in soil solutions, by analysis type.
Italicised figures refer to datasets with points having variables outside POSSMs calibration

ranges removed.

Metal DMT ISE CE \Y, AGNES
d n RMSE d n RMSE d n RMSE d n RMSE d n RMSE

36 0.57 - - - - - - - -
Ni 5

23 0.69 - - - - - - - -

137 1.18 122 0.80 - - - - - -
Cu 13 5

74 1.28 115 0.82 - - - - - -

144 0.54 - - 31 0.24 64 0.76 4 0.1
Zn 11 4 1 1

83 0.52 - - - - 60 0.75 - -

124 0.36 - - 23 0.30 64 0.74 - -
Cd 11 3 1

82 0.26 - - - - 41 0.69 - -

95 1.14 - - - - 45 0.69 - -
Pb 10 1

60 1.27 - - - - 29 0.78 - -
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