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1. Soil samples characterization 

Soil texture was determined after wet sieving and the international pipette method (Day, 

1965). Soil pH was measured in a ratio of 1:2.5 soil/distilled water for pHW and 

soil/0.1M KCl for pHK by a glass electrode (Crison, Spain) (Guitián and Carballas, 

1976). Organic matter content was determined by loss on ignition (3 h, 550ºC) 

(Hoogsteen et al., 2015). Total carbon (TC) and nitrogen (TN) were determined using a 

Thermo Finnigan EA 1112 elemental analyzer (Thermo, USA). Dissolved Organic 

Carbon (DOC) was measured in a 1:5 soil:water suspension using an Analyzer Multi 

N/C 2100 (Analytik Jena, Germany). The effective cation exchange capacity (eCEC) 

was calculated as the sum of exchangeable basic cations (Na, K, Ca, and Mg), extracted 

with 0.2 M NH4Cl (Sumner and Miller, 1996), and of exchangeable aluminium (Al), 

extracted with 1 M KCl (Bertsch and Bloom, 1996). Na and K were measured by 

Atomic Emission Spectroscopy, and Ca, Mg and Al by Atomic Absorption 

Spectroscopy (AAS) using a Thermo Soolar Spectrometer (Thermo, USA).  

 Fe and Al associated with organic matter (Feom, Alom) were extracted by using a 

0.1 M Na-pyrophosphate solution (Bascomb, 1968). Inorganic non-crystalline Fe and Al 

oxyhydroxides and metal-hummus complexes (Feox, Alox) were extracted with 0.2 M 

ammonium oxalate-oxalic acid (Blakemore, 1978). Inorganic amorphous Fe and Al 

(Feia, Alia) were calculated by the difference between Feox and Feom and between Alox 

and Alom, respectively. Total free Fe (Fet), including Fe-hummus complexes, non-

crystalline and crystalline Fe oxyhydroxides were determined through extraction with 

Na-dithionite-citrate (Holmgren, 1967). To measure total free aluminium (Alt), a 

solution of 0.5 M NaOH was used as extractant. (Fe, Al) bound to crystalline structures 

(Fec, Alc) were calculated by the difference between Fet and Feox and between Alt and 

Alox, respectively. All (Fe, Al)-extracts were measured by AAS using a Thermo Soolar 



Spectrometer. The total amount of Cr, Cu, Ni, Pb and Zn was determined by soil 

digestions with HNO3, HF and HCl (Reed and Martens, 1996) in a MarsXpress 

microwave oven (CEM Corporation, USA) and measuring Cr, Cu, Ni, Pb and Zn by 

AAs. Adapted data from Campillo-Cora et al. (2021b). 

 

 



Tables 

Table S1. Parent material, particle size distribution, soil pH, Dissolved Organic Carbon (DOC), organic matter, effective cation exchange 

capacity (eCEC), total carbon and total nitrogen (Campillo-Cora et al., 2020) 

Soil Parent  

Material 

Sand Silt Clay pHw pHK DOC OM Ca Mg Na K Al eCEC C N 

 ------------ % ------------   g·kg-1 % -------------------- cmolc·kg-1 -------------------- ---- % ---- 

1 Granite 71 13 16 4.0 3.0 0.62 13.6 1.9 1.0 0.1 0.2 4.8 8.0 7.0 0.5 

2 Granite 62 19 19 4.6 3.8 0.70 14.1 3.4 1.2 0.2 1.6 2.7 9.1 6.7 0.4 

3 Schist 50 25 25 4.8 4.2 0.33 11.6 1.9 0.4 0.2 0.2 3.2 5.8 8.2 0.6 

4 Amphibolite 46 29 20 4.9 4.5 0.14 12.0 1.7 0.2 0.1 0.2 0.9 3.1 3.7 0.3 

5 Granite 68 16 16 4.9 4.2 0.30 11.2 0.4 0.1 0.1 0.1 1.2 1.9 5.0 0.4 

6 Limestone 19 67 14 6.3 5.8 0.56 14.4 21.4 1.2 0.7 0.2 <0.2* 23.4 6.5 0.5 

7 Limestone 20 52 28 7.5 6.9 0.53 14.8 27.8 1.1 0.1 0.1 <0.2* 29.1 5.5 0.4 

8 Amphibolite 32 37 32 5.0 4.5 0.27 10.0 2.1 0.4 0.3 0.2 1.1 4.1 6.7 0.4 

9 Amphibolite 45 35 19 4.7 4.3 0.25 19.6 3.3 0.4 0.2 0.3 2.6 6.8 10.3 0.8 

10 Amphibolite 31 45 24 4.9 4.4 0.44 29.1 3.7 0.4 0.4 0.5 1.9 6.9 14.3 1.0 

Sand %, silt % and clay % are soil texture fractions; pHW and pHK are pH measured in water and 0.1 KCl, respectively; DOC is Dissolved Organic Matter; OM % is organic 

matter; Ca, Mg, Na and K are exchangeable bases, Al is exchangeable Al; eCEC is cation exchange capacity. C % and N % are total carbon and nitrogen, respectively. 

*values below the limit of detection 

 



Table S2. (Fe, Al) compounds in the 10 studied soils and heavy metal content (adapted from 

Campillo-Cora et al. (2021b) 

Soil Feom Feia Fec Alom Alia Alc Cr Cu Ni Pb Zn 

 ----------------------- g·kg-1 ----------------------- ------------ mg·kg-1 ------------ 

1 0.80 0.05 0.53 1.19 0.22 0.39 8 6 5 28 52 

2 2.09 <0.01 0.54 2.94 <0.01* 0.40 9 6 7 48 40 

3 4.34 2.12 17.59 11.44 <0.01* 5.04 87 40 65 26 118 

4 4.63 2.05 24.56 8.99 1.14 12.24 373 106 196 7 124 

5 0.93 0.05 0.59 4.24 <0.01* 0.94 7 4 9 54 56 

6 0.91 2.55 37.40 3.32 5.27 <0.01* 103 70 185 84 203 

7 1.53 3.67 32.21 1.53 2.95 <0.01* 88 40 133 57 139 

8 6.57 2.16 45.89 10.72 3.51 6.50 394 69 255 11 161 

9 5.56 2.76 50.23 11.03 3.79 <0.01* 286 63 79 19 117 

10 4.36 1.37 47.50 16.97 7.22 <0.01* 222 64 118 23 132 

Feom and Alom are (Fe, Al)-humus complexes; Feia and Alia are (Fe, Al)-inorganic amorphous 

oxyhydroxides; Fec and Alc are (Fe, Al)-crystalline oxyhydroxides 

*values below the limit of detection 

 

Table S3 Freundlich and Langmuir adsorption constants (Campillo-Cora et al., 2020) 

Soil Freundlich Langmuir 

 Kf n β KL 

1 186.19 0.31 753.40 0.16 

2 135.83 0.34 758.18 0.06 

3 61.29 0.43 574.40 0.03 

4 41.40 0.45 448.96 0.03 

5 91.22 0.44 858.56 0.04 

6 25.78 0.76 2257.96 0.01 

7 3.26 1.19   

8 85.36 0.45 944.39 0.03 

9 68.00 0.47 897.99 0.02 

10 109.12 0.44 1041.21 0.04 

KF is the Freundlich’s affinity coefficient;n is Freundlich’s linearity index; β is the maximum sorption 

capacity of the soil; KL is the Langmuir’s constant referred to adsorption energy 

 



Table S4  

Chromium extraction from studied soils (n=10) using H2O, CaCl2 and DTPA, as a function of the added Cr concentrations (Campillo-Cora et al., 

2021a) 

Added Cr 

(mg·kg-1) 
H2O Cr (mg·kg-1) 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

2000 * * 1312.3 40.2 517.9 32.2 179.2 147.9 124.4 31.5 

1000 * * 407.2 10.7 171.7 * 32.3 21.5 19.0 11.9 

500 * * 135.5 3.2 21.1 * 15.0 8.5 6.2 7.3 

250 * * 33.2 3.4 * * 11.4 3.1 10.2 4.7 

125 * * 8.8 6.3 * * 6.3 3.1 11.9 6.6 

62.5 * * 1.6 3.5 * * 6.2 6.9 13.7 5.4 

31.25 * * * 1.5 * * 7.1 10.2 10.4 2.7 

0 * * * 1.2 6.6 * * 7.6 12.1 4.2 

 CaCl2 Cr (mg·kg-1) 

2000 * * 881.2 14.1 195.3 7.1 88.1 39.8 29.9 5.3 

1000 * * 210.2 3.1 30.5 * 4.2 3.6 3.3 1.8 

500 * * 66.6 * 2.0 * 1.5 0.2 0.3 0.6 

250 * * 15.9 * * * 0.9 0.4 * * 

125 * * 1.5 * * * 0.5 * * * 

62.5 * * * * * * 0.4 0.7 * * 

31.25 * * * * * * 0.5 0.4 * * 

0 * * * * * * * 0.3 * * 

 DTPA Cr (mg·kg-1) 

2000 5.6 5.3 420.0 10.4 170.9 4.3 30.9 22.8 26.3 7.0 

1000 4.1 3.1 154.5 4.2 51.2 0.5 1.7 5.0 4.9 2.9 

500 2.8 2.9 51.9 2.4 11.3 * 0.1 1.3 1.4 1.5 

250 1.1 1.6 18.1 1.1 2.3 * * 0.6 0.2 0.5 

125 0.4 0.3 4.8 * 0.2 * * * * 0.1 

62.5 * * 0.5 * * * * * * 1.0 

31.25 * * * * * * * * * 0.7 

0 * * * * * * * * * 0.6 

*values below the limit of detection (<0.02 mg·kg-1 for H2O and CaCl2 Cr determinations, and <0.1 mg·kg-1 for DTPA Cr)



Table S5 

Explained variance (R2) from log IC50 fitting to the logistic model 

Cr (mg·kg-1) 2000 1000 500 250 125 62.5 31.25 0 

S1 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

S2 0.96 0.95 0.96 0.96 0.94 0.96 0.98 0.99 

S3 * * 0.87 0.99 0.98 0.98 0.99 0.99 

S4 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

S5 * 0.99 0.99 0.99 0.99 0.99 0.99 0.99 

S6 * 0.98 0.99 0.99 0.97 0.98 0.99 0.99 

S7 * 0.99 0.99 0.98 0.98 0.99 0.99 0.99 

S8 0.98 0.99 0.99 0.99 0.99 0.99 0.99 0.98 

S9 * * 0.98 0.96 0.95 0.99 0.99 0.99 

S10 * * 0.98 0.99 0.99 0.98 0.99 0.99 

*Unadjusted data 
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