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Table S1. Wavelength chosen of the analytes determined and limit of detections (LOD, ug/L).

Wavelength, nm Limit of Detection, pug/L

Al 396.152 12
Ca 317.933 104
Cd 228.802 0.05
Cr 267.716 0.5
Cu 324.754 1
Fe 259.940 20
K 766.490 61
Mg 285.213 16
Mn 257.610 0.7
Na 589.592 83
Ni 232.604 0.9
Pb 220.802 0.08
Si 251.611 283
Sr 407.771 04
Zn 213.856 8

Table S2. Characteristics of the contaminated soil of Borgomanero and control soil.

Property Contaminated Soil Uncontaminated Soil
Organic carbon (% w/w) 17.14 34.00
Organic matter (% w/w) 29.55 59.02

CEC (cmol/kg) 31.30 57.22
pH 5.3 N.A.
Particle size distribution

% Sand 19.3 49.03
% Fine sand 57.28 31.37
% Silt 10.1 6.28

% Fine silt 8.35 6
% Clay 5.37 8.12
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Table S3. Concentrations with standard deviation of the analytes determined in the rice husk,

expressed in mg/kg.

Concentration * std. dev.

Al

Ca
Cd
Cu
Fe

K
Mg
Mn
Na

Si

Sr

808 +24
1377 + 41
<25
3.9+0.1
940 + 27
2885 + 82
1301 +42
185+7
272+ 8
55760 + 1
12+2

Table S4. Percentage of the formation of the species with the different ligand for Cu, Cd, Mn,
calculated by the software PyES. For each experiment the concentration of the metal is 1.0-10* M,
the concentration of the ligand 3.0-10* M and the concentration of the buffer acetate 1.0-102 M.

Cu Cd Mn
(Cd)(EDTA)=99.8 (Mn)(EDTA)= 63
EDTA (Cu)(EDTA)=100 Cd=0.19 Mn= 37
(Cd)(Ac)=0.01 (Mn)(Ac)=0.4
Mn=98.5
(Cu)(NTA)=99.93 Cd=75 _
NTA Cu=0.07 (CA)(NTA)=22 (ﬁn)(ﬁ}%; 1_‘20 .
(Cu)(Ac)=0.01 (Cd)(Ac)=3 (Mn)( )=0.
Cu=90 Cd=96 Mn= 98
Meso-tartaric acid (Cu)(Ac)=7 (Cd)(Ac)=4 (Mn)(Ac)=1

(Cu)(Tart)=3
(Cu)(Ac)>=0.05

(Cd)(Tart)=0.04

(Mn)(Tart)=0.7

Oxalic acid

(Cu)(Oxa)=74
(Cu)(Oxa)=15
Cu=11
(Cu)(Ac)=0.8
(Cu)(Ac)>=0.01

Cd=94
(Cd)(Ac)=4
(Cd)(Oxa)=3

Mn=98
(Mn)(Ac)=1
(Mn)(Oxa)= 0.6

Malonic acid

Cu= 66
(Cu)(Mal)= 28
(Cu)(Ac)=5
(Cu)(Ac)=0.04

Cd=96
(Cd)(Ac)=4
(Cd)(Mal)=0.2

Mn= 99
(Mn)(Ac)=1
(Mn)(Mal)=0.1

Succinic acid

Cu=93

(Cu)(Ac)=7 Cd=96 Mn= 99
(Cu)(Suc)=0.06 (Cd)(Ac)=4 (Mn)(Ac)=1
(Cu)(Ac)=0.05
. . Cu=93 :
Glutaric acid (Cu)(Ac)=7 (C(;i(j;)?ic): ) Mn= 99
Cd=94 Mn=99
Cu=70
L o (Cd)(Ac)=4 (Mn)(Ac)= 1
Citric acid ég‘:;glgl;% (Cd)(Citr)=0.2 (Mn)(Citr)= 0.3

(Cu)(Ac)= 0.04
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Table S5. Equilibrium constants of the considered ligands [60-62].

Cd Cu Mn
EDTA A=18.7
pKai=2.00; pKa=2.69; BAZ_;;M B=11.91 g: 51'1';)5
pKas= 6.13; pKas= 10.19 C=6.70
;Iﬁ‘: 1 9; pKa= 248; A=94 A=13.1 A=7.44
K= 9.6,5 ! B=4.9 B=3.39 B=3.55
Meso-tartaric acid A=130 A=3.15 A=2.49
pKui= 2.97; pKao= 4.49 B=0.80 B=2.06 B=1.41
C=0.76
A=278
Oxalic acid B=1.22 A=4.49 A=2.15
pKui= 1.04; pKao= 3.8 C=0.90 B=3.92 B=1.90
i D=4.1 D=9.54 C=1.75
E=5.1
Malonic acid A=2.64 A=5.04 A=25
pKai= 2.63; pKa= 5.28 B=1.49 B=2.08 124
C=1.04 C=78
A=1.47
Succinic acid B=0.82 A=27
pKai=4.0; pKa=5.24 C=0.45 B= 1.'85 A=1.26
D=2.29
E=2.74
Glutaric acid
pKai=4.13; pKa=5.01 A=2.0 A=24 A=1.13
Citric acid g:;g‘r’ A=5.90 A=3.79
pKai=2.90; pKax= 4.35; C=11 B=3.7 B=2.22
pKaz=5.30 D=4.54 C=2.26 C=1.5

Ka=acid dissociation constant; = cumulative stability constant. A =log 3 (ML); B =log 3 (MHL); C

=log B (MH:L); D = log B (ML2); E = log  (ML).

Table S6. Anova table for each metal and their significance between the groups.

ANOVA Table SS df F PR(GF)
Ligands 853 8 13,82 3,00E-06 xHE
Mn .
Residual 139 18
cd Ligands 2504 8 77,99 2,18E-12 wHE
Residual 72 18
C Ligands 13969 8 1031,62 2,40E-22 i
v Residual 30 18
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Figure S1. Map of the location of the soils contaminated, on the top the position of the site in the

European continent; on the bottom the position of the site in the Italian region.
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Figure S2. Heavy metal percentages extracted into the first four fractions according to Tessier’s

protocol for contaminated soil.
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Figure S3. Heavy metal percentages extracted into the first four fractions according to Tessier’s
protocol for non-contaminated soil.



