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Appendix A. Supplementary data

Table S1. Instrumental conditions of ICP OES.

Operational parameters

RF applied power (kW)

Outer gas flow rate (L min-1)
Auxiliar gas flow rate (L min-1)
Nebulizer

Spray chamber

Nebulizer gas flow rate (L min-')
Sample uptake rate (mL min-1)
Number of replicates

Viewing mode

Read time (s)

Analytical emission line (nm)

1.2

15

1.5

OneNeb®
Cyclonic-type
0.75

0.5

5

Axial

1

Cd Il (226.502)2
Cd Il (228.802)p
Hg Il (194.164)
Pb 11 (220.253)

aMeasured in the MDSPME optimization (Section 3.3).

b Measured in the validation of the method (Section 3.5) and the analysis of real

urine samples (Section 3.6).



20 Table S2. Experimental factors and levels of the Plackett-Burman design.

Level
Factors

Low (-1) High (+1)

Amount of sorbent (mg) 20 50
Sample pH 4 8
Extraction time (min) 3 6
Eluent solvent volume (mL) 0.5 1

Eluent solvent concentration (M) 5 10

Elution time (min) 2 5
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38
39
40
41 Table S3. Matrix of experiments of Plackett-Burman design with 11 factors

42 (N=12 experiments) used for screening step.

Run F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11
1 50 8 3 1 10 5 - - - + -
2 20 8 6 0.5 10 5 + - - - +
3 50 4 6 1 5 5 + + - - -
4 20 8 3 1 10 2 + + + - -
5 20 4 6 0.5 10 5 - + + + -
6 20 4 3 1 5 5 + - + + +
7 50 4 3 0.5 10 2 + + - + +
8 50 8 3 0.5 5 5 - + + - +
9 50 8 6 0.5 5 2 + - + + -
10 20 8 6 1 5 2 - + - + +
1 50 4 6 1 10 2 - - + - +
12 20 4 3 0.5 5 2 - - - - -

43 F1: amount of sorbent (mg); F2: sample pH; F3: extraction time (min); F4:
44 eluent solvent volume (mL); F5: eluent solvent concentration (M); F6: elution

45 time (min); F7-F11: dummies.



46 Table S4. Factors, levels and star points of a CCCD.
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Factors Star points
Level (a = 1.68)
Low (-1) Central (0) High (+1) -d +a
Eluent solvent volume (uL) 500 600 700 432 768
Eluent solvent concentration (M) 6.4 8.4 104 5.0 11.8
Sample pH 43 6.0 77 3.1 8.9




67 Table S5. Matrix of experiments of CCCD with 3 factors (N=20 experiments)

68 used for optimization step.

Run Sample pH Eluent solvent Eluent solvent
volume (pL) concentration (M)

1 4.3 500 6.4
2 7.7 700 6.4
3 4.3 700 6.4
4 7.7 500 6.4
5 4.3 500 10.4
6 7.7 700 10.4
7 4.3 700 10.4
8 7.7 600 10.4
9 3.1 600 8.4
10 8.9 432 8.4
11 6.0 768 8.4
12 6.0 600 8.4
13 6.0 600 5.0
14 6.0 600 11.8
15 6.0 600 8.4
16 6.0 600 8.4
17 6.0 600 8.4
18 6.0 600 8.4
19 6.0 600 8.4
20 6.0 600 8.4
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85

86 Table S6. Optimum extraction conditions for each analyte.

I?mission Eluent solvent Eluent so_lvent Sample pH
Lines (nm) volume (pL) concentration (M)
Cd 11(228.802) 432 7.3 6.2
Hgll (194.164) 432 11.8 4.0
Pb Il (220.253) 432 8.4 3.1
87
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94 Fig. S1. Scheme of zeolite surface modified by HDTMABTr surfactant and DDTC
95 chelating agent (a) adapted from [29] and complex formation of DDTC with M2*

96 cations (b).
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103 Fig. S2. High resolution XPS spectra in the Fe 2p region for ZSM-5/ Fe,O3 and
104 calcined ZSM-5/ Fe,0s.
105

106

107

108

109

110

111

112

113

114

115

116

117

118



119 (a) (b)

120

121 (c) (d)

122

123 Fig. S3. SEM images of ZSM-5 (a) and DDTC-HDTMA-Zn-ZSM-5/Fe,03 (b)
124 composites and TEM images of ZSM-5 (c) and DDTC-HDTMA-Zn-ZSM-

125 5/Fe, 03 (d) composites.
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135 Fig. S4. Supernatant signal of different modified ZSM-5/Fe,O3; composites in
136 aqueous standard (a) and in a urine sample (b) spiked with 50 ug L' of Cd, Hg
137 and Pb, respectively. The error bars are the standard deviation of three
138 replicates.
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Fig. S5. Supernatant signal of DDTC-HDTMA-Zn-ZSM-5/Fe,O3 composite

evaluated at three different DDTC concentrations (0.05, 0.1 and 0.5 % (w/v)) in

urine. The error bars are the standard deviation of three replicates.
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153 Fig. S6. Effect of ionic strength on the extraction efficiency of DDTC-HDTMA-
154 Zn-ZSM-5/Fe,O3; composite in aqueous standard spiked with 50 ug L' of Cd,
155 Hg and Pb, respectively. The error bars are the standard deviation of three

156 replicates.
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Fig. S7. Extraction efficiency of DDTC-HDTMA-Zn-ZSM-5/Fe,O3; composite
both in aqueous standard (blue) and in urine sample (red) spiked with 50 ug L
of Cd, Hg and Pb. In aqueous standard, the error bars are the standard
deviation of three replicates. In spiked urine sample the error bars are the

standard deviation of three urine samples.
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186 Fig. S8. Pareto charts of Plackett-Burman design for: (a) Cd; (b) Hg; and (c) Pb.
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194 Fig. S9. Response surfaces of CCCD obtained by plotting the sample pH vs.
195 eluent solvent volume, keeping the eluent solvent concentration at the optimum
196 value for: (a) Cd (7.3 M), (b) Hg (11.8 M) and (c) Pb (8.4 M). The optimum value

197 for the eluent solvent concentration for each analyte is in parenthesis.
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214 Fig. S$11. Response surfaces of CCCD obtained by plotting eluent solvent
215 volume vs. eluent solvent concentration, keeping the sample pH at the optimum
216 value for: (a) Cd (6.2), (b) Hg (4.0) and (c) Pb (3.1). The optimum value for the

217 sample pH for each analyte is in parenthesis.
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Fig. S12. Study of sorbent reutilization using the same DDTC-HDTMA-Zn-

ZSM-5/Fe,O3 composite in three consecutives extractions. The error bars are

the standard deviation of three replicates.
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