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Apparatus

SEM micrographs were analysed using FEI Nova NanoSEM 230 microscope. X-ray powder diffraction data
(XRD) (PANalytical, The Netherlands) were collected on X'Pert PRO X-ray diffractometer with P1Xcel ultrafast
line detector and Soller slits for Cu K, radiation. The measurements were performed in Bragg-Brentano
geometry.

Powder diffraction data (XRD) were collected on X'Pert PRO X-ray diffractometer with PIXcel ultrafast line
detector and Soller slits for Cu K, radiation. The measurements were done in Bragg-Brentano geometry.

A commercial EDXRF system (XDV-SD model, Helmut Fischer GmbH, Sindelfingen, Germany) equipped with
a small spot X-ray beam (aperture collimators of 0.1, 0.3, 1.0 and 3.0 mm) was used to study the spatial
distribution (homogeneity) of the membranes. The main features of this equipment are a low-power tungsten X-
ray tube operating at a maximum power of 50W (fixed voltages of 10, 30 and 50 kV and current values of 0.1-1
mA) and a SD semiconductor detector (Peltier cooled to —50 °C) with a resolution of 180 eV at Mn Ka. This
spectrometer is also equipped with four primary filters (Ni, 10 pm; Al, 500 and 1000 um; Ti, 300 um and Mo, 70
um). In this configuration, a hole mirror located in the path of the primary beam allows the measurement spot to
be precisely selected using a colored video camera and the area to be viewed on a PC monitor during the
measurement procedure. Fully automatic measurements can be conducted using the XYZ-programmable
motorized stage. The instrument is controlled by WinFTM®-v.6.35 software, which is used for both the
acquisition of spectra and the treatment of the spectral data. The software was initially designed for the
simultaneous analysis of layer thickness and composition with application to single layers or multi-layered
materials. The fundamentals of this software are detailed in the Roessiger and Nensel work [1]. This software
program utilizes for the evaluation of the measured spectrum the Fundamental Parameters (FP) approach [2],
with the support of pure elements spectral data, in a first approach.

Energy-dispersive X-ray fluorescence spectrometry (EDXRF) measurements were performed using Epsilon 3
(PANalytical, Almelo, The Netherlands) with a Rh target X-ray tube with a 50 zm Be window and max. power
of 9 W. The spectrometer is equipped with a thermoelectrically cooled silicon drift detector (SDD) with 8 um Be
window and resolution of 135 eV at 5.9 keV. The spectrometer is equipped with spinner and five primary filters
that can be selected to improve measuring conditions for determined elements.

Inductively coupled plasma optical emission spectroscopy (ICP-OES) (Spectro Analytical Instruments GmbH,
Germany) measurements were performed using a SpectroBlue FMS16a spectrometer with inductively coupled
plasma (ICP) excitation (Spectro Analytical Instruments) and a charge coupled device detector. The following
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operation parameters were used for measurements: plasma power — 1.45 kW; coolant gas — Ar, 12 L min™;
auxiliary gas — Ar, 1 L min!; nebulizer gas — Ar, 1 L min™; nebulizer pressure — 3.2 bar; nebulizer-cross-flow
type; sample uptake rate — 2 mL min™*; wavelength — 193.759 nm, 196.090 nm, 324.754 nm and 220.353 nm for
As, Se, Cu and Pb, respectively.

The regulations for water as well as toxicity of arsenic and selenium are given by United States Environmental
Protection Agency (USEPA) [3,4], World Health Organization (WHO) [5], European Union (EU) [6]. Toxicity
of arsenic and selenium are described inter alia by [7,8]. Maximum contaminant levels (MCL) of arsenic was
established by USEPA at 10 ng mL™*. USEPA established also the maximum acceptable concentration level of
selenium in surface waters at 5.0 pg/L. As reported by WHO, EU, and USEPA selenium limit in drinking water
was set at 40 ug L%, 10 pg L™ and 50 pg L™, respectively.

Characterization of TiO,@cellulose
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Figure S1. Mapping of TiO,@cellulose (collimator - 0.3 millimeter diameter).



Adsorption study
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Figure S2. The dependence of Se and As species on pH and the effect of pH on the recovery of Se(IV), Se(V1)
and As(111), As(V) on TiO,@cellulose.



Adsorption isotherms

The adsorption of Se(1V) and As(V) ions on TiO,@cellulose at pH 2 was simulated using Langmuir [9,10] and
Freundlich [11] isotherm models:

q — qmaxKLCe
° 1+K,C,
qe = KFCel/n

where Qmax 1S the maximum amount of ions adsorbed per unit weight of TiO, at the high equilibrium ion
concentration (mg g™), Ky is the constant related to the free energy of adsorption (L mg™), Ce is the equilibrium
concentration, which is achieved during stabilization of the system (mg-L™), Ke (mg*™ L" g*) and n are
Freundlich constants related to the adsorption capacity and the adsorption intensity, respectively.

Table S1. The list of parameters for Langmuir and Freundlich models.

Langmuir Freundlich

Omax KL R Ke n R
Se(1V) 711 3.49 0.996 46.8 3.04 0.987
As(V) 49.2 2.58 0.999 277 1.41 0.981

Isotherm parameters are included in Table S1. The better fitting the adsorption equilibrium data to the Langmuir
model than the Freundlich model suggests a chemical adsorption process.

The influence of contact time and the sample volume on the adsorption of Se(IV) and As(V).
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Figure S3. Effect of sample volume and contact time for TiO,@cellulose and Se(1V) (a) as well as As(V) (b) (x
and z axis are sample volume and contact time, respectively).

Interferent study

The concentrations of potential interferents were chosen according to a literature study [3]: 20-200 xg mL™* (Na",
K*, Mg®*, Ca®"), 0.5-10.0 ug mL™* (AI**, Fe**), 0.01-250 g mL* of SO,*, 0.01-1.0 ug mL™* of PO,*, 100-500 pg
mL-1 of CI', 100-800 xg mL* of NOz and 0.5 to 5.0 ug mL* of HA. The obtained results (see Table S2 and
Figure 4S) prove that the metal cations, such as: Na*, K*, Mg?*, Ca®*, AI** as well as anions such as: CI", NO3,
SO,* and HA in the whole studied concentration range does not influence the analytes sorption, which are
adsorbed with recovery values in the range of 92-108 %. Only, the impact of AI** and SO, at high
concentration levels (10 xg mL™* A** and 250 xg mL™* SO,%) on arsenic sorption can be observed (Recovery of
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85 %, and 62 %, respectively). Reducing the AI** and SO, concentration to 5 g mL™* and 50 ug mL?,
respectively, allows obtaining 99-95% recovery of As(V). However, the US EPA recommends that aluminum
levels for secondary drinking water do not exceed of 200 pug L™ so, it is not a critical issue for As(V)
determination in this type of water. Sulfate is not classified under the primary standards for drinking water. The
secondary maximum contaminant level (SMCL) for sulfate is 250 g mL™. The influence of 2.5 ug mL™* Fe*" the
recovery of both analytes is not observed. SMCL for iron is 0.3 zg mL*. The concentration of phosphates in the
water sample should not exceed the concentration of 0.25 ug mL™* (secondary standards) and 0.1 xg mL™
(primary standards), so that the impact on recovery of As and Se is not observed. However, the maximum
acceptable level of phosphorous in water to avoid accelerated eutrophication is 0.1 xg mL™. Sum up, the acidic
solution (pH 2) enables the quantitative adsorption of Se (IV) and As (V), while preventing the precipitation of
some elements found in real waters.

Table S2. Effect of potential interferences on recovery of Se(IV) and As(V) on TiO,@cellulose.

Interferent Conceqtration, Added as Interferent{ Recovery+ RSD, %
pgmL analyte ratio As(V) Se(IV)
Na* 200 NaNO; 20000 100.5+0.38 107.8+0.38
K* 200 KNO; 20000 98.64+0.07 96.740.10
Mg 200 Mg(NO3), -6H,0 20000 91.91+0.09 95.5+0.36
Ca** 200 Ca(NOg), -4H,0 20000 105.4+0.50 99.3+0.55
Al 10 AI(NO3); -9H,0 10 000 85.2+0.34 99.4+0.23
Al 5 AI(NO3)3 -9H,0 5000 99.3+0.34 99.31+0.25
Fe** 25 Fe(NOs); -9H,0 250 100.05+0.07 104.8+0.58
NOj3 800 KNO; 80 000 97.840.59 97.0+0.41
SO, 250 Na,SO, 25000 61+1.17 104.8+0.72
SO~ 50 Na,SO,4 5000 95.0+0.77 103.9+0.85
PO~ 0.25 NazPO, -12H,0 25 84.2+0.87 97.4+0.94
PO~ 0.1 NazPO, -12H,0 10 93.3+0.97 97.8+0.51
Ccr 500 NaCl 50 000 102.4+0.49 95.8+0.29
HA 5.0 Humic acid 500 974+0.11 100.7+0.53
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Figure S4. Effect of foreign ions on recovery of Se(IV) and As(V) on TiO,@cellulose.




Application

Table S5. Analyte determination in waters spiked with Se(1V) or As(V) (£ std; h = 3)

Sample Added, ngmL*  Found, ng-mL™ Recovery, %

Se(IV) or As(V)  Se(IV) As(V) Se(1V) As(V)
Tap water 0 <LOD <LOD

7.5 7.3+0.16 6.9 +£0.18 973 920

10 9.7+0.11 9.1+0.21 97.0 91.0
Spring water 0 <LOD <LOD

75 7.0+0.11 6.9 +0.23 933 920

10 9.4+0.15 9.2 +0.24 94.0 920
Mineral water 0 <LOD <LOD

75 7.6+0.29 7.2 +0.32 101.3 96.0

10 9.7+0.19 9.4 +0.31 97.0 94.0

Table S6. Determination of Se as well as As species in water (+ std; n= 3)

Added, ng mL™ Found, ng mL™ Recovery, %

Se(IV) Se(Vl) As(ll) As(V) Se(lV) Se(VIy*  As(llly*™  As(V) Se(IV)  Se(Vl) As(ll) As(V)
0 0 0 0 <DL <DL <DL <DL - - - -

10 0 10 0 10.4£0.71 <DL 9.7+0.33 <DL 104 - 97 -

0 10 0 10 <DL 9.0£0.63 <DL 10.3£0.60 - 90 - 103
10 10 10 10 9.240.58 8.9+0.67 9.4+0.29  9.7+0.40 92 89 94 97

*Se(VI) = Se(total)-Se(IV); **As(lll) = As(total)-As(V)
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