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Text S1Chemicals

All solutions were prepared using analytical gragagents and Milli-Q water.
Analytical standards for sodium diatrizoate dihydrand 3,5-diacetamidobenzoic acid were
purchased from Sigma-Aldrich (Steinheim, Germaryptassium phosphate monobasic
(KH2PQOy), potassium phosphate dibasick#Qy), sodium chloride (NaCl) and potassium
hydroxide (KOH) were purchased from Ajax Finechekudkland, New Zealand). Solvents
for liquid chromatography were purchased from Mdidarmstadt, Germany).



Text S2Preparation of Pd nanopatrticles-loaded graphitelectrodes

Polyelectrolyte self-assembled multilayers (PEMsgrav formed by alternate
immersion in polyallilamine (PAH, 15mM, pH 8) andlyacrilic acid (PAA, 15mM, pH 4)
solutions for 30 minutes, starting from PAH, witb(2RPM magnetic stirring. Between
adsorption steps, electrodes were washed twicevierse osmosis water for 15 min. 5 layers
were self-assembled: PAH/PAA/PAH/PAA/PAH. The saesplere then soaked in 1 mM
PdCL* (in 0.1 M KCI, pH 2.5) solution for 24 h and thaghly rinsed with water. The
confined [PdCJ]* ionswere potentiostatically reduced at -500 mV vs AgZAin a HSO,

0.1 M solution for 12 minutes. A positively chargeapping layer (PAH) in multilayers films
facilitates the adsorption of the negatively chdrged ions (PdGt). The PdCF
exchange/reduction step was repeated a second time.

Scanning Electron Microscope (SEM) imaging (secon@dectrons) was performed
on a Field Emission Jeol JSM-7001F microscope wittot (Schottky) electron gun operated
at 15 kV. Energy dispersive X-ray spectroscopy (ED®asurements were performed on a
XL30 Philips (LaB6 source electron gun) Scanningciion Microscope, operated at an
accelerating voltage of 20 kV. Elemental analysas werformed in spot measurement mode

at 60 s integration time.



Text S3Palladium nanoparticle characterization.

The Pd electrochemically active area was estiméteoh the reduction peak of
palladium oxide (Figure S4), using a relationsHigt20 nC cmi’. A Pd-NP size distribution
histogram (see Figure S5) was obtained employimg Rarticle Analysis module of the
Scanning Probe Image Processor (Image Metrolog$)Ov7 on an QLD Node-Australian
National Fabrication Facility Licence. TypicallyEBI micrographs were flattened and XY
calibrated, followed by manually setting an inténsihreshold and automatic particle
detection. Particles with radii bellow 3 nm and add00nm were trimmed from histograms

(80 bins) as corresponding to surface noise aneéRtbaggregates.



Text SAUFLC-QLIT-MS analysis of diatrizoate and its redantproducts.

Diatrizoate and its reduction by-products DTR-I5¢8jacetamido-diiodobenzoic
acid), DTR-21 (3,5-diacetamido-iodibenzoic acidphdaDTR-3I (3,5-diacetamidobenzoic
acid) were analysed in positive electrospray ((+)B%ode. Eluent A was acetonitrile with
0.1% formic acid, and eluent B was HPLC grade waiighh 0.1% formic acid. The elution
gradient started with 5% eluent A, increasing t@2h 10 min, raising to 50% in the
following 5 min, further increasing to 100% of A the next 3 min. Next, the gradient was
isocratically held at 100% of A for 4 min befordweing to the initial conditions and re-
equilibrating the column for 4 min. Chromatographitalysis was complete after 26 min.
Chromatographic separation was achieved with atinddl C18 Column (250 x 4.6 mm,
particle size Jum) run at 40 °C, from Alltech Associates Inc. (Oesd, IL, U.S.A.).

The optimized compound dependent MS parameterdu@tedng potential (DP),
collision energy (CE) and cell exit potential (CXPyr each transition are summarized in
Table S1. Settings for source-dependent parametesas follows: curtain gas (CUR), 30V;
nitrogen collision gas (CAD) high; source temperat(f EM) was 700 °C; ion source gases
GS1 and GS2 were set at 62V; ion spray voltagesetat 5500V.



Text S5

In the experiments performed in batch mode, elbai® time was calculated as a
ratio of the cathodic compartment volumecqyY, L) or anodic compartment volume Ay,
L), and total volume (V, L), and multiplied by theal experiment time (Eq 1):

- Vear Ot = Van

el Vv

Theoretical release of iodide ions g, mg L) was calculated as the maximum

t

Ot (Eq 1).

possible release of for a given experiment, assuming that the decreasdiatrizoate
concentration corresponded to its complete deididndEq 2):

3CMW,

(Eq 2),
IleDTR

Ci theor = CoTrR0 ~ COTR)

where gtro and @rr are the initial and concentration (mg'Lof diatrizoate at time t,
respectively, and M\Wand MWhrr are molecular weights of iodine and diatrizoate,
respectively.

Diatrizoate removal efficiency (Efr, %) was calculated using the following
equation:

Cptro ~ CpTR
Efprg =— = [100% (Eq 3).
CptrRO

Deiodination efficiency (Ef %) was calculated as a percentage ratio of

experimentally determined concentration of iodiolesi (Gexp, Mg LY and Gineor (Eq 4):

C
Ef, =—=% (00 (Eq 4).
Cl,theor

In electrochemical reduction in batch mode, Coulmméfficiency of diatrizoate
deiodination was calculated with respect to the@aait compartment volume as follows:

o= 20Veur CFLC

O (Eq 5),

where 2 is the number moles of electrons per mbledide ion released, 5 Faraday’'s
constant (96 485 C mdle), G is the concentration of iodide ions measurednaé ti (mol L
1, l'is the measured cathodic current, and t igtim

The energy (E, kWh i) used in a coupled reductive and oxidative elettemical
treatment in continuous mode was calculated wipeet to the cathodic flow rate {Q

cathodic current gat), and total cell potential (k7) as follows:

£ = Eror Llear (Eq 6).
Qc
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Figure S1 Scheme of the divided electrolytic cell used iecelochemical oxidation and
reduction experiments.
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Figure S3 Extracted ion chromatograms of diatrizoate andeitiiction products recorded in

the (+)ESI MRM mode.
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Figure S4 Scanning electron micrographs (SEM) of graphité ééctrodes doped with Pd
nanoparticles at different magnifications.
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Figure S5 Pd nanoparticle size distribution histogram olgdirfrom Figure S4. Average
radius 20 nm and a standard deviation 11 nm.
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Figure S6 Energy Dispersive X-ray Spectroscopy (EDS) spofilerof the as synthetised Pd
nanoparticles on graphite felt electrode (20 kVeteating voltage, 60s integration time).

12



0.04

B o-
(&)
<
e
~
€
g
5 -0.04
o
-0.08 s - .
0.2 0.4 0.6 0.8 1 1.2
E, V vsSHE
B
0.6
£
(8
T 02
.y
€
o
2
-0.2
-0.6 "
-0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
E, V vsSHE

Figure S7 Cyclic voltammograms for Pd nanoparticles-dopeaphite felt electrodesy) Pd
oxide region, an®) H, adsorption region.
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Figure S9 Qualitative profiles of diatrizoate and its redant products DTR-I (3,5-
diacetamido-diiodobenzoic acid), DTR-2I (3,5-diareido-iodibenzoic acid), and DTR-3I
(3,5-diacetamidobenzoic acid), obtained based eir telative areas to the initial area of
diatrizoate (4), is depicted on the left axis. Theoreticaldd) and experimental ¢y
release of iodide in electroreduction at bare gteplelt (left) and Pd nanoparticles-loaded
graphite felt (right), in phosphate buffer (pH 7i®)depicted on the right axis, atAr: A) -
1.1 Vvs SHEB) -1.3 V vs SHEC) -1.5 V vs SHE, andD) -1.7 V vs SHE. Values are
expressed as means of two experiments, with ttedard deviations.

15



A) 1.0 16 1.0 16
—e— DTR
—a— k14 L
o= | —= —&— DTR 14
0.8 1 —o— .-exp —— 0.8 1 —v— DTR-2I _ =9
theor F12 ’ —=— DTRA3I B T
—o~ —
o 10 S L
1 061 —e— DTR o “, L 061 Q//g//é/ o .
S | T oma 7 s B E o el s 2
< g o7 < T ><F lop — = 3
I i —a— DTR-3I G A~ —o— 1 -
0.4 ~ | 6 0.4 4 - theor te ©
e
. L
a 4
027y
2 Va 2
/7
0.0 & : : : : : 0 0.0 & . . ; x 0
0.0 05 1.0 15 2.0 25 0.0 05 10 15 2.0 25
Electrolysis time, h Electrolysis time, h
B) 1.0 16 1.0 16
—e— DTR —¢— DTR
L __—o——g
—= > DR 14 - —— DRI P - ——fraa
08 1 —v— DTR2I 08 1 —v— DTR-2I . o
—a— DTR-3| F 12 —=— DTR3I //ﬁ//ﬂ b 12
b’y
o« —o— 1
.06 r10 o o4 //z’ ep ——= 10
g oz —0— . a
& s & // theor =
e 8 E o 8 E
§ <3 /o =
J —o— 7T 5 0.4 §
0.4 7:3)7 Texp — g © /4 e
I'theor &
F4 / 4
021 024 ,
/ 2
2
/
0.0 ¥ ‘ i . . i o 00 ¢ . . ; ; : 0
00 05 10 15 20 25 00 05 10 15 20 25
Electrolysis time, h Electrolysis time, h
1.0 16 1.0 16
c) —e— DTR
—  —— DRI __o——""14 ? 14
0.8 1 —v— DTR-2I T——F 08 4 5
—.-— DTR-3I/§// F12 A F12
- -3
- o o
. J 27 _o—"%10 L. g6 —e— DTR //§ o 0 -
0.6 — = _:
g s -2 S & —  —— DTRI /§/ o 2
S Pl 8 ig Yo DR2 X 5 —a— re g
g '3 g G 3 —=— DTR3I % o= =
< 04 / Pre . _ Le 041 ya - ~°~ Ttheor 6 ©
/ - Texp —= //ﬁ/
/ - —o— é
jo é/ theor La kT L4
0.2 1 Vi // 0.2 A 4/
// L 2 /gﬁ F2
s
0.0 o . : ; ; ; 0 0.0 &F T T T T 0
0.0 05 10 15 20 25 0.0 05 1.0 15 20 25
Electrolysis time, h
D)10 ¢ 16 1.0 16
) —e— DTR 5——o——2 —e— DTR _A———g-——g
= —4— DTR- — b 14 — —/— DTRI = L
08 1 —v— DTR-2I //Q 08 1 —v— DTR-2I /&;;ﬁ 14
’ —=— DTR3l__g~ é///@ 12 ’ - DTR‘?"Q,;/H F12
~ ~ o —— |e
/}I - 1o 77 com o =y
" 0.6 Y /g [T 0.6 S/ theor ol
5 v s £ 3 ﬁ/ s 2
=4 -7 T ey g e =
< 04 v/ g o P =] < 044 o ¢ O
}}/ // theor ///p
- M4 / 4
021 //U// 024
s r2 / 2
/L /
0.0 : : : ; ! 0 00 & : . : » *—— 0
0.0 05 1.0 15 2.0 25 0.0 0.5 1.0 15 2.0 25
Electrolysis time, h Electrolysis time, h

Figure S10Qualitative profiles of diatrizoate and its redantproducts DTR-I, DTR-2I, and
DTR-3l, obtained based on their relative areashi inhitial area of diatrizoate ¢} is
depicted on the left axis. Theoreticalnth) and experimental ¢y release of iodide in
electroreduction of diatrizoate atg&=-1.5 V vs SHE at bare graphite felt (left) and Pd
nanoparticles-loaded graphite felt (right), in pbiwste buffer is depicted on the right ax43:
dissolved oxygen=7.2 mg1.B) addition of 10 mM NaCIC) pH=11, andD) cathodic flow
rate (Q)=200 mL min’. Values are expressed as means of two experimeftts,their
standard deviations.
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Figure S11First-order rate constants of diatrizoate reducflerr,eq, h') and initial rates of

I” release @, pmol L* h%) vs applied Ear for graphite felt and Pd nanoparticles-loaded
graphite felt. The initial rates of iodide releagere calculated as the slope of the tangent line
at t=0 h of the curve of mean iodide ions conceiatnal'e,) vVersus electrolysis time.

17



iizif“* uﬁvu

' DTR ! DTR-I
+2H*, Ze - HI
)]\ /5\ JC])\ e 5\ )J\
DTR-3I DTR-21

Figure S12Proposed pathway of diatrizoate (DTR) deiodinatibgraphite felt cathode. The
exact position of the iodine release could not beemnined. While the structures of the
reduction products are accurate in terms of theb®smf remaining iodine atoms, they are
not necessarily accurate with respect to theirtfprson the aromatic ring.
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Figure S13Normalized concentrations of diatrizoate, DTR-&id DOC versus electrolysis
time (h) in electrochemical oxidation at BDD anaateanode potential (fg)= +3.5 V vs
SHE:A) 5 uM diatrizoate and DTR-3I solution at pH 2.0d &) 5 uM diatrizoate and DTR-
3l solution pH 7.0C) 50 uM diatrizoate and DTR-3I solution at pH 2.@pdic flow rate
(Qa)=200 mL min"; Kprro=0.460+0.008 H, Kprr.3,0=0.481+0.007h™, and D) 50 puM
diatrizoate and DTR-3I solution at pH 7.0,%200 mL mif*, korr 0,=0.647+0.004 H, kprr.
310=0.653+0.006 1 (¥ >0.99 in all cases).
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Figure S14A) Concentrations of diatrizoate and DTR-3I normalize their initial values,
andB) normalized DOC concentrations in electrochemicadlation in hospital wastewater
at Eazv= +3.5 V vs SHE, pH 7.0 and,8110 mL min".
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Figure S15 Concentration of DTR-3I in the effluent of the lwadlic compartment in
combined electrochemical reduction and oxidatiopegxnents in continuous mode and at
Ecar=-1.7 V vs SHE, using 22 mM phosphate buffer aospital wastewater (HWW). The
buffer solution and hospital wastewater were amendéh 5 uM of diatrizoate. The samples
batch of hospital wastewater already containedridcste at a concentration of 3.72+0.04
nM.
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Figure S16 Concentrations of chloride ions measured in théhadhc and central
compartment of three-compartment electrolytic aelcombined electrochemical reduction

(Ecat= -1.7 V vs SHE) and oxidation f(g=3.4-3.5 V vs SHE) of hospital wastewater in
continuous mode.
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Figure S17 Electrochemical oxidation at BDD afyE +3.4-3.5 V vs SHE, in continuous
coupled electrochemical reduction and oxidatiorb ¢fM solution of diatrizoate in 22 mM
phosphate buffer (initial pH 7.0)A) qualitative profiles of diatrizoate and its redant
products DTR-I, DTR-2l and DTR-3I, obtained basedtlteir relative areas to the initial area
of diatrizoate (A), andB) concentration of DTR-3I, measured in the effluehthe anodic
compartment.
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Figure S18Removal of DOC in anodic treatment of combineatetehemical reduction and
oxidation of the hospital wastewater.
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Figure S19Coupled electrochemical reduction and oxidatio® @fM solution of diatrizoate
in: A) 22 mM phosphate buffer, anB) hospital wastewater; potential applied at Pd

nanoparticles-loaded graphite feltc@k, V), the resulting cathodic currentfr, mA), total
cell potential (Eot, V), and BDD anode potential &, V).
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Table S1 Method parameters applied in multiple reaction iwoimg (MRM) mode in
guadrupole linear ions trap mass spectrometry (€NH) analyses of diatrizoate and its
reduction products DTR-I (3,5-diacetamido-diiodoba&in acid), DTR-2I (3,5-diacetamido-
iodibenzoic acid), and DTR-3I (3,5-diacetamidobeazacid), in (+)ESI mode. DP-
declustering potential, CE-collision energy, CXH-egit potential, SRM

Compound | Precursor | MRM 1 | DP-CE-CXP| MRM 2 | DP-CE-CXP | tgr, min
ion, m/z V) (V)

DTR 615.0 361.0 80-30-10 233.1 85-33-10 6.2

DTR-I 489.0 235.1 75-35-10 5.9; 8.

DTR-2I 363.2 193.9 80-30-10 236.1 75-25-10 9.8

DTR-3I 237.2 219.2 80-30-10 177.1 80-40-10 11.4
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Table S2First-order rate constants of diatrizoate remavalectrochemical reduction fk.eq, h%), initial rates of 1release ¢, pmol L hh),
diatrizoate removal efficiencies (k) and deiodination efficiencies (Efobserved in the electrochemical reduction at bame Pd
nanoparticles-loaded graphite felt, performed wWithpurge and at pH 7.0. Coulombic efficiencie¥ Were calculated for 2.72 h of applied
electrolysis time, using the measured consumedriglgiccharge (I*t). Values are expressed as meanwo experiments, with their standard

deviations.

Ecar, V vs SHE I*t, Ah Yotrred, N Pigy, pmol LTh?  Efprr, % Ef;, % g, %

Bare graphite felt

-1.1 0.24+0.06 0.43+0.02 2.17 71.3+0.6 54.4+1.6 046+0.009
-1.3 0.33+0.02 0.59+0.02 2.70 81.7+0.1 58.1+1.5 039+0.001
-1.5 0.46+0.02 0.78+0.01 3.94 87.6+0.7 63.7+£3.6  038+0.001
-1.7 0.66+0.04 0.88+0.15 5.10 90.6+3.6 66.6+2.1 028+0.001
-1.5 (DO=7.2 mg L) 0.50+0.06 0.40+0.02 2.51 65.4+1.7 61.2+2.2 0H0R202
-1.5 (10 mM NacCl) 0.38+0.07 0.86+0.01 5.60 90.7+2.  75.9+2.5 0.052+0.007
-1.5 (pH=11) 0.36+0.03 1.03+0.02 5.97 94.0+0.3 7#0.6 0.052+0.003
-1.5 (200 mL mift) 0.41+0.03 1.10+0.06 6.02 98.1+1.7 81.6+1.7 00602
-1.7,"HWW 1.56+0.10 0.27+0.11 3.33 52.446.5 54.8+7.8 00@+0.001
Pd NP-graphite felt

-1.1 0.76+0.02 0.61+0.01 4.14 85.0+2.5 83.3+1.3 026+0.001
-1.3 0.88+0.05 0.71+0.01 6.05 87.313.1 92.5+0.9 028+0.002
-1.5 1.28+0.04 0.91+0.01 11.1 91.6+0.4 99.0+0.0 020+0.001
-1.7 1.84+0.07 1.07+0.02 11.5 94.7+1.4 99.0+0.6 018+0.001
-1.5 (DO=0 mg [ 1.33+0.02 0.73+0.09 9.25 86.6+2.7 93.410.6 01001
-1.5 (10 mM NacCl) 1.44+0.11 1.50+0.04 13.9 98.6+0. 97.6+0.5 0.018+0.002
-1.5 (pH=11) 1.12+0.04 0.72+0.04 5.23 87.4+3.0 286.2 0.018+0.001
-1.5 (200 mL mift) 1.68+0.08 1.41+0.03 16.8 96.2+0.8 95.5+0.5 001601
-1.7, HWW 2.48+0.08 0.32+0.03 4.20 60.0+2.7 88.5+ 0.006+0.001

%>0.985,%, were calculated as the slope of the tangent litreCah of the curve of mean chloride ions concatidn versus timéHWW=hospital wastewater .



Table S3Characteristics of hospital wastewater. The vatuwegresented as mean values of
two measurements, with their standard deviations.

Parameter MeanzStandard Deviation
DOC (mg LY 83.1+1.4

IC" (mg LY 156.0+0.1

Cl' (mg L} 769.3+3.2

SO (mg LY 14.8+0.7

NH,-N (mg LY 62.6+2.4

"IC=inorganic carbon
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