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ABSTRACT

Owing to their high consumption for X-ray diagnose and to their rapid excretion from
organism, iodinated X-ray contrast media (ICM) are often found in source waters. It is
a serious public health concern due to their potential to generate highly toxic
disinfection by-products. Reductive deiodination of ICM is considered as a promising
approach to degrade them and allows the possible recovery of iodide ions.
Electrocatalytic reduction of iohexol, an ionic ICM, was performed in the presence of
vitamin B12 as catalyst. Vitamin B12 was chosen owing to its catalytic activity toward

dehalogenation processes and to its positive effect on biodegradation of pollutants. The
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conditions for electrocatalysis were optimized to favor the electrocatalytic process over
the direct reduction, leading to the enhancement of the reaction kinetic and the current
efficiency. A total deiodination of iohexol was achieved after 1h of electrolysis. A
biological treatment with activated sludge underlined a low decrease of the dissolved
organic carbon even after electroreduction. However, the concentration of iohexol
decreased and a significant biotransformation of iohexol occurred, slightly improved
by the presence of vitamin B12. The identification of the main by-products after the
biotransformation of iohexol highlighted the oxidation of the primary and secondary

alcohols of the alkyl chains.

Keywords. X-ray contrast media, deiodination, vitamin B12, electrocatalysis,

biological treatment, biodegradability

1. Introduction

Human medicine and especially medical imaging is a major consumer of tri-iodized
organic compounds used as X-ray contrast agents [1, 2]. As they are injected in human
body in large dose and completely excreted after around 24h [1, 2], iodinated X-ray
contrast media (ICM) are detected in hospital effluent and then in domestic sewage

system [3, 4].

Biological treatments are not efficient to treat such organic compounds because of their
particular molecular structure and their low biodegradability [5-7]. Moreover, it has
been shown that ICM can be transformed into toxic by-products during drinking water

disinfection [8].



Due to the risk of accumulation in the environment, the scientific community is looking
for efficient treatments of ICM polluted effluents. Among physicochemical processes,
advanced oxidation processes showed their efficiency but the formation of toxic
intermediates has been reported for incomplete mineralizations [9-13]. Reductive
deiodination processes, especially electroreduction, are very promising because ICM
are easy to reduce and hard to oxidize [14-18]. In addition, electroreduction can be
considered as a green technique to remove halogenated pollutants since extra reducing
agents are not needed. Furthermore, it is also considered as an economic and effective

approach owing to its high selectivity [19-25].

Electrocatalytic dehalogenation by metallic nanoparticles and transition metal complex
catalysts have become a research hotspot since the presence of catalyst could shorten
reaction time and improve current efficiency. For example, the exceptional
electrocatalytic behavior of micro- and nano- Ag particles has been illustrated for
CHCl3 detoxification from gaseous flow [26]. Lou and co-workers have also shown
that deschloroalachlor, the dechlorinated derivative of alachlor, was obtained with a
yield of 72% when the electroreduction of alachlor was performed on silver
nanoparticles deposited on a nickel-coated graphite felt against only 40% on the Ni
graphite felt electrode without silver [24]. Likewise, Yang and co-workers have
deposited palladium on nickel foam electrode to electrodechlorinate florfenicol, and
have shown a dechlorination rate 6.3 times higher than the rate obtained with nickel
foam electrode alone [27]. Transition metal complex catalysts have also shown very
high selectivity and high current efficiency for the catalytic dehalogenation of
pollutants. For example, Fontmorin et al. have shown that the dechlorination of 1,3-
dichloropropane using Ni(tmc)Br. complex as catalyst led to an almost total

dechlorination, whereas no reaction occurred in the absence of catalyst [19].
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Interestingly, in the presence of coordination complexes as catalysts, the reduction of
the carbon-halogen bonds of pollutants is highly selective and can be performed at
relatively high potential, minimizing the competition with hydrogen evolution and
improving the current efficiency [28]. To the best of our knowledge, there is no
literature relative to the electrocatalytic deiodination of ICM by transition metal
complex catalysts. The scission of carbon-iodine bonds is effectively more accessible
compared with the cleavage of carbon-chlorine bonds. However, electrocatalytic
deiodination of ICM could be envisaged to achieve rapid removal rates and high current
efficiencies that are inevitable challenges for efficient environment treatments,

decreasing the electricity consumption and so the cost of the electrochemical process.

Vitamin B2 is a biological cobalt complex known as cyanocobalamin (Scheme 1),
which is based on a corrin skeleton with four reduced pyrrole rings joined into a
macrocyclic ring [29]. Over the years, vitamin B1> has been extensively used in non-
electrochemical catalytic dehalogenation [30-34] and in electrocatalytic dehalogenation

[35-37].

Interestingly, some literatures have pointed out that cyanocobalamin could improve the
rate of carbon tetrachloride degradation by specific anaerobic bacteria in pure cultures
Acetobacterium woodii [38] and by anaerobic microbial enrichment [39]. It has been
also demonstrated that the presence of cyanocobalamin improves the dechlorination of

hexachloro-1,3-butadiene to nonchlorinated gases by activated sludge bacteria [40].

We have previously shown that the removal of carbon-iodide bond improved the
biodegradability of diatrizoate, a highly biorecalcitrant ICM [18]. The coupling of an
electrocatalytic reduction process with a cost-effective biological treatment for the total

mineralization of ICM is particularly interesting since it would also allow the recovery



of iodide ions in the industrial process. Owing to its high catalytic ability to cut carbon-
halogen bonds and to its properties to enhance biodegradation of halogenated
compounds by bacteria, vitamin B12 appeared as a good candidate for the coupling of
electrocatalytic reduction of ICM with a biological treatment. In this work, the
electrocatalytic activity of vitamin B12 was studied for the deiodination of iohexol
(Scheme 1), a typical ionic ICM, followed by a biological treatment with activated
sludge. The electrocatalytic activity of vitamin B12 toward the reduction of iohexol was
first studied and the conditions for the electrolysis optimized to achieve a total
deiodination of iohexol with improved current efficiency. Then, the biodegradability of

the electrolyzed solution was tested in a biological treatment with activated sludge.

lohexol Vitamin Bi2 (cyanocobalamin)

Scheme 1. Structures of iohexol and vitamin B12



2. Materials and Methods

2.1. Chemicals and Materials

Anhydrous sodium sulfate (Na:SO4) 99%, iohexol, cyanocobalamin (vitamin Bio),
potassium iodine (KI) were purchased from Sigma-Aldrich (France). Graphite felt (GF,
Recycled vein graphite RVG 4000) was obtain from Mersen (France). Dimensionally
stable anodes (DSA), AC-2004, were supplied by ECS International Electro Chemical

Services, France.
2.2. Electrocatalytic system

The electrochemical flow cell [41] was constructed with two equal ring-shaped Perspex
frames with internal diameter 4.8 cm and thickness 1.6 cm. A cation exchange
membrane (Nafion™ 417, France) was inserted in the middle of two glue-sealed single
frames. Two unit frames, two counter electrodes (DSA) and a working electrode
(graphite felt diameter 4.8 cm and thickness 1.0 cm) were bolted together between two
plastic plates. The total empty volumes for cathodic and anodic compartments were
both 29 mL. Before use, graphite felt was dipped in ethanol, and then rinsed with
deionized water to eliminate ethanol. The working electrode, counter electrode and
reference electrode were connected through a potentiostat (VersaSTAT 3 from
Elancourt, France). The electrolytic solution flowed through the graphite felt with

recycling.

2.3. Cyclic voltammetry analysis (CV)



CV analyses were performed with an EDAQ potentiostat unit equipped with the
ECchem software package. The electrochemical experiments were implemented in a
typical three electrodes system with a saturated calomel electrode (SCE) as the
reference electrode, a platinum plate as a counter electrode and a glassy carbon (d=0.25
cm) as the working electrode. The working electrode was carefully polished with sand
paper (European # P4000, Struers, Ballerup, Denmark) and rinsed with distilled water
before each run. All experiments were conducted in argon saturated solutions at room
temperature. The electrolyte was 0.1 mol L™* Na,SOa adjusted if necessary to pH 3 and

11 with H2SO4 and NaOH, respectively.

2.4. HPLC analysis

The residual concentration of iohexol was quantified by high performance liquid
chromatography (HPLC). Before analysis, samples were filtered through a 0.2 um
membrane filter. The HPLC system consisted of a Waters 996 High Performance Liquid
Chromatography equipped with a Waters 996 PDA (Photodiode Array Detector) and a
Waters 600 LCD Pump. The separation was conducted on a column Waters C-18 (5 um;
4.6 x 250 mm). Ten microliters of sample were injected with an auto-sampler. The
carrier liquid consisted of a solution A composed of 95% of deionized water and 5%
acetonitrile as well as 0.1% formic acid, and a solution B composed of acetonitrile
containing 0.1% formic acid. The gradient elution is A 100% B 0% for 2 minutes then
A 0% B 100% in 6 minutes and for 2 minutes, finally A 100% B 0% in 1 minute at a
flow rate of 0.4 mL min™. lohexol was detected at a wavelength of 243 nm at a column

temperature of 35 °C.



2.5. Silver rotating disc electrode for iodide ions analysis

The concentration of released I" during electrocatalytic reduction of iohexol was
measured by linear sweep analysis with a silver rotating disc electrode (Fig. 1) [42].
The analysis was performed in a three-electrode system with a saturated calomel
electrode (SCE) as the reference electrode, a platinum wire as a counter electrode and
a silver rotating disc electrode (d= 0.5 cm) as a working electrode. The rotating speed
was fixed at 1000 rpm for the I detection experiments. First, a calibration curve was

plotted with different concentrations of KI in 0.1 mol L Na;SO4 (pH=7).
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Fig. 1. a) Linear sweep voltammogram at a silver rotating disc electrode (0.20 cm?) of
different concentrations of K, scan rate: 20 mV s, rotating speed: 1000 rpm. Potential

range: - 300 — 100 mV b) Calibration curve

The curve was linear in the studied range of 0.09 to 1.84 mmol L with a correlation
coefficient of 0.998 and can be expressed according to the following equation:

Alp (mA) = 0.921 (+ 0.015) [I] (mmol L)

2.6. Dissolved organic carbon (DOC)



DOC was measured after filtration at 0.22 um by means of TOC-VCPH/CPN Total

Organic Analyzer Schimadzu as previously reported [43].

2.7. Chemical Oxygen Demand (COD) measurements

Chemical Oxygen Demand (COD) was measured by means of Nanocolor® tests CSB
160 and 1500 from Macherey-Nagel (Duren, Germany). The amount of oxygen
required for the oxidation of the organic and mineral matter at 148°C for 2 h was

quantified after oxidation with K>Cr20x.

2.8. Biodegradability evaluation

The biodegradability was evaluated by the ratio of Biological Oxygen Demand in 5
days (BODs) to Chemical Oxygen Demand (COD), which was performed in an
incubator box set at a temperature of 20°C. The biodegradability of iohexol and of the
by-products after electrolysis was determined. Activated sludge, taken from the
Beaurade wastewater treatment plant (Rennes, France), was considered. Before
treatment, activated sludge had to be washed 8-10 times with tap water to remove the
dissolved organic matter. For BODs test, samples were added in 500 mL brown bottles
containing the culture medium with orbital shaking (300 rpm). The composition of the
BODs culture medium was: MgSO4-7H20, CaClz, FeCls-6H20, NH4Cl, KH2POq,
K2HPO; at concentrations of 22.5, 27.5, 0.15, 2.0, 6.8, 2.8 g L™}, respectively. The
concentration of activated sludge was 0.05 g L. All samples were adjusted to pH 7
before BODs measurement and at least duplicated. Then bottles were closed with sensor

caps, which automatically recorded each hour the BODs value.

3. Results and discussion



3.1

Cyclic voltammetry analysis
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Fig. 2. Cyclic voltammograms in 0.1 mol L™ NazSO4 without (—) (blank) and with

(—) iohexol at pH 3, 7, 11. Scan rate: 20 mV s,

The electroactivity of iohexol was first checked by cyclic voltammetry analysis on a
glassy carbon electrode in 0.1 mol L™ Na,SO. at pH 3, 7 and 11 to check the effect of
pH on its electroactivity. As displayed in Fig. 2, a reduction peak was observed at a
potential around — 1.0 V vs SCE with an onset potential around -0.76 V vs SCE for all
studied media. The first step of the reduction process, which involves a one-electron
reduction with a carbon-halogen bond breaking (Eg. 1) is known as the rate-determining

step [44].
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o -
RX+€ __, R+X Eq. 1

It would explain that the potential of the irreversible peak observed in cyclic

voltammetry was not pH dependent.
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Fig. 3. Cyclic voltammograms of 2 mmol L vitamin B12 (Vg12) in 0.1 mol L™ NazSO4
+ different concentrations of iohexol at pH 3, 7, 11 (first scan). Blank: cyclic

voltammetry in 0.1 mol L™ Na,SOa. Scan rate: 20 mV s,

To check the electrocatalytic activity of vitamin B12 at different pH, cyclic
voltammetry analyses were performed in the presence of different concentrations of

iohexol in 0.1 mol L™* Na,SO4 at pH 3, 7 and 11 (Fig. 3). The electrochemical behavior
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of vitamin B12 has been well studied [45-47]. The 2-electron wave of the first scan
corresponds to the one-electron reduction of Co(l11) accompanied by CN cleavage, and
the reduction of Co(ll) into Co(l) that occurs at the same potential. The anodic peak is
due to the oxidation of Co(l) into Co(ll), whereas the oxidation of Co(ll) into Co(lll)
happens at a less negative potential (-0.4 V vs SCE) [35, 48]. The mechanism of the
catalytic dehalogenation of bromo and chloro compounds in aqueous medium by
vitamin B12 has been well studied and is given in Scheme 2 [49-51]. Co(l) complex
reacts with the halogenated substrate to give the cobalt(l11) complex, which is reduced
into a cobalt(Il) complex. It has been also reported that the presence of a protic solvent
is essential for a high efficiency of the catalysis [51]. Thus, after addition of iohexol,
the cathodic peak at -1.1 V vs SCE increased due to the continuous formation of Co(ll),
whereas the anodic peak decreased, since Co(l) rapidly reacted with iohexol (Scheme
2). The disappearance of the anodic peak and the slight increase of the cathodic peak
compared with the reduction current of iohexol at the same concentration (Fig. 2) are

in favor of an electrocatalytic activity of Co(l) toward the reduction of iohexol [20].
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Scheme 2. Mechanism of dehalogenation reaction catalyzed by vitamin B12 in aqueous

medium [51].

However, this reaction is in competition with the direct reduction of iohexol as outlined
by the presence of a peak (or shoulder) around -0.9 V vs SCE. This peak is well-defined
at pH 3 and appeared as a shoulder at pH 7 and 11. Since the biological treatment is

performed at pH 7, this pH was considered for the electrocatalysis of iohexol.

3.2. Electrocatalytic deiodination process

The electrocatalytic reduction of 0.5 mmol L iohexol in a 0.5 mol L™ pH=7 phosphate
buffer solution (NaH2POs 0.25 M; Na;HPO4 0.25 M) was carried out in a flow
electrochemical cell with vitamin B12 as catalyst. The experimental conditions

(catalyst/iohexol ratio and applied potential) were first optimized.

3.2.1. Optimization of the catalyst/iohexol ratio

The electrochemical reduction of 0.5 mmol L iohexol was first performed in the

presence of vitamin B12 at concentrations ranging from 10 to 100 umol L (Fig. 4).
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Fig. 4. Ratio of iohexol concentration to the initial one versus time for electrolysis of
0.5 mmol L iohexol in a 0.5 mol L™ pH=7 phosphate buffer solution performed at -

0.8 V vs SCE. Error bars are based on duplicate experiments.

Although direct reduction of iohexol already occurred at the potential used for the
electroreduction (-0.8 V vs SCE) as observed by cyclic voltammetry, the reaction was
faster in the presence of vitamin B12. The reaction rate increased with the concentration
of catalyst, leading to 67% of iohexol reduction after only 30 min of reaction with 100

umol Lt vitamin B12. This concentration of catalyst was used for next experiments.

3.2.2. Optimization of the potential

The catalytic reduction of 0.5 mmol L iohexol in a 0.5 mol L™* pH=7 phosphate buffer
solution with 100 umol L vitamin B12 was performed at different potentials ranging
from -0.6 to -1.1 V vs SCE. A blank (iohexol without catalyst) was made in the same

conditions for comparison. lohexol concentration was measured by HPLC (Fig. 5) and
14



iodide ions were analyzed by linear sweep voltammetry (LSV) on a silver rotating disc

electrode (Fig. 6). The yields of released I" was calculated according to the formula of

Eq. 2:
Eq. 2

Yield= ——
3XCiphexol
Where C,;- is the concentration of I” detected by linear sweep voltammetry, C;onexor 1S

the initial molar concentration of iohexol.
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Fig. 5. Removal efficiency of iohexol with and without catalyst for 1h electroreduction

for potentials ranging from — 0.6 V to -1.1 V vs SCE (0.5 mmol L* iohexol in a 0.5 mol

L pH=7 phosphate buffer solution with 100 pmol L vitamin B12). Error bars are

based on duplicate experiments.
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We checked the validity of the LSV method by comparing the results with ion
chromatography for iohexol electrolyses performed at -1.1 V vs SCE. Similar
concentrations (standard deviation < 0.05 mmol L) were obtained, although the LSV
analytical method was chosen, since it allowed a fast, accurate and in situ analysis of
iodide ions concentration.

The comparison with the blank showed that the reaction was faster in the presence of
vitamin B12 for potentials between -0.6 and -0.8 V vs SCE. However, for potentials
higher than -0.9 V vs SCE, the effect of catalyst on the results was not obvious. At -0.8
V vs SCE, a 88% decrease of iohexol was observed after 1h of electrolysis, which was
relatively consistent with the dehalogenation yield (98%) calculated from the
concentration of remaining iodide ions. However, at -0.7 V vs SCE, although the
decrease of iohexol was good (82%), the dehalogenation yield was only 38%. This
result tends to show that a partial reduction of iohexol occurred at -0.7 V vs SCE,

leading to iodinated intermediates.

The current efficiency (CE) corresponding to the deiodination of iohexol after 1 h of

electrolysis was calculated according to Eq. 3 for all studied potentials.

CE=Crx neQxev Eq. 3

Where Cy is the concentration of released I” after 1 h electrolysis, F is Faraday constant,
V is the volume of iohexol, n, is the number of electrons and Q is the experimental

charge for 1 h electrolysis.

The current efficiencies are given in Fig. 7.
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Fig. 7. Current efficiency of iohexol deiodination with and without catalyst after 1 h
electroreduction for potentials ranging from — 0.6 V to -1.1 V vs SCE. (0.5 mmol L
iohexol in a 0.5 mol L pH=7 phosphate buffer solution with 100 umol L vitamin

B12). Error bars are based on duplicate experiments.

The current efficiencies were clearly improved by the presence of catalyst for potentials
between -0.6 and -0.8 V vs SCE, reaching a maximum value of 49% at -0.8 V vs SCE.
This is due to the higher deiodination yield obtained with the catalyst, especially at -0.8
V vs SCE. It is important to underline that the residual current (probably due to side-
reactions such as residual dioxygen reduction) affected the current efficiencies since
the concentration of iohexol was low. When the experimental charge corresponding to
the blank (i.e. electrolysis performed in the same conditions at -0.8 VV/SCE but without
iohexol and catalyst, around 18 C) was subtracted from the charge measured after 1h
of electroreduction (around 40.5 C), a current efficiency of 88% was obtained. Since at
this potential a competition with hydrogen evolution is unlikely, the residual charge
could be decreased by the optimization of the flow cell. Furthermore, the analysis of
by-products by UPLC-MS/MS show the presence of unidentified peaks in addition to

the peak corresponding to dehalogenated iohexol (molecular mass MH* of 444). The
18



formation of other reduction products could also affect the current efficiency. For
potentials higher than -0.9 V/SCE, the current efficiency of electroreductions
performed with and without catalyst are identical, confirming that direct

electroreduction is predominant.

The turnover number of catalyst was calculated from the following equation:

T0=3Xn1- Eq4

Ncat

Where n;- is the number of moles of released iodide ions and ncat is the number of

moles of vitamin B12.

A turnover number around 14 was calculated for electroreduction performed at -0.8
V/SCE after 1 h of catalysis. This value is low since a high concentration of catalyst is

necessary to favor catalytic electroreduction over direct reduction of iohexol.

3.3. Biodegradability evaluation

The biodegradability of the solution after electrochemical treatment was first evaluated
by the BODs/COD ratio. Thus, 0.25 mmol L™ iohexol in a 0.1 mol L Na;SOa, without
or with 20 umol L* vitamin B12 was electroreduced at -1 V/SCE to allow a total
removal of iohexol and a total dehalogenation after 1 h of electrolysis even without
catalyst. Sodium sulfate was used instead of phosphate buffer to avoid an excess of

phosphorus during the biological treatment that could affect bacteria.
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Fig. 8. BODs/COD ratio of iohexol before and after electrochemical treatment with or
without vitamin B12 (Ve12). Error bars are based on duplicate experiments. Red line:

the threshold value for a solution to be biodegradable

lohexol was not biodegradable as outlined by the BODs/COD value (around 0.1) that
was significantly lower than 0.4, the threshold value usually admitted for a solution to
be biodegradable (Fig. 8). The addition of 20 pmol L vitamin B12 did not improve the
biodegradability. Furthermore, after electrolysis with or without vitamin B12, the
solution was still not biodegradable. To confirm these results, a biological treatment of
the solutions by activated sludge was then performed over a period of 21 days. The
biodegradation of the solutions was monitored by DOC measurement (Fig. 9). Results
were consistent with the biodegradability estimated by the BODs/COD ratio since the
mineralization yield was still very low (around 10-20%) after 21 days. In opposite with
previous results obtained with diatrizoate [18], the dehalogenation of iohexol did not
improve its biodegradability. For a better understanding of the biodegradation
mechanism, the concentrations of iohexol and of released iodide ions were monitored

during its biological treatment with and without vitamin B12 (Fig. 10). A decrease of
20



the iohexol concentration was observed with a biotransformation of 48% for iohexol
and 70% in the presence of vitamin B12. As previously observed in literature [38-40],
vitamin B12 increased the biotransformation of iohexol, even if the resulting by-
products were still recalcitrant. An increase of iodide ions concentration also occurred
during the biological treatment (Fig. 10b), although it corresponded to non-significant
dehalogenation yields (3-4%). The mechanism of iohexol biotransformation did not
seem to mainly involve a dehalogenation process. Further analyses by UPLC-MS/MS
of iohexol after the biological treatment showed the apparition of three main
compounds with molecular mass (MH*) of 863.8, 833.8 and 861.8 (Table 1). It
corresponds to the oxidation of the primary and secondary alcohols as previously
reported for iohexol and iopamidol [52]. The stability of these main by-products
observed even after 21 days of biological treatment can explain the low

biodegradability of the solution.

1,2
1,0 XAM
0,8

0,6 1

1 —=—Ilohexol
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0,0 T T T T T T T T T T
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Fig. 9. Time-courses of DOC values during activated sludge culture on iohexol solution
before and after electrochemical treatments. Error bars are based on duplicate

experiments.
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Table 1. LC-MS/MS identification of main by-products for biotransformation of

lohexol.
Time (min) | m/z Structure
1.2and 1.3 | 863.79 (H") O
885.71 (Na*) . NH; o
| |
O OH
A i L
OH /go (0] O
14and 1.7 |833.81 (HY) OH
855.79 (Na*) . N}g o
| |
L ©
NQH(OH
HO N
mo (0] O
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1.0and 1.1 | 861.77 (H") 0 OF

883.78 (Na*)

4. Conclusions

The catalytic activity of vitamin B12 for electroreductive deiodination of iohexol was
first demonstrated by cyclic voltammetry analyses. The electrocatalytic conditions (i. e.
iohexol/vitamin B12 ratio and applied potentials) were optimized to favor the
electrocatalytic process over the direct reduction. Vitamin B12 increased the kinetic of
the reaction and improved the current efficiency. A total dehalogenation of iohexol was
thus achieved with a current efficiency of 49% in only 1h of electroreduction at -0.8 V
vs SCE. This result is particularly interesting for the recovery of iodide ions. The
turnover number (14) was low due to the high concentration of catalyst that is necessary
to favor the indirect process. These results should be improved by the immobilization
of the catalyst on the electrode. Indeed, it would allow a high concentration of catalyst
on the electrode surface preventing direct electroreduction. Furthermore, a higher
turnover number would be expected since it has been previously shown that the
immobilization of catalysts improved their stability [21, 53]. The biorecalcitrance of
iohexol and of the electroreduced solution was estimated by a biological treatment. A
non-significant mineralization yield was obtained after 21 days of incubation. However,
a high biotransformation of iohexol (70%) was observed that seems to be slightly
enhanced by the presence of vitamin B12. The mechanism of iohexol biodegradation

was not due to a dehalogenation reaction since the deiodination yield was insignificant
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(3-4%). HPLC-MS/MS analyses of by-products after 21 days of biological treatment
showed that iohexol undergoes a biotransformation by oxidation of the primary and
secondary alcohols, leading to relatively stable compounds. It would explain the low

mineralization yield obtained even after the deiodination process.
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