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Detailed information regarding LC/MS and GC/MS analyses 
Iopamidol was quantified by using a hybrid quadrupole-orbitrap mass spectrometer (MS; Q 
Exactive, Thermo Fisher Scientific Inc., Waltham, MA, USA) coupled with liquid chromatography 
(LC; UltiMate 3000 LC systems, Thermo Fischer Scientific Inc.). Ten microliters of the sample 
solution was subjected to the LC. Analysis was performed using a 100 mm × 2.1 mm column with 
1.8 µm particle size (Acquity UPLC HSS T3, Waters Corporation, Milford, MA, USA). A binary 
gradient consisting of (A) 0.05% (v/v) of formic acid in Milli-Q water and (B) 100% methanol at a 
flow rate of 200 µL/min was used. The gradient program for the mobile phase was as follows: 
mobile phase (A): mobile phase (B) at 90:10 (v/v) for 0.3 min, increasingly linearly up to 95% 
mobile phase (B) over a period of 7 min, and then held at the same ratio for another 3 min. MS 
analysis was performed with an electrospray ionization with 3.5 kV of spray voltage. The 
temperatures of the capillary and the HESI probe heater were 240 and 450 ºC, respectively. The 
flow rate of the sheath gas, the auxiliary gas and the sweep gas were 40, 10 and 0 units, respectively. 
The S-lens ratio frequency level was set at 80. The quantification of iopamidol was conducted in 
targeted selected ion monitoring (t-SIM) mode with resolution of 70,000 under positive ion mode; 
the detected fragment ion occurred at m/z 777.8614. 
 
Accurate masses of transformed products (TPs) were obtained by LC/MS analysis basically in the 
same LC and MS procedures as iopamidol quantification. The difference was in the operation 
mode: the accurate masses were obtained in full scan (Full MS) mode (m/z 200−1000 and 
1000−2000) with resolution of 70,000 or 140,000 under both positive and negative ion modes. 
MS/MS spectra of the TPs were obtained basically in the same LC and MS procedures as iopamidol 
quantification. The difference was in the operation mode: the spectra were obtained in targeted 
MS/MS (t-MS2) mode (collision energy 10, 20 and 30 eV; isolation window 0.4 m/z) with 
resolution of 70,000 under suitable ion mode (positive or negative) for each TP. 
 
Iodoacetic acid was quantified by using a hybrid quadrupole-orbitrap MS (Q Exactive) coupled 
with LC (UltiMate 3000 LC systems). Ten microliters of the sample solution was subjected to the 
LC. Analysis was performed using a 150 mm × 4.6 mm column with 5 µm particle size (Zorbax C8, 
Agilent Technologies, Palo Alto, CA, USA). The mobile phase was 0.1% acetic acid in Milli-Q 



water and 100% acetonitrile (40:60, v:v), and the flow rate was 200 µL/min. MS analysis was 
performed with an electrospray ionization with −2.5 kV of spray voltage. The temperatures of the 
capillary and the HESI probe heater were 250 and 400 ºC, respectively. The flow rate of the sheath 
gas, the auxiliary gas and the sweep gas were 45, 10 and 2 units, respectively. The S-lens ratio 
frequency level was set at 50. The quantification of iodoacetic acid was conducted in t-MS2 mode 
with resolution of 70,000 under negative ion mode; the detected fragment ion occurred at m/z 
184.9105 → 126.9050 with collision energy of 30 eV. 
 
Iodoform was quantified by using a GC/MS system (QP2010 Plus, Shimadzu Corporation, Kyoto, 
Japan) equipped with a capillary column (DB-1ms UI, Agilent Technologies; length, 30 m; internal 
diameter, 0.25 mm; thickness, 0.25 µm). Injection volume was 2.5 µL. The temperature of the ion 
source, injector and transfer line was 280 ºC. The column temperature was programmed in 
isothermal runs at 30 ºC for 10 min, at a rate of 6 ºC/min up to 45 ºC, at a rate of 36 ºC/min up to 
280 ºC, and then held at 280 ºC for 5 min. GC/MS analysis was performed in SIM mode with 
1,2-dibromopropane as an internal standard; the detected fragment ions of iodoform and 
1,2-dibromopropane occurred at m/z 394 and 121, respectively. 
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Fig. S1 Dose-response curves of Ames assay conducted on samples treated with ozonation (a-e) and ozonation-chlorination
(f-j). Dose in x-axis shows the initial amount of iopamidol that had been contained in the samples before ozonation. White
circles, TA98 without metabolic activation; gray circles, TA98 with metabolic activation; white triangles, TA100 without
metabolic activation; and gray triangles, TA100 with metabolic activation.
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Fig. S2 Changes in the concentration of iodoacetic acid (a) and iodoform (b) with
ozonation time during the ozonation–chlorination process.
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Fig. S3 Mutagenicity induced by iodoacetic acid (a) and iodoform (b) in TA100 as
assessed by using the Ames assay. Gray and white circles indicate data from
experiments conducted with and without S9 mix, respectively. Error bars indicate
SDs of four plates. Mutagenicity is expressed as "mutagenicity intensity", which is
defined as the ratio of the number of net His+ revertants per plate to the number of
spontaneous revertants per plate.
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Fig. S5 Changes in mutagenicity derived from COTPs with ozone contact time during the ozonation−chlorination
process. Mutagenicity is expressed as "MI10", which is defined as mutagenicity intensity (i.e., the ratio of the
number of net His+ revertants per plate to the number of spontaneous revertants per plate) at the dose of sample
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Fig. S6 Comparison of the peak areas that were positively correlated with the observed mutagenicity between the ozonation
(white circles) and the ozonation−chlorination (gray circles) process.
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Fig. S7 MS/MS spectra of Peak #4 (m/z = 379.930, negative ion mode) with different values of
collision energy (CE). Fragment numbers (Frs. 1-1 and -2) are corresponding to the structures
indicated as the same numbers in Fig. S8.
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Fig. S8 Attributes of the fragments observed after MS/MS analysis of Peak #4 (m/z = 379.930, negative ion mode).
Fragment numbers (Frs. 1-1 and 1-2) are corresponding to the fragment ions assigned as the same numbers in Fig. S7.
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Fig. S9 MS/MS spectra of Peak #5 (m/z = 381.945, positive ion mode) with different values of
collision energy (CE). Fragment numbers (Frs. 2-1−3) are corresponding to the structures indicated
as the same numbers in Fig. S10.
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Fig. S10 Attributes of the fragments observed after MS/MS analysis of Peak #5 (m/z = 381.945, positive ion mode).
Fragment numbers (Frs. 2-1−3) are corresponding to the fragment ions assigned as the same numbers in Fig. S9.
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Fig. S11 MS/MS spectra of Peak #33 (m/z = 664.777, positive ion mode) with different values of
collision energy (CE). Fragment numbers (Frs. 3-1−12) are corresponding to the structures indicated
as the same numbers in Fig. S12.
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Fig. S12 Attributes of the fragments observed after MS/MS analysis of Peak #33 (m/z = 664.777, positive ion mode).
Fragment numbers (Frs. 3-1−12) are corresponding to the fragment ions assigned as the same numbers in Fig. S11.
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Fig. S13 MS/MS spectra of Peak #49 (m/z = 720.767, positive ion mode) with different values of
collision energy (CE). Fragment numbers (Frs. 4-1−6) are corresponding to the structures indicated
as the same numbers in Fig. S14.
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Fig. S15 LC/MS chromatograms of TPs thought to contribute to the observed mutagenicity. Arrows indicate
corresponding peaks.
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