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Study on the degradation characteristics and pathway of torasemide in water via

electron beam irradiation

ZHANG Zhibo SHAO Haiyang CHEN Lei MAO Chengkai REN Yingfei XU Gang
(School of Environmental and Chemical Engineering , Shanghai University, Shanghai 200444, China)

ABSTRACT In this study, electron beam irradiation technology was used to degrade torasemide in an aqueous
solution. By investigating the degradation effect, its influencing factors, and degradation products, the radiation
degradation characteristics and possible degradation pathways of torasemide were systematically discussed. The
study demonstrated that torasemide can be effectively degraded via electron beam irradiation. The experimental
results showed that the active *OH particles played a dominant role in the degradation process. The initial
torasemide concentration, absorbed dose, pH of the solution, amount of H,0, and inorganic anions (COj",
NO;, SO;7,S0O}") and other environmental factors influence the irradiation effect of torasemide. A higher
degradation efficiency was obtained with a lower initial torasemide concentration, higher absorbed dose, and lower
pH. The degradation of torasemide was promoted in the presence of SO;~ and low concentrations of H,0,, while it
was inhibited in the presence of CO3",NO;, and SO; and high concentrations of H,0,. Finally, the degradation

products were detected by high performance liquid chromatography-quadrupole time of flight mass spectrometer
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(HPLC-QTOF), and the degradation pathways were deduced.

KEYWORDS Electron beam irradiation, Degradation, Torasemide, Transformation products
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BT UR A 99.999% HI RS B R ARy
FAAEE TR A A o 3% W pH K A pH 1 (Thermo Orion
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W 5 ) DR 1 ) S R R B AN [F] pH (579D WHL0,
W (0 mmol/L. 1 mmol/L.20 mmol/L #1100 mmol/L).
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1.2.2 HPLCA M4 M8 G 69145 K K AE S

FE A ZE K R B 3l i HPLC &5 & 4841 /] DL G
#H7E 291 nm AL &, i% F Poroshell 120 EC-C18 <
A8 (4.6 mmx150 mm, 4 um) . 47K A HPLC
2299 CHEVE R AB AH LA 50 50 AR L IR & A
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*OH +e,, — OH k=3.0x 10"mol/L*s (2)
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«OH + *OH — H,0, k=5.5x 10°mol/L-s (4)
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Fig.1 Degradation of torasemide as a function of absorbed
dose at different initial concentrations

K1 ARAIEREFEDZKRK kD, D, AR R H R

Table 1 The dose constant k,, D, ., D,, and the correlation coefficients R* at different initial concentrations of torasemide

HIUERE / (umol-L™) k,/ kGy™ D, & / kGy D, 1 / kGy R
Initial concentration Dose constant Doses required to D, Doses required to D,

100 4.239 0.164 0.543 0.999 8
150 2.744 0.253 0.839 1.000 0
250 1.466 0.473 1.571 0.997 4
300 1.220 0.568 1.887 0.998 9
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Fig.2 Degradation of torasemide with various radical
scavengers
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Fig.3 Effect of solution pH on torasemide degradation by
electron beam irradiation
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Fig.4 Effect of H,O,on torasemide degradation by electron
beam irradiation
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Fig.5 Effects of CO? (a), NO,(b), SO2 (¢),and SO} (d) on torasemide degradation by electron beam irradiation

2.6 HPLC-QTOF #&M3EH &

f# =4

KR FRIEHRPE

HM AT HPLC-QTOF i %€ 1 T4 FE K 4 I P e 1)
B YN/ iR 2 1 IR U NS 5 Gy
WPy 64k 7= #) ( Transformation products , TPs) {5 & &
255 T 3R 2 AR AR TP AR AT B 3 1R, OF 2
BB FEOKAE B ARG IR IETE  RAEEER T
PO B AR AIE 27, I ) HL A R e R A o 0 0 PR AR

xr2

PN R 2 U B 6 Fira , B ZE K B 2RI R
F AL P W TP364, TP364 3 i i e 7 A it &
4y ) A= & TP322 Al TP362. TP322 #f if8 J& fiit
CHNO 4= % TP279 . FE 7. 2 K45 2% C,H, A2 5 TP258 .
TP364. TP362 Al TP258 H* 1) Bk fiiz Bt 4 e i A= ik
TP 102 FE 47 & KA ] LLIE e i J 56 R 2 Jik i e A
B TP306 A1 TP263 . TP263 ifs AT fE 38 i #8 3 1k 2E 1%
TP279 . Jiti & W ST & () B4 0, — L5 BL o [ Ak 2 e
BB T AR R T -

FENEREAERTREREET AN EZERAL™Y

Table 2 Torasemide and its main transformation products of produced during EB irradiation.

ety oK Jfr EE (R FE] /min - 522 / (mg-L™)
Transformation products Molecular formula ~ Exact monoisotopic mass of [M+H]"  Retention time =~ Mass error
FEhiZEAK Torasemide C,H,N,0,8 349.1329 9.83 0.3
TP102 CH,N,0 103.086 6 3.55 1.1
TP173 CH,N,0,S 174.032 2 2.97 1.3
TP258 C,H,N,0.S 259.0859 3.11 0.2
TP263 C,H,,N,0,S 264.080 1 4.45 1.8
TP279 C,H;,N,0,S 280.0750 4.98 1.3
TP306 C.,H,N,0,S 307.0859 4.46 L5
TP322 C.,H,N,0,S 323.080 9 3.68 2.0
TP362 C,HN,0,S 363.1122 5.30 34
TP364 C,H,N,0,S 365.127 8 5.30 4.4
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Fig.6 Proposed pathways of torasemide degradation during EB irradiation
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