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Abstract: [Objective] To explore the phototransformation of a synthetic progestin, dydrogesterone (DYD),
under simulated sunlight, and identify its potential transformation pathways. [Method] Photoreactor was used
to test the phototransformation process of DYD under simulated sunlight. Experiments were also conducted to
explore different pH (5, 7, and 9), temperature (15, 25, and 35 C), and natural organic matter (NOM)
concentration (0, 5, and 20 mg-L™") on DYD phototransformation rate. Ultra-high performance liquid
chromatography-time of flight mass spectrometer (UHPLC-QTOF-MS) was used to identify the potential
photoproducts of DYD, and the potential transformation pathways were speculated. [Result] The
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concentration of DYD decreased over time under simulated sunlight, indicating that phototransformation

occurred in the system. DYD transformation rate was not obviously affected by the initial solution pH, and the

first-order phototransformation kinetic rate constant (k) was 0.015-0.019 h™'. DYD transformation rate was

facilitated by high temperature and low concentration of NOM (k increased from 0.019 h™' to 0.027 and 0.028
h™", respectively), but was inhibited by high concentration of NOM. UHPLC-QTOF-MS analysis showed that 19

photoproducts were generated during transformation, via hydroxylation, hydrogenation, polycondensation, and

photoisomerization with subsequent ring-opening reactions. [Conclusion] Phototransformation will occur for

DYD in surface water, and temperature and NOM play important roles in DYD phototransformation. A total of

19 photoproducts detected in this study remain the basic molecular skeleton of DYD, indicating that these

products would exhibit potential endocrine disruption to aquatic systems.
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Fig.1 Phototransformation dynamic curves of DYD under different environmental conditions
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#1 DYD AREMEFHTHIABANFSH"
Table 1 Phototransformation kinetic parameters of DYD
under different environmental conditions

A KV

Condition Level o ha/h K

pH 5 0.017 £ 0.000 3 41.07 0.99

7 0.019 = 0.000 7 35.94 0.98

9 0.015 = 0.000 4 45.10 0.99

6/ C 15 0.016 = 0.000 4 4233 0.99

25 0.019 = 0.000 7 35.94 0.98

35 0.027 +0.001 3 25.75 0.97
p(NOM)/(mg-L™") o 0.019 + 0.000 7 35.94 0.98
5 0.028 = 0.000 5 25.00 0.99

20 0.021 + 0.000 4 33.66 0.9

1) k: — T i ad e 4 t: F FH
1) k: First-order decay parameter; #,,: Half-life

2.2 DYD HIXBEREFIEE

HH 2 7750, DYD S RIS KN 295 nm /&2
Hiy ARG PG IR = 5 O S BRI, LR 06 1) L
BT — R8N (41 292 256 A1 267 nm
25, WHITELIBAE N DYD k4 7 Bt i, H.
K73 38 WA 11 5 KW RGeS B 48 S5 8 K Y

-
_L'
E

It
g TR | —|

lg(Peak area)

T1 T2

I AT Before irradiation
IS After irradiation

0.08 - — - JEIJS gL A UV spectrum peak fitting after irradiation
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2 DYD 7EXFERERTEH) SN AT WA T
Fig.2 UV-Vis absorbance of DYD before and after photot-
ransformation
2k L EBLR UL DYD B A= 0 e ke e
PRI, RME R AR — D B I SRR T (K 3)
AL B TR B A H, DYD = #
KB B, #E— 2 W] DYD &4 T B R KO
fift. DYD FEIGIRSF A T AL B F B ™), Gl 0 e
A7 0 o v P BEAT 73 W DL S AN 7R A 5 A
XTEC (3% 2) AT DYD JG R R G 2= AR T 19 Fil
PR R BT A R TR A P M e TR AR AR AL, A

22.00 min  813.5792
2196 min  817.5756
22.07min  833.5528
13.74min  367.189 7
1393 min ~ 317.206 1
13.74 min 3312296
1790 min ~ 647.405 5
13.38min  299.1993
1294 min  424.2183
16.11 min  204.138 1
16.01 min  640.402 2
17.72 min  695.383 6
1511 min  313.2178
18.09 min  681.3793
22.03min  907.498 8
1413 min  349.178 7
1344 min  357.1952
1799 min 6754218
13.06 min ~ 315.194 3
T3 T4 HH DI 1] Joidar EE

Retention time Mass/charge ratio

T1: I (525 ) T2: A% DYD 9 9 24 0.05% HIHEEKER (£ 52 H); T3: DYD #GARHE (R ih); T4: DYD JGHAREE (RUSHE i)
T1: Methanol (solvent blank); T2: Methanol solution of ¢g= 0.05% without DYD (matrix blank); T3: Dark treatment of DYD (control sample); T4:

Irradiation treatment of DYD (experimental sample)

3 TRAITRYE RIEREA A R AL IR A A R L S EE
Fig.3 Comparisons of mass/charge ratios for samples with different treatments extracted by UHPLC-QTOF-MS



500 Mg 4l K22 24 (https://xuebao.scau.edu.cn/zi/hnny_zr/home) 44 %

2 DYD BERNENL~
Table 2 Potential photoproducts of DYD

BNR&EET Y iggimin TR SWmz  GEEBY

. . C o ALY AN AR HVE
DYD & Potential ~ Retention Molecular Measured (mAU-min) .

Arearatio Possible structure Remark
photoproduct time formula mlz Peak area
DYD 1653  CyHypO, 3132251 3809287 0.24 @® BEYI
DYD-P1 16.11 CisHyy  204.1381 840 7.95 @ InEAEH+IFER
DYD-P2 13.38 CyH;0  299.1993 2030 23.70 ® ISR AR
DYD-P3 1511  CyHy0, 3132178 13032 77.58 @ B
DYD-P4 13.06  CyH30, 315.1943 2922 20.16 ® ImEAEH
DYD-P5 1393 CyuH30,  317.2061 10778  239.53 ® InEAEH
DYD-P6 1374 CyH30;  331.2296 37973 809.55 @ PRI INEER
DYD-P7 1413 CyH304  349.1787 1500 9.56 ® BRI HIEEH
DYD-P8 1344  CypHy0, 357.1952 4404 32.34 ® AL
DYD-P9 1296  CyHyuOs  367.1897 13902 4211 FRHAb A
DYD-P10 1294  CyH; 05 4242183 586 6.91 @ ZRIERTHE
DYD-P11 1601  CypHsOs  640.4022 1153 16.72 @ TR AR AR
DYD-P12 1790  CpHgpOs  647.4055 4418 6.80 ® ZREH+MELEH
DYD-P13 1799  CyuHss0; 6754218 3472 27.87 ® R RIS E R
DYD-P14 18.09  CxHeO; 6813793 1842 8.98 ® ZRAEAHImESEA
DYD-P15 1772 CpHgpOg  695.3836 9052 65.13 @® Z RV R A E
DYD-P16 2200  CsHgO,  813.5792 65259 72.23 @ =RIEH+ AR
DYD-P17 2196  CsHgsO, 817.5756 86812 122.99 ® =RAEH+BKIER
DYD-P18 2207  CsHgsO;  833.5528 14762 29.13 ® =FRAEH+MELEH
DYD-P19 2203  CgHgOq  907.4988 1971 12.56 @ =RIEH+IEEH

Ly AR A Bl — 4R 8 BT 18], A = M e T4 T3 @ AR

1)The area ratio is the ratio of the peak areas of T4 and T3 of potential products at the same retention time
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B4 DYD-P3. DYD-P5. DYD-P6. DYD-P9,
DYD-P15. DYD-P16 Al DYD-P17.

7 13.75~16.07 min Z [B]FEHLE] T 5 A5 fur Lb
(m/z) 4 313.2162 WUg. K, HEKr DYD-P3
(73 730 Cy HygOy, i b 313.2162) Al fE 2
DYD [#[F 7 SAaA o TEBER o LI R A A, X ik
e AR B R L) e R 2 . DYD-P5 (43 3K
C,H3,0,, Fifir bt 317.2475) 7E 13.93 min H 14, b
DYD #2771 2.60 min, Bt MEE: DYD A i s
Et DYD 7 Eb 4 i 4.031 3, Wi 8 DYD R0
Z77W) . DYD-P6(5F 3\ CyHsyO5, JFifAT L 331.2268)
£ 13.74 min &, % DYD 4287 7 2.79 min, H2PE
¥ DYD AR, b DYD i b1 hn 18.000 7,
HEWr ey DYD BRI ~" . DYD-P9(4>
T3 Cy H;3405, JFifaf E 367.2479) E 12.96 min H
I, % DYD #2807 7 3.57 min, W% DYD A i
g Lk DYD i far L3 N 54.058 2, #ERTH R
DYD ] =¥ 540 AE B AU &4 T2 B 7= 4
DYD-P13(%3 T3 CyoHsO5, JF 17 b 675.425 5) 7E
17.99 min H &, W45 DYD H k55, o] fE e
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