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Hydrolysis and photolysis characteristics of pinoxaden
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Abstract: The hydrolytic and photolytic characteristics of pinoxaden under different conditions were
investigated by high performance liquid chromatography (HPLC) and high-performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) in laboratory conditions. The results
showed that in the buffer solutions of pH 4.0, 7.0 and 9.0, the hydrolysis half-lives of pinoxaden were
347,40.8 and 1.08 h at 25 “C, and were 57.8, 11.6 and 0.498 h at 50 ‘C, respectively, which classified it

s AHA: 2021-08-16; EAAHA: 2021-12-17; MEEHLZHEHA: 2022-03-01.

Received: August 16, 2021; Accepted: December 17, 2021; Published online: March 1, 2022.

URL: https://doi.org/10.16801/j.issn.1008-7303.2022.0020
http://www.nyxxb.cn/cn/article/doi/10.16801/j.issn.1008-7303.2022.0020

EEWE: Wiy BAREESTH (20191750270).

Funding: Supported by the Natural Science Foundation of Hunan Province (2019JJ50270).

5 —{E#& (First author): WK, bestjiang@foxmail.com. " {5{EF (Corresponding author): EXIEH], xmouhn@163.com.

The authors declare that they have no competing interests.



http://dx.doi.org/10.16801/j.issn.1008-7303.2022.0020
http://dx.doi.org/10.16801/j.issn.1008-7303.2022.0020
https://doi.org/10.16801/j.issn.1008-7303.2022.0020
http://www.nyxxb.cn/cn/article/doi/10.16801/j.issn.1008-7303.2022.0020

650 g 7 ¥ F Vol. 24

as easily hydrolysis type. The hydrolysis of pinoxaden was rapid under alkaline conditions, but slowly
under acidic conditions. The hydrolytic rate of pinoxaden increased with the increase of temperature,
and the temperature effect coefficients ranged from 2.18 to 6.00. Under the irradiation of xenon
simulated sunlight, the photo-degradation half-lives of pinoxaden in the buffer solutions were decreased
with the increase of pH value, and the shortest was 10.0 h at pH of 8.0. The photolytic rates of
pinoxaden in different natural water showed the following sequence: pond water > paddy water > river
water > pure water, and the half-lives were 5.17, 7.79, 8.56 and 38.5 h, respectively. The main
hydrolysis product of pinoxaden was M2 (8-(2,6-diethyl-4-methyl-phenyl)-9-hydroxy-1,2,4,5-
tetrahydro-pyrazolo[1,2-d][1,4,5]oxadiazepin-7-one), and the main degradation mechanism was the
hydrolyzation of the ester group. M2 was further degraded under light conditions, indicating that
photolysis was an important degradation way of pinoxaden. The results provided a scientific reference
for the environmental behavior and safety assessment of pinoxaden in water environment.
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IR (pinoxaden, P 1) & HJEIEAAH 7.7 WA R R L 7K ORT - 38 TR R B 0 AT 2 R S
TR 1R 2L P IR A% 3 e %) — i 25 2 56 i e g 2% B, SR = ARG 4k ST R T MR R R ) K
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IRt AR AR S5 0 SRR b T, EEE 1 MRS5S
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WA AR R AR A S 7 A0 11 e SR
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LT P S [ AR . H R, N A WA PSR 28 (H A BEAR]); Aglient 1290 &Y
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AR PR BORAAEI . R 404 w0 g S0 2 00 (36 0 A5 A4 A1) 1125
Mo T KCRE o A7 AR TR S L M2 FE NS 30300 H st AR B (H A=) SW-
7 FhbEfE ) BHRAIIR ARG QSR colip B THES (T2 EESTF R KO-
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9 N S N Elix3 Synergy UV-R B4 2l /KX (35 E Millipore
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Scheme 1 The structural formula of pinoxaden and M2 /NI )s HAp sl A ot al; 4k, R
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F 5256 = Elix3 Synergy UV-R B4 /K AL & o
1.2 iR FE
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Table 1 Physical and chemical properties of
tested water samples

PN HAE CIRSES TR
Water quality I-’i value Conductivity/  Dissolved oxygen/
P (uS/em) (mg/L)
47K Pure water 6.260 4.60 9.18
7K River water 6.844 271 12.64
%7K Pond water 8.003 250 13.77
FE 7K Paddy water 7393 176 13.10

1.3 {USNHEHt
1.3.1  weoh EE AL I 7 3k SR RO i
(HPLC) ¥l %€ . Agilent extend C,g tit 44 (4.6 mm x
250 mm, 5.0 pm), ¥ 40 C; Jii#E | mL/min;
BEFEEE 20 uLs JBNAH N V(L) © 7(0.1% R K
W) =62 :38; i 260 nm. EULZEAET,
WA AR 5 11 O B N [R] 24724 8.5 min
1.3.2  vhokEER S M2 B0 7 ik SR E R
A (e - B R R % (HPLC-MS/MS) 3552 . fhi
%A% : Aglient Eclipse Plus C,¢ 4% (50 mm x
2.1 mm, 1.8 pm); A 35 C; AR S uL;
MBI 0.1% HEKER (A) 5 0.1% H IR H B
W (B) R A W, & 0.4 mL/min, R FR
FEVERGAERS, B 0~4.9 min, V(A): V(B)=80:20;
5.0~5.5 min, V(A):V(B)=10:90; 5.6~7.0 min,
V(A) : V(B) =80 : 20.

JRE A R B (BSI ) EETF2R
R AR (MRM);  BSFHi%5 L 3500 Vs Ak
K77 031 MPa; TESIRFE 300 °C, ik 5 L/min;
EMEBE T (mlz): 317.2/131.1; EEE TR (m/z):
317.2/174.2; HEFLHE 135 V; REERERELIN 35V,
RS, M2 FIPREE IS TEIA 3.5 min.
1.4 JKERALE

ZESCHR [12] JiE#EAT . RA pH E S A

4.0, 7.0 F1 9.0 FIZ2 A ECHI ot & B 10.0 mg/L
IPERR B IR ARV, K e T REEE T, 4
WIET 25+ 1) (50 £ 1) C KMEIIEEEFEF
WEERE IR, FAR 2 Pk B EURE B [R) 23 B EORE
ELFRATATRE, $%08 1.3 XA AT 26 A TR IR A
IR AR B R AT MI2 ()R B

T2 MERREER KRR L B (AR
Table 2 Sampling time for hydrolysis test of pinoxaden

it HRE R ]
pH Temp%rature/ Sampling time

4.0 25 0. 3. 7. 11. 15, 19. 23. 30. 42, 51d
50 0. 1. 2. 3. 4. 5. 6. 7. 8d
7.0 25 0. 8. 22, 29, 37. 45. 49. 54. 8I1.
95+ 120, 169. 190. 210h
50 0. 4. 8. 18, 21. 24, 28, 32, 42h
9.0 25 0. 0.5. 0.75. 1. 1.25. 1.5, 1.75. 2. 3. 4h
50 0. 10~ 20, 25. 30. 40. 50. 60. 90. 120 min

1.5 FXERRAIE

ZHESCHR [13] 75T . SR pH E 5514 3.0.
4.0, 5.0, 6.0, 7.0 A1 8.0 (2% MV LL S 4K
WK hIEZKRRG K BT A 53 VR SR 10.0 mg/L
() M AR (A T, o0 e T R B A O AR N
B, g —HE T 25+£2) C. PR
3840 Ix HIMURAT e fe e M 56 #8 b 1B AT e ik
¥, —HET (25 +2) C KEEAEIE R R 58 1
RAE I o ECRE, RO ASATRE, 1%
1.3 71543 B7 2% A FR) B ARG D00 e R R G N M2 )5 B
1.6 HIELLIE

FT A 56 B 5 K ] DPS 48t B A 147 40 B0,

—WENFIHTTRE C,= Coe™ T\ A5 M IHR 5 g 1) 7K
R AN RIS B s BRI 1), = In2/k =
0.693/k; RIERN REON O = kpuasy/kis EFAL
HEN E, = RTIn(4/k)" s Hor: C, 4 ¢t I ZIE R
e R L i A B P O BRI P (mg/L)s € A MR R .
PIRIEGE IR E (mg/L); kA PEARERF L (h);
ke R IR FESAT T IEREE (h): R NHFEE
[8.314 J/(K'mol)]; T AR (K): A A%z
¥

2 H#HR5MS

2.1  MERRELEE AR BRI
2.1.1 "ok EESH KRS f S MRS ) K AR
IR AR 3. A I, MemRIRE S 7R AN [F] pH 1 )
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2% PRV R P TR R Y i A R 7 B TR (1 S K T 928
A, JKIES) 15 AR/ & — R 1 072 .
25 C %M T, pHAEM S, K EFBR, 7F
pH {E N 4.0, 7.0 F1 9.0 LR, HoKfgl
T 58 347, 40.8 1 1.08 h; 1fj 50 C &4 F
HKFRZEW 5 57.81 11.6 A1 0.498 h. R¥E
(AR 2GR 22 A PP i B v ) ) 12, b
figJ& T 2 Kb &%), IMPR #2450 $5 HI7E 25 °C

AR, MEMREESYE pH {EN 4.0. 7.0 A1 9.0 (122
MR K22 3008 413, 238 F1 4.80 h,
50 C M4 F 4504 93.6. 28.8 fll <4.80 h, A
MALEREG 2 FE—EER, SEETREHET
AN R 2 PR AR R PR 2 BT 0 Nay H,BO5 .
PO SR FE AN, 5 M A bR 6 S 7 2% i o
7K 3 2 S BT

R3 MWHMERESE pH EMAEREFH THKBANFSH

Table 3 Hydrolytic kinetics parameters of pinoxaden under different pH and temperature

. R SIVIEYiE e WoE R FIE e 5L R 2

p #/°C Kinetic equation R #,,/h E,/(kJ/mol) 0
25 C,=10.12¢ " 0.9802 347

0 50 C,=11.84e 00 0.9264 57.8 373 6.00

t . . .

25 C,=9.53¢""™ 0.9959 40.8

7.0 — —0.06¢ 40:4 3.53
50 C,=947¢ 0.9902 116
25 C,=9.07e% 0.9843 1.08

9.0 _ 249 2.18
50 C,=1235¢ 0.9652 0.498

2.1.2 I&JE A pH (A Xtk E B K AR B B E R
B K AR T e AT LA R B RN R A O SR VEAN,
QO Ml K, RMEEPL, 455 (€ 3) R, M
BE7E pH BN 4.0 7.0 F1 9.0 ZEriEmi bt i O 15
SN 6.00 3.53 Al 2.18, ik /5 Xt MR bk 5 i 11 7K it
BAWEEREm, HAERMEFE T HKREEZ
TP S B K, 1K 5 R B S0 I A PR A T
(sulfoxime) MK fif g R—5, BREMS, T
TEEMIR R IE gl Rk, SFEURNAERT
W RESE R, AR AR ARE R

A bk 55 R 7K e S TR AL BE (E,) N 24.9~57.3
kJ/mol, fE—EiRE T, AHILAEYINPIEEE
FOK, NIRRT, AW, MRk
T RE R S AR pH E T B AR N, RPN
HAE pHAE N 4.0 BIZR M  W H K i e 18, A
pH H°4 9.0 M i oK i et . BTG AR
(0 A0 ) R Js Bk 3 88 o sz I3 235 5 (k) 520 11
FERE, —Meib At RE s, U B T 1 T e e
RS PR, 5 ek g (1) O (B pH E
(284 i AT ) 5 SR — B
2.2 MRERERSCRRERE
22.1 pHEM P R R4 KM, EWIIL
HRT, M bR R i 7 2% R P I R B g A
Fra—RaN 1T, U8 RE R SA7E 0.9422 UL
b MRS )6 E R BE pH (B TSR, H

HDLTE pH {E N 8.0 2% N HIJefiid S mth, &
FRYE (pH 3.0) 2644 T A 6.3 fi5 . 7E BE IS X} HR R 56
L PR LI ) K AR FR B pHL B S T R N
PR, 7E pH{H M 3.00 4.0 F1 5.0 ZEpiEwh, H
B E B LOE N, KIREFZEE; 2 pH ET
A 6.0 7.0 A1 8.0 B, MARIRR RIS fr /K A o I 25
Tk, {E pH (N 8.0 B 7K ff DTk R & ik 85.5%.,
i B e bR R i 7 R AR G RRAE T I RIS, KA
R R T L PR R . R SR TR AT
TN (flumioxazin) DA K {2 TN G461 TEATF 57 5 %5
H] (procymidone) 7E 2% MR BICAERS, 3K
B 2% 1 N 1R ' A 6 B A R T 45 1 T R
TN AFETNE A N & REAEER-OH Itk T 4&
IR o

R4 MWHERRESRZNARTHALBRNNFESH
Table 4 Photolysis kinetics parameters of pinoxaden in
different buffer solutions

AT Y R F2el
pH Kinetic equation R tip/h
3.0 C,=10.21e" 0.9422 63.0
4.0 C,=10.04¢ 001 0.9617 63.0
5.0 C,=10.33¢ 00 0.9582 495
6.0 C, = 10.44¢ 001 0.9594 533
7.0 C,=10.18¢ 00 0.9939 24.8
8.0 C,=9.54¢ 0% 0.9925 10.0
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222 EAKKET AR GRS EMH, ER
JTIHEHRR . WIGA IR E N 10.0 mg/L il e nph e
g, FE4i/K. V7K. A3 KRG 7K 4 Bk Ak
I ChR 2 )1 I & — Rsh D107 FE, Ho
i R M BIRAR K R e 3B 7K > e 7K > V] 7K >
gk, e RIN 517, 7791 8.56 A 38.5h,

®"S5 MWERSE B RKEFHREANFESH
Table 5 Photolysis kinetics parameters of pinoxaden

in natural water

NS EIVIE iy YUEREL PR
RZ

Water quality Kinetic equation t1/h
4li7K Pure water C,=10.72¢ 0% 0.9872 38.5
7K River water C,=10.43¢ %" 0.9782 8.56
s 3E 7K Pond water C,=11.85¢ %1 0.9828 5.17
FEH 7K Paddy water C,=11.54¢ %% 0.9636 7.79

AN ) E AR KA S g 1 R ISR A% S g AN [F)
SERZ MR R ERD, dUKKE SR K
NG T RRED BT B B A LA O S A B BEAS
VB FH /NI AT AR AR 245 (R D A 200 o 17 AR AFF 7 o P gk
FRRAE AR P DR a8, SARHETT SR At
FUKEE % (prochloraz) 75 4 /K H1 (1) i 45 R 3 AR —
o MR 1 AR KON 0 B A0 5 B v R,
WA K G 1) AR 28 KN 5 AR KR ) pHL B K/
— 8, RUMRICOIBYE K>FE B K>K>4iK, HYS
ANTR] SRR AR I & AR AR IE R R R
HAB BRI KP I TZ RN TEEARS,
N 13.77 mg/L. ¥ ff S0 AR 24 B OG AR (R Is) A7 78Dl
AAAE A SE A RAER, ViR IRk,
VB 3505 0, 0 W0 A T4 56 11 78 1 3t A2 7 3 1
FH 38 G 25 020, p b 0 e R 58 T 11 Ol SR A A
PR TR AR, AR T Houfiid 2.
2.3 MM ERERERR A RN E

W bk L T il N RS R, BRI AT IA 20
R, Horh M2 Oy EREE. R, AR
K HPLC-MS/MS 2 [ Bp AGE I 5 W bk B i /K A A
FEARFE S M2 R .

PAMEIR LS ZE 25 “C . pH {E N 7.0 I 0h TR
oK SRR SRR 9 18] < T A T R R K g T[]
HeRs, BRMEF=M) M2 762 M AP /& AN T 4
I, H M2 Rk — B R A KR, 3 IH MR L )
F BRI M2(B 1), SZph T pH B T+
. FECOH IR, AT I 1 e bk B
P K il M B R (A, AR A M2 (] 2). TTBE A
WA R L G Y B TR A ZE K, SR IRV VR M2 [

RPN R s (E03), RUEE
2 R IBR A O30 A2 1) — N B 0 12 . JMPR )&
KRN %2 42 /) (EFSA) & 3948 tH: TEKIS&
AR IR R 1Y) 32 B AR R M2, HRRRELE
AR R REAAAE; MR GRUT AT, me
WS AR Y M2 J5, SRR R — 2K
AR AMAEREZ —.

—A— KRS pinoxaden
—&— M2

IRk BT (MI2) J5T vk B

Conc. of pinoxaden (M2)/(mg/L)

0 20 40 60 80 100 120 140 160 180 200 220 240
JK AR [ Hydrolysis time/h
Bl 1 KRR TR EEEF M2 BB E]
T LEhLk (pH 7.0, 25°C)
Fig.1 The variation curve of pinoxaden and M2 with
time under hydrolysis conditions (pH 7.0, 25 ‘C)

Q Q
N K N\, HOQ
\ I{I\JO Hydrolysis \ I{I\JO 2 <
(0]
EKO HO

B2 MWERRERRA M2 BR N
Fig. 2 Reaction of the degradation of pinoxaden to M2

10 ¢

—A— I pinoxaden
—a— M2

=)
T

WK RS (MI2) JoR A B
Conc. of pinoxaden (M2)/(mg/L)

0 20 40 60 80 100 120 140 160 180200 220 240 260
JEfE 8] Photolysis time/h
B3 SRRt TR EEEFN M2 BERTE]
{kEhsk (pH 7.0, 25 °C)
Fig. 3 The variation curve of pinoxaden and M2 with
time under photolysis conditions (pH 7.0, 25 ‘C)

3 g

A R T 14 7K A RO i 5 5 — Besh J1 505
FE o 45 HE AR 245 /K R 1 S5 3l P AR 5
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JE& T 2y B AR AR 2 s K fifR T e B S it B2 1 T v
NP FERRE 25 11 T P bk 5 1S 7K A e PR s LTS
e S BRI pH 2 B3 Tk e, RSN
FRBBELE M pH AT s/, 3R B ER 1 2%
P K AR 2 527 15 B R B K

FERA R PH G IUT o T, PRI R AE 5 SR
IR R I A 2 EH AR BB AR IR T K> F H
IKSTIR>AIK, Jeffd 57 7 5K i pH E
R MBA S BA K MR I e AE R b
% pH E T E bR . R bR e 7 22 ph v i HH K
A E B P ) e M2 (8-(2,6- - 23 -4- I RE 4 5L )-9-
FRH-1,2,4,5-DUS AL [1,2-d][1,4,5TWE (24 5-7-
fiil), FREMENLIENEE KRN TEefR AT
M2 St — R AR, T B G AT IR B )
BLEARIE AT . R G VEA IR RL R E PR I A
() A, b7 BN AR A Lk
filt R IR A B S A B A8 DA R K A
R AR 72 A B AR U A A5 A 25 55 B 24 2508 55 T gk
— BT,
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