K 2 & ¥ Soybean Science

& http://ddkx. haasep. cn

2023 ,42(1) ;077082
DOI.. 10. 11861/j. issn. 1000-9841.2023.01. 0077

SXMAEXEMTIEDINERISERLERBHAR

KHE L EER , RWA, K

AL mAERE R, RHORT, KA

(L LPEAE AN R ERE 7= il B it 2 2 S hRuEDFST BT, TLPG B 330200 2. VLPH A & Z i gl BB 5T i ILPY 3% 343100)

 E IR IEMAE B TR R SO B R e 1 5R BA T AR A IO e 4 AR, AR 5 R R O A (1 -
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Dissipation Dynamic and Terminal Residue of Chlorpyrifos in Soybean and Soil
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Abstract: In order to clarify the residual digestion properity, evaluate the security risks of chlorpyrifos in the control of
Leguminivora glycinivorella ( Mats. ), this study analyzed the dissipation dynamics and terminal residues of chlorpyrifos in
soybean plants, whole beans or soybean seeds and soil by ultra high performance liquid chromatography tandem mass
spectrometry (UPLC-MS/MS). The results showed that the original deposition of chlorpyrifos in soybean plants was 17. 24-
19.69 mg-kg™". The residual digestion curves under the conditions of two test doses of 2 250 g+ha ™' once and 1 500 g-ha™'
twice were C, = 17.403 0e ™ "'®", C, = 12.039 0e """, and the half-life was 3.5 d and 2.7 d, respectively. The original
deposition of chlorpyrifos in whole beans was low, up to 1.78-2.98 mg-kg™'. The dissipation was gentle 1-3 days after
treatment, rapid 5-10 days after treatment, and tended to be gentle again 10 days later. The residue digestion curves under the
two test doses of 2 250 g+ha™' once and 1 500 g+ha ™" twice were C, = 2.136 3¢ **7"', C, = 2.684 7e¢ *'", and the half-life
was 4.0 d and 3.0 d, respectively, which was 0.3-0.5 d longer than that in plants. The residues of chlorpyrifos in whole
beans from O to 21 days after treatment exceed the national limit standard of 0. 02 mg-kg™'. There is a potential risk of
picking soybeans as kidney beans during this period. Although the original deposition amount of chlorpyrifos in the soil was
low, its digestion speed was slow, especially when it was used in excess of the recommended dose, there was still a high
residue 28 days after treatment. The terminal residues were not detected in soybean seeds 14, 21 and 28 days after the
application of chlorpyrifos on soybean twice according to the recommended dose, indicating that chlorpyrifos is safe for the
production of soybean.

Keywords: soybean; chlorpyrifos; dissipation dynamic; terminal residue

FE AL ( chlorpyrifos) , X4 SR Atk H
0,0--2.%-0-(3,5,6-—F-2-MLhe 3 ) B 1L 8 iR
Piit , & —Fh G v i T A AL 7 vh S R A LB R
H) BHAWE M T2 R A0S SR A
AITE KRS /NEE Bk MR R B A RB B
S AMAEZFEY) A A4 0 ] AR A
ANz ENEIN SRR RE SIS E A SRS R CE iy

s B #5:2022-08-02
EE&WA A GI AR KR (IXARS -24)

SRR, e A i B A R B DL IR 15 A%
AR Z TR B Y TR AR T, 7E B
e KRS 2 U R BR T R GE M)
(1 pg L7 ~1 ng- L") FEFEM5R FE HLA W g 0 A
VIFENE XN R GE WF IR R G PR R G K
REMAREF WAMGE I, #E5E
WRLA PRI R TR A0 A ) E AR R I TROK &

E—1EH KIEE (1965—) , I, 2 B5E 6L, BN FAEY 814 B FRAR = T % 29T . E-mail : zhangxxky@ sina. com,,
EIES Tk (1981—) B 1l BF 98 51, BN FHAR =i i & e KU PRI SE . E-mail ; 2dw3296 @ 163. com,,



78 K B B 14

Yy VAR T AR, A3 A T R, AR
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Bl AN AR 245 5% B DGR R TR A, in &k R
AN P 2% 5 T 58 %) B S8 W E AT =R PR A, 1
A 24 BT B3 0 WY S BE AT, &K 2 42 80K
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Agilent 1290-6495 Triple Quad LC-MS/MS #H &
R €035 A0 1%/ 5 3% 36 FH AN ; Philips 2 D) g By
EEHL ; Hitachi CR22N & 3 25 .0 AL 5 A 15 384T F1) 2
GB303 T K (0. 001 g); KH-500DB #8 7% I I
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1.3 KI8igit
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40% FEALIEFLIMAEAE A EE 1Y 1.5 A%, BP 2 250 g-hm™°
(ARORS FHH 900 g a.i. ~hm ?) | SE/KWE%E 1 1K
AbPREH T1 HEFER B B 1 500 g« hm 2 (AR08 5 H
600 g a.i. ~hm ™), SIKBIZE 2 ¥R (Jii 24 [A] &
7 d) s XTRRZL . WG K 1 IR AES AXT IR, RS Ak B
W3 WELE,/MXK 9.0 m, 5 6.6 m, Fiil 555K
40 em x 10 em,/NX [ A 1 77 R EAE MR E T, B
Jits R SE AL BN [R) A, How A4S HL S K AR RD
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SRR IES  JOE MR AR (355
ZERIME R R (I YE) AR EARL( £38) 4% 2 ke,
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500 g %A HEHLEH MIFARas, -20 CIAFER .
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1.4.1 Hmafaz  FRECKEAEE 22 el R TAT
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10.0 mL 1.5 mol - L ™" R R IA W A 20. 0 mL L JiEHE
A B PE VRS TR ARE 10 min, 14 ~5 g SALGN,
_%J:%?, WA= 1 min, 4 200 r- min "' B 0>
1 min, fHEZIEFIKARSY 2, SRR 1.0 mL 134
W, 3 QuSEL HHbAE , £20.22 wm JEMEE] 1.5 mL &
LA FEHC200 ol JE AT 800 L &l K 2= JEFE R
e RE

1.4.2 BEFMF WAHOIESRMF Agilent ZORBAX
Eclipse Plus 3.0 mm x 100 mm, 1.8 wm, Jizh#H A.
0.1% W KEW; Wsh A B: FEE;0 ~ 3 min,
A,90% ~2% ,3 ~5 min,[#4% 2% A;5.0 ~5.1 min,
A2% ~90% ;5.1 ~6.0 min, f£FF90% A, HEFEAE .
5.0 pL, A& 35 C,

AT R FH 22 S W AR = ( MRMY) 5 25
PR ESI( + ) s B FAEHE +3 000 ViR 150 €+
PR, 15 Lo min ™' 85 AR . 300 C 5 B U
#,12 Lomin"',

FEFCMURRAE 2 7% (A% L R ) : m/z 350 > 198
(15 V) ;m/z 350 >97(49 V) ,

1.4.3 ARfEwr s 5 KRB0 ELHEM
XA MR 2 W (BOR AR | 48 2 G S O
3N B SE bR oE i AW, o3 IR 0, 1. 25,
2.50,6.25,12.50 F125.00 pg-L ™" HE5 DT B bR VA
W, TE LR AES S5 AT I, AR I AR 24 o o
R (x) AR AR AR, AH N A A {E (v ) AL HR, 4
HIbRER k. 1A ME ( Matrix Effects) , ME(% ) =

(% - 1) x 100, 2, Sm Fl Ss 4351 s 25 i DL i

Fru i 26 T 2 N6 3 700 br o i 6 B B, XY ME 78
-20% ~20% 35 [ N B 2R 55 2 LRGN ; 24 ME 78
~50% ~ —20% 5%, 20% ~ 50% 30 FB i Ay v 45 35
R 524 ME < —50% 5% > 50% B Ao 3L Fsgon ) .
1.4.4 FAwX IS B #HE Fokk FE M TE
KGR 40 (SR ZAFRL) | X BEAE o v 43
SIERAN0.01,0.05,0. 1 mg-kg ™' 3 AN KT 145
WS W, 1 5 56 18 b L vk 38 F) 1. 25, 6. 25,
12.50 pg- L™ AN AR RAE J X B, B4
ISR 5 WK, 3 08 b 7 e 0 A7 4 & iy Ak 2R
FEI A | T332 [l OR FbR 1 i 22, LA BH A
AR 53k 0 A R RIORG %% BE L M B AW [T g
A RS DL S 4 SRR o i 25 R
1.4.5 WHmoELE L&k B o4 HEHESE
Xof it 245 i A ) [ B B[] 1) 75 A 7 R A v L 42 T
(SR GAPRD) A3 % B A T — S sl Sy 24
UG, AT R AR TR T A A PR 2R A T L
/] DTS0 ( HIAR 24558 B B3 50% B[R]

1.5 HESH

K H Excel 2007 345 Bt AT A PR S5 4EE,
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2.1 BN AN AR EAEY

W 1 FRs ARG R RERR A B A
LTI, 7E 0 ~25.00 pg-L ™" 1Rl PN 2 56 1A 30 22
SR g Z BB RO R, HC R
¥9>0.999 , RGN T5 HE 2B A AT R . ARIE JE o
RPN 7, T A0 A DR AR PR v 3R 3y v 25 ik
JRRRINE , 7E 4> 5 3R B o B S R, A T b R
IR 55 HETRAONE o Ay e AV R S5 A4 07 1) T, 44 e A
T8 SRR | D0 5 S8 WAL 5% B B AT 3 SR
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Table 1 Linear correlation and matrix effect of

chlorpyrifos in different matrices

28 M- I
I Matrix LM @

Linear equation

FE RN
Matrix effect/ %

g Acetonitrile y =6.8345x —5.4847 0.999%4 -

FE Ak Plants y =5.0464x —2.2141 0.9985 -26.16
477 Whole beans  y =11.452x -9.5727 0.9989 67.56
+ 3 Soil y=7.1457x —5.4758 0.9985 4.55

A 45 R R W, 7E 0.01 ~0. 1 mg-kg ™'
)1 S R I R ONIFR Ik LR SN E L &S]
98.0% ~108.1% ,prififiZE N 2.5% ~3.5% ;FE4>
SRR R 52. 6% ~82. 7% Al 2E N
6.6% ~7.5% ;7E LI HYF B [0 70. 6% ~
76.8% FrifEfi2E ] 4.3% ~7.9% (F£2) ., kK45
SR« BEFE IR R R R N - 33 B b A i R
B R IN J VE A VAT R v i R B R R M
TR % 238 e 5 AHLAE 4 S b il 2 i T SR A I, 7
BT

K2 BSRMEXSEK. 2 EEPHRM

B FtR R E
Table 2 Average recoveries and RDS of chlorpyrifos
in soybean plants, whole beans and soil samples

at different spiking levels

R EIACE  PIENCE e
Matrix Spiking level/ Average RDS/%
(mg-kg™!) recovery/ %
FaFk Plants 0.01 99.9 2.9
0.05 98.0 3.5
0.10 108.1 2.5
425 Whole beans 0.01 82.7 7.5
0.05 56.3 6.9
0.10 52.8 6.6
+-3E Soil 0.01 72.2 4.3
0.05 76.8 7.9
0.10 70.6 5.8
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2.2 HKBHEHBOW

2.2.1 FREEKRE  EILMAE R G 2
R AR TR B AR B AT A R AN ER 3 TR .
BEAL MR AE K A PR Y R R U0 AR A, IR F
17.24 ~19.69 mg-kg ™", A [t FHF7 & it F v B
JEEA DU A FT AR ,2 250 g-hm ™2 x 1 WJRIAHTH
HE T 1500 g-hm 2 x2 WIRIGVIRE, 255 1 ~3 d
THARECHRE, 10 d J5TH RS, RESEIRLE 2 T G

DI EAF) 1.78 ~2.98 mg-kg™',2 250 g-hm > x 1
PIELR VTR EAR T 1 500 g-hm 2 x 2 BBV
2GR 1 ~3 d 2,5 ~ 10 d AR, 255
10 d T V22, BEAEWALE -3 b iy I bn DT AR
A, HA70.09 ~0.24 mg-kg ™", HF P Al B 55
W 5 A AR A 38 3R 10 B it 245 K D o2 25
HEGE A S AR ShAS | R A K 2 B 4] 19 - T 5 it
J | R AR AH I Y A SFEAE f A T I S AT

R3 BERMEXEEK . EEMTETNKES

Table 3 Residue concentration of chlorpyrifos in soybean plants, whole beans and soil samples

A mg ke ™!
SRAE ] b AR Plants 4= Whole beans 3% Soil

Interval/d 2250 g-hm ™2 x 1 X 1500 g-hm 2 x2 %K 2250 g-hm 2 x1 X 1500 g-hm 2 x2 ¥ 2250 g-hm 2 x1 ¥k 1500 g-hm > x2 X

0 19.69 17.24 1.78 2.98 0.24 0.09

1 11.66 9.75 1.75 2.60 0.23 0.07

3 10.48 8.76 1.73 2.01 0.19 0.06

5 8.28 6.51 1.08 0.97 0.17 0.06

7 5.62 4.66 0.24 0.43 0.08 0.04

10 3.67 2.94 0.17 0.35 0.08 0.04

14 1.66 1.80 0.09 0.09 0.04 0.03

21 0.53 0.85 0.06 0.07 0.05 0.01

28 0.00 0.51 0.00 0.01 0.04 0.01
2.2.2 ARIGKGHME  FEICMEAIE MR I TR ST 3o DL, T S0 A DR, IS T A AR

RIS &, B IR W SN SE, D  +
JEU RO AL & R A i Stk i A A
ZN L 7E 1500 g-hm ™ x 2 YR ) 4
T, BEALMEAE R AR RR | 4 TR 4 3 v 1 5% B i B

20
18

Ct=12.0390e122¢
R?=0.9735

R & Residue/(mg-kg')

0 10 20 30
24 J5 B A] Time after treatment/d

0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

5% B & Residue/(mg-kg")

18 Gk B AT a — R (K 1), =%
(1425 5 2 R BUAE I A R L, e KB/ AR U
NRGAEMR 2E

357
3.0¢

Ct=2.6847¢ 019"
R*=0.9670

TR & Residue/(mgkg™")

0 5 10 15 20 25
255 B} E] Time after treatment/d

30

Ct=0.0816e%2¢
R?=0.9489

*

0 .
0 5

10

15 20 25 30

245 B} E] Time after treatment/d

B 1
Fig. 1

FER 1500 g-hm > x2 REAEEAXSEE(A) 25 (B)FLE(C) FHEBHE

Residue dynamics of chlorpyrifos in soybean plants ( A) ,whole beans (B) and soil

(C) samples after 1 500 g-hm > twice treatment



14 SRR A - BRI R SR 3P (9 T i 3h 25 5 e R B B T 81

2.2.3 HFRHGHMBH AT FIOMAEKGAEK
4R A R I % Bh ) S SR R 4 TR,
2250 g+hm > x1 X .1 500 g-hm > x 2 WX K5

ZAF T R SR MRTE DR A R e i BB A it 2k )
HM:C, =17.403 0e "' C, =12.039 0e """ HFF
B IR R 3.5 F12.7 d

F4 BRMEXETER . EEMTEFHERINFSH

Table 4 Digestion kinetic parameters of chlorpyrifos in soybean plants, whole beans and soil

B 0 T i 7 " g
Matrix Test doses Digestion equations Half - life/d
Hi#k Plants 2250 g+hm "2 x 1 I C, =17.4030e =165 0.9909 3.5
1500 g-hm =2 x2 & C, =12.0390e ~- 122 0.9735 2.7
45 Whole beans 2250 g-hm =2 x 1 K C, =2.1363¢ 217! 0.9394 4.0
1500 g-hm =2 x2 K C,=2.6847¢ 0191 0.9670 3.0
+3 Soil 2250 g-hm =2 x 1 K C, =0.1972¢ """ 0.5798 7.1
1500 g-hm ~2 x2 ¥ C, =0.0816e ~- %2t 0.9489 7.3

TE 2 250 g-hm72 x1 ¥k .1 500 g-hm72 x 2 Wik
RS T B AE AR 4 5 b 1 5 B T A h 4
MHR.C =2.136 3¢ 7" C, =2.684 Te "' LT
AW IR R 4.0 F13.0 d, L
TERARP R 0.3 ~0.5 d, X 54 H AT
WIS, LU A ZE I Sy 3 A R 52 BH I 2 105 1 R K oo
A %, B E GB 2763—2021 (&2 5% 4 FE K
Bl £ i A 2 e Rk B B 6 ) ML, B AE MLAE
KE K (EFHIBRIN) F PR 54 0. 02 mg-kg ™',
RIGZE R FEW | 255 28 d 45 HhHESE sk B A RE MK
F AR, BEAT 0 ~ 21 d Y4 & v ik B e 24 it
FBRAEFRIE X BN R A B AR G B R A
R R AR, R FIEMAE G U BT A
Vi i A R R AR R

2250 g+hm ™ x1 ¥ .1 500 g-hm > x2 Kk
R AAE T B SCWAE 3 b i) 5% B3 3 A 1 £k 43 i)
H:C, =0.197 2" C, =0.081 6e "™ F5H—
R IF R RS 7.1 R 7.3 d, TR
PRI S i RS R W] R A b
T RS R AE 2 250 g-hm > M HELE )
TEOLR A, 2505 28 d 78R B 1) B AL AR B
FREA IR 0. 04 mg-kg ™", HFR 5 4 00 B4 R &R
[ REAAT K
2.3 REAKRBHSN

Fie B8 40 % FEFE MR AL 1 500 g+ hm ™2
FERG Lty 2 W, 255 14,21 128 d KRG FHRL
(AN 3E) T Y e 2 5% B8 (A B AR T A D0 R, 3R W 7
255 14,21 F128 d By K GAPRL Y A H B AE 1
B5% BR, DRI e 7 E SRAE K 2 2B 7 v fl o A
AN,

3 g

ULAESfe , — S 5 [ % B R HUET 20 R k28
BESEMR L P KR B 2 B 2 N T R i AT 11 B
T, FEE mE K ORI B BN T R MR R
AE e I FE PRI A 2500, B RE | 2% [ 4 ) 1 55 oF 75 T
WAR WA I AE 7 FRE AR 2032 A
WHLE A 2016 4F 12 A 31 H EEE (|- 3558 W7 55 352
AR VR R R A R R RO B AT M R
TFREELHRBTA,40% 250 LM E i T K
G BB, HEAE A 1200 ~1 500 g-hm 2,
i1k BEAEMAE SR R iR A, I E R
i B 5% B S 1 FH 28 42 RS, AR BiF 5 B % K G A
B 45 B OK SRR A HERE SR N B R,
QuSEL ¥kt fl , = A50RAH (335 — o 6T 3SR
W BIEE T FEPEME T i B A8 S AR B . 45 Rk
B, B AERE S A RLR DA, K G kR > &2
> 33X 5 T A0 A R TR AR 1 25 i ) B SE
W Feis A ok, #EAMTE £ 5 5 RS DT R A
%, X S0 B R G A AR 448 L - 398 o 1 i A
SPBCAF R A K, FEAEMAE K AR | 4 W
R % BA e I o Ao () 1) B T s R, T A T R
PR 5 S 0, 5 R A i A5 G — 9Bl T2
TR, BN T g A R AR — L
25)5 0 ~21 d B4 SRR B e 34 0 AR PR
bR, RUTZ BN R H B AW %4
KBS, H25)5 14,21 #1128 d RAEM KR TFRrh 1y
R i AR B R FIEM TR G A - R %4
M, BEFEMETE 3K N B T 5 0E 4t T AR
LM Bl iR A Tl E e, H vz A R T 4 DT
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Yy K B RES ARG T e, BT R MIE
) e T AT WL 5 o NS I AR B il A O,
JETEILIE PR A 32 2R i, T U A I ER
Hh 5k B AT BB RIS AE AR S AR AR R,
M it 7 S HAE 9 v B SR DORR B B AR AR
B pR T e S GRS A5 D BR R R M O A R A
SR AR A R B DL AT, 2505 BRI ) P
VA B BB B A7 18— 1 2 4 UK, LR o A
BB,

4 4k

Z'—%ﬁ%i'%%ﬂ 250 g-hm72 x1 7.1 500 g-lrlm’2 X
2 YRGS SRR AE K A bR, & A+
Herh gk BRI L BT A — sl 1 R, i
THARACT, J5 T 18 . Fi IR A e R
WE25 2 YR, 2505 14,21 128 d K EFERL P2 R4
BESLMAR B, R JE W] F P R O & &7,
HZ5)5 0 ~21 d 4 & 3 58 Wk B &t 348 0
0.02 mg-kg " AYEIZE R EARME , A R B PRl K oL
R EAT A KRS 7 ol P 700 o o 4 4 7)o 1 15
BUT 24505 28 d NREFEIRTE I A A m AR B

&%k
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