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Research progress on residual behavior and ecological toxicity of
diphenyl ether herbicides

LI Hao, YANG Yong, ZHANG Qingming®
College of Plant Health and Medicine, Qingdao Agricultural University

Abstract Diphenyl ether herbicides are widely used in agricultural production to control broad-leaved weeds in
farmland. However, with the widespread use of diphenyl ether herbicides, they also pose potential toxic hazards to
non-target organisms and are easily adsorbed by soil colloids, resulting in pesticide residues. This article
comprehensively discussed the current research of diphenyl ether herbicides from three aspects, i.e. residue analysis
method, residual behavior, and ecological toxicity. Moreover, it elaborated on the toxicity of diphenyl ether
herbicides to various non-target organisms such as fish, bees, and birds. The results showed that diphenyl ether
herbicides were highly toxic to most fish, but generally had low toxicity to other non-target organisms. The
degradation half-life of diphenyl ether herbicides in the field was relatively short, ranging from approximately 0.3 to
28.4 d, and it varied under different environmental conditions. The residual levels of diphenyl ether herbicides in
various crops and soils were documented, along with the maximum residue limits established by national and EU
regulations. This article can provide reference for the application and scientific management of diphenyl ether
herbicides in the field.
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degradation
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M ECRPRVEYIFE T, X4 70 A= 4l 20 B FAE
HAT, Rk 5 0 A 2 A
9N (R 1), R —%%(aclomfen)
(acifluorfen) . H 2 %5 5 ik (bifenox ) .

FHEE I R

( ethoxyfen-ethyl) .

4R

= JRR ik
T HL I 2 T

ik ( ﬂuoroglycofen—

(lactofen) . Z %A % ¥ fit (oxyfluorfen) . H 42 i . fik
(chlomethoxyfen ) , JH: 53 5 ik FI1 B Aty ik DAL Sy 2424 )
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Table 1 Introduction of diphenyl ether herbicides
[R5 24 B CASH 5 B Ak 251 #HhE FENdeadn JHi%
74070-46-5
Cl
o - - B
IR ik ) e LD4,=6 500 mg/kg; HA X T
(aclonifen) . ‘ﬂ PR/ HE R A
N LD,,=5 000 mg/kg
I
50594-66-6
i
SRR NN R, X HIR B A R TR B FEZEH T KRG ST
(acifluorfen) /@;‘/ A EE I LD, >1 540 mg/kg R 2L (B A T
42576-02-3
[
FH R R i “ “ o I - B fi 2% Y 2T AL BEF, 5E
(bifenox) \I:j:/ii:[f» armmate I s i)
0 \
131086-42-5
' IR B S e e
%ﬁ$ﬁ%l@g ; cl cl e LD50 =843 mg/kg; ﬁmm@ m)ﬁl@iﬁflﬁ%%ﬁ',
( : ? i - BB, A NESEY
ethoxyfen-ethyl) 0\)]\ P/ FH 2R fY ) R R 55 )
: o LDy, = 1269 mg/kg AR R
77501 60 1
FRH R X F JoR AR B I IR-R B TEREAE | KA VR T 5 2t
(ﬂuoroglycofen ethyl) /q‘/ \)ko/\ RO LDy, = 1 500 mg/kg 5 3 5 4 B -2 0
72178-02-0
; i 17K R
SN B ik ; “ o e LD, =3 160 mg/kg; FEHFA., Tk KESH
(fomesafen) " A TR/ N B AR B a2 4w R
. 4 LDs,= 4300 mg/kg
42874-03-3
L F o I Xof Bz KA e B TR, I IR-R B ZEHT A PR AU F FHBR RN, Tt Rk
(oxyfluorfen) ¥ Ji:i\w KHIRASA R LDs, >5 000 mg/kg B L
(8} O/\
77501~ 63 -4
FLFARKER of Bz SR AR A B - B WSS FH TR R AR
(lactofen) /q‘/ T)k FRAE LDs, >5 000 mg/kg + G AR R R Ze Rt
32861-85-1
11 R B .
_ . i AT BEREVERR BT, AR EET,
L AL g Dwr 18000 meke: AR A 1

(chlomethoxyfen) \C[ /@(
v

LDs,= 33 000mg/kg
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PPN, IR 2% BB AR | 24 3 25 (] ALt Bl 22 i
Ko HLidh 5% B A R ) e B A W R A5 D7 3 AT
TITA KA, XK AR A AR R bR A 7 A
B, WO i Pl Rk B 770 (1 5% BA R 2
PRI AR A B0 o S B [ N A5
J&, IER BT I35 | R B AT N OHAE ST 3 7
THEATVE IR, LAYI D TE W FH — R B RR 5050, FEAIR
BEE L, DA 255 B B R AR A

1 R%BOHAE

ST PRGHL, E RRE ER R A, TR R
Y. ESFEA AR AT A LA R
o ZIORBEFRBRFR A 0 7 i E AR R ERIR
TP AEA BT, Foh AR A B RS o Tz,
T3 WA 3% - HR B BT % (LC-MS/MS) U191 i A £
HE(LC) LB M A% (GC) L™, AR5 R
Hh s S 2 R AR BON KA AT AR B, EE ST T [R] s
TR R . < HRUR G R FORBR R &
FR RS | PR SRR IR 7 R R SR
AR ) e RO A €5 43 B s, 2 Rk A BR
0.2~0.4 pug/kg, MR N 78.0%~98.0%, HH Xt b5 1 fi
250 1.10%~6.90%", FEAE Y IRA o v i F 5% 32 %2
EHER YR, 5T AR A - R R T
% (GC-MS/MS) 24 1 LC 352051, 4n #f 48 % H
QuEChERS Hij4b ¥ )7 ¥ 456 GC-MS/MS X 44 vh
AR, . AR, R B FLIRR R G
PRIk B B AT 2 M B A BT, 1 Tk R R PR
9 0.011~0.023 mg/kg, [FILF N 72.4%~106.2%, HH
SRR AR 22 h 1.12%~4.93%24, H T, FrRiE 4%
Pl 15 1 [N 458 1 (>70% ), T LAAS 2045 A A A
B FLAS T 7735 R A O B o A 22 280/ 0N, T R ik
FBRFLFNGR B S BR U,

25 Tk, LC-MS/MS il GC-MS/MS 7&K ik
B 43 B o N F ), oA A3 A i an LC ik,
R A2 [ A A B v SOV €8 TS R 12 B e g
BRIz . BT, AR5 5387 B A B o8
3 5 R R TR IS BRELT AR B AT AR B T
el XA R TR %Sk 58 R B BR R
0 5% BR B, DA R P 58 3 N e KRR
(MRLs), 3 5 A TAFE+ gk B et Ak 24,
WA i AR 245 5% B AR AR 25 h BRI R A

2 ®REBITA
TOREER R ERIAAE TSR P & PR R

k. FEN TR E— RN, SR R
T 2R A VT AT 5 R K, R AR AR )
FEAEREEAE IR REEHUE, IR R AR 24 1
RS RT 0.1 pg/L, K255 B AT
0.5 pg/LP¥, e 25 5 bl 2k A vk B 3l 2 X0 A A4
A2, B N . R, PPAR R 2 B
(5% A1 T AR PPN 2 A M &
BLEbR . TOREEEBR R A SR B AT MY B
TEREIAR . RIEFK D, V5 S A . 5 R A5 T -
WF5E 2R WY, AR RIS B R 70) A FE (] o i o2 10
KEAE 0.3~28.4 d, HAE - 5 rp 1 B i 2 2 10 Ky
0.3~28.4 d. 76 H1 ¥ I8 A ot | 0 B i 2 = 1
1.1~13.3 d, [A1F R B0 7E 4 438 v A9 o A > o B 22 L
TEAEY) FK, TR D] g2 = Z Il A M a2 5%k
AN, HAEYAS B 0] DIROSGR A R R0, 2%
SR ik 7 - SRR AL ) Rl S B AR, A3l
0.3~1.0 1 1.76~1.80 d¥'2); FUf [tz % lk 7 4= A K
O B R o K, 3 IR 18.08~28.40 A
2.7~9.8 d, HAE L3 ke R 5 R R AL
B, S/KEEIEADE, 515 pH 2 HAAHCEY;
SRR e ik AN [R) 7K BRI e ) I A 3 Ry VK >
k> A KK, ATRESE Tk TR 89 pH AR[E, I H 5k
e Tk i 245 71) e P 4 o G e fp o R A M A2 Y, 2
A TR Tk B B vl R i S R LU A R Mk B B v
PR, AT RE R T 2 U it A B A5 P i A
2, I H 25U R R i 118 ' i 0 PR o R B 1 15
I ZE R, FLIRAR B R AE R flth 1) 2 g A &, T
I 0 S DR 2 26 i o5 i+ e A= Wy, 1 R i 7L R
REER B AP BT, e bR vl g, —
ARTRZS R ) HH ] WA (<30 ), B 5 32 305
sz, AR R BER R BRI AEAN R IR A5 T
Rt A 22 5, HRE R ER 5 A TSR A
S50 NS KE . IR pH M. HAT
JIT IR 1) 2 Bk 2B R AN R A VR SO 3 ) e
5% B 24 0.000 5~0.4 mg/kg, 1 1478 rp i Fe 24 5% ¥
4 0.001~0.023 mg/kg, 46K ZEUK T GB 2763—
2021 (B b2 2 [ bR £ AR 2 Kk B PR )0
IR 1] 72 ) MRLs ARifER, 43 Z R Bk R A
FIFEAEY) b W 5% R 5 d KR B BR e (32 2) T .
TR BRI T iR A2 3 pHL AR
Y. RS R SRR A AUR AR DL Sk
ER TR, HRBRELEEE LI 0 SR &
B FR TR 2 (U B R L R R B R Y S ST A
RILIE AN I FNH T ILAA 9, LUK 3L 92
FEBCHI K R AT AE R AR ORIk R
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Table 2 Residual amounts and maximum residue limits (MRLs) of some diphenyl ether herbicides in crops
I Bk 551 44 R Rttt/ 5 FA i/ (mg/kg) MRLs/(mg/kg)
R AT — <0.01 —
LR T — <0.01 0.01%*
KEM V% % NN — 0.013 0.05*
AW LA — <0.01 0.05%*
FFRH V% % oA — <0.01 0.01*
AW AT — 0.003~0.025 0.01*
TKFFH LT — 0.018~0.106 0.01*
K GAHRREH SR i gk 2.7-9.8 <0.01 0.05%*
MR A SRV — 0.013~0.04 0.05%*
A = HR Bk 1.1~2.4 0.01 0.1%*
TEAEREFFT SRRk — 0.02 0.1%*
REH IR 1.8 <0.5" 0.05%*
K AHREN IR — <1" 0.05%*
AL IR — <0.02 —
TEAE AT AR — <0.05 —
LR LR 1.76~1.80 — —
A 22 ) VA=K R — <0.01 —
g at: el SR i ik 13.3 0.003 3~0.067 8 —
. A6 1) U IR R 12.0 — —
RILE AP SR i 28.4 — —
e ot IR — <1" —
AL - 1) IRk 1.3 — —

W —FoREEB e . 1B Anglkg, *FmR B H B FRE(EU Pesticides Database - MRLs); ** 275 5483k 4 GB 2763—2021,

FIAE T[] S50 B AR AT TR, FEAAED) 5% BR 1A,
B 10 7 ] 5% R0 2 4 () ol 0 4/ it 3 B 2 741
DL 2 5% B AT, R AR AR . REH IR
Bk BR FFITEVEY) L e 2% B AT S B T 89
MRLs FrifiE, {H [ N 2 55 22 56 T 2R Bk BR 551
() MRLs #5 #ff, 75 22 P 2 A o DA T 8050
2. ARG i A 2 5 YR PIc Ak
YR ER i, TR T SE I R, LA A ()i
ST R o 10 1 S Y7 2 2= R = ) e
bR BA 5 i KR B PR B A% 2 TR

3 &SN

B B A 2 2o R AR RS A 0 7 A AN TR A B ) 52
M, 2% Bl B B A B ) I EE A AR, S AR AL AR
2R B BRI, PR, PR 25T R AR AR A i
ESHMRPM L 2N E R AR — =K
B SIS R 7R AN (L 2 Xt AR S A ) 7 R R RN, A
SR NI AT EAE L, AR N R R A —E
o NP RElE 8o BN IiiE, &
SRR B M PP B o e Bk FLA BORA R e 3 BT

TEAE ALY, SEE SR IR 7R o 2 AU
S AR B KBRS BTSRRI, K2R
(1 R TR A 3% e ) TS 2 ) R HIR B A B B, 51 b — 2
P, WA ILPERE I, 25 SR 1t mT RE 2 3 aod 410 il
R o Ji 4R P i S BRI B ) 25 . I,
TR 2 B2 3 700 IR 17 2 2 S B 4 o, O
7 [ G MR 19 245 i L P - B T 53k 5, L £
R R R A AR B IR T AR P RE, fE A
(R o 25 T A Ah R IR B R 4 B LA A
R AR RGP S ) HEA T2k 0 2
YR, T ARRE R RO A A AT RS T AR
HE R KoK A EY) | B S0 | il B2 K
HAFARALAR A . R EEE, WRERAE, LR
SRR i AN L AR R RN R T £ T K i SRR
PR AR A A e 2, G AP £ AR OR E 1 R  f
5, B B A A7 B LB G kTS Gt SR DU,
S AR 3, B0 BE L (RS0 T I B A2 25 i BT
CAERERE  —FORFRE, AR R LA
FOAGE O R b Je B A i A AR BN TR O
TR 2 (R K e B R A Y £ SRR B R A A K
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BN W, S EUE B A N I Hh S S R AR
I BRI TR AR PR 18, 3 2 S B8 £ A A R A AL
R PETTIML . A0 M 98 R DL B2 20 sk 2
SEES, M BCRE BRI 20 pg/L I 252 iR & e
% 0 4y B IEAL, il 4028 4y HORR D s = JHOR
Bk . SRR E A . SR T A A | AR R
R, EaRRTER I, R BEISRR R 1 —
RN 2 B 2R BHPE T, (H I 2 B A P i T
PEF R IF (02 B b — SO0, A7 LU R B b 2
RARRYEFRES, WA R A B . 2R
B, ZHRFEEE . HRBRAIRE . = R G I A R
BRG] | R A SRR A R I
fERBECOTOT BRI BE (<500 pg/kg) SRR
P ] 2 5 SO W5 A P9 7 PR SR BT BV BE 0 R B, AT 5
S A A R SR 7 AR, S O ) A A5 1 A
St SR A 2 AR TR it o R B AR R, SR

AL E H 2R A 24 h-LCyp>5 000 pg/ R R
T AR IR T A T ) i A 0 N T S R 1
{F A1 R 5 A B3k R G £ B - D G 2
B BR RRPE T SRR RS MR R
RN FFEN AN KSR, @8 58f
FN L B, FET TS BRI Ttk R L, EAR
RERSFEREC X 52 | B AR BN R, (H R4
P A B e B3 SR B R I, AT 2552 B LAY
TR o R, AR A= 7 v N 2 IS R G 1 2 IR 2
O A5 R R R IO G A 2, DA ok ) B A
FOARAE W BARSE bR A W HE fihiod % B A 25 S B
AT TR RBERER R R R PR AN 3 s

25 BT, AR 3 RIS R R X K A A= )
A v B, X H A AR R AR A W 3R O AR R B
o I RMZEBR R B KA A s E R, X
IK A S IR AFAE VAL W o PRI Tl 2% o R 54

R3I EBMERENSERE
Table 3 Toxicity data of diphenyl ether herbicides

== VA Q
P
I 751 44 - — —
102 N — KA A=) ] e KA 52 KAVKE
- BT84 TP, 96 h-LCyy=
Rk 0 — — — - _
(aafonifen) 10~2.3 mg/L;
aclonien g, s, 96 h-LCsy=3.3 mg/L
—HRERE @it KT, 96 h-LCsy= 17 mg/L; gl T3,
(acifluorfen) WA IKH#E, 96 h-LCy,= 62 o - LD, =325 mg/kg -
mg/L
HL 6. 57, 96 h-LCsy, > A
. ’ (i3 iz -
FH R B B Tk 0.18 mg/L; . P . e R EE,
e ’ — = | > — 2z =
(bifenox) W, $52F, 48 h-LCyy > %iﬁﬂ' Eg = iﬁ?ﬂfgg ECyy= 0.3 mg/L
1.22 mg/L; o
#F: B3, LCy,= 0.065 mg/L
SURALRE LR
(ethoxyfen-ethyl) T o o o o o
,ﬂEEj;:[ﬁg] {E&ﬁ[ﬂ]’
R BEDhfh A, & ;%ﬁjj] BT, 2, 48 h-LDy, >
(fluoroglycofen- 48 h-LCy, = 0.471, 96 h-LCs,= 48"‘}; LC > 48 h-LCy,> 48 h-LCy,> 500 mg/kg; —
ethyl) 0.369 mg/L 100 (; . 200 mg/H, 200 mg/L 96 h-LDy,>
gh 400 mg/kg
SR e R L i3,
(fomesafen) Bt G, 24g/h]:LC50 =1700 - LDs,= 50 pg/ 2 - - -
m.
== 2 =2 [61]
FLEAR R {Eiﬁ)ﬁ,_ 45:?(: .
lactof WA FE, LCyy=0.1 mg/L - - - 50 s
(lactofen) AL Rk Ls =01 me 2510 mg/kg 0.378 mg/L
W8 £ R, LCgy= 0.3
mg/L; §ff: &g, LCsy= 0.4 ) o
ZEFEE mg/L; VAT FEE, LCy=0.0018 zﬁﬁ’ic’ B 961?1*? -
(oxyfluorfen) — mg/L; FEYNEE. RFEC, 96 h- o 5 00_0 jOD s 00_0 5(/)L o o
LC,,= 11.698 mg/L; Bf. K3, HES e
LCy,= 320 mg/kg
AR bR B

(chlomethoxyfen)

e —FOREAR G, RS GBIT 31270—2014.



+ 324 -

B15 %

P 7 24 )] R G 2 T T A5 A, DL A i oK B¢
ISEE i ¥ a2k | = N7/ B R Fu IS EN (S0 E I DN
(LS IR WNENE SRS U S w5 NS
FO L 2 S EUR 2 A A i TR B Bt
i [ R A A5 R AR T BT X AR SEAR AR W e
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4 Hig

I, ARG 2 ok A ok 5 ) ik R LC-
MS/MS Hl GC-MS/MS X 2 F 51, WA (i R
AT DL [ AR A BUR 25 5 7R AR R 2 31 12 6 T,
A5 Tl T ik R K R R 3 R R [EDCR B KT
70%, 1T LA 0 o ik S ok R0 8% BR A T R
AR ISR ) S XK A A R B R R R, (R
R A Y AN HA A S bR A B R N . R
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[l S A 3 p T BERS A AN [H], £ 232 3% pH., I
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TRk S I B LA ) b R A AR T - 4,
S UM AS B v AW A — o Bl . R
(AIF 9T 2 B, 76 R0 il HIZ S BR 5500, R ek
(A 25 5% B 40 KR 280K T MRLs., R, £l T4
IV T2 i BB SR A R 119 7)1 R 2 4 [ B 0 oY
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