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Abstract:  Objective The goal of this study was to evaluate the degradation of fenpropathrin in soil and its effects on
earthworms, as well as to establish a foundation for a full environmental risk assessment of fenpropathrin. Method High

performance liquid chromatography was used to identify the bioaccumulation of fenpropathrin and the major metabolite,
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3-phenoxybenzoic acid, then soil exposure tests were used to assess the toxicity of fenpropathrin to earthworms. Result

(1) Fenpropathrin decomposed four times more quickly in unsterilized soil than in sterilized soil and more quickly in alkaline soil
than in acidic soil, suggesting that microorganisms and pH were the main factors affecting the degradation rate of fenpropathrin in
soil. Moreover, during the decomposition process, the synthesis of its primary metabolite, 3-phenoxybenzoic acid, was discovered.
(2) Fenpropathrin content in earthworms increased, then dropped, with a maximum bioconcentration factor of 0.3. (3) The
subacute toxicity data showed that after 14 d exposure to high doses (5 mgkg™) of fenpropathrin, the protein content in
earthworms was significantly reduced (P<0.05). Also, the cytochrome P450 (CYP450), carboxylesterase (CarE), glutathione-S-
transferase (GST), superoxide dismutase (SOD) and catalase (CAT) activities and malondialdehyde (MDA) content were
significantly increased (P<0.05) after 14 d of fenpropathrin exposure, and there was a dosage effect. Conclusion The rate of
fenpropathrin degradation in soil was strongly linked with soil characteristics, and fenpropathrin residues in soil could cause

subacute toxic effects in earthworms. These findings help in a thorough evaluation of the ecotoxicity and environmental behavior

of fenpropathrin in soil, as well as a more solid foundation for pyrethroid pesticide risk assessment.

Key words: Fenpropathrin; 3-Phenoxybenzoic acid; Degradation; Bioaccumulation; Subacute toxicity

LS A e A 28 2 N T A i . 2 KSR ER
AR LM RN B AT 2R RN
SRR = ROR AR A R SR, HUBR RO R G
A ARG R FE Ry R . R 2GR . R
it 2 4 AU DL BB A= ) 2 REME AR AL A — R B ]
[Fi] BN 4063 Ht 4 T B LA 35 4 8 A 45 R PR 8 ) o
KB R JUARE, IR RO e AR s B . A
BEPE . UG REME . SRR AN PR B Bk
AT UESL ST, SR, A3 S FBIBR HL 45 TG X 1 43R
355 R A HEA Wy i IR TS i g 3 20 o

FE 3R (FEN) 1E S —Fiea FH 0 40l e 45 g
AHF, T ATERKR . R MR K AR
Y RhE L 3R AR HTR (3-PBA ) 2P
HUAG TR H A 2 TE R B AR ) B, IR
3-PBA BHHRIL G Y h R, 25 7 B3 b
BT, O, 3-PBA A REXT T FREE A
TRTE N o b 452 - AR S R G h B AR YRR,
A VLUREEAE . TR0 A RS Yy 43 A 55 1t
Hh k2 T EE AL O A SR i S| X R B T
YLt B AR, i 0] A M A R YRR S A A AR R+
HET5 YL KSFEEY PRARGE , s AR 22 Al AT 1R R 2
PibRES P B, di A oy AR S e AR A 1T
WHEE 2 . 4 M0 (0 E P450 ( CYP450 ). ¥R iR g 1
(CarE). #MeHK-S-H &0 (GST) 25", DL KT
S AR R A A B AT ( SOD ) st 48 Ak & ity
( CAT )M [m] A 52 e 48 AL 43 475 5 8 A4 T 18 ( MDA )
P 2 e ] AR P sz e - S ER BT T YL ) T A W A
AU R A A R AR 2 R R S L A P AR

SRl P72 A nT Bt A 24 00 L SRR e e A W Y
PRBE XU o

ASBIE S AL 1 2 AR LR A [ B o
b A 3 e £ B 3-PBA A4 UL,
(7] P £ Y R SUSG TR TR LIS AR N B v 461508, e B
il FH U3 TG 0T I 5] ) A S TR AR o RS AS SRR H
T R A - ERR T B R AR AT D T 7 LA R A
SRS, [ By G b A UL B A TR 2 A 2 1
PRIE AU 42 BEAR B

1 MRS Tk

1.1 kR 5 EE

&R (FEN ) W H RE 20K BB A IR A
Al AR 3-PBA W A bt i RS BHE A RA A .
ToKBREREN . BALEN . 2RI . LG A aHrat,
W B RN TABR AR 7T Z M ( Eisenia
fetida ), W T 5 L1 AEDRHEA FRAF]

R AR (5,38 4Y ( Agilent 1260 271, ZeHE(ER)
B, R, HEEEFRRG A (ZWY-240, kst
AR EA A, B, @8I0 (55K
Bl A RAR, 1), &K= 0L 3-5N,
AR A A RAE, B ), % REH
(RE-52AA, WHAMMERAF, L),

1.2 FEN ZELTIERRBE/ER 3-PBA £

AN TR AR M 0 = HERE S R AT R T
(G5 1), Wt (i 2), JbatiBiE ('
3). Hil KK (45 4) s (PREHR 0~10 cm ),

http://pedologica.issas.ac.cn



796 + b1

=

61 %

[F) Bof >R A 1) S R ORI 1) FEN A6 B, LI RAE
B 1. HIERT /G 2 mm 6 o JF L £ R M o
A 15 RHERmE P R i ) 4 5 RO R B,
BT 5 5 HER 6 5 3. FEN A5 QK1
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Table 1 Physical-chemical properties of tested soils

ZERIN ) ) _
‘ - B (A bE A %A
FE R G5 HiIX ) AR Organic
{37 # Location Parent pH Sand Silt Clay
Sample No. Area Soil type matter /
materials /(gkg') /(gkeg') /(gkg")
(gkg")
1 IR T 108°22'12"E GFAR: A IRAE 5.38 23 34.2 45.9 19.9
Nanning, 22°49'12"N
Guangxi
2 Py oc 105°49'48"E B b LA 6.61 4.6 24.5 18.8 56.7
Guangyuan, 32°25'48"N
Sichuan
3 LI TE 116°24'E Rl A 7.56 24 58.3 9.4 32.3
Haidian, Beijing 39°54'N
4 HRIK 105°43'12"E PRl R 7.97 1.7 68.7 16.0 15.3
Tianshui, Gansu  34°34'48"N

1.3 TEES5RBHERIAR

S AT A, i 70% (B 4r g, R IR
YR . 20%5 04 - F1 10%J8 s B4 A, AR R4S
JHEE pH A 6.0£0.5, 7E A TN FEN fifi H 5%
FHE R 20 mgkg ', N B F KT K5
FEONRRFKED 40% (FREDED), RIF Ik
WIS 25 £ 4, ET (2021) C. 80%~85%
TR EE A 600 lux fHE GG FRMH, BRI
KK 5 g 42, 43 T2 0. 3.5, 7. 10,
14, 21 1 28 d BURERG I FEN 76 i 551 4 4 4 & B 4%
O, AR E S AEE AR NESS
BRI FRAARL, ¥ FEN 78 T 3 i 7 8t 2
B E N 0.5 mg-kg ' Fl 5 mgkg ' FEEE 3. 7.
11, 14 A1 21 KBl AL SR die d5] DA A 25 1 o 7 &
il 15 1
1.4 HEH[4ES&H FEN BIRELA i

W L AL FRS BSVE 3 h, BRECS g A
50 mL B0, SAAE . FAEIMA 20 mL ZFR
LTS g TOAKBRMRENA 1 g E AL, 7E 250 rrmin”'

TFHEEN 30 min, M5 75 15 min, 3% 3 500 r-min~!
B0 5 mine BT, @i 10 g JoOK B ER A5
KGR BT 28 kM. 10 & DUTE Y 2.0 v
A 20 mL &R TR, HEE FIRLTR—K. &7
B, TIEAEAAE 35CHeE R R BT WT
WAL S, BEREZE L E 1 mL BF A 2 mL Z Al
2mL IEC ke, HITRIEAER, FEECKEDE
bRIEWT, =R 3 W, B TR HKEs: 2%k E
T G H I mL SIEES, i 0.22 pm JEAR ) ,
ff HPLC Y&k . 4% T A AW -+
£ F ( BSAF ),

BSAF:g (1)
A, BSAF AW DA JA] ] 338 W ieys G 1 )
fie)); Co MUEWIAN FEN f9MKE, mgkeg'; C N
+- 3 FEN %%, mgkg ',
1.5 SX®EMEEE (HPLC) 454
OIERELE I Cis Bi%H:, WA vV (HE):
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V (7K) =90: 10, KM 0.8 mL-min', FEFER
10 pL, AWK A 230 nm, AR 20°C, 1
FEdh T FEN Fil 3-PBA 1734 I35 LR 91.6% ~
98.57%, 7E 0.05. 0.5 fil 5 mg-kg ' IMFRKFETF,
X AR HEM 2 (RSD) KT 5.83%, X FMrdil & i
TE 0.1, 0.5 il 5 mgkg ™" MIIARKE T, P ECR
Y FE M 79.45%~88.89%, RSD fiXT 5.12%, A
5 rh FEN X B AR g A6t B ( LOD ) g {FAS: T vk
FEAR 5120 0.02 mgL™" 1 0.05 mgkg ' Ky B
JE SRR B FEN A 3-PBA BRI ZE3K
1.6 FEN X i 5] B 14 A9 5 M ik 36

W A [F] 2 68 B E) SR 2N g ok ) 7R
50 mmol-L ' B FRZE spih 7 (pH=7.8, w/v=1/10)
A13%, SRJGTE 4°CF LA 5000 rrmin ' B0 15 min,
B P I R RS A R T R R I
A R A Bradford 3£, #3845 Shang fI
Soderlund!" iy Ll E AL (L E P450 (CYP450)
WM. @ van Asperen! [ Jy i I G B2 R R
(CarE) 3tk &S MeH IK-S-# 8 (GST) iGtES
% Habig "W ikt ATz o ARG Liv 2517 prk
R JE s AL PO RmE (NBT ) 3210052 8 Stk i 1k
fiff (SOD) 1%, [RE, MR Liv 25U 7HREHE 0 ik
e ok AL (CAT) WhtE. RAMACE 2R
(TBA) JEME R (MDA) &,
1.7 BES R

% FH Microsoft Excel 2010 1 SPSS 20.0 %44 %t
BARHAT AT, IFLLE AR ME 25 ( MeanSD )
TR RARE KI5 (ANOVA ) Flf/ ik %
PE2E5R (LSD) %kiff7 225 B (P<0.05).

2 ZER518

2.1 FEN 7 tERHIBERE

FEN 7EAE K T3 A2 20 24.40~29.49
d, #£ 15 2 53 (@) Pk e kT3 %,
454 (B ), m7E 55 8Ed R 103.1d, 76
S EBERANT 5% (£ 2). WE 1 ATLUEH,
FEN 75 JE KB £ 3 b i vk B 32 i R AIG, Rt
3-PBA Wy & e Tt J5 BEAR, 1 FEN 76 KB 38 rh
W fie 42 . W FEN 7E AR B3 i fg A oh 5 +
e pH M HERUEY B OIMC . HUEY RS

Bt FEN R, RIS 3-PBA e Tt Jm A,
FW 3-PBA [ B 7E 3 rh -t AR AR R 20

*2 HEFEFEN) ZLIEREBH—MEREH K.
E2RTH (1) FARERE (RD

Table 2 The first-order rate constant (k), half-life (z,,), and
decision coefficient (R*) of fenpropathrin (FEN) degradation in soil

FEE
kid! ti /d R
Sample No.
1 0.023 5 29.49 0.906 6
2 0.024 4 28.40 0.908 0
3 0.027 3 25.38 0.8358
4 0.028 4 24.40 0.970 1
5 0.006 72 103.1 0.926 8

E: 5 SHHORHMRKKE LI, 6 5 -3k Vi T
K +4E, FEN % 6 5 L H[&f#/NT 5%, Note: Soil No. 5 was
the sterilized soil of Tianshui, Gansu. Soil No. 6 was the sterilized
soil of Nanning, Guangxi and FEN degraded less than 5% in soil
No. 6.
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=1:0p- A

Kl 2a, B 2 bR, FEREFREWIN, FEN7E
WA P RGBS, 7RSS 7 RAEAKRSIRKAE, &
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£ SRFLAY FEN X e ] 1) 85 Mk sfon e, 7 d 20
FEN 7 e 15 (4 P (18 B35 2R T FAAEG , 3 T B 1y ke
Il %ot ¥ e Qi AL E D A 3R r s>, Rk, ik
I %F FEN 19 & 4 S &£ 4k, X 508 R
T2 TG 7 i s v ) A i R PP 5 R B )
EHRSEZLIE 2 co 5 14 KA 21 K,
FEN Z % 21 & (1 & it i Z (LT X IR ( P<0.05), H
Wi 72 % A B s R 22 S K . it —25 B FEN X
e | BT AR AR, ELAA AR R AR
2.3 FEN X i 15| & i 14 09 22 i

it 15 PR WE ST W, MW #FE T FEN J5, 1K
N CYP450 7 P N5 7 K IT fn 2 35 14 n( P<0.05 )
(E 3 a), XF CarE iGtE, 7855 14 R kML %]
BRI (P<0.05), XFh %25 — HEFS 8 2%
5 (Kl 3 b). GST WEMEWES 14 KB ER N
(P<0.05) (& 3c). XS0 it 0 1 in vl fE 2
P T ke ) 3 3o 9 T S 2 AL o SR A RS e T B

http://pedologica.issas.ac.cn



798

E I

61 %

&

—-FEN

W

Concentration/(mg-kg™)

N W R

—

——3-PBA

=
=
—_
o
)
S
(o)
s
'S
=

(=X
=

——FEN

{353

Concentration/(mg-kg™)

[N S R LY )Y

—

Mﬂ;

——3-PBA

(=

10 20 30 40
B} (] Time/d

(=)

b)

N W e &

-+ FEN
——3-PBA

—=—FEN
——3-PBA

6 —~—FEN
5 ~-3.PBA
4

3

2

1

% 10 20 30 40
6r —=~FEN
S
al

3l

ol

A

0

0 10 20 30 40
B} [] Time/d

0 100 20 30 40 50

A+ ] Time/d

F: BWlak 1% (JmMT) L85, Bboh25 (1) J0) 18, Bch3% (dbatiiE) 18, B dh 45 CHIRRK)
+HE, WelsS (UM TKE) 18, B fh 65 (HMAKKE ) 13, Note: Figure a shows soil No. 1 ( Nanning, Guangxi),

figure b shows soil No. 2 ( Guangyuan, Sichuan ), figure ¢ shows soil No. 3 ( Haidian, Beijing), figure d shows soil No. 4 ( Tianshui,

Gansu ), figure e shows soil No. 5 ( Nanning, Guangxi sterilization ) and figure f shows soil No. 6 ( Tianshui, Gansu sterilization ) .
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Fig. 1 Degradation curves of fenpropathrin ( FEN ) and formation of its metabolite 3-Phenoxybenzoic acid ( 3-PBA ) in soils
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Fig.2  Enrichment curves of FEN in earthworm tissues (a) and biota soil accumulation factor ( BASF ) curves (b ) and the effect of FEN
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exposure on the protein content of earthworms ( ¢ )
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Okl H,0, RIEBRZRM O,, LEK
H,0, M7E CAT WER T4ty H,0 A1 0,1
Bl 3 f it MDA &4k . 7655 14 X, FEN
ZF4 MDA &8 EHM, H 5mgkg ' FEN #

Mk Fp 25 7648 21 R46/h . XJ&hF ROS &l
1t g Bt Ak I MDA & P9, K WI{E FEN £
Bk, SR B ROS & BT T B AL
1475 B BE 7 o 7 Bt 25 B [R)HE S , ROS 8 5 B , MDA

THEEST 0.5 mgkg FEN 2§84 ( P<0.05), o AR AR
T 2000 g ~60[ ~ 800
= £ 50 IS
41, 150 . F ‘ E 600
o g £ 40 1,
= — ¢ c ﬁ;j ] B c
22 100 . 5530 . = Ea0f ., T
= b » e N ® b 7} a a e a
S g aa ¢ ,° 9 |®) = 20t a N 2.2 a, a N O g_ ‘b 2Ta 2
Z 50f ;e - . T 10 . Ezoo
5 0 “ )
2 1500 g ~A0p g 1000
£ = =
e . CE 30 e @ 80
% 100 Hh =2
zE S = E &L
= s s b @ 2 == <
8 g ‘e af » < g a g’
g 50 CR=} = <D:
Q ~
3 < >
0 © o0 0
37 11 14 21 37 11 14 21 37 11 14 21
A 8] Time/d ] Time/d i+ 8] Time/d

I CK

FEN(0.5 mg-kg™) B9 FEN(5S mg'kg™)

T Bl — X = H i P R 22 (SD ). ANIA /NG T ) 27 AR ] 18] Bt b 31 22 8] 22 53¢ W 3% ( P<0.05 ). Note: Data are

expressed as mean + standard deviation ( SD ) in triplicate. Different letters indicate significant differences between treatments ( P<0.05) .

3 FEN XHM (025 P450 (CYP450, a), RIGMGEES (CarE, b). &M HIK-S-5805 (GST, c). P LEEun# ALY
Ak (SOD, d). i LS (CAT, e) AN (MDA, f) &I
Fig. 3 Effects of FEN on the cytochrome P450 ( CYP450, a), carboxylesterase ( CarE, b), glutathione-S-transferase ( GST, c ), superoxide
dismutase ( SOD, d), catalase ( CAT, e) activities and malondialdehyde ( MDA, f) contents

2.4 FA IBRiTfh FEN X8| i) 5446

LA AR W AR S P N 45 5L (IBR) BEKEAS R AR
VAR S HATLEE T, BRI e W Xt A W)
TRIGFE IR, TBR A 3 W A 9y i 52 52 i ik k71,
1€ FEN 2250 14 KA 21 K, M5 A9 IBR 4347
ZESRNPE 4, Hoop DR R AR — 2R 2L LA = A

JEHAED R IBR fH. 255 %£ W, &5 mgkg')
#F T,  CYP450, CarE. GST #1 SOD. CAT,
MDA 4 it 55 8 5 IBR & 3 & T % 5 &
(0.5mgkg ") AbBELL, FIH FEN X ir 451 25 P 207
FEAEFN B RN, B e B2 9 FEN X i 5] A 245 2 4
TR,

2) CYP450 D cypaso © 10 FEN(0.5 mgkg™)
N —CK / — CK . 3 B FEN(5 mg-kg™)
2 = - FEN(0.5 mg-kg™) 4 — - FEN(0.5mgkg™)
FEN(5 mg-kg™) A\ FEN(5 mg-kg™) ~ 6
m
=4
4 3 4 2
CarE GST CarE
21d 0 14 21
B} 1B Time/d
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1 10 FEN(0.5 mg-kg™)
d) SOD SOD ¢k D . = FENGS mgkg )
X —CK L - - FEN(0.5 mg-kg™)

2 - -FEN(0.5 mg-kg™) FEN(5 mg'kgil) ~ 6
FEN(5 mgkg™) ) A
2
3 4 £ 0

CAT MDA * 14 21

14d A &) Time/d

TE A2 g R @SR B (IR —ARME Dy 0), T 8 Bl il R0 7 2R 2R A9 SN 5 R4 51 T < Note: The solid black line

in each star chart is the baseline ( normalized value = 0 ), while the activation or inhibition effects have been referenced outside or inside the

baseline.

Pl 4 FEN 28008 IEE(14 d F 21 d, 0.5 mgkg ' 1 5 mgkg ' FIETARR A bs s W0 25 5 AR IAR 5 RN AR B (TBR )
(¢ FEF CYP450, CarE. GST; 3+ SOD., CAT. MDA )
Fig. 4 Radar plots of FEN exposure ( 14 and 21 days, 0.5 mg-kg ™" and 5 mg-kg™' ), and integrated biomarker response index ( IBR ) based on
corresponding biomarkers ( ¢ based on CYP450, CarE, GST; fbased on SOD, CAT, MDA )
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