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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
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performance liquid chromatography was used to identify the bioaccumulation of fenpropathrin and the major metabolite,
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
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(5. 1), o0 (5. 2), JERTREE (45 -
3). HR KK (45 4) WU (REH 0~10 cm ),
(7] of >R A 1) S R OR AN 1) FEN A8, 3L
FZR 1o FIERT S 2 mm 0 o ISR T Aok
15 IR R R 4 5 R IEMCKE AL, )

BaS R 55 M 6 5 L1, FEN 754K F-1
WENSmgkg ', BedH T (2041) CHRREE
LR SR, T 0. 30 5. 7. 14, 21, 28, 35
42 d JEsE 5 g BIEREA (TR ), BA-AbEE
WEISEL,

F1 M HIEE R

Table 1 Physical-chemical properties of tested soils

T HiIX T e
{7 ¥ Location
Sample No. Area Soil type
1 SR T 108°22'12"E TREL
Nanning, 22°49'12"N
Guangxi
2 N IE 105°49'48"E B
Guangyuan, 32°25'48"N
Sichuan
3 et vE 116°24'E e
Haidian, Beijing 39°54'N
4 LN ENUN 105°43'12"E 3
Tianshui, Gansu  34°34'48"N

materials

EER N ) ) _

)i iz bp A Fhkr
Organic

Parent pH Sand Silt Clay
matter /

/(gkgt') / (gkg') /(gke!)

(gkg")

ey &1 5.38 2.3 342 45.9 19.9

bUTA 6.61 4.6 24.5 18.8 56.7

Zpivey 7.56 2.4 58.3 9.4 32.3

bR B 7.97 1.7 68.7 16.0 15.3

1.3 TEES5mRBHERIKR

LI ANT A+, i 70% (B %k, TR
AYERY . 20%5 08 1+ F1 10%J8 R BE AL, FHAR RS
JHEE pH A 6.0£0.5, 7E AN T ¥ FEN fif H 5%
FUE R 20 mgkg ', A B F KT - Kk
RN FRKED 40% (FRESED), RIF Ik
BB 2 0, CE T (20+1) °C. 80%~85%
AN 600 lux fHECIRR G FRA T, FRA T
RKIFPEME 5 g A28, AT REE 0. 3.5, 7. 10,
14, 21 1 28 d BUFERG I FEN 78 i 551 4 4 4 & S 4%
B, B E A ER . SRS S
R AL, ¥ FEN 78T 3 b i 37 8t 2
T E R E N 0.5 mg-kg ' Fl S mgkg ' FEEE 3. 7.
11, 14 0 21 K FfATL s e ] LA 5 28 P o 7 2 A0
fifg 15 P
1.4 #EH[4ES& S FEN fREUA i

PR AL S A M IS I 3 h, FRELS g A
50 mL #5058, AI3AE ., BEMA 20 mL 4R

CTiE .5 g TL/KRBRENAN 1 g & ALEN, 7E 250 r-min!
TR ) 30 min, B J5 #7515 min, 325 3 500 r'min"'
Bl 5 ming BRI, @i 10 g JoOK B ER BB
I 5678 BN SE 25 RO o P In] & DUUE 1Y B0 48
A 20 mL LR TG, BRE EARPER K. 77

PEPOR, TIEFERTE 35CHEfi k2T X T
W MEARE S, BEREZX AR 1 mL BHAIA 2 mL 5
2mL IEC ke, AT AER, FEECKEMDE
BRIGNT, =R 3 W, ¥ TRERIEHRERZELZR
T REH 1 mL e, o 0.22 um JEBS,
Ff HPLC Y &5kl . #% TR AL AY -+ e
& F (BSAF),

BSAF:g (1)

KX, BSAF AW WA JE Bl A 3 op i i 75 e 0
BE s C. MURMMA FEN (OYREE, mgkg'; CH
+3grh FEN AUHEEE, mgkg s
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1.5 BX®KMEEIE (HPLC) 44

s Cs BI%H:, WAt vV (HE):
V (7K ) =90: 10, FEifi# K 0.8 mL-min™', s
g 10 pL, AP A 230 nm, KR 20°C, 4
FE b FEN Al 3-PBA A9V TSR R 91.6% ~
98.57%, 1E 0.05. 0.5 Fl 5 mg-kg ™" BIIMFRAKFT,
AHRARAER 22 (RSD ) AT 5.83%. X T M54 i
1E0.1, 0.5 F1 5 mg'kg ' BANARAKETF, SE4 i
YL R 79.45%~88.89%, RSD fikT 5.12%., + A
M5 Hh FEN X B A i 46 HE R ( LOD ) e AR ARG TN ik
FE43 9 0.02 mg- L™ F10.05 mg-kg o Ky 5
& BRI B FEN & 3-PBA A I 225K .
1.6 FEN X 5] B i 14 A9 52 M ik 36

WA [F) 2 &% B R SR BN g ke ) A
50 mmol-L ™' B R 2% mhih % (pH=7.8, w/v=1/10)
AN, SRIGAE 4°C R L 5000 rrmin' B0 15 min,
Bl F L VR RS A TR T AR T A A
A F &R Bradford %M. M ¥E Shang Al
Soderlund" iy LM E A (1 E P450 (CYP450)
. i van Asperen!™ ) Jy 325 0 5 ¥R R i
(CarE) Witk BMHK-S-# & (GST) EHES
% Habig "W kAT AE o RIS Liv 57Tk
RN R AL PO AE (NBT ) 32058 4 2 1k 1k
fitf (SOD) fitk. [FFE, MG Liu 78 1 ik
e it AL S (CAT) W, RARICE 2
(TBA) NN 8 (MDA) &l
1.7 EIESH

S JH Microsoft Excel 2010 Fl1 SPSS 20.0 A&k f4:%:f
BAEHEAT o 0T, IFLLF B E AR E R 25 ( Mean+SD )
Fm o SRAMBHEE I 2500 (ANOVA ) Flifie /N i 3%
PE25 (LSD) kiFf7 25 WM #r (P<0.05 ).

2 R 51HE

2.1 FEN 7 TR BERE

FEN 7EdE K H3Eh i 2 10 24.40~29.49
d, 78 1 %5 2 518 (M) PRI T 35,
454 (), WAE S-S R 103.1d, TE6
FAEHRERANT 5% (£ 2). WK 1 AJLLEH,
FEN  7E JE JC TR 4 38 v i) v B 3 W R AIG, AR I
3-PBA WY& i e Tt AR, 1 FEN 76 K5 13
R 12 . B FEN 7R B3 i fgiToh 5 +

5 pH MLIERUEV RIS BUEY e
# FEN B, AR 3-PBA a7t i )5 R IR,
R W] 3-PBA 1 B 7 L35 vt A e R AR 0

£2 HEHEFEN)EZETIEDERH—MEREH K.
HTH (1, FARERE (R

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

FE S G
k/d™! tinld 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 0.835 8
4 0.028 4 24.40 0.970 1
5 0.006 72 103.1 0.926 8

E: 5 SHERHIRNIOKKE LI, 6 53N T
K13, FENTE 6 5 Lo FEf#/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.

2.2 FEN FEESBENMNEEUARTEBEARS

= 1M

mE 2 a, Bl 2 bFR, ERTFRVIM, FEN 75
WA P GE RSN, 7RSS 7 RAEARBIRKAE, &
KeEEHETFH 0.3, Hh e s R AT Re 2 th T
£ SRBAY FEN X e ] 1) 85 Mk sbon e, 7 d 205
FEN 7 i 35| (4 P (0 3k B SR A1, 3K T REJ2: Pl T e
| %ot v5 G AR R AL R T s s, Rk, R
5| %) FEN 9 & 48 S0 & 42 4k, X S5 HGE YR
T2 TG 7 i s v ) A i R PP 5 R B )
FEARARLLE 2 e 164 14 KA 21 K,
FEN 7% i 20 8 (1 & it i 2R T X IR ( P<0.05), H
I e 0k 1 i3k b 22 S k. iE— AU FEN Xif
el B AR RMEIVE T, HARAE R 3800
2.3 FEN X i 45| & 14 A9 22

WG PR ARG R, Wil R8T FEN J5, &
N CYP450 7 P N5 7 K IT fi 2 3 14 m( P<0.05 )
(Bl 3 a), XT CarE i, 7E5 14 RERWELE]
BRI (P<0.05), XFh %25 — HEFe 8 R
g5 (3 b). GST IGTETESE 14 KW EHm
(P<0.05) (& 3 c). XS0 it 0 3 in o] fE 2
FT ke ) 3 3 9 T i 2 L o A RS e B
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a) b) ©)
6 ~-FEN 6 DR 6 =~ FEN
Gs —~3.PBA i - s —3.-PBA
e 4 4
2E
& % 3 3 3
£2 2 2
S
g1 1 1
O
%10 20 30 40 30 % 10 20 30 40 50 % 10 20 30 40 30
d
) 6 —=-FEN ©) 61 ——FEN D 61 —=—-FEN
~ —~3-PBA _ ~3-PBA
\g 4 S 4 b 4 L
oy _ .
& .% 3 3 3
£2 2t 2t
Q
Q
=1
51 1t 1
@]
Mﬂ; 1 s
% 10 20 30 a0 0 % 10 20 30 40 350 % 0 20 30 40 0
A+ ] Time/d A+ ] Time/d A+ ] Time/d

H: Wad1%5 (JRrT) B, FbR25 (o) 13, Bcli3s (dQURilE) £, BdRas (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 ) .

BT HRAGEE (FEN) BRERE e SO 3-8 TR (3-PBA) 1 L3 iR IR

Fig. 1 Degradation curves of fenpropathrin ( FEN ) and formation of its metabolite 3-Phenoxybenzoic acid ( 3-PBA ) in soils

- CK
0 a . FEN 061 1) N S8 o }
~ : FEN(0.5 mg-kg™)
p 6 05+ o
s = 2 60 B FEN(S mgkg™)
g »n 047F < a a a
w5 4 A g 12 g2, 22, @ s
é( .5 & 03+ S 40 i c
~ 8 3 ﬂ‘% ]'1]3{‘4 bc
] 02F
g 2 P &
S 0.1Ff -
@) ) E%El
0 ; y 0.0 0
0 10 20 30 0 10 20 30 3 7 11 14 21
A ] Time/d A i) Time/d I (] Time/d

e CK oA AXT IR, H3E9 KA FEN, Note: CK was a blank control group, in which the soil was not supplemented with FEN.

K12 FEN fEd#IZHAUP s e ith 2k (a) FIAEY)- L8R SE N7 (BSAF) M4k (b) PAK FEN %5 xk i 45 85 71 57 3% 7Y
I (c)
Fig.2  Enrichment curves of FEN in earthworm tissues( a )and biota soil accumulation factor( BASF )curves( b )and the effect of FEN exposure

on the protein content of earthworms ( ¢ )

%tF SOD ik, 5 mgkg' FEN AN 7RI  CAT M8 # & F 05 mgkg' FEN ZFH4l
fr i FHEN (P<0.05) (K 3 d). CAT {ithfEREs  (P<0.05). il bl 52 55 i ] A0 55 55 B 38,

I (11d) R, 5 14 REERIN (P<0.05) FEN % TiEM4 (ROS) M AR, SET ik
(& 3e). #E%5 21 X 5 mgkg ' FEN Z#4l SOD., W51 AN B9 SEAR B I . e, SOD Sl % 2 4%
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i O2 56 b 1,0, KB 2 &m0, BLRM
H,0, M7E CAT WYEM T4k H,0 A1 0,7,
Kl 3 /BT MDA &2 {b . #6455 14 X, FEN
FAEEY MDA B EW N, H 5mgke' FEN
BHBEST 0.5mgkg ' FEN 2841 ( P<0.05),

MK Fp 25 7648 21 R4e/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
AR

T 200 ~ 600 ~ 8001
g £ =
= g #7540 i
2 $ : HE K E i
2 2 100 . Q= 30 . =400t . . .
&~ = b > g =) N b ® [%¢} g N a ? N
Ll aa ¢ ° : O a 20t e a2 a5 © g5 s 71 H
OZF 50t 72 ag 8 o 5 > B $ <200 ®
= e : L
> Q &)
S S T TR VRN L TR VT R R T I VRN
2 1500 g ~ 401 = 100 g
= k=l B
;H_E 100 . E 30 v g 80
H 7 ol {7 .
E %0 ¢ b ﬁ g) a b 4”1 %D 60
8 B . .b a s, ’a ; B 20 ‘.a s i s ® é '3 10 Jta ‘a <
A E 50 a b 5 g 1 a g g ady aas s
a =10 I 3 20 I I
(@) < o
2 SEN) = 9
37 11 14 21 307 11 14 21 37 11 14 21
I ] Time/d B ] Time/d M) Time/d

CK FEN(0.5 mg-kg™) B9 FEN(5 mg-kg™)

T Bl — X = H e F S R i 22 (SD ). ANIR /NG T bk 275 AR IR] I 18] B b 31 22 8] 22 53 0. 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) .

K3 FEN M4IMI(iE P4S0 (CYP450, a), MRIREERE (CarE, b), &M AK-SH#4AM (GST, o). Pl ibBstnBE ALy
I ALEE (SOD, d). iFEfLEEE (CAT, e) M _f (MDA, f) &REEH
Fig.3 Effects of FEN on the cytochrome P450 ( CYP450, a), carboxylesterase ( CarE, b), glutathione-S-transferase ( GST, ¢ ), superoxide
dismutase ( SOD, d), catalase ( CAT, e) activities and malondialdehyde ( MDA, f) contents

2.4 F IBR {4 FEN fhEtE|po S 1€ R JETAREN A IBR fH . 45 R EM, mHHE( 5 mgkg ')

ZEA R AR Wi N 15 5L (1IBR) GEBFAS [R] 2R
YA AT LR G T, R BTG e WXt R )
TRIGFEIR, TBR K 3 B A 9y i 52 52 i s k71,
fF FEN 28555 14 KA 21 K, W5 A9 IBR 4347
ZiRME 4, H BARE R — 2 B E L) =

%% F, H CYP450, CarE. GST fl SOD. CAT,
MDA 43 53T B & # IBR & & T IF &
(0.5 mg-kg ") AbFEAL, FW] FEN Xt iz 451 75 1 % by
FEAERN RO, B s ok BE A FEN X e 5] 28 2 8 0
Ll "

2 CYP450 b cypaso
] —CK 2
_;t__ - - FEN(0.5 mgkg™) #
RN FEN(5 mg-kg™) a’

— CK

9 10 FEN(0.5 mg-kg ™)

B FEN(5 mg-kg™

- - FEN(0.5 mgkg™) 8 (5 mgke™)
FEN(5 mgkg™) ~ 6

@

4
.‘ 2
CarE 0
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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 )

3 48 i

AHTFE IR T S R R S b Y A AT O LA
Lokl e s| 64 A2 S FEPE RN . 7E FEN IR R o,
T pH A SERUEY R EER IR, FEN 1E
B - AN IR - S b AR 5y WESif o {2 FEN [ i
R, R 3-PBA (AR, [RIEHRIEY)
3-PBA SHRSCTHR AR, DI E Al A 24 %) £ %
AWy, HAG YRR E GO i
fiti FEN 7ESLIG] (A P9 14 SR A7 S R0 e 951 A W s
AURZIR, IESE T FEN 2555 ISl s 2R <, kS
SAACRE AL . ASSCEHRAT B T 4y PPAG S 4
Pkt B BRI XU, hy 4 T T4 4L He A PR A 2 32 it
B S Fr
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